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Our Twentieth Anniversary 

STREET RAILWAY JOURNAL, 
rr4 Liberty Street, New York. 

With thi s issue the STREET RAILWAY JOUR NAL is twenty 

years old. O ur first number was publi shed in November, 1884, 

at the dawn of the elect ri c rai lway industry, c1nd the paper has 

grown in size and importance continually since that time with 
the motive power whose development it has so faithfully chron­
icled. We may pe rhaps be pardoned if, at the outset of this, the 

largest number ever published of any technical or trade paper, 

we refer to the differences between this publication now and 

twenty years ago. T he change from less than 500 annual pages 
to nearly 7000 was not made suddenly, but like that of the elec­
tric railway industry, was a gradual development, accompanied 

hy a pa instaking effort to serve the street railway companies 
uf the country to the best of our ability. 

Although many oi our very ea rly' numbers were devoted 

largely to the subj ect of the horse, we tolerated horse railroad­

ing only for lack of better things. It has always been a source 
of pride with us that we were among the first to recognize the 

importance to both the railway compan ies and the general pub­

lic of the introduction of improved motive power, and that we 
strenuously advocated fir st the cable and then electricity when 

the first was used only in a few cities in the far West and the 

la tter was still in the expe rimental stage. The work of 

Sprague. Van Depoele and other pioneers soon raised 
the electric railway to a predominant position m the 

field. Nevertheless. the general acceptance of the over­

head system by city council s and the general public 

m the early days was reached only after a long and 

arduou s educational campaign in which this paper played no 
small part. T hen followed the various problems of operation, 

and as each has arisen this paper has attempted to assist in 
their soluti on by presenting the testimony of different experts 

upon the topics under discussion and describing the practice 

on various roads . . \Ve have been able to do this only through 

the uni fo rm courtesy and generosity with which street railway 
managers have met our requests for information. And we· 
wish on this occasion to express our appreciation of the great 

assistance which we have always received from them and our 

readers in general, of their leniency toward our shortcomings,. 

and the broad policy which has always characterized them in 

their dealings with the technical press. 

This Number and I ts Contributors 
No more fit ting way, it has seemed to us, was possible to com­

memorate the twentieth anniversary of this paper than by the 
publication of a series of articles on the achievements of those 

early workers who have made the electric railway what it is to­

day. During the past twenty years hi story has been made 
rapidly and our columns have been taxed to record the progress 

of events. During thi s time both the publishers of the paper 

and its readers have lead a st renuous life. Neither has taken 
much time-we certainly have not- to cast a look backward and 

consider. even as briefly as has been necessary in this issue. the 
services of those who gave to the fie ld during the early years 
their best thought and efforts. Yet what a glorious record it is! 
And how gr eatly has the structure of th e modern industry de­
pended for its stability upon the firm foundations of corpora­

tion law and electr ical science laid by those pioneers in both 

horse and electric tract ion of the early clays. It is true failures 
were encountered, at times progress was along wrong lines and 
steps had to be retraced, but as a whole the development has 

been so rapid that the practice of twenty or even ten years ago, 

seems now most antiquated. 
In view of the extent to which the Loui siana Purchase Ex­

position has been described and illustrated in previous issues 

of thi s paper, as well as in the outside press, we have not 
thought that it was necessary to devote any additional space 
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in this issue to it. To obtai n even a superficial idea of its im­

portant features , a visit to St. Louis is necessary, and we 

s trongly recommend such a trip to a ll who can possibly arrange 

it, as one of the best educational helps which thi s country af­

ford s. Our own previous articles on the street railway ex­

hibit s at the Fair have called attention to the most important 

obj ec ts of railway interest at St. Louis. \Ve have al so de­

scribed at considerable length. earlier in the year, th e stree t 

railway systems of St. Loui s, so that in the art icl e on them in 

this issue no attempt has been made to do more than describe 

t he general situa tion in St. Louis and men tion briefly some of 

the most interes ting features of the system. 

The Development of the Industry 
The li st of contributors to thi s number is so large and each 

is so prominent in the field di scussed by him that no attempt 

will be made in thi s editorial to refer indi vidually to any of the 

several articles. Xevertheless, it might be appropriate to point 

out bri efly the principal direc ti ons in which the street railway 

o f tn-day di ffe r s from th a t of even a decade ago. wh en electric 

traction had won a predominant position in th e transportation 

fi eld. but when th e methods of opera tion va ried but little from 

th ose of th e preceding horse ca r day s. 

In the fir s1 place . we see a most striking difference in the 

form of street railway corporation. Consolidation has been 

the order of the day, and th e cities in which th ere is more than 

one organi zation supplying local street railway tran sportation 

are now extremely rare. 

\Vith the increase in size of th e street ra ilway corporations. 

th ere ha s been an increase rather than a decrease in th e atten­

tion given to the employee and the opportuniti es afford ed for 
individuality and recognition of meritoriou s work. The di s­

c ipline. or, to use a better word, the government of th e men. is 

based now in all progressive companies upon sci entific princi ­

pl es. Instead of being one of a la rge number from whom a 

mediocre or passabl e performance is expected. th e modern man ­

ager gives every opportu nity to each empl oyee to distingui sh 

himself by meritorious ser vice. and recognition of thi s kind is 

,o ften stimulated by prizes for the economical use of current, 

fr eedom from accidents and in other ways. The result has 

been to create, as one writer in this issue has happily put it. a 

new gui ld or craft of intelligent. ambitious workm en, which 

cannot but haye a most important and beneficial effect on the 

]Jody politic. 

Great as have been the changes in the human side of the 

elec tric railway. the improvement in th e mechanical and elec­

trica l departments has advanced with equal steps. The cars 

have grown longer and h eavier. and the semi-convertible type 

has been introduced to supply the demand for a car which 

would be suitabl e fo r both summer and winter service. The 

changes in motors have been principally in the direction of im­

proving their mechanical construction. The track has also 

been made more substantial. although the principal improve­

ment in the permanent way department during th e last ten 

years has been in the development of durable special work. 

Power stat ion design has been greatly modified, and promises 

to undergo still further changes during the next few succeed­

ing years. The modern power station elates practically from 

the "Intramural" power hou se of 1893. at which the first large 

direct-connected direct-current unit ever installed was put in 

operation. The evolution of the turbine during the past year 

has given an enormous incentive to the manufacturers of r e­

ciprocating engines to supply the most economical machine 

which they can build, while the gas engine looms up in the 

background as a possibly formidable, although as yet compara­

tively untried. competitor to the reciprocating and rotary 
engine. 

One can hardly realize that it is less than eight years s ince 

any serious attempt was made to establish a uni form system of 

accounting. but no review of the development of the industry 

would be complete without a r eference at least to this im­

portant achievement. Not only have the methods of account­

ing been placed on a scienti fic basis, but by the introduction 

of the car-hour unit as well as the car-mile. the street railway 

manager has been afforded a double basi s for comparison, 

which experi ence has sho\Yn to he extremely useful. 

Opera ting Voltage 
In possibly only one important r espect ha s there been no 

radical change in electric railway work during the past twenty 

years. E lectric railways have steadily been, and still are, the 

sla ves of a low-working voltage. In fifteen years of enor­

mously rapid physical growth. during which the electric motor 

ha s revolutionized rapid transit completely, the customary volt­

age of operation ha s ri sen by hardly more than IO per cent or 

15 per cent. unless one takes into account the very early and 

quickly abandoned trial of 400 volt s. There is. of course, 

reason for this mod eration, in that 500 volts, the nominal stand­

a rd. was for some years assum ed to be safe so far as danger 

to human life was concerned. But while not highly dangerous, 

this pressure is certai nly capable, as unfortunate chances have 

shown. of cau sing fata l results. although custom and the stand­

ardization of motor equipments tend to preserve it even up to 

the present. Thi s mode rate voltage has been thus retained, 

and it constitutes at once a serious limitation and an incentive 

for improved method s of distribution. It is the old struggle of 

the electric lighting industry over again, with somewhat simi­

lar r esult s. 

Large amounts of current can be tran smitted to motors. fixed 

or moving, only at great expense for copper ancl at great loss 

of energy. Hence. as traffic over electric lin es grew heavier. 

the problem of getting the power to the motors became pro­

gressively more and more serious. But during the early stages 

of electric traction, while · cars were yet light and speeds low, 

the simplest methods were reckoned the best, and additional 

copper was in stalled when it became necessary. Before long, 

electric roads began to expand into the second stage of their 

developm ent , passing from mere tramways to the dignity of im­

portant interurban service , and thus increasing in length to an 

extent that greatly aggravated the difficulties of distribution. 

Just as this jun cture began the sensational growth of long­

distance power transmission, marked by the advent of poly­

phase apparatus. l1p to a dozen years ago, there was no feasi­

ble method available for the transmission of pmver for railway 

or any other purposes. The best that could be clone in a rail­

way plant was to raise the voltage and let it go at that, and as 

lines grew longer this proved to be an expensive remedy. One 

of the early suggestions for relief was the adoption of the 

three-wire distribution which had proved so successful in light­

ing \\·ork. with rooo volts thus utilized for transmission, while 

individual motors st ill worked at 500 volts. The method was 

tempting. but proved a failure in practice. Street car traffic is 

so irregular in amount and distribution that proper balancing 

has uniformly proved impracticable for general service, and 

for lack of it unusual strains are imposed on the motors and the 

item of repairs goes up. In fact. one has regretfully to write 
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down the three-wi re sys tem a s a failure unless for some special 

cases. 

Dut power transmi ss ion by polyphase alternat111g current was 

quite another matter and relieved electric traction from some 

Yery embarrassing limitations. The first uses of power trans­

mi ss ion, hO\vever, did not come about through a delibe ra te 

e ffort to reduce the clifficulties of distribution, but from a sim­

ple and natural desire to cut down th e cost of power r equired 

by a railway system, through th e substitution of tran smitter! 

hydrauli c power for steam power in driYing the generators. 

To th e best of our knowl edge. this was at th e Taftvill e in stalla­

tion a littl e over ten years ago, and from it sprang tlie im­

portant system of polyphase di stribution \vhi ch has been 

adopted on so many road s. The rotary offered so simple am} 

direc t a means of getting current from th e tran smission cir­

cuit that practi cally no other attempt has ever been mad e in 

this country to work di st ribution sub-stations in any other way. 

On long lin es the rotary offered re lief from Ohm's tribute , Ll 

copper and roliL ed th e distribution of its terrors on interurban 

lin es. and while somef mes applied with out sufficient proynca­

tion, has had a hig hly sti~ulating effect on th e long-cli s tance 

railway. 

The Single-Phase System 
\Ve do not intend to discuss in this issue wh ether the rota ry 

conyerter is to be relegat,ed to t he s :: rap pile or i~ still to con­

stitute an important feature of our power cLstriln1t ion systems. 

This subj ect wa s treater! ext ensiye]y at th e meeting hst month 

of th e International E lec trical Congress. a report of which was 

publi shed in our last issue. ancl was diseu ssed eclitorially in 

that and the preceding number. Ind ependent of it s des irability 

or non-desirability on c ity systems or on heavy trunk lin es run­

ning .a frequ ent service, it certainly can be figured out that a 

single-phase motor system presents many advantages in di s­

trilmtion and can be in stalled on long line s with admirabl e r e­

sults in economy. This fact, combined with the ability of the 

alternating equipments to work over direct-current di st ributing 

systems. will giYe the system. in our opin=on. a wide fi eld in 

elec tric traction work. Of course. ther e is a natural disposi­

tion to wait until the roads fir st in stall ed hav e made a defin ite 

showing of some sort, but thi s fact only quickens one's inter est 

in results. One of th e strong point s claimed for the alternating 

sys tem is it s very ready applicability to roads already hav ing 

tran smi ss ion plants. and w e beli eve that th e temptation to try 

the experiment will be very strong. Street railway men have 

her etofore always di splayed a very keen interest in improve­

ments. and have been by no m eans slow to try them. \Ve shall 

hope ere long to be able to present to our r ead ers actual r e­

sults from the singl e-vha se railway motors. and await them 

anxiously. 

Very heavy traction service. with short train intervals. as 
we have already intimated. is governed by somewhat diffe rent 

conditions. There is less obj ec tion to the third rail and to th e 

cost of labor of attendant s at sub-station s and oth e r circum­

stances which a r e favorable to cl. c. operation. Fortunately, 

in the ~ew York Central in stallation the adaptability o f d. c. 

equipm ent s to a service of thi s kind will be thoroughly deter­

mined, and we believe with emin ently satisfactory results. Tt 

is therefor e with a feeling of confidence that the glorious record 

of elec tri c railway development which we have seen in the past 

will be continued in the future that we look forward to th e 

events of th e next few years. 

111 thi s cur::c1n· review of the present, we have dwelt per­

haps more stro ngly on the present status of the a. c. motor and 
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the opportunitie,; afforde<l by it for an increa::oe in operat ing 

\·nltage th an on a ny other branch nf raih\· ay \\·ork, but it ha ,, 

been simply hecau ~e this feature is of paramount raihY ay 

interest at present. \ \" e do not devre :: ia te th e efforts \\'h ich 

are IJe ing successfu lly made in other field" of endea\"ur, notably 

in po\Yer s tation de sign and ca r con st n1ction : each \\·ill add ib 

quota to th e successfu l road o f the future. ~or de, \\" e beli eve 

that th e single-phase system is the panacea for a ll nf the elec­

trical ill s of the r aihYay indu st ry . Xeve rth eless . we feel con­

fident that it \\"ill ultim ate ly furni sh the solu tion fnr many nf 

th e d,ifficulti es in electrica l cli st rihution whi ch \\'e are experi­

encin g to-day. 

The Subway 
A s the early part of thi s volum e is devoted to a reco'rd of th e 

early clays. it seem s quite appropriate that the late r pages 

should trea t 0£ th e present . Xo more strikin g exa mpl e of th e 

ab ility o f electric po\\'er to cope \\·ith city tran sportation exish 

in thi s country than in th e magnificent underground tr an sit 

system which is now be in g completed in New York City. The 

publi she r s of thi s paper have been fort una te in bein g ab le to 

sec ure for thi s issue an accoun t o f the four principal fea tures 

of th e subway construction whi ch a re inte resting from a trans­

portation standpoint. The a rti cles by M essr s. Van \'l eek arnl 

5 tillwell, respectively, on the po\\"er sta tion and elect rical fea­

tures of the system. and th e two art icles on cars a nd the blo :.: k­

signal system which have been built and in sta lled under th e 

direct ion of Geo rge Gibbs will, we a re confident , prove of th e 

g reatest eng in eering va lue to th e stree t ra ilw ay industry. 

Th e con st ruc tion of the power station fo r the opera tion of 

th e subway invol ves many triumph s. both in steam and elec tric 

engm ee nng. The plant is notabl e for th e inter es ting arrange­

ment of coal bunkers and economize r s. ancl the provisions 

\Yhich ha ve been made for th e use of superh eated steam. An 

interes ting construction featur e is also th e lo:::ation of each of 

the six 225-ft. brick stacks upon the structural -stee l fr ame \\"Ork 

of the building so as to save space in the boiler room belO\\·. 

T he engines. which are of the M anh attan ty pe. have th e un ­

usually large ultimate capacity of 11,000 hp. and are direct 

coupled to alternating-current gen erators of 7500-kw capac ity. 

The high-ten sion alternating-current <li stribution system, in­

\·olving th e u se of rotary converter sub-stat ion s. is used. ancl 

many unusual provision s have been made to provide absolute 

reliability of operation. A n ext reme refin ement is to be noted 

in_ th e provi sion of an automat ic signaling system for in stantl y 

turning off power from th e third rail in case of accident. A 

repetition of the Paris subway· di saster is r endered impossible, 

both on account of the use of th e steel car s and also th e pro­

vision for lighting the sub\\"ay ind ependen t of the J)O \\·e r- fceder 

circuits. 

The construction of the ne \\" steel ca rs is wor thy of careful 

study by those interested in rollin g stock. on accoun t of the 

novel method of suppor ti ng th e fl oor load of the ca r from th e 

side framing- a radical departure from previ nus methods of 

ca r construction. Tn thi s way th e weight of t he car h as been 

kept down to that of equi valent \\"oo,lcn cnn structinn. ln other 

detail s a lso , such as the a rrangement of the motorman' s cab, 

car wiring. etc., th ese ca r s are improvements oy er anythin g· 

that has heretofore been huilt. The blnck-signal system in­

sta11ation is one of the most compl ete that has ever been i11 -

stalled. and introdu ces th e use nf man\· nO\·el and intere-;ting 

feature s. A study of thi s great in-., ta ll atinn. embra cing the per­

fection of skill in hnth th e elect ri cal and mec hanical fi eld s. \\"ill 

pnwe both intere sting· and profitahlc. 



THE ELECTRIC RAILWAYS OF ST. LOUIS 

SO much a ttenti on has been giY en to the electric railway s 

of St. L oui s in these columns the past two years that 
it is not now necessary to go into any extended di scus­

sion of them, but rath er to give a brief summary of the situa­
tion, enlarging on a fe,,· things not before clescribecl. Since 

the A merican St reet Railway _\ ssoc iation met in St. Loui s in 

1896 great changes haYe been made, both in the organization 

Railway Company, .:\ii ssouri Railroad Company, the Southern· 

Electric Railroad Company. and the St. Louis & Suburban 

Railway Company. Since then the long-talked-of consolidation 

has taken place, and the St. Louis Transit Company controls 
all the lines in the city of St. Louis save those of the St. Louis 

& Suburban Railway Company. A map of the lines of the St. 

Loui s Transit Company is published on the opposite page. Im 

l NTERlUR OF THE Pi\l{K ,\ND V1\ NDE V E~TER STATION OF THE ST. LOUIS TRANSIT COMPANY 

and physical equipm ent of the street railway properti es. In 

1896 there were no less than six important st reet railway com­

panies operating in the city. These were the Lindell Railway 

Con~pany, the Union Depot Railroad Company. the Nat ional 

A 3G-I N. AN D 70-IN. X 60-IN. ENGINE AND GENERATOR IN THE 
STATION OF THE ST. LOUIS TRANSIT COMPANY 

addition to the lines shown on the map, the company owns an, 

interurban line to Creve Coeur Lakes, which lie to the west of 

the city. 
Of the suburban or interurban electric lines outsicle of the 

COOLING TOWERS OF THE CENTRAL STATION- ST. LOUIS 
TRANSIT COMPANY 
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be given of the Transit Company's system only,

especially of those features which will attract

the most attention from the visiting street rail-

way manager.

ST. LOUIS TRANSIT COMPANY

CAR HOISTS IN ST. LOUIS TRANSIT COMPANY'S SHOPS

city limits, the St. Louis & Sub-

urban Railway Company controls the

greatest mileage, the St. Louis Tran-

sit Company coming next. The St.

Louis, St. Charles & Western Rail-

road Company is the only remaining

company in the field, anil this com-

pany does not control its entrance to

the city, but transfers passengers to

the Easton Avenue line of the St.

Louis Transit Company, and to the

St. Louis & Suburban Railway Com-

pany at the city limits.

As all of these systems have been

quite fully discussed in these columns

during the past twelve months, it has

in it been considered necessary to fol-

low the usual custom in tins issue of

publishing extended descriptions of

them. Instead, a few particulars will

The St. Louis Transit Company, which controls

all the street railway lines of the city of St. Louis

except those owned by the St. Louis & Suburban

Railway Company, operates 358.65 miles of single

track, occupying 176.41 miles of street. The St.

Louis Transit Company is the lessee of the street

railway properties controlled by the United Rail-

ways Company of St. Louis. The United Rail-

ways Company of St. Louis is a corporation

formed in 1898 for taking over numerous small

companies which make up the consolidation. The

St. Louis Transit Company was formed about a

year later, in March, 1899, to lease all the lines

KXTKRIOR OF ST. LOUIS TRANSn COMPANY'S SHOPS

THE BOILER ROOM OF THE PARK AND VANDEVENTER POWER HOUSE OF
THE ST. LOUIS TRANSIT COMPANY

controlled by the United Railways Com-

pany. The St. Louis Transit Company, un-

der this lease, is obliged to pay the United

Railways Company interest on the outstand-

ing bonds of the United Railways Company.

The St. Louis Transit Company is to make

all extensions and improvements, receiving

in payment securities of the United Rail-

wavs Company. It is unnecessary to go into

details as to the amount of bonds and stock

outstanding, as the situation can be summed

up by the statement that for 1903 the St.

Louis Transit Company paid in the shape of

interest and rentals $2,844,119, which is ap-

proximately $7,800 per mile of track. The

operations of the company for the past three

years show a deficit, although for 1903 the

deficit was a nominal amount compared

with previous years. The total rolling

stock of the company is figured at 1500

cars. This includes the old equipment

and 450 new cars purchased to take
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care of World's Fair traffic. Last winter the maximum number of cars in

service on the rush-hour schedule was 893. On World's Fair opening day

1000 cars were operated. Up to the time of writing this article the World's

Fair crowds, even on the days of the largest attendance, have at no time

taxed heavily the regular facilities of the company for handling them.

The greater part of the power used in the operation of the St. Louis

Transit Company's system is generated as direct current. Naturally, one

of the first changes after the consolidation was a rearrangement of the com-

pany's power generating system. This was done by abandoning a number

of direct-current power stations, enlarging very greatly the power station

at Park and Vandeventer Avenues, first built by the Lindell Railway Com-

pany, and building a new combined direct and alternating-current station at

Salisbury Street, near North Broadway. About a year before the opening

of the Fair the plans were drawn for a large alternating-current station to

be located in East St. Louis, where coal would be cheap and coal blockades

unlikely. This plan was not carried out, however, as a contract was made

to rent a certain amount of power during the World's Fair season from the

Union Electric Light &
Power Company, which

was building a large al-

ternating-current station

on the river front, about

one-third of a mile north

of the Eads Bridge. The

same c o m p a n y also

agreed to sell a certain

amount of power to the

World's Fair, and feeders

were installed for that

purpose. The World's

Fair, however, did not

require as much power as

expected, and the Union

Light & Power Com-

pany's plant, although

completed, was not in the

best shape to furnish

power continuously, so

that the large 3500-kw

Allis-Chalmers unit in

the World's Fair power

plant has been supplying

the St. Louis Transit

TRANSFORMER TEST OF ARMATURE

GENERAL VIEW OF INTERIOR ST. LOUIS TRANSIT COMPANY'S SHOPS

ST. LOUTS TRANSIT COMPANY'S STANDARD CAR

Company's sub-station with power

up to the time that the decorative

lighting is turned on at the Exposi-

tion. The largest power plant of

the company is that at Park and

Vandeventer Avenues, and this is

also the largest direct-current rail-

way generating station in the West.

The total rsted capacity of this sta-

tion is 16,950 kw, all of which is

taken out over an immense direct-

current switchboard having record-

ing wattmeter and other totalizing

instruments of 30,000-amps. capac-

ity. Some of the smaller units at

this station have 1 ecu used as boos-

ters for feeding tin- long line to the

Creve Coeur Lakes during excep-

tionally heavy summer traffic. On
one occasion two generators wrte
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PLAN OF STANDARD SEMI-CONVERTIBLE CAR-ST. LOUIS TRANSIT COMPANY

put in series as boosters, adding their voltage to the regular

station voltage, giving a voltage of about 1700 on the boosted

feeder at the station. This station is notable for the large cool-

ing towers for condensing purposes, the entire station being

designed to operate condensing with artificially cooled water.

A large amount of coal storage was provided at this plant, but

considerable difficulty has been experienced with spontaneous

combustion.

The other principal station of the company, known as the

Northern Station, has both alternating and direct-current gen-

erators. This station has a rated capacity of 6900 kw, of which

2400 kw is in three-phase, 6600-volt, 25-cycle current. The

principal sub-stations are at Delmar and DeBalivere Avenues,

near the Fair, at South Broadway, and on Locust Street, near

Eighteenth Street, the latter being a new sub-station designed

to use rented power. This sub-station is described more fully

in another article. Besides the two principal power houses, the

company has been obliged to operate part of the time a direct-

current plant at Geyer and Missouri Avenues, built by the

Union Depot Railroad Company, and another fairly modern

direct-current plant belonging originally to the Cass Avenue

& Fair Grounds Railway Company.

That feature of the St. Louis Transit Company's property

which will probably be of most interest to the visiting street

railway men is the new repair shop at Park and Vandeventer

ST. LOUIS TRANSIT COMPANY'S MOONLIGHT CAR

Avenues. This shop was built with the idea of centralizing at

one place the entire repair work of the system. Whatever
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opinions various managers may hold as to the advisability of the centraliz-

ing of repair work in one shop, it must be admitted that, for centralized

repair work, this shop stands as one of the best, if not the best, in the coun-

try in its equipment for doing the work for which it is designed. The prin-

cipal strong points about this shop are the car hoists with which all the

repair tracks are equip-

ped, the facilities for

handling material by

means of overhead trav-

elers, and the uniform

lighting of the whole

shop. The company made

all of its own trucks for

the 450 new cars recently

purchased, and its facili-

ties for truck manufac-

ture arc very complete.

The repair shop has

twenty-seven repair
tracks. The entrance to

all of these tracks is

gained by a transfer

table running along one

side of the building. Each

repair track is designed

to accommodate one car.

Part of the repair tracks

have pits and part have

not, as all the more re-

cent equipment of the

company's design is to be handled from above entirely,

without pit work. The car hoists consist of motor oper-

ated screw jacks, the four screw jacks being worked

simultaneously by a sprocket chain driven by a motor. All

INTERIOR OF ST. LOUIS TRANSIT COMPANY'S
STANDARD CAR

ST. LOUIS TRANSIT COMPANY'S STANDARD
REAR PLATFORM

ST. LOUIS TRANSIT COMPANY'S CINDER CAR

the hoisting mechanism is underneath the floor. The en-

tire shop is served by an overhead traveler system for carry-

ing motors and heavy material. The hoisting in connec-

tion with the overhead traveler system is done by compressed

air hoists, which raise the material and deliver it to the chain

hoists. The latter require no hose connection and can be moved

to any point in the shop. Air hoists are placed at all points

where lifting or lowering is to be accomplished. The accom-

panying engravings from photographs give a good idea of these

shops, which are well worth careful study on the part of visit-

ing street railway men be-

cause of the care with which

many details have been

worked out.

The rolling stock consists

main])' of double-truck cars,

as the St. Louis street rail-

ways were among the first

to adopt the double-truck

car extensively for city ser-

vice. Many peculiar styles

of early double-truck cars

can be found.

The standard car of the

company is shown in the

opposite engraving. As

mentioned before, 450 of

these cars were ordered of

the St. Louis Car Company

in order to put the system in

good shape to handle World's

Fair traffic. They are un-

usually wide as city cars av-

erage, and have wide aisles,

even though equipped with cross seats. The front platform is

intended only for the motorman. The rear platform is of the

well-known Dupont type in its extreme form, being so long that

two railings have been placed across it for the support of stand-

ing passengers. The car is semi-convertible, intended both for

winter and summer use. The window sashes drop into side
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pockets and they are of a special design, which makes it possi-

ble to remove a sash instantly without taking out screws or

EXTERIOR OF COMPRESSING STATION-

feed through a reducing valve into auxiliary reservoirs main-

tained at about 45 lbs. pressure per square inch, and

these auxiliary reservoirs supply air through

the motorman's valves to the brakes only.

The storage air-brake system was adopted be-

cause it was believed to be simpler, more re-

liable and lower in cost of maintenance than

independent motor-driven compressors on each

car. The compressing stations at various

points on the system are designed to operate

automatically, and with only a small amount

of attention each day, without requiring the

continuous services of an attendant.

Besides the regular rolling sto:k, the com-

pany has two types of car for special uses

which are of interest and are illustrated here.

One of these is called the "moonlight car,"

and is used summer evenings for resort traffic.

ST. LOUIS transit COMPANY They are without a roof, and have simply a

canvas canopy which can be stretched overhead. They are ex-

eedingly popular warm summer evenings in St. Louis. The

*mmm

PORTABLE COMPRESSING STATION—ST. LOUIS TRANSIT
COMPANY

COMPRESSING UNIT—ST. LOUIS TRANSIT COMPANY

bolts. The motors with which these

cars are equipped are oil-bearing

Westinghouse No. 95, arranged to be

handled and inspected from above en-

tirely. The car has a seating capacity

of fifty.

The Westinghouse storage air-brake

system used on the St. Louis Transit

Company's cars is also a matter of

present interest to street railway men,

as this was the first large street rail-

way company to decide to adopt the

storage air-brake system for all its

cars. The air is compressed to a

pressure of 300 lbs. per sq'iare inch at

compressing stations located at car

houses or terminals of the line. Pass-

ing these points each round trip, the

cars stop and connect the storage

reservoirs on the car with the compressing station by means

of hose connections located alongside the track. The storage

reservoir on the car instantly rises to compressing station pres-

sure. The large, high-pressure storage reservoirs on the car

WASHINGTON AVENUE LOOP IN ST. LOUIS

seating capacity is large, being ninety-six. The other special

car referred to is a large car used in hauling cinders. These

cars are arranged with side dump and are used to deliver cin-

ders from the power stations to the. various customers,
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THE NEW CENTRAL SUB STATION OF
THE ST. LOUIS TRANSIT COMPANY

by charles a. hobein

Electrical Department St. Louis Transit Company

T
HE power for the St. Louis street railways in 1899 was

derived from eleven power houses. In this year the

companies were consolidated, forming the St. Louis

built, so that at the beginning of the year 1903 the company

was operating but four generating stations and one sub-station.

These were: (1) the Central Station, which was the remodeled

station; (2) the Northern Station, which was the new power

house; (3) the old Union Depot Railway power house, and

(4) the old Cass Avenue Railway power house. The two latter

were only operated during the morning and evening rush hours.

The addition of rolling stock to handle the World's Fair traffic

required added power, and a contract was entered into with
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FIG. 1.—PLAN OF CENTRAL SUB-STATION

the Union Electric Light & Power Company to furnish alter-

nating current at 6600 volts, 25 cycles, from its new power

station which was but recently completed. This power was to

be delivered to three sub-stations of the Transit Company, one

of which, Delmar sub-station, was already in operation. The

plans contemplated installing two 1000-kw rotaries in the Cass

Avenue power house, thus shutting down the steam plant at

that place; also the building and installing at a point as near

the center of load of the system of a central sub-station con-

CROSS SECTION

SHOWING LOCATION OF APPARATUS

FIG. 2.- CROSS SECTION OF SUB-STA TION

Transit Company. Four cable lines were changed to electric,

and in the next few years the power houses were gradually

shut down. One was greatly enlarged and a new power house

FIG. 3.—EXTERIOR OF SUB-STATION

taining seven 1000-kw rotaries and a 5000 amp. hour I \"lt

storage battery.

It is the purpose "I this paper to deal with the latter problem.
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An extensive investigation located the center of load at Four-

teenth and Olive Streets. The station was built three blocks

west and one block north of this point. Central station (a

direct-current plant), which was then pulling the entire down-

town section of the system, was 4 miles southwest of this cen-

ter. Northern station, an alternating and direct-current plant,

was 3 miles directly north, and Delmar sub-station 7^ miles

southwest of Northern. Preliminary figures revealed the very

remarkable fact that if this sub-station were built, enough

feeder copper could be taken down, and sold as scrap, to go a

great ways toward paying for the sub-station and equipment,

exclusive of the battery. In the design of this station, the time-

culation. The battery floors have a slope of 1 ft. from front to

rear of building to facilitate drainage. In the rear of the lower

room is a sump to receive the drainage. The water is raised

from this point to the sewer by means of a centrifugal pump

direct connected to a i-hp motor, located on the air-chamber

floor. The battery floors are covered with a layer of brick

laid flat and grouted and covered with pitch. Rooms arc

lighted by incandescent lamps, the sockets being tightly corked

with wax to prevent the acid from entering and short-circuiting

them. All I-beams are entirely surrounded with concrete to

protect them from acid action.

The air-chamber floor is on a level with the street. It has

FIG. 4.—GENERAL VIEW OF MACHINERY FLOOR—ST. LOUIS SUB-STATION

honored custom of erecting a fine and elaborate building has

not been followed, but instead a neat and substantial building,

arranged to accommodate the necessary apparatus, has been

erected. Its plan is shown in Fig. 1, a cross section in Fig. 2,

and an exterior view in Fig. 3. Below the street level are two

floors to accommodate the battery. These rooms are each 56

ft. wide and 155 ft. long. Each contains 294 cells.

Foundations of the building are entirely of concrete and rest

upon bed rock. The battery rooms are divided in the middle

by a 5-ft. concrete wall, which extends from the lower floor to

the floor line of the air chamber, where it widens at a suitable

angle to a width of 10 ft., and supports the two 30-in. brick

walls, 6 ft. 6 ins. apart, which extend to the rotary-converter

floor to form the machine foundations. Suitable openings left

in the concrete and brick walls permit of passage and air cir-

the two 30-in. brick machine foundation walls dividing it into

three parts; two rooms, each 24 ft. x 155 ft., and a 6-ft. 6-in.

passage under the machines. The east room is air-tight and

forms the air chamber proper. The blowers discharge into

this chamber, and the transformers and reactive coils located

directly above receive their cooling air. Flues left in the

foundation walls convey air to the floors of the battery rooms,

and it is discharged through flues in the opposite side wall to

the outside. The supply is regulated by means of dampers in

the supply flues. The air chamber contains the incoming line

cables, high-tension bus-bar compartments, current' transform-

ers, potential transformers, barriers, etc., which may be seen

in an accompanying photograph. The other room is used for

storage, and also contains the battery room drainage discharge

pump, water-tilling apparatus and field rheostats. The main
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floor is 8 ft. above the street level, and contains the rotary con-

verters, switchboard, transformers, reactive coils, oil switches,

blowers and two motor-driven boosters for controlling the

battery.

The plan as carried out was to bring alternating current in

on one side of the station through transform-

ers and converters to the switchboard, and

conduct out direct current on the opposite

side of the station, as shown in the general

view, Fig. 4.

The converters, as will be seen, were ar-

ranged in a row in the center of the build-

ing, the alternating-current apparatus being-

placed on one side of the center and the

switchboard on the other. The battery boos-

ters can be seen in the front of the building.

Fig. 5. A 20-ton crane serves the converter

floor, and articles can be picked from a wagon

driven in on the air-chamber floor. An 18-ft.

square opening in one corner of the converter

floor gives access to the wagon. Smaller

openings through the battery floors allow of

the crane lowering or raising articles from

these floors.

The batteries, Fig. 6, consist of a total

of 588 cells, 294 in series forming one

battery. Their combined capacity is 5000-

kw-hours. The cells are the Electric

Storage Battery Company's type G-79,

and each is 6 ft. long, 22 ins. wide,

load which it would have to do. Therefore, the arrangement

shown in Fig. 8 was advised by the battery company. "R" is a

rotary, "B" the booster, and "L" the load. The booster shunt

field rheostat is arranged so that it is possible to reverse the

current in the field winding-

. It is seen that there is a storage

FIG. 5.—ROTARY CONVERTERS AND BATTERY BOOSTERS— CENTRAL SUB-STATION

containing seventy-seven plates, 1;

and as deep,

square and }/%

in. thick. The boosters are of 252-kw capacity, driven by 360-

hp direct-connected motors. The battery is intended to be

floated on the station bus. Boosters are compound-wound and

have the same effect as differential boosters. This was to have

FIG. 6.—BATTERY ROOM

been arranged as follows : Fig. 7 shows a common arrangement

of a compound-wound booster, connected to act with a differ-

ential effect. "B" represents the booster, and "R" a generator

or rotary converter, while "L" "L" represent the motors on load

on the system. The shunt field of the booster opposes the

series field. It is easily seen that this arrangement could not

be used in this case, as it is impossible to build a series field

on a booster of large enough capacity to. carry the entire stalimi

cell and some resistance in series with the equalizer "E." This

battery is so connected that when current is flowing in the

equalizer, as indicated by the arrow, the equalizer battery is

charging. This equalizer battery is the weak point of this

arrangement. It is impossible to maintain it in its most efficient

state, it being either overcharged or undercharged and quickly

wears out.

A happy solution has been found for this problem, and it

possible to entirely dispense with the booster series winding

by the use of the new carbon regulator recently gotten out by

the Electric Storage Battery Company. Its operation is as

follows: Around the station bus (Fig. 9) which carries the

rotary output is placed a "U"-shaped piece of iron "M." This

the bus magnetizes and causes to move the lever "H," which is

pivoted at "O." "S" is a restoring spring. The moving of the

lever causes one or other of the two carbon pack resistances

to be compressed, lowering the resistance of the circuit and

causing current to flow through the field at the exciter "E." The

wire at "X" is connected at the center point of the main battery,

and is positive to one battery terminal and negative to the

other. It will be seen, therefore, that when the lever "H" moves

and compresses the other carbon pack, current flows in the

opposite direction through the exciter field, and it follows that

the booster field is likewise reversed, the booster having an

opposite effect on the battery to what it had in the first case.

Distilled water must be supplied the battery. This installa-

tion requires about 1800 gallons per week. The cost of gas

and water to produce distilled water forms quite an item in the

operating expense account.

Power is delivered to the station over four three-conductor

lead-covered cables. Each conductor is 0000 B. & S. stranded

cable. These cables enter below the level of the street and are

brought up into the air chamber, and run on concrete barrier

shelves, Fig. to, until they are opposite their respective oil
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switches, located upon the floor above. They then are belled

out and the individual conductors pass into the switches. The

necessary current transformers, potential transformers, dis-

connecting switches and static discharges are located in this

air chamber. Each phase is entirely separated from the others

<3

directly across the station bus without the field rheostat in

series with it and reverses the field. When this is accom-

plished the switch is thrown up. The equalizer and negative

busses are located in the passage directly beneath the machines.

There are no negative wires on the main switchboard except

the instrument potential wires and those necessary for board

lights.

The boosters are switched in with the battery on the negative

side. The necessary switches are located on two isolated

FIG. 7.—COMMON ARRANGEMENT OF BOOSTER

Street By.Jouin.il

Suv. l Ry.Juiirnal

FIG. 9.—NEW ARRANGEMENT OF CONNECTIONS

by concrete barriers. From the line switch the wires drop to

the high-tension bus-bars. These are located in a concrete

compartment in the air chamber, which runs through its entire

length. A good idea of the barriers, high-tension bus compart-

ment and wiring may be obtained from the

Fig. 10. High-tension bus consists of ij4-in.

x 2-in. copper. Studs through the back sup-

port the bus and form connecting terminals.

The large openings in the face of the com-

partment give access to bus sectionalizing

switches. The smaller square ones mark the

location of bus supports. From the bus, leads

rise to the machine oil switches and the cur-

rent is lead from these to 1100-kw three to

six-phase static transformers. The reactive

coils are located at one side of the transform-

ers, and on top of each is mounted a starting

panel equipped with two three-pole double-

throw switches.

The machines are started from the alter-

nating-current side, and thus the bother of

synchronizing is dispensed with. One-third,

two-third and full-voltage taps are taken

from the secondary side of the trans-

former to the starting panel. Field

break-up switches are located on the

machine frames. They consist of four-

pole double-throw switches and break the

series of threes. To start, the field is

one-third-voltage current is supplied to the machine. When it

reaches full speed it is given a field, and, if the machine has

built up in the right direction, the two-third and full-voltage

currents are supplied in succession. Should the machine build

up wrong the field switch is put down. This connects the field

FIG. 8.—ARRANGEMENT FIRST PROPOSED

panels and are so arranged that either booster may be operated

with either battery.

The four blowers are driven by induction motors, each blower

furnishing 20,000 cu. ft. of air per minute.

The oil switches are motor-operated and double-break. The

oil chambers are enclosed in concrete compartments, each phase

being separate. The operating motor is located on top of the

compartment. All oil-switch control leads, current and poten-

tial-transformer secondaries are delivered to the switchboard

through conduit laid in floor.

The switchboard is of blue Vermont marble. It consists of

four alternating-current line panels, eight alternating-current

rotary panels, eight direct-current rotary panels, two booster-

field up

left open

into

and

FIG. 10.—CONCRETE BARRIERS

motor panels, two battery panels, two load panels, and thirty-six

direct-current feeder panels. The line panels are each equipped

with an ammeter, a three-phase balanced-induction wattmeter,

oil-switch control switch, overload relays, signal lamps and

voltmeter plug receptacle. The alternating-current converter

panels each have an ammeter, power-factor indicator, oil-switch

control switch, relays and signal lamps. Each direct-current
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rotary panel's equipment is as follows : Circuit breaker, am-

meter, rheostat operating mechanism, two double-throw quick-

break main switches, auxiliary switch and a two-point plug

receptacle. Booster-motor panels contain circuit breaker, am-

meter, starting switch, one single-pole double-throw main

switch and auxiliary switch. The battery panel is equipped

with circuit breaker, ammeter, ten-point potential receptacle,

two double-throw switches and auxiliary switch. The load

the lower bus of 20,000-amp. capacity, at the points of maxi-

mum cross section. If it is desired to put the battery on cer-

tain feeder sections or one machine alone on certain sections,

it can be done by simply using this upper bus. The oil switches,

board signal lamps and relays are operated from 125-volt mains

supplied by a 55-cell i7-amp.-hour auxiliary battery.

The station was erected and designed by the engineering de-

partments of the St. Louis Transit Company according to the

REPRESENTATIVE VIEW OF ST. LOUIS—OLIVE STREET LINE HANDLING WORLD'S FAIR TRAFFIC ON TULY 4.- 1904

panels hold two astatic ammeters, two differential voltmeters,

one 20,000-amp. wattmeter and one 10,000-amp. wattmeter.

Feeder-panel equipment consists of circuit breaker, ammeter

and one single-pole double-throw quick-break main switch.

The direct-current feeders leaving these panels are of round

copper rods, I in. diameter, carried along the wall on special

brackets to a terminal pole outside the building. The rod con-

struction may be clearly seen in the photographs.

The switchboard supports two positive busses of J4~in, x

10-in, copper. The upper bus is of 10,000-amp. capacity, and

plans of A. B. duPont, general manager of the company at thai

time. L. P. Crecelius, the company's electrical engineer, super-

intended the designing ami construction of the station.

The original plan of installing seven iooo-kw rotaries in the

Central sub-station has been changed. Six iooo-kw units are

now operating at that place, and the seventh was installed in

Delmar sub-station. Work is now progressing on the installa

tion of two iooo-kw and one 300-kvv rotary in the Cass Avium

station, and three iooo-kw votaries in a sub-station al 4000

South Broadway.
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THE HISTORY OF THE AMERICAN STREET RAILWAY
ASSOCIATION

THE FOUNDING OF THE STREET RAILWAY ASSOCIATION

BY HARDIN H. LITTELL

LOOKING back over twenty-two years one sees great

changes in the street railway world. Many persons

have grown almost to manhood who would not know

what horse cars meant nowadays unless they visited New
York City.

In the early days of my street railways experience it was

my custom to spend my vacations visiting the larger cities and

calling upon railway men who were entitled to the honor of

having a good street railway system. The more I saw of the

various systems and separate interests, the more I felt the need

for a mutual acquaintance and common bond of fraternity

based on social intercourse and friendly interchange of in-

formation and ideas. In the year 1881, on one of my trips, I

paid a visit to Col. H. M. Watson, president of the Buffalo

Street Railroad Company, and S. S. Spaulding, president of

the Buffalo East Side Railway Company.

During our conversation the subject of forming a society or

association of street railway men was discussed. In both of

these gentlemen I found strong advocates of such a measure.

On the same trip, at Providence, R. I., it was my pleasure to

meet D. F. Longstreet, secretary and treasurer of the Union

Railroad Company of that city. Mr. Longstreet entered earn-

estly into the plan of forming an association. He took it upon

himself to work up an interest in the movement among his

many friends in the railway business in the East. Julius S.

Rugg, of the Highland Street Railway Company, of Boston,

took a deep interest in the matter and rendered valuable assist-

ance. Walter A. Jones, of the New Williamsburg & Flatbush

Railroad Company, of Brooklyn, also became much interested.

I also took up the subject either in person or by letter with

Julius S. Walsh, president of the Citizens Street Railway Com-

pany, of St. Louis; George B. Kerper, president of the Walnut

Hills & Eden Park Railway Company, of Cincinnati; Col.

Thomas Lowry, president of both the St. Paul and Minneapolis

Streets Railway Companies; Charles B. Clegg, president of the

Oakwood & Dayton Railway Company, of Dayton, Ohio, and

many others actively engaged in the management of railway

properties. I first asked about ten prominent street railway

men to join me in a call for the first meeting.

Some of them assented, others were of the opinion that if

the call went out signed by a number of persons, some who had

not been requested to unite in the call might feel slighted and

an element of jealousy would be the result. A good attendance

at the first meeting was much desired. So, after deeply con-

sidering the matter, I issued the call, dated Louisville, Ky.,

Nov. 8. 1882, for the first meeting to be held in far-away Bos-

ton on Dec. 12, 1882. Tt required considerable nerve to ask

people in the South and West to go to Boston at that wintry

season of the year. But I sent out the call and waited, I con-

fess, with some anxiety for the extent of the response.

Replies began to arrive within a day or two, and in a short

time the success of the meeting, numerically at least, was

assured.

We gathered at Young's Hotel, in Boston, on Dec. 12, 1882,

and id us from the South it was like journeying to the North

Pole. I had not expected to have to call the meeting to order,

but the duty devolved upon me, and at 2:15 o'clock in the after-

noon we met. I stated the object of the meeting to those

present : "Nearly all branches of industry and trade have their

organizations, and it has long been to me a matter of surprise

that the many street railway companies have not organized an

association for the mutual benefit of all parties interested in

this mode of traffic."

We all were gratified to observe fifty-six of the leading street

railway men of the country in attendance, while twenty-two

more sent letters or telegrams indicating their hearty sympathy

and support.

I recall that one of the very first speakers made reference to

the proud fact that at that time, in this country and Canada,

there were 415 street railways, owning and operating over

3000 miles of track, employing 35,000 men, running 18,000

cars, using 100,000 horses, which annually devoured 150,000

tons of hay and 11,000,000 bushels of grain. Compare these

glorious figures with the totals of to-day to gain an idea of the

growth and transformation of the street railway business. It

has declined in only one respect—horses.

But the horse was King in the old days. I recall the sug-

gestion, at our first session, that there should be kept at the

central or head office of the new association "correct informa-

tion concerning the state of the horse, hay and grain markets

in the different sections of the country, so that reliable in-

formation concerning all these vital interests can be obtained

at all times." Over twenty years have passed since then, and

so swiftly has the street railway business progressed that the

question of the horse, hay and grain is now purely a metropoli-

tan problem, restricted to New York City.

The opening session at Boston was devoted to perfecting the

roll of the fifty-six street railway men present, to appointing

a committee on constitution and by-laws and to general dis-

cussion of practical questions of interest to street railway men,

such questions as track construction and roadbed. In fact, the

meetings in the early history of the American Street Railway

Association were more distinguished than some of their suc-

cessors for earnest discussions of a great many very important

matters. All the business was not rushed through in a session

or two. Matters were not abruptly expedited in a few hours

to clear the way for a grand hurrah. There was plenty of

time for business, and also there was plenty of time for other

pleasures. Great good came of these old-time discussions, and

we learned a lot from one another in those early years when

we took up and talked over problem after problem in street

railway work.

The committee on constitution and by-laws was composed of

Charles Cleminshaw, of Troy; Col. Thomas Lowry, of Minne-

apolis; Walter A. Jones, of Brooklyn; the Hon. Moody Mer-

rill, of Boston; D. F. Longstreet, of Providence, and the writer.

We reported the constitution and by-laws at the second session

on Wednesday, Dec. 13, 1882. The discussion over its adop-

tion was full of interest. Men spoke as they thought, ami

there was a free exchange of excellent ideas. D. F. Longstreet

was the author of the constitution and by-laws. He had pre-
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viously prepared them, and they were adopted with very little

alteration. Then came the election of officers, as follows

:

President, Hardin H. Littell, of Louisville, Ky. ; first vice-presi-

dent, William H. Hazzard, of Brooklyn, N. Y. ; second vice-

president, Calvin A. Richards, of Boston, Mass. ; third vice-

president, George B. Kerper, of Cincinnati, Ohio; secretary

and treasurer, Wm. J. Richardson, of Brooklyn, N. Y. ; mem-

bers of the executive committee, Julius S. Walsh, of St. Louis,

Mo. ; Charles Cleminshaw, of Troy, N. Y. ; Col. Thomas Lowry,

of Minneapolis, Minn.
; James K. Lake, of Chicago, 111. ; D. F.

Longstreet, of Providence, R. I.

The first member of the association was the Naumkeag Street

Railway Company, of Salem, Mass., whose president, Abner

C. Goodell, Jr., was number one in stepping up to the treasurer

and paying the $40 admission fee and annual assessment.

Following the adjournment of the association was a banquet

at Young's Hotel. It was held at 4 o'clock in the afternoon,

and was tendered by the presidents of the street railway com-

panies of Boston. We enjoyed it mightily. Col. Thomas Lowry

was christened "Colonel" on that occasion, and the title has

stuck to him valiantly ever since. We adjourned to meet

again at Chicago, 111., on October 9, 1883. As president, under

directions from the association, I appointed committtees on

track construction, propelling power, buildings, labor and

wages, collection of fares, removing snow and ice, horseshoe-

ing, heating and lighting. Papers were prepared on these sub-

jects and were read and discussed at the October meeting, the

second annual meeting of the American Street Railway As-

sociation.

It was long ago—almost quarter of a century. As I look

over the list of those present at that first meeting I find many,

many have passed away. It was an earnest little gathering,

full of enthusiasm and the spirit that makes for progress and

development. It did its work conscientiously. If Time were to

arrange its reincarnation for a brief adjourned session, I feel

sure this first meeting of the American Street Railway Asso-

ciation would adopt a resolution "pointing to itself with pride."

THE EARLY MEETINGS OF THE AMERICAN STREET RAIL-

WAY ASSOCIATION

BY THOMAS LOWRY

(HAVE your request that I write a short article regarding

the early meetings of the American Street Railway Asso-

ciation. I could write or say almost anything and would

find none to contradict, as of the original organizers of the

association, and its members assembled at annual meetings

many years later, I do not find any familiar names.

I am still "in the business" and do not see any prospect, nor

have I any inclination, toward getting out of it. As Fred

Douglas said : "I was wid 'em in de beginnin' ; I'se wid 'em

now, and I stays wid 'em to de end." I remember well the dis-

cussions engaged in at the early meetings by Littell, of Louis-

ville
;
Hazzard, of Brooklyn ; Calvin A. Richards, of Boston

;

Kerper, of Cincinnati; Walsh, of St. Louis; Longstreet, of

Providence ;
Lake, of Chicago ; Cleminshaw, Holmes, Rugg,

Samuel Little, of Boston
;
Watson, of Buffalo, and a host of

others whose names I cannot now recall. They discussed pro-

pelling power, track construction, buildings, horseshoeing, re-

pairs of track, "Is salt necessary, and is it injurious to horses

and detrimental to public health," stables and care of horses,

cable system, conductors and drivers, heating and lighting,

taxes and many other problems then deemed difficult of solu-

tion, and all with reference to the operation of street railways

by horses.

At the meeting of 1883, in Chicago, the chairman of the

commitee on "track construction," Charles Hathaway, of

Cleveland (one of the first and best contractors for building

street railways), suggested that "when the traffic is very heavy

we should recommend heavy tram rails from 40 to 45 lbs. to the

yard, and well spiked to stringers, with good cast or wrought-

iron joint plates at the end of the rails." Further in the report,

he says : "We would not recommend T-rail except where it can

be used on the sides of a street where there is comparatively

little travel," etc. Later the "groove rail" was introduced, and

is now used in many of our principal cities. It is now con-

ceded by those best informed that a T-rail properly laid is bet-

ter for the city and the company than any other rail in use.

In the best constructed roads the T-rail, 80 lbs. to the yard,,

60 ft. long, with welded joints, laid on concrete, without ties,

is used, and is conceded the best form of construction now

in use.

I think it was at the convention held at Minneapolis in 1889

that electricity was first discussed seriously as a motive power.

The next year at Buffalo the first paper for discussion was

"A Perfect Street Railway Horse," and I then stated, in a few

remarks before the convention, that "it would be the last con-

vention to seriously consider horses for the operation of street

railways." The small cars, 10 ft. and 12 ft. long, with a single

truck and 63/2-ft. wheel base, then considered a luxury in Bos-

ton, New York, Chicago and other large cities, have been re-

placed in many cities (New York and Chicago being the prin-

cipal exceptions) by large passenger cars, in some cases equal,

if not superior, to the best passenger coaches on well-equipped

steam roads. Power plants for street railways are now being

built with capacity to operate hundreds of miles of road from

one station. I cannot predict for the future, but am ready to

believe anything in the line of street railway development and

advancement. I am in full accord with the sentiment some

one wrote

:

"What on earth we're coming to

Does anybody know?
For everything has changed so much,

Since twenty years ago.'

SKETCH OF THE WORK OF THE AMERICAN STREET RAIL-

WAY ASSOCIATION

BY T. C. PENINGTON

THE real value of the work of an organization can be

judged better after the lapse of some years than at the

time its history is being made. The American Street

Railway Association now has enough years behind it so that

some intelligent opinion can be formed of what this body has

done for the local transportation industry. A glance through

the reports of the twenty-two annual meetings of the associa-

tion, beginning with its first meeting in Boston, in 1882, im-

presses one strongly with the almost complete change in men

and methods that has taken place since that time. It is notable,

however, that in spite of these changes, the general character

of the association has remained the same.

The first convention was held at Young's Hotel, Boston,

Dec. 12 and 13, 1882. The owners and managers of street rail-
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ways convened at that time in response to a circular letter sent

out by H. H. Littell, of Louisville, who addressed the letter to

all the street railway companies of the United States and

Canada, at the request of a number of other street railway men

also interested in the movement. The first meeting of the

association being entirely for the purpose of organization, no

papers were read and there were no discussions save regarding

matters of organization.

At the second convention, which was held in Chicago, in

October, 1883, the list of papers discussed gives the reader of

the present day the first insight into the subjects which most

interested the street railway men of twenty-one years ago.

Some of the subjects are of as much interest to-day as then;

others have not been heard of for many years in convention

because of the disappearance of horse traction. Among the

former class of subjects which are still of interest, we see

"Track Construction," "Street Railway Buildings" and "Col-

lection of Fares." "Removing Snow and Ice" is a subject

which is still of interest, but is not by any means such a prob-

lem as it was in horse car days. For a number of years it has

not been considered worthy of discussion at an annual conven-

tion because the majority of companies now have settled down

to fairly satisfactory systematic means of battling with snow

H. H. LITTELL, WILLIAM H. HAZZARD,
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and ice. "Labor and Wages" is another subject still discussed,

though somewhat in the abstract; while "Horseshoeing" and

the "Heating and Lighting of Cars" belong strictly to past ages

as subjects for convention discussions.

The early papers on track construction look strange to mod-

ern eyes. For example, the T-rail was objected to in the paper

on "Track Construction" at this convention, and not on the

grounds of paving difficulties either. The girder rail was

brought up in discussion as a new thing at this convention,

although, of course, such a rail had been in use on cable roads

for some time previous. In all discussions on track work it

was quite evident that the old types of flat rails laid on stringers

were the usual construction. At that time San Francisco cable

roads had been in operation ten years and the State Street cable

in Chicago had just been started for traffic. There were nat-

urally many references to possible changes of motive power

from horses to something better in the future. Some expressed

the belief that the cable road was to be the road of the future.

This was but natural, as at that time the cable was the only

thoroughly successful mechanical motive power for street rail-

ways. Some expressed great faith in the future of steam mo-

tors, and electricity was referred to as a rather uncertain pos-

sibility, although, naturally, with not any great enthusiasm over

the results of the crude experiments which were then being

tried.

At the third annual meeting, held in New York City, Octo-

ber, 1884, we find a great deal of attention given to the question

of track cleaning in winter and the use of salt. A strong senti-

ment against the use of salt had sprung up in many cities. The

whole subject was gone over very thoroughly, and many re-

ports on the results of scientific investigations were brought in

as evidence, all of which seemed to show that there was no

cruelty to horses or detriment to the public health in the use of

salt on the tracks in winter. The information supplied by the

association on this subject was, no doubt, of much value to

the members who had to combat a certain amount of public

prejudice on this question. Naturally, the motive power re-

ceived much attention, just as it does in these days, and the

report of the committee on stables and the care of horses drew

out a lengthy discussion, which compares favorably as to the

technical and practical knowledge shown, with discussions in

recent conventions on the motive power of the present. The

discussion on track was confined mainly to the stringer con-

struction before spoken of, with brief references to the girder

rail necessary for cable traffic. One of the features of this

meeting was a report of a committee on "Electricity as a Mo-

tive Power," this being the first meeting at which this subject

was discussed seriously and at any length. Naturally, the in-
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formation given to the convention on this subject was very

vague. At this meeting Calvin A. Richards, of Boston, made

some glowing, but prophetic, utterances about the future of

electricity as a motive power for street railways. Not only on

this occasion, but at several succeeding conventions, Mr. Rich-

ards expressed eloquently his faith in the new motive power.

To all objections he had the one answer, "Wait." One cannot

but admire the enthusiastic faith of Mr. Richards in electricity

as a motive power, especially since he was not a technical man,

and formed his conviction not through any scientific knowl-

edge, but drew his general conclusions from the conquests that

electricity had already made in other fields. The first formal

report of the cable system as a motive power was given to this

convention. A matter of considerable historical interest to our

friends, the Accountants, is the fact that a report was made by

a committee on a "Uniform System of Accounts," giving a

classification which had in view the same object as the modern

classification of the Street Railway Accountants' Association

of America.

At St. Louis, in [885, "Diseases Common to Car Horses"

still occupied the first and most prominent place on the pro-

gramme. If the electric railway engineer of to-day thinks he

has a monopoly on all the technical problems and perplexities

ever connected with street railroading, let him read the proceed-

ings of this and other conventions regarding the care and treat-
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ment of horses. He will realize that after all the technical

problems involved are different in kind rather than magnitude.

The "Progress of Electricity as a Motive Power" was reported

upon, but the report was mainly historical, and brought out

very little of practical interest with reference to more recent

experiments on a commercial scale. In the discussion of this

report a letter was read from a street railway company in Bal-

timore which had been operating two cars on the Daft system

since Sept. 1, 1885. This letter answered a number of questions

regarding the practical working of the system, and seemed to

indicate that electric traction was at last approaching commer-

cial success. The progress of the cable system was also re-

ported on, and a paper and discussion on track work. The

committee on rules regarding conductors and drivers made a

report at this meeting, which was discussed at length. Here

again we see the beginning of a movement which resulted at

the last convention in the recommendation of a set of standard

rules.

At Cincinnati, in 1886, the convention, for the first time, dis-

cussed a paper on "The Care, Prevention and Settlement of

Accidents." A short and rather informal discussion on the

"Care and Cleaning of Cars" at the previous convention

brought out an extended report at tliis convention on the "Sani-
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ceedings of the convention were given over to this subject.

Discussion of electricity as a motive power was for the first

time taken up in an engineering way. Previous reports on this

subject at earlier conventions had mainly taken the form of an

outline of what had been already done, without going into the

engineering problems involved in the construction of an electric

railway. Besides the thorough committee report on this sub-

ject, a long discussion took place. In those days it was a ques-

tion as to whether the storage battery, overhead trolley or un-

derground conduit electric railway system would eventually

win out. Some of the best engineers expressed the opinion that

each of the three systems would eventually have its place in

street railway work. William Wharton, who was on the com-

mittee making the report on electricity as a motive power, this

year, invited the members of the convention to see the opera-

tion of a storage-battery car exploited by a company in which

he was interested in Philadelphia. F. J. Sprague was also

present at this convention and was invited to participate in the

discussion. He did not commit himself to any one of the three

systems mentioned, but was firmly convinced that the electric

motor had come to stay. Charles J. Vandepole was also in-

vited to take part in the discussion, which he did, giving some

ten cities in which electric roads had been, or were being con-
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tary Condition of Street Cars," and also another on "The Ven-

tilation, Lighting and Care of Cars." Considerable discussion

took place as to the advisability of heating cars, but at this

stage of street railway history most of the large companies in

the North had adopted the practice of heating because of the

•additional traffic that they derived by having cars warm. The

committee reporting on "The Progress of Cable Motive Power"

was able to get together a much more useful compilation of

definite engineering information about cable roads than had

been before possible, because, by this time, cable roads had been

installed in San Francisco, Chicago, Cincinnati, St. Louis,

Kansas City and Los Angeles. The committee on "The Prog-

ress of Electric Motive Power" was also able to give much

more complete and definite information about experimental

electric railways than had been given at any previous conven-

tion. Much was said about the Baltimore & Hampden line of

the Baltimore Union Passenger Railway Company, mentioned

at the previous convention. This company seemed to have

made a more favorable impression upon members of the con-

vention than any of the other roads which were being operated

experimentally in different parts of the United States at that

time.

In 1887 the association met at Philadelphia, and by this time

electric motive power was assuming such an important place

on the street railway horizon that at least one-third of the pro-

structed by his company. This convention was not without

divers other representatives of electric railway systems which

were in the experimental state. There were short papers and

discussions on "Roadway Construction" and "Legal Decisions,"

but for the main part the convention of 1887 was given over

to motive power subjects.

At Washington, in 1888, there was somewhat of a reaction

from the great amount of attention given to the discussion of

electricity as a motive power at the previous convention. As

one of the members remarked, "I am a practical fellow and I

run a railroad with horses." While the discussion of cable

and electricity was interesting to many companies about to

make a change, there were still many members whose chief in-

terest still lay with the horse car system, and who were evi-

dently dissatisfied with having mechanical traction occupy the

whole time of the convention. Accordingly, this convention

was somewhat more evenly balanced as regards the variety of

subjects discussed than its predecessor. The report of a com-

mittee on "The Conditions Necessary to the Financial Success

of Cable Power" analyzed this subject in a much more scien-

tific manner than had been done before in the discussion of

cable power. This report took up the conditions necessary to

the financial success of cable power and the volume of business,

engineering and mechanical construction, engines and winding

machinery. In fact, the report was a complete, though brief,
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review of cable practice at that time. On account of the num-

ber of cable roads then in operation in the United States, there

were many intelligent cable road engineers at this convention,

who took part in the discussion. The proceedings of this year,

therefore, form one of the most valuable contributions to cable

road literature to be found. Had it not been for the advent of

electricity the proceedings would have been referred to, to a

very much greater extent, in after years than they have. The

committee on "Location and Construction of Car Houses and

Stables" presented a long report that was of much interest to

the horse car contingent, but the rumblings of the new motive

[tower, electricity, which were becoming so distinctly audible

at this convention, created a thirst for information about it

that made it difficult to keep the convention away from that

subject. The committee on "Street Railway Taxation" reported

for the first time at this convention, and the subject is one

which we have still with us. Street railway mutual fire insur-

ance had been talked of at nearly every convention since the

beginning, but for various reasons the movement never

amounted to anything. Although there was no set paper nor

report on this subject at the Washington convention, electricity

as a motive power did not fail to receive considerable discus-

sion. Many representatives of various systems were present,

and enough of these gentlemen were allowed the floor so that

the non-technical street railway man of those days must have

been left in a wonderful state of bewilderment after the dis-

cussion was over. F. J. Sprague again addressed the conven-

tion this year, telling of the progress he and his company had

made during the year. From this discussion it appeared that

an immense amount of progress in electric traction had been

made during the year and street railways were going into the

business on every hand.

In 1889 Minneapolis was the place of meeting. A subject

of permanent interest, namely, a "Street Railway Employees'

Mutual Benefit Society," was reported upon and discussed. It

is unnecessary to say that a number of street railway companies

have since adopted the plan of organizing or allowing their em-

ployees to organize mutual benefit and relief associations, and

are financially giving considerable assistance to such associa-

tions. By this time the success of electricity as a street rail-

way motive power was sufficiently assured and established so

that the discussions were on an entirely different basis from

those preceding. For the two years previous, the clamor of the

advocates of various tried and untried electric railway systems

had been annoying to some of the horse car men, who came to

the convention primarily to learn useful points as to the practi-

cal every-day operation of their roads. Electric traction hav-

ing been by 1889 installed by a number of companies, it was

possible to compare it with cable traction, and in a report on

the "Conditions Necessary to the Financial Success of Elec-

tricity as a Motive Power," the comparative cost of cable and

electric construction were analyzed and a number of figures

were given as to the cost of electric operation. While most of

these figures would hardly bear scrutiny in the light of to-day,

after fifteen years of experience, they were undoubtedly of con-

siderable help to the companies considering a change of motive

power at the time they were given. The report concluded with

the statement "that electricity as a motive power is as far

ahead of the cable as the cable was an advance over horses."

Many of the members were inclined to question this statement

for a number of years after it was made, but it has since been

demonstrated to be true. As the first Sprague road at Rich-

mond, which was started in operation the early part of 1888,

had been a subject of so much interest, and had received so

much attention from street railway men, the association can

perhaps be pardoned for giving the floor to a representative of

the Sprague Company, who explained at length why local con

ditions and 111151113.115.gement at Richmond were responsible for

a rather dilapidated state of the electric railway there. How-
ever, electric traction needed no apology by that time. H. A.

Everett, of Cleveland, told of operating thirty motor cars to

his full satisfaction on the East Cleveland road. Mr. Monks,

of Boston, told of the successful beginnings of electric traction

on the West End road, and some one from every part of the

country reported successful operation by electricity. The use

of "Motors Other Than Animals, Cable and Electric" was dis-

cussed and reported upon, but with no more evidence that a

successful motor could be found than in the report of the year

previous. The horses were not all dead yet, however, and

came in for a small amount of attention in the report of a com-

mittee on "Food and Care of Hcrses."

In 1890, at Buffalo, the convention opened with the report

of a committee on "Perfect Street Railway Horses," but the

discussion was rather limited, and the association proceeded

to the consideration of mechanical motive power. In the report

of the committee on "Electric Motive Power Technicallv Con-
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sidered," we find much more inclination to go into the details

of electrical operation and maintenance than at any previous

meeting. The cost of maintenance of electric motors, which

was naturally a question of much interest and speculation, was

taken up in this report and definite figures were given as to the

cost and life of various parts of electrical equipment. An elec-

tric line which had been in operation for over a year in Buffalo,

offered an opportunity for inspection, and some exhibits of

electric cars and appliances were made at the Cold Spring car

house. There was some discussion on a report concerning the

"Relative Cost of Motive Power for Street Railways," and

this question was more extensively discussed at later conven-

tions. "Plans for Development of Traffic" and the subject of

"Public and State Treatment of Corporations" took up the re-

mainder of the time at this convention.

In 1891 Pittsburg was the place of meeting. By this time

electric traction had gained such an established foothold that

three of the five papers were given to subjects pertaining to

electric traction. Of the two papers, one was on "A Year's

Progress of Cable Motive Power," and the other a continua-

tion of previous report mi "Public and State Treatment of Cor-

porations." There was still much discussion as to whether the

overhead trolley, underground conduit or storage-battery sys-

tem would be the coming system, but in the meantime the over-

head trolley was going up everywhere, with the exception of a
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few experimental roads. At this convention the relative costs

and advantages of cable, electric and horse motive power were

analyzed more thoroughly than ever before, and while each

system had its advocates, the conclusion seemed to be reached

that for very heavy traffic the cable afforded the most econom-

ical motive power; for moderate traffic electricity was consid-

ered the most desirable, and for very light traffic horse traction

would be the only motive power justified. As this was the first

convention at which horse traffic received no attention, other

than to compare it with other methods, the year 1891, as far

as the work of the American Street Railway Association was

concerned, marked the end of the era of horses as street car

motive power, except that at later conventions the cost of horse

traction as compared with cable and electric was considered.

The Cleveland convention in 1892 was decidedly an electrical

affair. It is notable that this was the first convention at which

the return circuit received formal attention. "Street Railway

Roadbed and Underground Wiring" brought up the question

of rail bonds, supplementary return wires and other means of

improving the conductivity of the rail return, and a discussion

of these subjects has been live matter ever since. At this con-

vention a very interesting historical review of the events lead-

ing up to the formation of the American Street Railway Asso-
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ciation was given by D. F. Longstreet, of Denver. Mr. Long-

street's account of the cold reception with which his idea of

forming an American Street Railway Association had met

among some of the Eastern street railway companies is amus-

ing and surprising in these days when the advantages of organ-

ization and the exchange of ideas are better appreciated than

in the early days. There were indeed many local jealousies

which tended to prevent such an organization being formed.

The report on roadbed, before mentioned, brought out the fact

that street railway companies, with the advent of electric trac-

tion, were being obliged to entirely discard old ideas in track

work and adopt the most substantial girder rail construction.

It was about this time that companies were beginning to find

out what terribly weak spots the joints in ordinary track were

under electric traction. At this meeting the advantages of the

T-rail began to be generally recognized, and the inability to

adopt it in many cities regretted by the companies which could

not use it. It was also at this convention that the possibility

of using continuous track with joints welded or riveted which

would not provide in any way for contraction or expansion,

first became apparent from the reported results of experiments

on continuous track. One of the most valuable features of this

convention was the comparative data of the operating expenses

of a number of cable and electric roads. In this report the

conclusion was reached by the committee that the cable road

had reached a stage where but little room was left for improve-

ment, but that electric systems would continue to increase in

efficiency until all rivals were outdistanced; a conclusion which

we now see to be entirely sound. "Standards for Electric

Street Railways" was a subject reported upon, and, among

other things, a standard method of accounting was recom-

mended, so we see again the beginning of the Street Railway

Accountants' Association of America. The committee natur-

ally found it very difficult to recommend any dimensions of

parts as standard, and the impossibility of standardizing at that

time can be easily seen by glancing over the suggested dimen-

sions for various parts, nearly all of which have been increased

in practice of later years. The report even went into the ques-

tion of rating of motors at length, but this branch of the sub-

ject has never been followed up further by the American Street

Railway Association, but has been left to the American Insti-

tute of Electrical Engineers.

In 1893, the year of the World's Columbian Exposition at

Chicago, Milwaukee was chosen as a place near enough to the

Exposition for convenience, and yet far enough away to keep

the convention free from its distractions. An extended report

and considerable discussion was had on "Power House En-

gines." A committee on "The Best Method of Heating and

JOEL HURT, H. M. LITTELL,
President,1894-1895 President, 1895-1896

Lighting Cars" discussed mainly the heating question. At

that stage of street railway development, it was mainly a ques-

tion between stoves and electric heaters. "The Use of the

T-Rail on Paved Streets" received attention again, and was

discussed at length. "The Use of Storage Batteries as Auxil-

iaries to Power Stations" was for the first time brought up in a

street railway convention this year. Before this time storage

batteries had been mainly considered as the possible sources

of motive power carried on the car. Direct-connected engine

and generator units were just coming into use for railway

power stations in 1893, and a report made on this subject was

therefore very timely. The report illustrated some of the few

large direct-connected railway generators in operation at that

time. This year practicaly marked the end of the belt-driven

period on electric railway generators.

In 1894 the association went South to Atlanta. The year

previous there had been a notable increase in the length of

papers and reports, and at the Atlanta convention the pro-

gramme was even more crowded. "The Use of the T-Rail on

Paved Streets" was again taken up, and a report giving the

cities in which the T-rail is used in paved streets has proven of

much value to street railway companies in securing municipal

permission to lay the T-rail. The report included data from

twenty-six cities using the T-rail. Many cities were not in-

cluded and others have since adopted it. Perhaps the gradual
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evolution of the street railway business was better shown in

no other way than by the reading at this convention of a report

on "Mail, Express and Freight Service on Street Railway

Cars." A number of papers on special mechanical and elec-

trical subjects, by manufacturers and others, were accepted at

this convention for insertion in the minutes. Both air and

electric brakes began to be pushed prominently to the front.

Perhaps after all, one of the most important reports was that

by H. I. Bettis on "A Uniform System of Street Railway Ac-

counts." While reports of a similar nature had been previously

presented, this brought matters to a head, so that probably the

direct result of this report was the organization of the account-

ants, which took place a little over two years later.

The Atlanta convention -brings us down to the past decade,

and it is probably unnecessary to outline as fully the work of

the association within that time, because this work is better

known, and also because it is not as easy to judge of its per-

manent value. Accordingly, in the review of the past ten

years, mention will be made principally of such features of the

work as lasted through several conventions.

At the convention of 1895, which was held in Montreal, the

question of transfers received more attention than at previous

ROBERT McCULLOCH, ALBION E. LANG,
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conventions, and it may be said in general that this question of

transfers and how best to prevent their abuse and misuse has

received much more attention during the past ten years than

formerly, because of the great increase in size of the street rail-

way systems operated under one management, due to consolida-

tions and the suburban extensions resulting from the adoption

of electric traction. Conditions of the past ten years have

necessitated transfer systems which were unthought of in days

when there were many different companies operated in a city

and transfers were not expected. Transfer problems are there-

fore of comparatively recent origin, and the transfer has been

heard from several times in conventions since the rather com-

plete discussion given to it at Montreal.

The convention returned to St. Louis again in 1896. Among
the more prominent subjects at this convention was that of

track and track joints. Cast welding was at this time just en-

tering the field. A report on the design of power stations to

produce the most economical results summarized briefly the

best practice at that time, and it is of interest to compare this

with a report on the same subject by the same author before

the Saratoga convention in 1903, when the plans for a mam-

moth alternating-current generating station, 5000-kw steam

turbines, was presented as representing the most advanced

modern practice. The report of 1895 outlined a power station

in which the maximum size of the units was 1500 kw, and in
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general it was, of course, a much simpler piece of engineering

than the one of 1903.

At the convention at Niagara Falls in 1897, reports on the

use of multiphase current transmission and the application of

storage batteries to electric traction, showed what progress

electric railway engineering was making, but, after all, perhaps

the report of most lasting value presented was that on municipal

ownership of street railways, in which European conditions

were analyzed very thoroughly and the drawbacks of municipal

ownership in the present state of American municipal politics

pointed out.

In 1898 the convention again went to Boston, the city of its

birth. One of the principal subjects for discussion at this con-

vention was a comparison of single and double-truck cars. This

question, which was practicaly brought up the first time at

Boston, has always provoked considerable discussion whenever

touched upon since in convention. A change in the general

sentiment regarding double-truck cars has been noticeable, both

in the proceedings of the convention and on the streets of

American cities, for, as we all know, there has been a great

increase in the number of double-truck cars. Maintenance and

inspection of equipments was also given considerable attention.

CHARLES S. SERGEANT JOHN M. ROACH,
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At this convention a report was discussed on "To What Ex-

tent Should Street Railway Companies Engage in the Amuse-

ment Business?" Beginning with 1893, there had been a great

deal of activity among street railway companies providing

pleasure resorts for inducing traffic. It was not until 1898,

however, that this branch of the business was sufficiently recog-

nized to be given a place on the convention programme.

The convention met again in Chicago in 1899. Maintenance

of equipment, track construction and train service were the

principal operating subjects discussed, and a paper on "Invest-

ments in Street Railways, How They Can Be Made Secure and

Remunerative," received considerable attention.

At Kansas City, in 1900, "double-truck cars" again came up

for extended discussion. The work in this convention was alsn

notable because of the amount of information regarding paint-

ing and maintenance of car bodies which it drew out.

The convention at New York in 1901 was notable, not only

for the size of the attendance, but for the size of the published

proceedings. The increasing importance of interurban roads

was manifested at this convention by the attention given to a

paper on "The Relation of Interurban Roads to City Roads,"

which was a review and discussion of traffic agreements be-

tween city and interurban lines. Another paper indicating the

importance of the interurban road was one on block signals.

Ever since the association has started there has been some
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attempt to get nearer to standards in street railway equipment.

Committees have reported from time to time on standard

nomenclature and standard dimensions for various parts of the

equipment. The convention at New York goes down into his-

tory as notable for having had presented to it the first report

recommending standard forms and dimensions for many things

in connection with electric railway equipment. Other reports

of a similar nature were presented in succeeding years, and at

the last convention the matter was practically turned over to

the new American Railway Mechanical and Electrical Asso-

ciation, but the report at New York forms an important mile

post in the history of the attempt to adopt electric railway

standards. That more progress has not been made in this direc-

tion is due to the inherent difficulty of introducing standards

among electric railway companies at the present time.

At Detroit, in 1902, the convention met amid distinctly in-

terurban surroundings, at the center of one of the most im-

portant interurban systems in the country. Although subjects

pertaining purely to the operation of interurban roads had not

previously occupied as large a portion of convention pro-

grammes as might be expected, considering the very rapid

growth of interurban roads recently, the general trend of all

discussions at Detroit showed plainly what an important part

the operation of interurban systems is taking in the electric

railway interests. Freight and express business as carried on

by interurban roads formed the basis of an extended report

presented to the Detroit convention. The adjustment of dam-

age claims has received more attention the last few years than

formerly, and was one of the prominent topics at Detroit. That

Ibis quest ion is receiving an increasing amount of attention at

conventions is probably due to the tendency of the times toward

an increasing number of unjust damage claims and the allow-

ance of exorbitant damages by juries for personal injuries not

due to the fault of the company.

When the convention met at Saratoga in 1903, there had

sprung up during the year a new organization which is mani-

festly destined to make considerable change in the character

oi convention programmes in the future. The American Rail-

way Mechanical and Electrical Association will doubtless have

given to it by common consent the discussion of the mechanical

subjects connected with street railway operation. Although

the Saratoga convention is not old enough in history so that a

fair judgment can be formed as to things it did, which will be

of lasting benefit, one matter was brought to a head which has

been running through convention proceedings ever since the

organization of the association, namely, that of standard rules.

As the proper conclusion of several years' work of a committee

mi standard rules, the Saratoga convention adopted a standard

set of street and interurban rules for the government of con-

ductors and motormen, and recommended that these rules be

adopted by all companies in the business, at the same time

recognizing that improvements will probably be made from

time to time in the rules as adopted.

In a brief sketch of this kind it is manifestly impossible to

mention in detail many excellent reports and papers on various

subjects which have been presented from time to time, and

which form a mine of valuable information. It has been possi-

ble only to simply call attention to papers and discussions which
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represented general tendencies in various directions of activity,

noting the beginnings of certain movements and following

them through the history of the association.

In conclusion, it may be said that a general review of the

work of the American Street Railway Association for the past

twenty-two years shows that the progress of the art has been

so rapid that the conventions are merely mile posts on the road

of progress. As is fitting in a conservative body like the Amer-

ican Street Railway Association, many of the new things have

not been brought up in convention until they have beeh tried

on a large scale in actual street railway practice. It would not

be profitable for the association to take valuable time in con-

ventions for the discussion of suggested improvements which

have not demonstrated their worth; the proceedings of the

association are therefore necessarily a little behind the real

progress of the street railway art. In the discussion of new

inventions, beginning with the introduction of mechanical trac-

tion as a substitute for horses, and ending with the steam tur-

bine as a substitute for reciprocating engines, there has always

been one element in the association eager to discuss the new

WALTQJ5 II. HOLMES, H. H. VREELAND,
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and untried, and another protesting against such a policy and

desiring to confine the convention proceedings to questions of

operation and existing appliances. These two elements have

so balanced each other that the association has never, in the

long run, given any undue amount of time to the discussion of

the very new things, and at the same time has not been behind

in the march of progress.

The preceding remarks are all historical. I would in a few

words criticise a weak point in our conventions. While we all

like a "good time" and enjoy very much the hospitality of our

friends who invite us to their respective cities, don't you think.

Reader, we should give a little more time to business? or in

other words, "business first, pleasure afterwards." Let us be

prompt to attend the business sessions and stay until adjourn-

ment, help the business along by giving our mite to the dis-

cussions. We owe to the company which sends us as delegates

attendance at all sessions, and also to the gentlemen who spend

days and weeks getting up papers for our enlightenment, and

hereafter let us work first and play afterward. The writer en-

joys a "good time" as well as any one, and perhaps is entitled

to as much of this criticism as any one, but let us all try and

attend to business first in the future and then visit with our

friends, very many of whom we only see once a year.
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THE EVOLUTION OF THE INDUSTRY
IN HORSE CAR DAYS

BY C. DENSMORE WYMAN

ONE may plead guilty to having

witnessed and actively partici-

pated to a greater or less ex-

tent in the discussions, plans

and actual work incident to the

evolution of the modern elec-

tric railway without such a

plea being accepted as a con-

fession of great age, or with-

out characterizing its maker

as a person properly to be

styled after the fashion of

newspaper reference as the

"Oldest Inhabitant." As a single life time spanned the gap be-

tween the Declaration of Independence and the laying of the

first rail of the Baltimore & Ohio Railway, the dean of the

steam railroad fraternity, so the period of experiment and en-

deavor covering the development of the modern street and

interurban car has been a marvelously brief one, when we

consider the importance of such a step in the economic history

and development of urban, and suburban communities.

It seems but yesterday that the ponderous and aldermanic

omnibus, as if weighted with the memories of its distinguished

ancestry, lumbered over the streets of New York and refused

for a time to yield its place to, what it apparently considered,

the impertinent and "smartish" street car that, with business

directness, hastened along an iron way to its destination, in-

stead of winding over the cobbles and through the dust of the

ordinary city highway. But the horse car, with its modem
conveniences and more rapid pace, soon found such favor with

the public as to become a necessity for general city transporta-

tion service, and the 'bus was relegated to the limbo of the

outgrown and the superseded. And later, in answer to the

demand for a more rapid means of transit than could lie af-

forded by animal power, came the cable and the electric trolley

car to work in like manner the downfall of its horse-propelled

predecessor.

These changes, to be sure, have taken place with various

overlappings, as though the representatives of each were loath

to part company, and in Xew York the tinkle of the street car

bell yet mingles with the brazen clamor of the trolley car gong,

while over the water the tram is yet regarded as savoring less

of gentle ancestry and position than the old-fashioned 'bus,

and is thus securing a tardy recognition.

The step from the omnibus as a means of regular city transit

to the horse car was more deliberately taken than that from

the latter to the electric trolley, but this was largely due In the

fact that when that form of traction asked admission to the

field hitherto occupied by the omnibus lines, questions of fran-

chise, involved in the granting of rights to lav permanent

tracks in city streets, exciterl widest discussion and not a little

opposition. Even in our land and age of accelerated motion

and restless genius, there was great disposition to hesitate be-

fore granting such privileges; for, although omnibus companies

bad been given charters for regular routes in some of the larger

municipalities, such charters did not involve the placing of a

permanent style of construction in the cities' highways, and,

hence, did not invite special criticism, either for legal, business

or aesthetic reasons. The change proposed was a radical one,

and such changes alwajs excite apprehension as to final results.

When Rowland Hill's penny-post scheme had gained such sup-

port as to be very seriously considered in Parliament, Sir

Robert Peel, the greatest financial minister of his day, was its

strongest opponent and prophesied nothing but loss and failure

as a result. In the light of the present status of street railway

franchise questions and the benefits which have accrued to the

cities of the country in which liberal charters for urban trans-

portation privileges have been granted, it is amusing to read

the prophesies of danger and hazard to the public, presented in

the newspapers, legislative and municipal halls at the time the

street railroad companies were seeking street rights, as sure to

come if cities should be gridironed by street railway tracks.

The steam railroads, aided financially and in other ways by

the States and towns which they proposed to traverse, secured

legislative permission to condemn property and acquire rights

of way before the street railroads entered the field. But when

the latter sought to operate within cities upon streets dedicated

to public purposes and hitherto used in common by vehicle

owners and 'bus proprietors, they encountered vigorous opposi-

tion, and were obliged to meet and overcome legal and social

arguments, the echoes of which have not entirely died away.

Those of us, therefore, who were actively engaged in the

horse car business may claim that the years covering the in-

troduction and development of that species of urban traction

were the arena in which was fought out many of the broad

questions incident to the general city transportation question,

and that no given period has been more prolific in the discus-

sion and settlement of problems, the wise solutions of which

have made for the growth and enlargement of the great urban

communities of the country.

When the writer first became connected with one of the

horse railways in the city of Xew York there was no Railroad

Commission in the State. No general railway enactments by

which a street railroad might incorporate and acquire rights

to do business had been passed, and companies were obliged to

operate very largely under special acts which from time to time

had been passed by the Legislature covering their privileges

and limitations. Accident law, too, as applied to happenings

of that sort in connection with street railway transportation,

was meager and confusing, and the great dictum of "Stop,

look and listen" had not been enunciated.

The decade from 1874 to 1884 may be fairly considered the

period of greatest development in horse car history, for during

that time the street railroads of the progressive cities of the

country, responding to the demands for improved cars and

more frequent service, introduced and adopted many conven-

iences in the form and style of vehicles and in their practical

operation, and thus secured favorable recognition and a liberal

patronage.

In Yew York City at the close of the period named, there

was hardly an avenue traversing Manhattan Island from north

to south, below Fifty-Ninth Street, which did not have upon it

and give its name to a horse railway line, and many of the

crosstown lines in I lie metropolis bad already been pro jected

or built. Some twelve or fifteen separate and independent com-

panies were serving an insistent and critical public, and, with
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one or two exceptions, all were prosperous and progressive.

The securities of these companies had not the honor of a

place on the active list of Stock Exchange offerings, and while

for this reason they lost the advantage of being easily bought

and sold, they avoided the hazard of manipulation for stock

jobbing purposes and did not figure in the daily record of the

ups and downs of bull and bear movements ; but their dividends

were as even tenored as the jingle of the nickel in the fare

box, and they were held strong and fast by cautious investors

and financial institutions.

During this period, improvements in constructions of cars,

such as the monitor roof, the present style of coupling, the cash

register, the open-sided, cross-seated summer car and many

other innovations, which in form enlarged and strengthened

are used to-day in our electric cars, were introduced and

adopted.

The principles of general organization were studied and ap

plied, and out of the desire of street railroad managers to dis

cover what was best in that direction, and to secure such ex-

change of opinion and judgment as would make for the discov-

ery of the best practice, was born the American Street Rail-

road Association, that organization which has borne such mag-

nificent fruit since its first meeting in 1882. Xor can we fail

to mention that street railroad literature came into being dur-

ing horse car days, and we who have been so long the bene-

ficiaries of the journals devoted to the interests of our kind

of transportation business cannot acknowledge in too strong

terms the debt we are under to thess publications.

We cannot forget that in horse car days very many* of the

questions affecting labor and the problems of the relations of

employer to employed were as calmly, patiently and studiously

considered as they have ever been at any time by the managers

and directors of corporations, and the general lines of con-

clusion in regard to the rights of labor and the rights of the

employer reached, after much study and some conflicts, during

horse car days, remain unimpeached for the present time. It

is perhaps notable that in the city of New York, since the time

of the last general clash between the horse car employees and

the companies, no strike or serious railroad conflict has oc-

curred.

One is tempted while writing of the horse car days to name

the men whose far-sightedness, business intelligence, public

spirit, and whose financial faith solved in such an excellent

manner for their day the question of urban transportation. It

was their work which gave such an impetus to the territorial

expansion of the cities of our country, and which added so

greatly to the wealth and comfort of their inhabitants, but the

limits of this brief reminiscence will not permit the inclusion

of so splendid a roster.

One characteristic of the horse railroad director and manager

of the period covered by memory of the writer must not be left

unmentioned, and that is the lively expectation that his open

and willing mind, universally evidenced by his constant search

for some better motive power for cars than that afforded by

horses. He was above everything else progressive, and was

ready to adventure time and money to discover a more rapid

and a better source of power than he had at hand, and the

records of the annual meetings of the association bear witness

to the many discussions had by the representatives of the horse

car companies as to the feasibility of employing as a motor,

steam, electric, cable or compressed air. In the investigation

of each of these motive powers the early railway companies

spared neither time nor money, and it is to the credit of the

penetration and zeal of the horse car manager that when once

a demonstration had been made, even in the crudest way, that

cable or electric power could be utilized practically for the pro-

pelling of cars, he exhibited comparatively no hesitation in

making the change.

"From the days of the first grandfather everybody has re-

membered a golden age behind him," but we sometimes are

tempted to despise the old and simple as cheap and unimportant.

The days covering the organization of the horse car com-

panies, and the development of their business, and ending with

the change of their motive power to cable and electric traction,

were days potential in all that has gone to produce the present

improved status of the art or science of street railroading. If

we wish to characterize them broadly, we might say they were

days covering the discovery of the broad, general principles of

street railroad organization and methods, while the present

regime is more concerned with questions of technique, of scien-

tific engineering and of comparative statistics.

Viewed in perspective and without any disposition to mag-

nify the excellencies or to forget the deficiencies of the horse

car era, we can but acknowledge, as we look back over its

work, that it presents a most interesting chapter of a fruitful

period in the history of street car transit for cities and towns,

and that to the skillful, energetic and public-spirited men en-

gaged in the business at that time, not only are we who remain

in the line of work which they projected and instituted, but all

citizens in town and country, indebted for the enlarged and

multiplied utilities brought within their reach during the last

few years in the line of better urban and interurban trans-

portation.

"Still o'er the earth bastes Opportunity,

Seeking the hardy son] that seeks for her."

EARLY ELECTRIC RAILROADING IN NEW ENGLAND

BY E. C. FOSTER

SIXTEEN years ago, at the beginning of the electric rail-

road development in New England, I was connected

with the Lynn & Boston Railroad Company, in the

capacity of superintendent. Amos F. Breed, of Lynn, was

president of the company, and E. Francis Oliver, of Boston,

was the treasurer. Our corporation, like most other street

railway companies of that time, was controlled by the presi-

dent, treasurer and their friends, the balance of the securities

being distributed among local people.

I, personally, am not familiar with the first negotiations

which took place relative to the equipment of our system with

electricity, because they were taken up by our president and

treasurer and discussed at considerable length with Gen. Eu-

gene Griffin, who then represented the Thomson-Houston Elec-

tric Company, and is now vice-president of the General Elec-

tric Company. The subject was first seriously considered in

the year 1887, when it was proposed to build and equip elec-

trically 1 mile of track located on Ocean Avenue, in the town

of Revere, where now are the famous Revere Beach and the

world renowned State bath house of the State of Massachusetts.

At that period Revere Beach was used as a recreation resort

by the people of Boston and vicinity in only a limited way, and

for a long time the Revere Street line was the only one run-

ning to the beach. This road had formerly been operated by a

steam dummy. Subsequently a second connection to the beach

from the main line, which extended between Lynn and Boston,

was constructed by the way of Beach Street, Revere, from

Broadway, and when in 1887 electricity was proposed, the plan

was to build an electric line on Ocean Avenue, connecting these
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two lines—namely, Revere Street and Beach Street, and ex-

tending even further than Beach Street, in the direction of

Boston, making the distance to be equipped about 1 mile.

Many conferences were held between Gen. Griffin and other

representatives of the General Electric Company, and Messrs.

Breed and Oliver. Mr. Breed was very conservative and Mr.

Oliver an ultra-conservative, and, as they had nursed the prop-

erty from a non-dividend paying one, with the stock selling at

75 cents per share to a par value of $100, they were naturally

inclined to be cautious and conservative.

One of the most serious objections that they had to the equip-

ment of the line electrically was the height of the car floor

above the rail, made necessary by the use of two motors of the

F-30 type. This elevation created a possible danger, in their

minds, to the passengers, especially to ladies and children, when

entering and alighting from the car, and many earnest and

sincere conferences were held on this particular

subject after all other points had been decided

upon. I remember very well that our treasurer

was very much concerned about this one particu-

lar feature. But after due consideration, it was

decided to build this experimental line and equip it

electrically. The equipment consisted of but one

car, and that an open cross-seat car, as the line

was to be operated during a short period in the

summer season.

After all details had been arranged and every-

thing was satisfactorily adjusted, the construction

of the track was commenced and prosecuted vigor-

ously until the road was completed. The equip-

ment of the car was also undertaken by the Thom-

son-Houston Company, and Mr. Ballard, then one

of the trusted employees of the Thomson-Houston

Company, and now one of the chief operating su-

perintendents of the mechanical department of the

Boston Elevated Railway Company, was put in

charge of this work. There were many obstacles

to be overcome, but they were successfully sur-

mounted by Mr. Ballard and his associates, so that

on July 4, 1888, the line was put in operation. The power for

propelling the car was purchased from the North Shore Elec-

tric Company, which was controlled and operated by the Thom-

son-Houston Company.

At that time there were no such conveniences for car repairs

as are in existence to-day. For instance, we had no pit, and

any work required on the motors had to be done by the me-

chanic laying upon his back in the dust underneath the car and

working in that position.

The equipment, as I recall it, cost $3,200 for one pair of

motors of 15-hp capacity each. They were very heavy and

cumbersome, yet they furnished the motive power for the mov-

ing of the car with as many people as could be packed upon it,

and as the road was something of a novelty, it being one of the

first roads equipped in the State of Massachusetts by electricity,

the patronage at times was very great.

The cost of duplicate parts for repairs was something enor-

mous, but we were inexperienced, and not knowing the actual

cost, believed that they were all right. I recall very well that

we paid $7 for a trolley wheel such as we are purchasing to-day

for from 52 cents to 58 cents each, and all other duplicate parts

were charged for in the same ratio. This condition prevailed

for a time, as every one connected with street railways was a

horse railway man, and not having had any experience elec-

trically, depended entirely upon technical men and believed

that any price that was charged for repair parts was all right.

Subsequently, a second line was equipped by the Lynn &

Boston Railroad Company, that operating over Union, Rock-

way, Hollinsworth, High Rock Avenue, Essex and Market,

Oxford Street and Central Avenue. This road formed a belt

line about 2 miles in length, and ascended a grade of about

9 per cent and descended one of 12% per cent. When this

line was equipped and put in operation it seemed to the ordinary

person that the power contained within the motor was almost

beyond comprehension. It did not seem credible that a car

without any visible power could glide along as it did, ascending

and descending grades with absolute safety. This line was

often referred to at that time by the experts of the Thomson-

Houston Company as an example of what electricity could

accomplish as a motive power, and was visited by many railway

managers from different parts of this country and abroad.

Subsequently, a third line, that from Central Square to

Nahant Beach, was equipped and operated. This line was

constructed under the supervision of an engineer named Jones,

who since that time has represented the General Electric

Company in South Africa.

After operating the line on Revere Beach during the summer

season and commencing to operate the line over the "Highland

Circuit," as it was commonly called in Lynn, during the winter

season, many obstacles were encountered in the way of snow

and ice, and the question arose whether a snow plow could be

operated by electricity or not.

An experiment was tried in our shops in Chelsea, under the

supervision and management of H. E. Farrington, then master

mechanic, who conceived the idea of building a snow plow

somewhat upon the lines of the old-time horse plow. The plow

was operated by two F-30 motors, connected with the axle by

sprocket chains, thereby reducing the efficiency very materially.

This type of plow has continued to be operated up to the pres-

ent time, with many modifications. Although the plow of to-

day, as operated by motors attached directly to the car axles,

is much greater in capacity and contains many modern im-

provements, the first idea, as in many other machines of great

importance in the commercial world to-day, has simply been

improved, but not materially changed in design.

The third problem was that of crossing a steam railroad

THE FIRST ELECTRIC CAR ON THE LYNN & BOSTON RAILWAY



528 STREET RAILWAY JOURNAL. [Vol. XXIV. No. 15.

track. At that time all the gates protecting the general public

at such crossings were of the single rigid arm type, and it was

impossible to lower and elevate them without striking the wires,

and as the steam railroads had the authority to maintain the

gates as they did, the electric cars had to coast across the steam

tracks. A young man living in Lynn conceived the idea of over-

coming this difficulty by the erection of four posts—two on each

side of the steam railroad track, those two on each side being

connected by a double steel truss, with space between the two

trusses to admit of the lowering and elevation of the gates.

The posts were 14 ins. square, and the truss was about 4 ft. in

height, and of sufficient strength to support its own weight, so

that it made a very formidable looking structure in the street.

The young man who conceived this idea believed that he had a

AN ELECTRIC SNOW-PLOW OF 1889

fortune in sight, but, like many other unfortunate inventors, he

was doomed to disappointment, and subsequently took down
the structure at his own expense, as he had erected it. Some
other active-minded person had conceived the idea of putting

a hinged extension on two of the arms of the gate, so that in

reality the arm of the gate was reduced in length by about 15

ft., and would pass by the trolley wire when being lowered or

elevated. This was such a simple device that every one won-

dered why somebody else had not thought of it long before.

As an evidence of the importance of this subject it might lie

said that the problem had previously been submitted to the

engineers of the Thomson-Houston Company, and they had

given it up, not knowing how to solve it.

Many other difficulties which presented themselves to the

operating man were gradually overcome, and to-day have be-

come nothing but commonplace events. The method of con-

necting the rails at that time was crude, but the problem was

not a difficult one to solve. There were many other questions

in connection with the operation of the electric railroad at the

early date which none but those who had to do with the opera-

tion can realize. The Crescent Beach Division of the Lynn &
Boston Railroad Companv. ment'oned above, was the first elec-

tric railway built by the Thomson-Houst jn Company, and the

first instance of carrying passengers for hire in street cars by

electric power in Massachusetts, as well as one of the first to

be operated in the United States.

"The crude experiments already made with electricity as a

motive power in propelling cars clearly foreshadows the in-

evitable application of the new motor to our immediate inter-

ests,"

—

From Chicago Meeting, t88j.

THE EARLY WORK OF THE DAFT COMPANY

BY LEO DAFT

AFTER a number of experi-

ments in the line of electric

traction during 1881-2, the

Daft Electric Company, of

which the writer was the

founder, deeming it advis-

able to meet the often ex-

pressed disbelief in the pos-

sibility of running several

trains in parallel by a prac-

tical demonstration, hastily

built two more small loco-

motives in addition to the two which had been running on the

short narrow gage track in the yard of the Greenville factory

for several months, and in December, 1882, made almost daily

public tests with the four motors running parallel. Curiously

enough, that which seemed to occasion most comment among

the street railroad men was running the machines in opposite

directions on four sections of the same track.

While of small dimensions, these motors could hardly be

called toys, since one of them was frequently made to tow

a flat car loaded with 3 or 4 tons of iron, and as they were

single-reduction sprocket geared, the armatures were not in-

frequently suspected of smoking and other bad habits.

The control was by commuted fields and carbon-rod rheo-

stats, and the brakes were electric of the bipolar moving-core

variety. The track was 16-lb. rail of 22-in. gage, and spiked

on ties projecting well above the ballast, without any attempt

at other insulation.

Seeking opportunities for more practical work, early in 1883

the writer designed the electric locomotive "Ampere" for

FIG. 1.—DAFT MOTOR "AMPERE"—1883

trial on the Mount McGregor steam railroad at Saratoga, and

during the summer of that year equipped about i% miles of

that road with a 35-lb. third rail, mounted on resinized wood

blocks in the center of the track, with soft rubber insulation

under the foot of the rail and bolt heads. The pressure was

130 volts, and except in drenching rains the leakage was in-

significant. The best work of this motor consisted in towing

an ordinary day coach containing sixty-eight passengers, mak-
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ing a load altogether of some 17 tons over a curve of about

100 ft. radius on a gradient of 93 ft. per mile. An accident due

to the breaking of a temporary coupling occurred on the first

day of public running, but after repairs were made the "Am-

pere" continued running intermittently for two or three weeks.

This motor was double-belt reduction, with both drivers en-

gaged from a countershaft under the body, and was controlled

by grouping the commuted field windings in various ways by

means of the controller shown on the switchboard in Fig. 1.

The other switches were for brake and main cut-off, or

"canopy" switch. The electric pendulum brakes are clearly

shown in the cut, which is from a photograph taken in the fac-

tory yard.

Following this experiment, two or three small show roads

were equipped by the Daft Company in 1884, and were operated

by the motors "Paccinnotti" and "Volta" at the Iron Pier,

Coney Island, and the Mechanics' Fair, Boston. In these cases

the drivers were insulated from the shaft on one side and the

current obtained from the outer rails. Some

35,000 passengers were carried in each case

during the season.

Among the visitors to the Coney Island ex-

hibit was one of the most progressive street

railroad men in America, the late T. C.

Robbins, then general manager of the Balti-

more Union Passenger Railroad, who lost

no time in communicating with the Daft

Company, and early in 1885 invited the

the friendly efforts of Mr. Robbins the powers were obdurate,

and the writer had to return again to New York, after a stormy

conference, with a contract embodying some modifications of

the original terms, and his heart "in his shoes."

But the worst was to come. When the designs for the mo-

tors and other apparatus were well under way, a hasty sum-

mons from Mr. Robbins called the writer to Baltimore, only to

learn that an eminent scientist had been consulted by one of

the more timid directors, and after carefully examining the

road had declared that "the man who undertakes to operate

this section by electricity in the present state of the art is either

a knave or a fool"
( !), ami such was the power of this really

eminent man's name that the directors were a unit in firmly

declining to allow their "business reputation to be trifled with"

by engaging in what appeared in the light of this opinion as a

"wildcat contract." Vainly the writer argued that the weight

of failure would rest almost entirely on the construction com-

pany ; the directors were deaf alike to argument or entreaty,

FIG. 2.—INSULATOR USED AT I1A LTIMORE, 1885^ FIG -DAFT UNDER-TRAILING CONTACT USED IN BALTIMORE IN 18S6

writer to visit Baltimore with a view to equipping the Balti-

more & Hampden branch of the road with electric tractors.

In a subsequent letter to the Daft Company, Mr. Robbins de-

scribed this branch in the following terms: "There are not 2

miles of street railroad in the country more difficult to operate

owing to the unprecedented grades and curves," and again:

"There are not 300 ft. of level track at any one point on the road.

The grades vary from nothing to 350 ft. to the mile, with curves

from 40 ft. to 70 ft. radius on heavy grades." The curve diffi-

culty was further increased by the broad gage of 5 ft. 4J/ ins.,

then common in Baltimore. Altogether, the prospect for an

initial contract was so far from alluring the writer had no

difficulty in disguising his enthusiasm. But like the old wood-

chuck story, the road "had to be there," so he returned to New

York with the first really business railroad proposition yet re-

ceived, in the shape of a proposal for the Daft Company to

equip with two independent motors and the necessary track

equipment and wait for payment until the road should have

heen in satisfactory operation for one year! If the more or

less gentle reader ran imagine the true nature of this proposi-

tion in those days he must be another Kipling. But in spite of

and the day was practically lost when that sturdy old nobleman,

T. C. Robbins (for in the Emersonian sense I know no other

word that fitly describes him), stood in the breach and gave

the directors the alternative of carrying out the agreement or

losing their general manager. They did not lose their mana-

ger; and but a few months afterward the eminent scientist rode

over the entire line during a heavy thunderstorm in half the

time previously taken by the horse cars, and the writer regrets

to add that an irreverent conductor actually collected his fare !

At the end of the first year of operation the equipment was for-

mally accepted, the remainder of the purchase price paid, and

an order was given by the company for additional motors and

other material.

The "Morse" and "Faraday" were first delivered, and were

simply dummy cabs equipped with series motors, having com-

muted fields for grouping, as previously described. They were

single reduction, with cut-steel pinions and cut cast-iron gears,

weighed about 2 T < tons each, and collected current from the

third rail by means of phosphor-bronze double flanged wheels,

resiliency mounted, and with ample provision lor lateral mo-

tion. The cars were of the then standard 16-ft. type, weighing
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some 5500 lbs., and occasionally carried seventy-five passengers.

For various reasons it was necessary to place the power house

at the Baltimore end of the track, where two Daft dynamos

were belted up to a jackshaft which was run by an Atlas 16-in.

x 24-in. medium-speed engine, and it should be noted that an

automatic cut-out formed part of the equipment. With the

dynamos always connected in series the normal voltage was

260. The 35-lb. third rail was supported on the now familiar

umbrella insulator with wooden block standards baked and

saturated with resin, Fig. 2 ; the leakage was small except dur-

ing the violent rain storms, peculiar to that region, when the

foot of the third rail was occasionally submerged for 200 ft. or

300 ft., but without interfering with the traffic. The rails were

FIG. 4.-THE "BENJAMIN FRANKLIN" NO. 1, USED ON NEW

bonded with tinned copper wire, riveted to the web with tinned

copper rivets.

Much of the work of installing both power house and track

was confided to the now well-known engineer, Horatio A. Fos-

ter. His host of friends well know with what characteristic

thoroughness and ability his share of the work was performed.

After the first year the equipment was increased by two

more, and somewhat stronger motors, and in the holiday rush

hours a two-car train was occasionally used. The normal mile-

age of each motor was 75 per day. The first under contact

trailing-arm device, designed and patented by the writer, is

shown in operation in Fig. 3, and was used at long crossings

early in 1886.

On Aug. 15, 1885, the road first began regular operation,

though the motor "Morse" had made many experimental trips,

and on the morning of that day the motor "Faraday," piloted

by Guy M. Gest, the "father of the motormen," who had been

indefatigable for some time in training men for all kinds of

work and being generally a host in himself, pulled out of the

yard with a 16-ft. car in tow, containing some forty passengers;

and the first commercial electric railroad in America had hung

up its shingle ! Among the passengers was John K. Cowen,

then chief counsel to the Baltimore & Ohio Railroad, who sug-
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gested that the first nickel taken by the conductor should be

given to the writer, and accordingly this was done at the end

of the return trip, together with a letter written by Mr. Cowen

and signed by the conductor, J. T. Parrish, which is now in the

writer's possession.

The road continued in successful operation for four years,

or until the fall of 1889.

While the work of equipping the Baltimore road was pro-

gressing the writer had been making experiments with a view

to the use of electric traction on the elevated railways in New
York, and to that end had designed a locomotive more am-

bitious than anything yet attempted, which was finished at the

Greenville factory early in May, 1885. This was the "Benja-

min Franklin" No. 1, con-

sisting of a heavy boiler-

plate frame containing the

motor, pivoted at one end

and adjustable by means of

a pivoted vertical screw at

the other for convenience of

raising the cut-steel pinion

out of mesh with the cast-

steel gears on the driving

axle.

The gearing was single

reduction, the two steel-tired

drivers were 48 ins. diame-

ter, the trail wheels were 33

ins. diameter, and the frame

was surmounted by a dummy

cab, shown in Fig. 4, made

from photograph taken on

the Ninth Avenue track at

Fourteenth Street. The con-

trol was by means of com-

muted fields, similar to that

of the "Morse," and partly

by external resistance ; the

yoke ELEVATED RAILWAY pressure was at first about

300 volts, but this was later

increased by the addition of another dynamo to the two

already installed, and the three in series increased the

pressure to about 450 volts, which necessitated the use of

further external resistance in starting. The power house

was an abandoned sugar refinery on Fifteenth Street, and

was equipped by the Daft Company with a Wright-Corliss

engine, supplied with steam from boilers formerly used by the

refining company. Permission having been obtained several

months before to use the track of the Ninth Avenue Elevated

from Fourteenth to Fiftieth Streets, a distance of about 2

miles, including several gradients, the work of placing a 60-lb.

third rail supported on umbrella insulators, was completed in

June, 1885, and during the following month the "Ben Franklin"

began running experimentally at night, the road at that time

being clear of traffic between 10 p. m. and 4 a. m., towing two,

three and occasionally four-car trains. The third rail being

rough and rusty, caused the phosphor-bronze collecting

wheels to make so fine a pyrotechnic display that on

more than one occasion the policemen threatened to arrest

the entire crew for an incendiary attempt, but after

clambering up the lattice pillars, the crew in charge of the en-

tire section naturally declining to open the station gates, they

were deterred by the suave address of our good friend, G. W.

STREET RAILWAY JOURNAL.
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Mansfield, who courteously intimated that the penalty of step-

ping on the track was instant electrocution. The experimental

running was continued at frequent intervals until December,

1885, and again during a part of the summer of 1886. The best

work done by this motor was towing a four-car train from

Fourteenth to Fiftieth Streets, including the long gradient of

1.86 per cent from Forty-second to Fiftieth Streets, in nine

minutes, as shown by the records. The motor was of about

75 n P. weighed % l/2 tons, and much too light for any regular

four-car traffic, besides being obviously defective in other par-

ticulars.

During the summer of 1888 the "Ben Franklin" was partially

reconstructed at the Greenville works, two extra drivers being

'added and the four coupled by connecting rods, rendering the

whole wheel base available for traction, and a much larger mo-

tor substituted for the one of 1885, besides other changes, in-

cluding the use of intermediate external resistance in control,

and the former third rail having been disposed of, a copper rod

y$ in. diameter was placed on improved umbrella insulators

for the entire distance, and at the side instead of the center of

the track.

A fourth dynamo was installed at the power house, and

in October, 1888, the experiments were resumed with

higher pressure and much better results generally. Pre-

vious to placing the motor in the dummy, Prony brake tests

were made in the power house, resulting in a development of

128 hp. For some two or three weeks of probation the new

"Ben Franklin" was required to run only at night, during stop

hours as before, since the admirably cautious Col. Hain, then

general manager of the road, to whose uniform courtesy and

kindliness the writer wishes to bear tribute, was naturally

averse from risking interruption of traffic until he had "seen

how the thing worked," was at last prevailed upon to allow the

torman, no such interruption occurred, though those who took

part in the work will remember moments of dramatic intensity

which they would not again willingly encounter.

FIG. 5.—"BENJAMIN FRANKLIN" OF 1887-8, ON NEW YORK ELEVATED RAILWAY

running to continue during the day upon two imperative con-

ditions : First, that the train should only be operated by the

writer himself or his chief assistant, F. H. Reed, and secondly,

that in the event of the least interruption to the regular traffic

the motor anil equipment should be immediately removed and

all privileges considered at an end. The records of the Ninth

Avenue Elevated Railway for that period show that though the

running with a four-car train was continued between the reg-

ular steam trains and during rush hours for several weeks in

October and November of 1888, with the writer acting as 1110-

F1G. 6.-MOTOR CAR IN ORANGE, N. J., WITH MOTORS
UNDER CAR

The mention of Mr. Reed's name in connection with the ele-

vated railroad work affords the writer an opportunity to pay a

tribute to his sterling worth. For nearly five years, during the

most strenuous of the pioneer days, much of the time as chief

assistant, he showed an ability, in-

genuity and devotion to duty under

the most trying circumstances, which

the writer can only recall with warm

admiration, and which qualities,

added to his unflinching loyalty,

have properly resulted in a success at

which his host of friends rejoice.

When the day running had been

continued for a week or two the

writer was summoned to the general

manager's office and thus accosted by

its genial occupant: "We see you

can yank an empty train out of the

switch at Fourteenth Street and

jump it up to Fiftieth Street in time

to get out of the way of the others,

but how about a train with people

hanging on to the straps?" In re-

ply the writer stated his willing-

ness to submit to any tests Col.

Hain thought it fair to impose under the circumstances,

and it was agreed that a flat-car train, loaded with rail-

road iron to the weight of an ordinary loaded four-car train,

should be placed at the disposal of the Daft Company for day-

light running to demonstrate the ability of the motor in com-
mercial work. This being done, during one endless day it was

towed up and down the entire section, between the steam

trains, while the writer stood at the controller with bis hair

growing grayer at the end of every trip. Those who know the

difference between a "live" train filled with alert swaying



532 STREET RAILWAY JOURNAL. [Vol. XXIV. No. 15.

FIG. TRAINS PASSING ON BALTIMORE ROAD

cars "with motors on the platform," as has

been stated several times, but always, with one

single exception, where it has been the rule

to place them ever since. The exception was

one open car for the Los Angeles road, in

which case the motor was placed in the center

in a compartment which required the sacrifice

of two seats for that purpose. Two cars for

Ithaca, five for Mansfield, Ohio, and twenty

for Asbury Park were practically of the same

design—that is, motors underneath the cars,

cut-steel pinions and cut cast-iron gears.

The Asbury Park road was opened in Sep-

tember, 1887, and the equipment of twenty-

cars was required to meet the heavy fluctua-

tions of traffic incident to a crowded summer

bodies, and on easy springs, and a "dead" one made

up of almost springless flat cars loaded with immovable

material, will understand the predicament. That the colonel

was having his little joke was attested by the two steam loco-

motives held in the switches at each end, ready to pull the elec-

tric train out of the way at short notice in case it broke down

;

but their services were not needed, and, much to the colonel's

surprise, the train pulled into the switch at Fourteenth Street

after the day's run "with all colors flying." The daylight run-

ning with the ordinary four-car train was continued for some

weeks longer, and then as a further trial night work was re-

sumed, with the object of testing the ultimate capacity, of the

motor on the gradient between Forty-second and Fiftieth

Streets by adding cars to the limit.

This was done until a train of eight cars was successfully

hauled over the section at a mean speed of io miles per hour,

anil up the gradient of 1.86 per cent at 7 miles per hour.

Returning to earlier street car work, in 1886 a car was

equipped for the first section of the Orange Cross Town line,

which ran on that section for a short time, was equipped with

the motor underneath the car and with double-reduction cut-

steel pinions and cut cast-iron gears, and was not only elec-

trically lighted, but provided with electrical push buttons and

bell for the convenience of passengers. Fig. 6 is from an old

engraving of this car, which is chiefly referred to as evidence

that the Daft Company never then or at any other time equipped

FIG. 8.-

resort.

March,

-MOTOR CAR ON ASBURY PARK ROAD-1887-F. H. REED
AS MOTORMAN

The

FIG. 9.—DAFT MOTOR CARS IN TRAIN—LOS ANGELES-1887

track was a belt line of 4 miles in length. In

after the road had been running some eighteen

months, a fifty-five-hour test for general per-

formance, with fourteen cars running, was

made by the well-known expert mechanical

engineer, F. E. Idell. From this report, pub-

lished in the "Stevens Indicator" for April,

1889, the following is extracted:

"With a power plant capable of driving

twenty cars, and running but fourteen, the

cost of motive power per car, in use, was

about $3.13 per day of seventeen to eighteen

hours. This includes interest and deprecia-

tion on the cost of the power plant, motors

under the cars and overhead system, wages of

two engineers and two firemen, coal, oil, waste

and water.

"If twenty cars were run, the cost of motive

power would be $2.68 per day. If horses were

used, 140 to 200 would be necessary for the

same service, and the cost of keeping these

would be at least 50 cents per day per horse,

or $5 per car per day. Consequently at Asbury
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Park the electric road is being run at one-half

the cost that a horse road would be in the same

locality." Fig. 8 is from a photograph show-

ing a car on this road.

Early in 1886 an application was received

from the promoters of the Pittsburgh, Knox-

ville & St. Clair Railway to consider its equip-

ment by electricity, and the writer, looking

over the proposed route, found, among other

appalling features, a gradient of over 15 per

cent and ten curves of short radius on consid-

erable gradients, together with a conduit of

some 800 ft. long at the lower terminus. The

total ascent in the miles of track was 500

ft., and the curve difficulty was further ag-

gravated by the gage of 5 ft. 2 l/z ins., then

standard in that region. No mechanical

tractor for street railways had anywhere

FIG. 10.—MOTOR TRAIN ON 15 PER CENT GRADIENT-
ITTTSBURG, 1887-8

been built capable of such work, and the proposal ought

to have been promptly rejected as prohibitive; indeed, the

writer strongly objected to the undertaking as too much in the

nature of "tempting Providence," but rash promises had been

made and an offer of several thousand dollars advance payment

sufficing to turn the scale, a contract was signed which for

sheer hardihood, to call it by no harsher name, is probably un-

equaled in the annals of street railway practice.

In a winter climate such as that of Pittsburg, gradients of

12 and is per cent cannot lie safely negotiated with a motor

and trailer aggregating n or 12 tons without special devices,

and a rack rail was accordingly provided on the heaviest grad-

ients, with which an adjustable cast-steel sprocket wheel was

made to engage, when occasion required, by means of an at-

tachment under the motorman's control.

The five motors required for the proposed schedule were

provided with four 33-in. drivers, connected with quartered-

connecting rods and toggle-geared brakes, double-reduction cut-

steel gearing, and weighed about 5 tons. After the usual delays

incident to early work, two of the motors were delivered in

August, 1887, but owing to troubles in road construction it was

not until the following March that the road began carrying

passengers, and the few succeeding months were full of the

tribulations which might have been anticipated from such an

attempt. At length it was brought into fairly regular opera-

tion, largely owing to the indomitable courage, skill and un-

FIG. 11.—MOTOR TRAIN CHANGING FROM TROLLEY TO CONDUIT—PITTSBURG, 1887-8

wearying perseverance of Robert McA. Lloyd, who was placed

in charge by the writer, and of whom it is his pleasure and

privilege to say that during Mr. Lloyd's connection of some

four years with the Daft Company, he invariably displayed

that high-minded thoroughness in his work and indifference to

personal considerations which marks the man of worthy

achievement the world over, and has since made him a leader

in his calling.

Illustrating some of the events of that strenuous time, the

following extracts from the engineer's reports may lie of in-

terest: "Finding a core contact in No. 3 armature while she

was down the road with a car, we took out No. 5 motor and

pulled back a carload of people witli Xo. 3 in tow, the whole

train of 17 tons ascended the 12 per cent gradient at the usual

speed and neither the motor nor generators seemed to mind it.

Pm not afraid to tackle any of the hills after that." On one

occasion a motorman neglected to let down the sprocket while

descending the 15 per cent grade, and the result is described by

the engineer in his report dated Aug. 15, 1888, as follows: "The

FIG. 12.—DOUBLE TROLLEY CAR ON BLOOMFIELD ROAD—1SS7-S

motor and car, with all the wheels locked, slid to the bottom,

over one-third of a mile, on a perfectly dry rail."

Figs. 10 and 11 give some idea of why ibis interesting per-
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formance was possible. It will doubtless be understood that

the writer has omitted mention of the magnificent work of

Sprague, Van Depoele, Short, Knight-Bentley and others, sim-

ply because he was requested to review some of his own work
only, and has already exceeded his allotted space.

EARLY EXPERIMENTS IN BOSTON

BY CHARLES S. SERGEANT

IN
1886 Henry M. Whitney undertook the development of

large tracts of land in Brookline by the construction of a

wide boulevard to provide access to and through this land

from the city of Boston, there being but little of the land con-

veniently adjacent to railroad stations, or provided with any

other means of transit. This boulevard was laid out by Messrs.

Olmstead, the noted landscape gardeners, as an extension of

Beacon Street, Boston. It had an average width of 160 ft., and

was divided into sidewalks, planting spaces for trees, two drive-

ways—one of 30 ft. and one of 50 ft. in width—a bridleway of

20 ft, and a reservation for a street railway of 20 ft. To pro-

vide street railway service two companies were incorporated in

1887—the West End Street Railway Company and the Suburban

Railway Company; these companies shortly became consoli-

dated. The original intention was to have this street car line ex-

tend directly on Beacon Street, through the Back Bay section of

Boston, and a proposition was made that on reaching the Com-
mon at Charles Street the tracks should be placed in the Com-
mon in a sunken way, in a manner not to deface that beautiful

park, but this portion of the plan was not realized. Beacon

Street in the Back Bay was not considered to be a suitable

route for a street railway, and the plan was therefore changed

and the location diverted via West Chester Park (now Massa-

chusetts Avenue) and Boylston Street to Park Square, near

the Public Garden.

While these plans were maturing, Mr. Whitney and his asso-

ciates acquired a controlling interest in the capital stock of

seven of the eight horse railroads then serving Boston and its

immediate suburbs. The line omitted was the Lynn & Boston,

which entered Boston through Chelsea, thence passing over the

tracks of the Boston companies. These eight street railways

were then consolidated with the newly-formed West End Street

Railway Company. On Nov. 12 and 19. 1887, the consolidation

was completed and the operation of the properties taken over

by Mr. Whitney and his associates, Mr. Whitney being the

president of the West End Street Railway Company. The re-

turns of these several companies to the Board of Railroad Com-

missioners, for the year ending Sept. 30, 1886, showed that in

all they ran by horse-power 15,105,000 car-miles, and carried

86,250,000 revenue passengers. The business of the Boston

Elevated Railway Company (now operating these properties),

for the year 1903, shows a car-mileage of 47,688,000, and reve-

nue passengers carried 233,500,000.

As soon as the railroads were consolidated in 1887, the ques-

tion of a change in the method of propulsion of cars was taken

up. Certain experiments were being conducted at that time

with storage-battery cars, but they had been so unsuccessful as

to point to the use of a different power, and the best available

seemed to be the cable system. It was practically decided,

therefore, to introduce a cable system in Boston. Engineers

were secured, the preparation of plans was commenced, land was

acquired for the power houses, and it would have soon resulted

in the provision of a cable system for Boston if at this time

Mr. Whitney's attention had not been directed to the overhead

trolley system, particularly the road which had just been put

in successful operation in Richmond, Va. In 1888, therefore,

Mr. Whitney and his associates visited Richmond and saw

what had been done there. They also investigated the so-called

"Bentley-Knight underground conduit system," and returning

to Boston abandoned the idea of introducing cable roads. They

planned as the first electric line the equipment of the tracks of

the West End Street Railway with the Sprague overhead trol-

ley system, from Brighton, Allston and Reservoir to the begin-

ning of the Back Bay at the Charlesgate, and from that point

to Park Square they proposed to introduce, and did introduce,

the Bentley-Knight conduit system. A sketch showing a cross

section of this system is appended. The length of this under-

ground conduit system was about 8200 ft. ; that of the line from

the Charlesgate to the Reservoir was 16,333 ft-> and from

Charlesgate to Oak Square, Brighton, was 24,330 ft. These

EARLY SPRAGUE CAR IN BOSTON

lines were opened and operation commenced in January, 1889,

the plows for the conduit system being attached to the incoming

car and the trolley removed from the overhead wire at the

Charlesgate. The early operation of this road was attended

with many exasperating failures, as well as amusing incidents.

Engineers surveying in the street not infrequently burnt up

their metal tapes by allowing them to drop into the slot of the

conduit; tampering with the conductors therein by the small

boy with a wire was frequent, and as no drainage system was

provided, many failures occurred from that cause. The diffi-

culties with the conduit system continued to such an extent

that it was finally abandoned, the conduit was removed and the

overhead trolley was substituted.

In February, 1889, the West End Street Railway Company

contracted with the Thomson-Houston Electric Company to

electrically equip a line from Harvard Square, Cambridge, to

Bowdoin Square, Boston, to be operated on the single-trolley

system. Twenty cars for this line were supplied by the Thom-

son-Houston Company. There was very serious opposition to

the introduction of overhead wires in the city of Boston, and

it was only by the operation of these short sections and the

demonstration made by them of the safety and comparatively

unobjectionable features of the system that public opinion

finally sanctioned, piece by piece, the complete introduction of

the overhead trolley system. Volumes might be written, setting

forth the many phases in which this opposition took form, and

perhaps the old officials and employees of the horse railways
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were the most skeptical of any as to the electric system becom-

ing a success. The earlier operations were all attended with

heavy net losses, but, as the electric companies met and over-

came one failure after another, it became apparent to the pub-

lic that electric motive power was to revolutionize street transit,

and the early opposition ceased, except as to certain localities.

It is interesting to note that for the fiscal year 1888-89, °f a

total car-mileage of 16,500,000, 525,000 miles were operated by

electric motive power, two-fifths of this being mileage of trailer

cars; and it was not until the year 1892 that the electric-mile-

age constituted one-half of the total car-miles. The last mile-

age of horse cars in Boston was operated as late as the year

1901, although for some years prior to that but one unimportant

SECTION OF 1SENTLEY-KNIGHT CONDUIT AS LAID IN BOSTON

line was equipped with horse power. This line was that

through Marlborough Street, Boston, in the residential Back

Bay district, and so persistent was the opposition to the intro-

duction in that street of electric power that the line was finally

abandoned and the tracks removed.

From the commencement of operation with electric power

very careful accounts were kept of the many failures and of the

costs of maintenance, and for the first few years the most

sanguine of men could not have demonstrated from the results

obtained any possible economic future for the trolley system.

The enlightened and energetic manner in which the various

difficulties occurring were overcome by the engineers of the

electric companies constitutes one of the marvels of nineteenth

century progress, probably without a counterpart in any other

industry. It was also extremely difficult to determine the prob-

able earning capacity of electric lines. When they became

fairly reliable in operation they were so much preferred by the

public, as one line after another was equipped, that they showed

a phenomenal rate of earnings per car-mile
;
but, as more and

more of the system became equipped, the competition of the

different lines restored them to a more nearly common level,

and the earlier estimates of the marvelous earning power of

electric cars met a sad collapse. The gradual method of intro-

ducing electric power made it a comparatively easy matter for

the company to care financially for the shrinkage in value of

the horse equipment, which at the beginning of the period under

discussion consisted on the West End system of about 9000

horses.

Among the earlier amusing incidents may be mentioned that

of a wise and dignified city official, who, having seen for the

first time an overhead trolley car in operation, expressed great

surprise that the company did not provide stronger and more

sturdy trolley poles, for he believed that those employed to

push the cars were altogether too light. Others were certain

that disaster would result because no provision was made in

the overhead trolley wires for expansion and contraction, and

those who were certain that they felt shocks and electric thrills

whenever they boarded an electric car are too numerous to

mention, fortunately, the most conservative were at last con-

vinced of the utility and necessity of the overhead system, but

there are probably few to-day who reflect upon the remarkable

revolution it has made in the development of the territory

served.

THE EARLY ELECTRIC RAILWAY WORK OF WERNER
VON SIEMENS

So much has been said of the early electric railway experi-

ments of Werner von Siemens in Germany that some particu-

lars of the first electric road in Germany may be of interest.

This road was placed in service May 31, 1879, on a specially

constructed belt line, 300 111 (about 983 ft.) long, at the Berlin

Trades Exposition.

The engraving on the next page shows the first electric train

on this line. It was made up of an electric locomotive and

three small cars. The capacity of the locomotive at 150 volts

was about 3 hp, and its speed was 7 km (4.2 miles) an hour.

Power was taken from a third rail, consisting of a flat iron

bar placed between the running rails. The latter were bonded

and served for the return circuit. On the iron frame of the

locomotive was mounted longitudinally a bipolar, drum arma-

ture, direct-current motor connected to gearing giving a speed

reduction of 1 :2.45. The motor was controlled by operating a

CAR USED IN 1S81 ON THE GROSS-LICHTERFELDE LINE. TAKING
CURRENT FROM ONE RAIL AND USING THE OTHER FOR
THE RETURN CIRCUIT

lever which cut resistances in or out of circuit. As the motor

was not reversible, changes in the direction of the locomotive

were obtained by employing two conical gears mounted on a

common axis and arranged to engage with a third conical

gear. The running direction depended upon what pair of

gears were permitted to mesh with each other. The wooden

covering of the otherwise open motor served as a seat for the

motorman.

Despite the fact that this experimental railway proved very

successful, 86,398 passengers being carried safely between May

31 and Sept. 30, 1879, the public showed little confidence in

electric traction. Werner von Siemens, however, was fully

alive to the possibilities of the new traction method, and finally,

after repeated rebuffs, the firm of Siemens & Halske obtained

permission to build a line in Gross Lichterfelde, near Berlin.

This line was completed for public use on May 16, 1881. The

motors were operated at 180 volts. One of the running rails

was used for the power circuit and the other for the return.

The rails possessed no insulation other than that furnished by

the wooden ties upon which they were laid. To prevent short-
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circuiting through the axles, every wheel tire was insulated

from the hub by a wooden band. The current passing through

the tire was transmitted to a metal bushing through metal

springs or brushes, whence it was taken to the motor. The

latter was connected to the axle through spiral wire ropes run-

ning over rope sheaves. The direction of running was changed

by reversing the polarity of the motor. This equipment was

capable of 40 km (24 miles) an hour. The car, which is shown

on the previous page, could carry twenty-six passengers.

In the same year, 1881, von Siemens exhibited at the Paris

Exposition an electric railway employing an overhead current

collecting scheme which embraced the use of a split tube car-

rying current and a contact pencil which slid along the aper-

ture in the tube. The following year, von Siemens built an

overhead line in Charlottenburg, using rolling contact. The

sliding trolley bow, now so commonly used on the Continent,

was first employed on the Gross-Lichterfelde road in 1887.

While the overhead system electric railways made rapid

progress in the United States, very strong opposition was mani-

fested toward them in Europe, and resulted in the installation

of quite a number of lines operated by accumulator batteries.

Recognizing that neither this method nor a surface contact

system were commercially practicable, Siemens & Halske

evolved a side conduit system, which was first installed at

THE DIFFICULTIES WHICH CONFRONTED THE EARLY „

ENGINEERS

ELECTRIC LOCOMOTIVE AND THREE CARS FIRST OPERATED ON MAY 31, 1879, AT
THE BERLIN TRADES EXPOSITION

Budapest in 1889, and employed a complete metallic circuit

with V-shaped angle-iron bars for the conductors.

"To move a large numbers of cars, as, for instance, upon the

Third Avenue or Broadway lines in New York City, the elec-

trical conductor must be of great size, if the current is of low

tension; while, on the other hand, if a small or moderate sized

conductor be used, the current must then be of dangerously

high tension. * * * No electric car, or any self-propelled

vehicle, will climb grades of more than 6 per cent in slippery

weather, with absolute certainty. If we go beyond 6 per cent

we must have some artificial adhesion ; we must introduce some

rack on the road, or cables, which have a positive motion.

Anyone who attempts to guarantee a self-propelled vehicle on

grades of more than 7 per cent will most certainly lose his

reputation."

—

From Philadelphia Meeting, 1887.

BY W. E. BAKER

YOU have very kindly asked me

to write a few lines in regard

to some of the troubles under

which the engineers labored

during the early electric rail-

road work in Boston. It is not

always pleasant to recall the

troubles of the past unless, as

in this case, they have been

happily overcome. Many of

the experiences and troubles

with the early equipments are

now either forgotten or only remembered in times of leisure.

For the most part it keeps us all busy to keep up with the

progress in electric traction. Electric railroading has made

rapid history in the last fifteen years. Time slips along so fast

as measured by the development of electric traction, in its

many and varied directions, that what happened only a few

years ago, measured by the time interval, seems almost a cycle

since when timed by the progress

made in the electric traction field.

The questions which were trouble-

some in the days of 1889, when per-

mission to use the overhead wire in

Boston was first granted, interest us

no more. We no longer ask, Will

this be a method of city transporta-

tion that will displace the horse car

and the cable? Can it be operated at

a reasonable expense? Is it safe?

Will it be attractive to the public?

These were then the questions of deep

interest.

One of the principal troubles in

those days was adverse opinion, both

lay and technical. Such is commonly,

or it might be said always, the case

with attempts to introduce radical

changes, particularly in transporta-

tion methods or in improved machin-

ery. The advent of electricity for

traction purposes had many and de-

termined opponents. The "deadly trolley" was a by-word. It

was a menace to life and limb. The escaping current would

pursue people to their destruction while they followed the

peaceful tenor of their way.

The story that one man had captured some of it in his cellar

and was operating some mechanical contrivance was largely

advertised and exaggerated.

Every credit should be given to the men with courage and

public spirit who faced the objections and the failures of the

early and costly experiments with storage batteries and under-

ground conduits, until the positive advantages had become evi-

dent, hostility had ceased, and the "trolley" had become a rec-

ognized factor in the progress of the nineteenth century. It is

still doubtful whether the full force of the social changes which

this progress is sure to bring about is yet fully realized.

Macaulay, in describing the social condition in England in

1685, states that the chief cause which made the fusion of the
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different elements of society so imperfect was the extreme

difficulty which our ancestors found in passing from place to

place, and that of all inventions (the alphabet and the printing

press alone excepted) those which have abridged distance have

done most for the civilization of our species.

In the list of civilizing inventions the trolley must occupy

one of the foremost places. In the early days of America, the

Indian trail through the primeval forest was the forerunner

of the highway ; after this came the path blazed by the pioneer,

scarcely more distinct or passable than the Indian's trail

;

finally, rude highways were constructed for the use of carts,

and barely 100 years ago had they become sufficiently improved

for the use of carriages and stages. We may safely venture

the statement that at the close of the last century all other

methods of public travel did not promote the original purpose

of highways as much as did the use to which the street railway

car subjects them. There is no known method of conveyance

by which such large numbers of passengers can be transported

through the streets or highways with so much convenience,

expedition and safety to themselves and to their fellow travel-

ers, and with so little noise, confusion and dirt as by the elec-

tric railway.

To America is due the credit of invention both of the horse

railway and of its successor, the electric railway ; and to Amer-

ica belongs the fullest development of intramural transporta-

tion ; and to no locality in America should more credit be

given, or have greater changes been wrought by the carrying-

out successfully of the latest ideas and achievements in this

direction than to the city of Boston and its suburbs, where the

first great development took place.

Of course, there were many difficulties of detail to contend

with in the early days, but they were all troubles that merely

required a short experience for the most part for correction.

However imperfect were the early motors and their accom-

panying appliances, such as overhead wire, trolleys, controlling

devices, etc., they contained the essential germ of the prin-

ciples that had only to be developed in detail to reach the pres-

ent satisfactory performance.

Time is too short to dwell upon the difficulties which then

seemed large, but which now look small. The only use that

should be made of them to-day is that they should encourage

us to look forward within the next decade or so to further

great improvement in intramural transportation. That this

will come about, those who have been acquainted with its de-

velopment have had for many years no doubt. In fact, the

handwriting is plain upon the wall. Electricity has displaced

the horse; it has already started in its career to displace the

steam locomotive.

THE INCEPTION OF THE CONDUIT SYSTEM IN NEW
YORK CITY

BY M. G. STARRETT

ON Aug. 1, 1904, the New York City Railway Company

had 725 horse cars and 117 miles of horse car track

still in operation. This extended use of animal

power for street railway service often creates some surprise

on the part of the visitor to New York, exceeding, as the fig-

ures do, both in number of cars and mileage all the rest of the

country. Properly to understand the reasons for the use of

the conduit system on the main longitudinal lines and prin-

cipal cross-town lines on Manhattan Island and animal power

on practically all of the other divisions, it is necessary to re-

hearse briefly the history of passenger transportation in New
York during the later eighties and early nineties.

About this time the syndicate which subsequently organized

the Metropolitan Street Railway Company commenced the

purchases and consolidations which later brought under one

head all of the surface transportation systems in New York

(. ity and which are now operated by the New York City Rail-

way Company. At that time the overhead trolley was exten-

sively used in all the larger cities both in the East and in the

West, and was recognized everywhere as the then most ap-

proved form of surface traction. Unfortunately, however, for

the future of this form of electric power on Manhattan Island,

there existed in New York in 1890, as at present, a widespread

popular prejudice against overhead wires of all kinds, nor

was this entirely unreasonable. The commercial interests of

the city had necessarily required a myriad of electrical circuits

exceeding that in other cities; and the telegraph, telephone,

electric light, stock exchange and other wires which had been

installed during the growth of the city were carried almost

entirely overhead. The Edison Illuminating Company, it is

true, had established an underground feeder system, but all of

the other wires were suspended from rude poles or immense

wooden structures erected on the tops of buildings, so that

Broadway and some of the other main avenues of the city,

with their single, double or triple lines of gigantic poles and

numberless cross-arms, presented an appearance not unlike that

of a treeless forest.

One of the first acts of Mayor Grant, who was inaugurated

in 1889, was to commence a crusade against these aerial wires.

The companies were ordered to put their wires underground

or abandon their circuits entirely, and under the direction of

the Mayor the offending poles were chopped down with an

energy befitting the most enthusiastic middle-age iconoclasts.

The means adopted were severe and arbitrary, but were at

least effective, and as the city administration had the support

of the public at large, who objected to overhead wires from

both aesthetic and practical reasons, the result was extremely

efficacious. This crusade effectually estopped any trolley con-

struction south of the Harlem River, with the exception of a

short line belonging to the Union Railway Company. This

line, about half a mile in length, was built on 138th Street in

September, 1892, and was the first electric railway in the city

of New York.

In Chicago, San Francisco and other cities throughout the

country, cable traction was at that time extensively used, and

for the Broadway line, which had what was then considered

an enormous traffic over a comparatively short line, this seemed

the best power then available and was adopted. The Broad-

way cable line was opened from the Battery" to Central Park

in July, 1893, and w^as so successful that plans were immedi-

ately made for extensions through Columbus and Lexington

Avenues to Harlem. The cost of both construction and

operation of the cable system, however, was so great that it

was recognized that its application must be confined to lines

of the first importance, and that a more flexible and economical

system must be found for the remaining lines of the system.

In the effort to find a motive power which would be satis-

factory for some of the streets where cable could not be used,

Mr. Crimmins, then president of the Metropolitan Traction

Company, proposed to install overhead wires on the Sixth

Avenue surface line, which runs beneath the elevated structure

throughout its whole length. It was argued with reason that
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there could be no logical objection to overhead trolley wires

in such a location, but so great opposition developed that the

project was abandoned, and with it all hopes of the further

use of the overhead trolley system on the island of Manhattan.

The situation then facing the officers of the Metropolitan

Traction Company was a serious one, as the leases and pur-

chases of a large number of lines had been made with the ex-

pectation of introducing some improved form of motive power.

Finally, in November, 1893, the company submitted the fol-

lowing letter to the Board of Railroad Commissioners, offering

a prize of $50,000 for a system of street railway propulsion

superior to the cable and the trolley

:

On streets where the lines are straight and the business is heavy

the cable system is the most economical yet invented. For general

use in a city, winding about through the streets following the

routes of travel which the public wish to pursue, it is impracticable.

You require straight routes for cable roads. We have, in addition

to the lines upon which the cable will be laid, over 80 miles of

street railroads now operated with horses all below the Central

Park. It is to these lines in particular that we now desire to direct

your attention.

Up to the present time the only system whose practicability has

been demonstrated is the overhead trolley. We are well aware,

however, that its application in the streets of New York would not

meet with the approval of the community. What we most desire

now is to hasten the development and perfection of a better system.

We therefore submit the following proposition

:

First. We will set aside the sum of $50,000 to be awarded as a

prize to any person who shall, before March 1, 1904, submit to your

honorable board an actual working system of motive power for

street railway cars demonstrated to be superior or equal to the

overhead trolley.

Second. The qualities necessary to meet this requirement shall

be left to your decision ; but with the present state of the art, a

system to win the award must necessarily approximate the trolley

as a standard of economy in operation, but should be without the

features objectionable to the public that are in it.

Third. We shall exact no rights in the invention in return for

the $50,000, and shall have nothing whatever to do with the making

of the award further than to pay any expenses which your hon-

orable board may deem it necessary or wise to incur, either in the

employment of experts, the giving of hearings, or the conduct of

experiments—this in order that no effort may be spared to achieve

the desired result.

Hundreds of schemes were submitted to the officers of the

company, but nothing practical resulted from this offer.

Foreseeing that any efforts of this kind, depending upon out-

side inventive talent, would be futile, and induced by the fact

that a short underground conduit line was in successful opera-

tion in Budapest, though under radically different conditions

than existed in New York, the company decided to experiment

with this system. As the Railroad Commissioners had stated

that they were unable to act as judges of the prize competition

without legislative action, the Metropolitan Company, early in

1894, withdrew its offer of a prize, and working in conjunction

with the General Electric Company, proceeded to develop its

conduit plans. *

The Lenox Avenue line in Harlem was the scene of the trial.

The conduit on this line was built for the cable system, but

was easily adapted for the purpose of the experiment which

was most thoroughly conducted. The line was equipped with

twelve cars and operation was begun in 1895.

The electrical construction first used on this line differed

materially in its details from the type in use to-day. Heavy

channel sections were used as electrical conductors and were

supported by insulators carried on pillars built up from the

bottom of the manholes. The insulators were of a distinctly

inferior type, and the line was operated with only 300 volts

difference of potential between the conductors.

FIRST FORM OF CONDUIT ON
LENOX AVENUE

Troubles—due to the low voltage employed, to the failures

of insulators and especially to the defective form of plows or

current-collectors—were numerous and can only be appre-

ciated by those directly engaged in the work. Gradually,

however, the causes of the troubles were located, proper reme-

dies applied, and the line was gotten into operative shape after

the type of the insulators had been changed, the generators

and motors had been rewound for the standard voltage and

the current-collectors or plows redesigned.

Shortly previous to, or concurrent with, the Lenox Avenue

experiment several trials had been made with storage-battery

cars, a surface-contact system and with compressed-air motors.

The storage-battery cars were tried on the Second Avenue and

Madison Avenue lines, but with indifferent success. Nothing

came from the trial of the surface-contact system, and the

experiments with
compressed-air mo-

tors did not promise

enough at that time

to insure their seri-

ous consideration by

the officials of the

company.

About this time

F. S. Pearson, the

chief engineer of the

Metropolitan Street

Railway Company,

went to Budapest

and made a thorough

inspection and exam-

ination of the conduit system as installed and operated in that

city. His report, together with the results of the operation of

the Lenox Avenue conduit line, resulted in the decision to ex-

tend the conduit system to the principal lines of the company,

and early in the summer of 1897 construction work was begun

on the Madison Avenue, Second Avenue, Amsterdam Avenue,

Eighth Avenue and Twenty-Third Street lines.

The form of construction employed was a modification of

that used for the cable system, being shallower and somewhat

lighter. All details of the original Lenox Avenue line were

redesigned and adapted to the conditions found to exist in

New York City. The insulators were suspended from the

slot rail, the conductor bar section was changed and consid-

erably reduced in weight, while new rail sections were also

designed for both slot rails and tram rails. Another impor-

tant improvement consisted in the method of building the

conduit. In cable construction and in the first underground

electrical work the conduit was built from the bottom up ; that

is, the foundations for the yokes, which were of brick, were

first installed, after which the yokes were placed upon them

and lined up. The track rails and slot rails were then laid on

the yokes and aligned, after which the concrete was packed

around formers which were carried from yoke to yoke. The

method adopted in 1897 and since used is most easily defined

as being from the top down ; that is, the rails are supported in

position by timbers over the trench, the yokes are put in place

and attached to the rails, and the cement is then packed around

formers, as before.

The conduit system is installed to-day practically in the

same form as in 1897, but few changes—and those minor

ones—having been made. The spacing of the cleaning man-

holes is shorter now, and some few slight changes have been
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made in the concrete sections and forms to facilitate and

cheapen the construction, but, in all essentials, the system is

the same to-day as in 1897.

Particulars of the cost of this work have been published

heretofore and do not call for repetition here, but, in a general

way, it can be stated that this form of construction costs from

$90,000 to $125,000 per mile of single track, varying with the

amount of special work included and also with the street con-

ditions.

It is very evident that only lines with heavy traffic would be

justified in adopting this system, and there are many of the

crosstown lines to which, on account of the excessive first cost,

THE DEVELOPMENT OF ELECTRIC TRACTION ON THE

PACIFIC COAST

MODIFIED FORM OF CONDUIT INTRO-
DUCED IN 1895

it is not adapted. For this reason extensive experiments have

been made during the past five years with two forms of motive

power, compressed air and storage batteries, for the purpose of

developing a system of propulsion which should be suited to

the demands of the crosstown lines and which still would not

be prohibitive in its first cost.

The storage-battery system of traction was given a thorough

trial on the Thirty-Fourth Street Crosstown line, while the

compressed-air motors were given an equally exhaustive test

on the Twenty-Eighth and Twenty-Ninth Streets line. The

results were unsatisfactory in both cases, and the operation of

cars by these methods was discontinued; and to-day the un-

derground conduit, as developed through the Lenox Avenue

line experiments, and perfected and installed on over 200

miles of track, remains the only system of improved motive

power in use by the surface cars on the island of Manhattan.

Various modifications of the New York system have been

made in London, Paris, Berlin and other Continental cities.

These modifications have been mainly in the structure of the

yokes and other parts of the system required to conform to

local conditions, while the main features of the system as de-

veloped here have been adopted in every instance.

The conduit system has both advantages and disadvantages,

as compared with the overhead trolley system. All the elec-

tric part of the construction is underground, therefore the feed

wires and electric conductors are protected from damage by

wind and weather, and the cost of maintenance of the electric

conductors is somewhat reduced as compared with the over-

head trolley system. On the other hand, the cleaning of dirt

from the conduit and manholes is an added expense, and the

presence of the center slot complicates the construction of

special track work and, of course, the expense of its installa-

tion and maintenance. The absence of all construction above

the surface of the street is, of course, advantageous from an

aesthetic point of view, while all possible danger to the public

from accidental contact with the electric conductors is avoided.

Occasionally during severe winter weather some trouble is

experienced from the accumulation of ice and snow in the

conduit and in the handholes around the insulators, but serious

trouble has never occurred during the seven years that the

system has been in operation.

i

BY GEORGE B. WILCUTT

THE development of the elec-

tric system of street railways

on the Pacific Coast has dif-

fered somewhat from that in

many other sections of the

country in that it has replaced

the cable system to a consid-

erable extent. The earliest

transportation facilities, as

elsewhere, were furnished by

'buses, which in due time were

replaced by the steam dummy
and horse car, which San

Francisco, as the metropolis of the coast, was the first city to

introduce. The first steam dummy line in that city was opened

in July, i860, and it was followed in 1862 and later years by

various horse lines, by which the steam dummies were event-

ually replaced.

This was the character of transportation facilities on the

coast until September, 1873, when, through the inventive

genius of A. S. Hallidie, the cable system of street railways

was perfected and rendered a complete success, enabling the

many heavy grades prevailing in San Francisco to be readily

surmounted. Railroad companies and capitalists were not slow

to avail themselves of its advantages, and from that date until

1892 a number of cable roads were constructed—converting, in

many instances, hitherto inaccessible districts into the most

beautiful and valuable residence sections. Horse lines were

replaced by the cable system as far as practicable, as it was

found that the operating expense per car-mile was somewhat

reduced, while the carrying capacity of the car was increased

more than two-fold, thus meeting satisfactorily the city's in-

creasing requirements.

While this condition prevailed in San Francisco, other

coast cities were not idle. Cable road construction predomi-

nated between the years 1885 and 1889, on account of heavy

street grades or imperfections of the electric system, the

earliest cable line outside of San Francisco being opened in

Los Angeles in October, 1885. This was followed by others

in Oakland, Seattle, Tacoma, Portland, San Diego and Spokane,

which were completed between the years 1886 and 1889. In

most of these cases the roads were mediums for placing real

estate upon the market, and as the expense of standard con-

struction was prohibitive, special methods were introduced to

lessen the cost—proving unsatisfactory in the majority of

cases.

The earliest recorded electric line on the coast was that at

Los Angeles—built on the Daft system—opened for traffic

about January, 1887. It was some 3 miles in length, of both

single and double-track construction, and equipped with sep-

arate motor and trail cars. The trolley was of the "traveler"

(four-wheel carriage) type, and by means of a double trolley

wire provided both for the feeder and return current. Side-

pole construction at curves in place of the bracket construction

was apparently also a matter of interest in those days. In the

railway journals of that time the speed of the cars is given at

T2 miles per hour, and as a further matter of interest we find

it stated that as many as 500 passengers were carried per day.

The road is also referred to, apparently as an exceptional case,
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as carrying 1500 persons upon three cars in an afternoon. Like

other electric lines of that period, it was found to be unreliable,

resulting in suspensions of traffic of uncertain durations, and

after an existence of a few months it was disposed of to other

railroad interests and eventually reconstructed.

Other coast cities were not far behind Los Angeles in early

experiments with electric traction, for during the year 1888

lines were opened in San Jose, Sacramento and San Diego.

These were followed a year later by others in Seattle, Tacoma,

Portland and Spokane.

The line in San Jose was the first on the Pacific Coast of the

underground conduit type (Fisher system), and was some 8

miles in extent. The conduit carried both feeder and return

conductors, the track rails not being utilized for the latter pur-

pose. In a short time various difficulties were experienced,

resulting in defective insulation, with consequent loss of power,

and about one year later the system was abandoned and the

road reconstructed to the overhead system.

The electric road in Sacramento was also of interest, for it

was the first trial on the coast of the storage battery for

street car propulsion. The equipment consisted of a single

car, furnished, as it was reported, by a Philadelphia company

for experimental purposes, but the system proved no

more satisfactory for the purpose there than elsewhere. It is

of further interest to note that at a later date the lines in Sacra-

mento were the first on the coast to be operated by current,

generated by water-power and transmitted from a distance.

The line in San Diego was of interest as being one of the

first to be constructed by John C. Henry, that pioneer engineer,

who, with others, labored and aided greatly in developing elec-

tric traction.

The San Francisco & San Mateo Railway was the pio-

neer electric line of San Francisco, its construction being

commenced in 1891, and the road opened for traffic in April,

1892. One feature of this line was heavy grades, it hav-

ing one of about 10 per cent, regularly operated in both

directions, and a second one of about 15 per cent, used by

descending cars only. In the latter case, special de-

vices, such as a drag and also a counterweight system, were

adopted, but proved unsatisfactory and were early abandoned,

since which time the car brakes alone have been relied upon.

This line, which was some 21 miles in extent, of both single

and double-track construction, was laid out through a sparsely

settled portion of the city and its suburbs, and as its track and

equipment was not of the best, and its route paralleled other

railroads in great part, its business did not prove satisfactory,

resulting in the road coming into the hands of a receiver after

being in operation some two years. It was later purchased by

the bondholders, rebuilt and equipped with modern rolling

stock.

The completion of the first electric line in San Francisco was

followed a few months later (in October, 1892) by that of the

Metropolitan Railway, some 11 miles in extent. Heavier

grades prevailed on this road than on the San Mateo line, it

having a number running from 10 per cent to 13.8 per cent, over

which the cars were regularly operated. The cars of this line

were originally equipped with the Robinson radial truck, but

as they were unable to fill the requirements of operation over

the many curves and heavy grades which existed they were

soon discarded. As the latter road was built through a more

populous route than its predecessor, its business was fairly sat-

isfactory, and some two years later it was acquired by a larger

company, whose lines it paralleled.

Up to this time the older railway companies of San Francisco

had been investigating the electric system, but realizing

that it was largely in an experimental state, they preferred to

delay the reconstruction of horse lines and retain the cable sys-

tem, whose advantages had been demonstrated, until the suc-

cess of the electric system was more fully assured.

In 1892 plans were inaugurated and adopted by several of

the older lines to replace both horse and cable with electric

power, and also to construct new lines under that system. In

1893 the consolidation of many of these companies hastened

these plans, and from that date to 1896 the construction of

electric lines was pushed—over 80 miles of single track having

been constructed during those years. This construction has

been continued until at present 186.88 miles of single-track elec-

tric lines are under operation in San Francisco, and about 2000

miles upon the Pacific Slope.

The character of early track work on the coast, as

elsewhere, was very light, so that it had to be replaced in a

comparatively short time, but recent construction, in the ma-

jority of cases, has been substantial.

Single-truck cars were originally in favor, but the many

advantages of the double truck has resulted in that pattern

coming into general use. The cars are, in great part, of the

combination open and closed type, which has been found par-

ticularly adapted to the requirements of this coast, and which

avoids the necessity of a double equipment, so often required in

other localities. Many of the cars are equipped with air brakes,

especially those running upon the higher speed suburban lines.

Others have both wheel and track brakes, the latter proving a

very useful accessory. The brake feature is an important one

in the operation of electric cars upon the Pacific Coast, for

with the comparative absence of snow and ice, heavy grades

may be readily surmounted or descended—a condition which

would be impossible in Eastern cities. Grades of 5 per cent

are of frequent occurrence, while many steeper grades, rang-

ing as high as 14J/2 per cent, are regularly operated over by

means of the car motors only. In certain instances, however,

it has been found necessary to employ special devices to oper-

ate cars over heavy grades, and in San Francisco a grade of

about 25 per cent and a little over 600 ft. in length is overcome

by such means.

Despite the general absence of snow and ice, "greasy" tracks

are occasionally experienced, necessitating the general use of

sand boxes, with which most cars are abundantly equipped.

In the earlier days of electric railways the current was gen-

erated by use of stationary steam engines, but the utilization

of the water-power supplies of the coast received early atten-

tion. One of the first roads to be operated by such means was

the East Side Railway Company, some 14 miles in length, ex-

tending from Portland, Ore., to Oregon City. The portion ad-

jacent to the latter terminal (some 7 miles in length) was put

in operation in May, 1893, by current generated by direct-cur-

rent generators at railway voltage.

The economy of water-power having been fully demon-

strated, the transmission of current from more remote sources

of supply naturally followed, and in July, 1895, the electric road

in Sacramento was operated by such method. The power was

transmitted from Folsom, some 24 miles distant, where the

current was generated at 800 volts, and raised by step-up trans-

formers to 11,500 volts for transmission to Sacramento. In the

latter city it was reduced and converted to railway voltage.

At about the same date the railway lines in Portland, Ore.,

were operated from Oregon City, about 13 miles distant, by a
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current generated and transmitted at 6000 volts, and converted

for use by rotary converters.

The subject of long-distance transmission of power has

since that date received considerable attention by electrical

engineers, and the distances of such steadily increased, until at

the present time the street railway lines of Oakland, Cal., one

of the largest systems on the coast, are being operated by cur-

rent transmitted at 50,000 volts for a distance varying from 150

to 200 miles.

The scope of the electric traction service has been greatly in-

creased, for, while at first the business was generally restricted

to passenger traffic only and over limited territory, at the pres-

ent time many interurban lines are in full operation, paralleling

steam lines in many cases, and in others acting as useful feed-

ers for same, their business involving both passenger and

freight traffic.

A number of additional interurban lines are in course of con-

struction, with others in contemplation, and there is every in-

dication that before many years the Pacific Coast will be well

supplied with such and that they will prove an important factor

in the development of its resources.

THE COLUMBIAN INTRAMURAL RAILWAY

BY BION J. ARNOLD

THE Columbian Intramural

Railway was brought into

existence by a party of men

who believed that a railway

of some character upon the

grounds of the World's Co-

lumbian Exposition, held at

Chicago in 1893 to commem-

orate the four hundredth an-

niversary of the discovery of

America, would be a paying

investment. Various plans

were proposed, but the con-

cession from the Exposition

to construct the road was finally given to a corporation known
as the Western Dummy Railroad Company. It was understood

that electricity was to be employed as the motive power, and

that this road would be an experiment on a large scale, tending

to prove or disprove the claims of electricians regarding the

merits of electricity for the propulsion of heavy trains. After

the formalities incident to such an important concession had

been completed, steps were taken for the construction of the

road.

It was at first proposed that the capital should come mainly

from residents in Chicago, but the requisite funds were finally

furnished principally by Boston and New York capitalists, who

were willing to take great risks to ascertain the truth regarding

the electrical propulsion of trains. The road was built by the

Western Dummy Company, as a construction company, and

after the road was completed it was turned over to the Colum-

bian Intramural Railway Company as the operating company.

The problem which confronted the engineers intrusted with

the construction of this road was somewhat unique, inasmuch

as it involved the construction of an elevated railway which,

if financially successful, must eafn sufficient money to pay for

itself during but m'x months of operation. It was, therefore,

necessary to construct as economically as possible and to secure

as much of the machinery as practicable upon a rental or loan

basis.

In order to construct a safe but inexpensive elevated struc-

ture, and one which could be easily dismantled, wood was used

almost entirely, and steel was employed only for girders and

the rails. The structure was built of 12-in. x 12-in. pine tim-

bers, provided with timber footings at their bases, and extend-

ing upward a distance of from 12 ft. to 15 ft., where they car-

ried cross sills. Upon these cross sills were supported standard

15-in. I-beams. The object attained by using these I-beams

was that of utilizing standard stock material that could be

disposed of after the road was dismantled at as near the orig-

inal cost as practicable.

In order to properly cover the grounds and pass between the

various buildings, the road necessarily had many curves, and

was provided with a loop at each end. The operation of the

trains was thus continuous, which made the best possible ar-

rangement for handling large numbers of people and for the

operation of electrical trains, for at that time the motor-car

system was used and the multiple-unit system had not come into

existence.

The structure was equipped with the first example of third-

rail construction in this country. The third rail was of the

same section as that used for the track rails—that is, 60 lbs.

per yard, was supported on creosoted wood blocks, and was

carried on the inside of the tracks, 18 ins. from the inside track

rail and 6 ins. above it. Parallel to this third rail was another

rail, also insulated, which extended three-fifths of the distance

from the power house to the further terminus, and which was

used as a feeder. The two conductor rails were bonded to-

gether. The actual length of the line was 14,800 ft. of double

track and 1900 ft. of single track. There were ten stations

in all.

Each motor car was equipped with four GE 2000 motors,

which were geared so as to work up to a maximum speed of

35 miles an hour. They were controlled by a series-parallel

controller with three running points, viz., all motors in series;

two parallel groups of two motors, and all four motors in

parallel. The controller was operated by compressed air.

The power house consisted of as many kinds of machinery

as there were manufacturers represented. It was, therefore, a

somewhat difficult plant to construct, not only on account of

the mechanical difficulties encountered, but from the fact that

all of the machinery was loaned to the railway company, and

therefore deliveries could not be hurried in the ordinary ways

of handling such work.

While the power plant contained one-belted unit of about

1000 hp. the remainder of the generators were direct-connected

units. This station was the first to employ heavy direct-con-

nected units, the largest unit being of 1500-kw capacity, direct-

connected to a cross-compound engine. Oil was used for fuel

in the power house and proved very satisfactory, although

somewhat more expensive than coal, which was prohibited by

the requirements of the Exposition.

The effects of the operation of this road and its success in

handling heavy trains were such that it attracted the attention

of steam railroad owners and proved to be the forerunner of

the typical elevated railway of to-day.

At that time both the South Side Elevated Railway and the

Lake Street Elevated Railway, of Chicago, were being operated

with steam locomotives, while the Metropolitan Railway, of the

same city, was under construction and designed to be operated

by steam. The first and most important effect of the Intramural
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results was made evident in an alteration of the plans of the

Metropolitan system so that electricity was adopted and the

contract for steam locomotives was canceled. The next result

was the design and construction of the Northwestern Elevated

Railway, of Chicago. This was the first elevated railway that

was ever designed exclusively for electricity, except the In-

tramural road, although the first to adopt electricity after the

Intramural road was the Liverpool Overhead road in England.

Soon after this the use of steam locomotives was abandoned

on the South Side Elevated Railway, of Chicago, and electricity

adopted. The Lake Street Elevated soon followed, and in the

course of a few years the Manhattan Elevated, of New York,

was equipped. To-day the entire elevated railway systems of

this country and of Europe are equipped with electricity, and I

believe it is fair to claim that the Intramural Railway, at Chi-

cago, was the chief element which led to this result.

PIONEER ELECTRIC RAILWAY WORK OF THE WESTING-
HOUSE COMPANY

BY B. G. LAMME

THE Westinghouse Company took up the development of

railway apparatus as early as 1888, although it did not

put apparatus on the market until the early part of

1890. The persons who were particularly interested in the de-

velopment of this early work were George Westinghouse,

Albert Schmid, Philip Lange, Oliver B. Shallenberger, H. P.

Davis, N. W. Storer and the writer. Albert Schmid was super-

intendent of the Westinghouse Works, then at Garrison Alley,

Pittsburg, and he was intimately in touch with the general de-

signs of the apparatus, particularly the mechanical features.

Philip Lange, during the early development, was superintend-

ent of the detail department, and was directly interested in the

controllers, switching appliances and other details. Mr. Shall-

engerber was the electrician of the company, and as such was

more or less interested in the work, but Mr. Shallenberger's

duties were primarily in the direction of alternating-current

apparatus, and he did not have as direct contact with the devel-

opment of the railway apparatus as other engineers. H. P.

Davis became actively interested in this work in the early part

of 1891, working in conjunction with Mr. Lange in the detail

department. Mr. Storer did not become actively engaged in

this work until about 1892 or 1893, although he was in close

touch with it previous to this, in the testing room. The writer

was actively engaged in the early development of the work

from the start.

In the latter part of 1889, Albert Schmid informed me that

the Westinghouse Company was planning to take up actively

the manufacture of a direct-current railway system, and he in-

structed me to immediately begin the study of the various sys-

tems and apparatus already on the market, especially the rail-

way motor itself. He told me that I should be prepared to

furnish electrical data for a suitable railway motor as soon as

any definite instructions were given out that a line of apparatus

was to be built. These instructions were carried out, and as

the entire line of work was new to the company, I necessarily

came in touch with the detail work as well as with the motor

itself. The electrical designs of the various early motors were

prepared by me under Mr. Schmid's instruction, and, as indi-

cated above, the characteristic mechanical features of the de-

signs were furnished by Mr. Schmid. E. C. Means, at that

time chief draughtsman of the company, also assisted Mr.

Schmid in the general features of the design.

In the early part of 1890, W. L. R. Emmet, the well-known

engineer, now prominently identified with the General Electric

Company, was employed by the Westinghouse Company to

take up actively the development work on the d. c. railway

system which this company was then preparing for the market.

Mr. Emmet had formerly been employed on similar work with

the Sprague Company. After the first Westinghouse double-

reduction system had been placed upon the market and was in

NO. 3 RAILWAY MOTOR

successful commercial operation, Mr. Emmet severed his con-

nection with the Westinghouse Company.

A great number of ether engineers have been more or less

interested in the development of the Westinghouse railway

system, particularly in later work. It may be of interest to

note that most of the above-mentioned engineers are still in

the employ of the Westinghouse interests and in close touch

with modern developments in this line of work.

Taking up the development of the motor in the proper order,

it should be noted that in 1888-9 the Westinghouse Company

did some work on adaptation of the Tesla motor to street car

work. This work was experimental and never reached the

stage of true commercial test. The motors were the type of

Tesla motors then being built, with polar primaries and dis-

NO. 3 MOTOR ARMATURE

tributed short-circuited secondaries. Such motors, of course,

did not have suitable characteristics for traction service. This

line of work was abandoned, and a short time afterward the

development of the direct-current system was actively taken up.

As stated before, in the latter part of 1889 the company

planned to get out a direct-current system. This work was

pushed through rapidly, and early in 1890 a direct-current rail-

way system was completed for shop tests, and the first motors

were put in service on July 3 of that year, on the Pleasant Val-

ley line in Pittsburg. The motor was a two-pole machine, with

cast-iron field and surface-wound armature, like all practical

motors at that time. The field was wound with two sets of

coils, and speed regulation was obtained by the sectional field

method in which two coils were in series for lowest speed, and
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one coil was short-circuited for increased speed. About 300

of these motors were put on the market.

The control system used with these motors was straight

rheostatic, except the short-circuiting of one field winding for

higher speed. The armatures were connected permanently in

parallel, and the field windings of the different motors on the

car were in parallel. No attempt was made to equalize the

armatures, as there was apparently but little unbalancing in

these machines, probably due to the very large air gaps.

These early motors had the gears enclosed in cases. The

motor was double reduction. The general type of this motor

was very similar to that of the other systems in commercial

operation at the same time.

The controller consisted of a wooden drum with metal strips

on the outside. The general appearance was similar to the

Sprague controller, but the steps were principally for rheo-

static control instead of commutated fields.

The rheostats put out with these early motors are worthy

of mention. These rheostats were peculiar in the fact that they

were made of copper wire instead of high resistance ma-

terial. Three coils were used. Each coil was made in the

form of a thin cylinder. The three coils were of different sizes,

so that they could be assembled in concentric form with air

spaces between. The reason for adopting this design was that

NO. 4, OR GEARLESS MOTOR

a very simple construction was permitted, as the coils were

wound of commercial cotton-covered wire on the simplest kind

of former and were then taped. It was considered that while

the resistance of copper was comparatively low, yet the heat

conductivity of such wires was very great, and that a very

considerable rheostatic capacity could be obtained without ex-

cessive weight. Such a rheostat was, of course, costly, prin-

cipally on account of the material in it. This rheostat gave

fairly satisfactory results and was practically as good a piece

of apparatus as many other parts of the system. On account

of the cost of the material in this coil, steps were soon taken

to design a cheaper rheostat, and various forms were gotten

out for test, some of which soon superseded the copper-coil

rheostats.

Shortly after the No. 1 motor was gotten out, the No. 2 mo-

tor was also put on the market. This was very similar to the

No. 1, except that it was for narrow gage.

In the summer of 1890, while the No. 1 and No. 2 motors

were being put on the market and given tests for commercial

service, the Westinghouse Company was engaged on the de-

sign of a single-reduction motor, as it was the impression of

the company's engineers that if a suitable single-reduction mo-

tor could be obtained it would drive the double-reduction mo-

tors out of the market. Two of these single-reduction motors

were brought through in the fall of 1890 and given long-con-

tinued shop tests, and were then, in January, 1891, put on a

car on the Second Avenue line in Pittsburg for the test of com-

mercial service. These first motors were, except in minor de-

tails, the same as the Westinghouse No. 3 motor, which was

shortly afterward put on the market. This No. 3 Westinghouse

single-reduction motor was a noteworthy one in many respects,

in that it embodied many of the features which have since been

adopted almost universally in street car construction. The fol-

lowing features were used in these early motors

:

( 1 ) The motor had four poles.

(2) The poles were radial.

(3) Poles were placed at an angle of 45 degs. from the hori-

zontal or vertical.

(4) The poles were placed inside the yoke and were en-

tirely surrounded by the yoke.

(5) The yoke also extended over the projecting end of the

field coils, thus protecting them from injury.

(6) There was one field coil on each pole.

(7) The coils were wound without shells or bobbins and

were insulated after being wound.

(8) The field frame served to enclose the motor. (The

No. 3 motor was not entirely enclosed, but there were end

covers on the lower half of the machine.)

(9) The poles were very highly saturated at the face, thus

reducing the cross induction and preventing change in lead.

(10) The armature was slotted.

(11) The slots were open.

(12) The core was drum wound.

(13) The coils were machine wound.

( 14) The present well-known two-circuit or series type of

winding was used, allowing two brush arms on a four-pole

machine without cross connections on the winding or commu-

tator. The two brush arms were on the upper side of the

commutator.

The following features have since been adopted in street

railway motors

:

(1) Entirely enclosed frame.

(2) Laminated poles.

(3) Bolted-in poles.

(4) Pole faces partly cut away to obtain saturation and to

prevent cross induction.

(5) Bearings carried by the field frame instead of by a sep-

arate surrounding frame.

Also improvements in shape of armature coils, ventilation

of armature core, etc.

It will thus be seen that the number of features embodied in

the No. 3 motor, which has been adopted in modern practice,

was very great compared with the number of features which

has since been added in railway motors.

The control system on these early No. 3 motors was practi-

cally the same as used with the No. 1 and No. 2.

These No. 3 motors, like the No. 1 and No. 2, had cast-iron

field frames and poles. The motors were rather heavy for

their output, although the weight per horse-power was about

the same as for the No. 1. The amount of material which was

idle electrically or magnetically 011 the No. 3 motor was rather

small compared with the amount of such material in the No. 1

and No. 2.

After the No. 3 motor had been developed sufficiently to

show that it was a commercial machine, a design for a gearless

motor was taken up. The first gearless motor put out was

called the No. 4. It was also a cast-iron machine and was rela-
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tively very heavy. The speed of the 25-hp No. 4 motor was

about 200 revolutions at normal load.

This No. 4 motor was an enclosed motor and had four poles,

two salient and two consequent. The armature was directly on

the car axle, and the field frame also had its bearings directly

on the car axle.

A small number of these motors was built and given the

test of commercial service. Some of them were operated for

a year or so. The motors operated well enough, but were too

heavy to be commercial. Track constructions in those days

NO. 12-A MOTOR

were very inferior to present practice, and the motors, in addi-

tion to being rigidly mounted on the axle, were very much

heavier per horse-power than modern motors.

On account of the great weight of the No. 4 gearless motor,

a smaller and lighter six-pole motor was gotten out. This was

called the No. 5. It was of about the same capacity as the No.

4, but was about two-thirds the weight. The frame was of

cast iron, practically enclosing the machine. There were four

salient poles and two consequent, the latter being at the top

and bottom. A few of these motors were built and given the

test of commercial service, but experience had shown that the

gearless motor was not a suitable one for street railway ser-

vice, due principally to mechanical considerations. Therefore

no further attempts were made to develop the gearless motor

for ordinary light traction service.

The No. 3 motor was made in three ratings, viz : 20 hp, 25

hp and 30 hp. The general construction of these three motors

was the same, the difference being principally in the amount

of copper in the armature and field windings. There was also

a demand for a motor of somewhat greater capacity, and a

40-hp of similar design was gotten out. This was a rather

special motor, and but few were sold.

After the No. 3 had been in the market for some time and

had proven a great success, there was a demand for a motor of

similar capacity and electrical features, but of considerably

smaller dimensions. In 1893 a new motor was designed which

contained many of the principal features of the No. 3 motor,

but was of much less weight and somewhat different construc-

tion of frame. This was called the No. 12 motor. A later

modification of this was called the 12-A. The No. 12 was a

cast-iron machine, like the No. 3, but was without the surround-

ing frame, the bearings being carried by the field frame of the

motor itself. The motor was practically enclosed, like modern

motors. The armature contained about half as many slots as

the No. 3 armature, and there were two coils side by side per

slot. Otherwise the motor was very similar to the No. 3. This

motor and its successor, the No. 12-A, were made in three

ratings, viz: 25 hp, 30 hp, standard speed, and 30 hp, slow

speed. The 12-A motor contained almost all the prominent

features of the present types of railway motors, the principal

difference being that it had cast-iron poles and yokes, while

present designs of motors have cast-steel yokes with laminated

poles.

The next important motor gotten out by the Westinghouse

Company for street railway service was called No. 38. This

motor, with its modifications, the 38-A and 38-B, contained

some departures from the 12-A in the use of cast-steel field

with laminated poles cast in, and an armature winding with

three coils per slot instead of two or one. This motor was de-

signed in 1894. It can be considered the pioneer of the present

cast-steel motors with laminated poles. It was put

jk\ on the market in the spring of 1895.

jB A somewhat later motor, built on lines similar

Mm to the No. 38, was the No. 49, rated at 35 hp. This

' I had cast-steel yoke with laminated poles cast in.PM In later motors for street railway service gotten

^^^^^ out by the Westinghouse Company, the bolted-in

H pole construction has been adopted instead of the

^
cast-in poles, and many other features have been

more fully developed.

The above gives a general description of the

various types of motors gotten out up until about

1897, and covers only those which were given com-

mercial tests. A number of experimental motors were built,

especially about 1890-91, which were never put upon the mar-

ket, and in some cases were simply built for obtaining cer-

tain data. ,

About the time that the No. 1 motor was gotten out, some

tests were made on driving street cars by means of friction

wheels. A motor was built and placed upon a truck in the

shop, for making such tests. This motor was of the consequent-

pole type, similar to the well-known Weston type of machine,

with four field coils and two consequent poles. The armature

was geared to a countershaft, and to the countershaft was at-

tached two friction rollers or wheels, which bore down upon

the car wheels, each roller lying between two car wheels. This

NO. 12-A ARMATURE

construction was given certain shop tests, but was found to be

rather inflexible and was very noisy. It was decided that it

would not be a suitable article for commercial service, and was

therefore not given the outside tests.

A series of tests was also made on the use of magnetic gear-

ing. Grooved wheels were used, the grooves being in the shape

of Vs. By means of magnetizing coils on the axles or shafts

a magnetic field was set up between these driving gears. Tests

were made to determine the power that could be transmitted by

this device, but it was found that it would be insufficient for

the torque which would be necessary for street car service.

A considerable number of experiments were made with dif-

ferent methods of street car regulation, such as commutated

fields, sectional field coils, etc. A series of tests was made

with commutated fields, three field coils being used in somewhat

the same manner as the Sprague system. This system of regu-
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lation was found to be unsuitable with the Westinghouse No. 1

and No. 2 motors, due principally to the fact that commutated

field control is not satisfactory except where the field inductions

can be worked over a relatively wide range. No. 1 and No. 2

motors being of cast iron, it was found that there was not any

particular advantage in using the commutated field method of

control. There was found to be a slight advantage in the use

of the sectional field method with two field coils, one being

large and the other comparatively small. These two coils were

in series for starting and for lower speeds, but for higher

speeds the smaller coil was short-circuited. Tests were also

made with the sectional field method with several coils, all

being in series at start and short-circuited successively for

higher speeds.

With the No. 3 motor straight rheostatic control was used,

previous to the introduction of series-parallel control, as it was

considered that the sectional field method did not present suffi-

cient advantage to compensate for the extra complication of

eight field coils instead of four.

Some mention has already been made of the rheostats and

controllers used with the early system. All the early commer-

cial controllers were of the drum type and were placed on the

car platform. As stated before, the first controller was straight

rheostatic, with one notch for short-circuiting one field coil.

Several variations in constructional features of this controller

were gotten out and put on the market.

In 1891-2 considerable work was done in the direction of

using series-parallel connection of the motors, for determining

whether speed control in this manner was feasible. This work

was carried out in connection with the No. 3 motors. In the

early part of 1892 a series of tests was made, both in the shop

and in service, with a pair of these controllers, and shortly

afterward this method of control was put on the market by the

Westinghouse Company. The series-parallel method of con-

trol soon became so thoroughly established that it was practi-

cally the only street car control manufactured by the company.

There have been many modifications and improvements in the

series-parallel controller since first brought out by the com-

pany, among them being the addition of the magnetic blow-out,

but the drum construction placed on the platform has been

retained, except for very large equipments.

Mention has already been made of the first rheostat made

t
- .

—

- HMUl

NO. 38 MOTOR ARMATURE

by the Westinghouse Company for street car work, this con-

sisting of concentric copper coils. This was soon superseded

by a rheostat made of iron wire spirals in a supporting frame

and covered with a heavy wire netting with a rather large

mesh. This rheostat, on account of its appearance, was named

the "bird-cage" type. The use of this rheostat was continued

for a considerable period, but was then superseded by a rheo-

stat made of iron strap wound in spirals on supporting shells.

A number of these spirals were assembled together in one

frame. This was a more substantial rheostat than the "bird-

cage" type, and was soon used almost exclusively. The adop-

tion of the series-parallel control reduced the size of rheostat

required, and thus to a certain extent simplified the problem of

its construction.

One difficulty found with the early No. 3 motors was in un-

balanced armature currents with two or more motors per car.

The armatures of these motors were connected in parallel and

the field coils were also paralleled, instead of each armature

being connected in series with its own field. It was therefore

found necessary to equalize the motors by adjusting the air

gaps. This was done by putting sheet-steel strips between the

two halves of the yoke. Two ammeters were connected in the

NO. 38 STEEL MOTOR

armature circuits, and the fields were adjusted until both am-

meters averaged the same over the working range of the cur-

rent. This arrangement was later abandoned in favor of the

present connection, by which each armature is in series with

its own field, thus automatically producing the required bal-

ancing action.

One of the most serious difficulties which developed in the

early street railway service was in connection with the mica

on the No. 3 motors. The first few motors had mica about

1-32 in. thick between bars. In those days the mica was not

split and then built up, as in present practice, but was generally

punched out of solid pieces and was extremely hard. This

1-32-in. mica appeared to work in a very satisfactory manner,

but as it was thinner than the usual practice on the No. 1 and

No. 2 motors, about 1-16-in. thickness was then adopted for the

No. 3 motors. Practice soon showed that this mica would not

wear satisfactorily and there was continued trouble due to it.

It was soon determined that if the mica was cut down below

the surface of the copper the motor would work satisfactorily

until the copper wore down to the level of the mica. This

showed conclusively that the trouble was with the mica. We
then went back to the 1-32-in. mica, and had very little trouble,

particularly as we had begun to build up the mica of thin

sheets, somewhat like present practice. It is interesting to

note this early experience in cutting the mica below the copper,

in view of similar practice in some modern large motors. It

has been announced as a great discovery that cutting the mica

below the copper was a great improvement in large street car

motors. In fact, it is an improvement if the mica in such

motors is giving trouble due to lack of proper wearing quali-

ties, but the purpose of cutting down the mica on these late

motors is to accomplish the same results as in this early ex-

perience above cited.

In 1892 two single-phase motors of about 10 hp were built

by the Westinghouse Company for determining the possibilities

of using alternating current for traction work. These motors

were designed for 2000 alternations per minute and about 200

volts. They were of the series type, with commutators, and

had a relatively large number of poles. These were placed

upon a car and tested on a short piece of track with some very

s^ort curves and rather steep grades. Tests showed that the

motors were not powerful enough to operate the car on the
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curves and grades, also the track was very poorly built and not

properly bonded, and the voltage drop in the rails was exces-

sive. A very small generator was used for these tests, and its

capacity was insufficient for the service. On the car a trans-

former served to transform from about 400 volts on the trolley

to that required for the motors. There were several taps on

this transformer, and by means of several single-pole switches

the voltage could be varied to the motors.

There did not appear to be sufficient field for such a system

and it was decided not to undertake any larger motors. It was

considered at that time that such a system would be ideal for

locomotive work, but as there were no such projects in view

then, no work was done in building large motors of this type.

In the early part of 1895 the problem of the use of polyphase

motors for traction service was taken up and a pair of such

motors were built and tested at the East Pittsburg works.

These motors were built for 25 cycles and of a nominal capacity

of 75 hp each. The primaries and secondaries were wound for

500 volts, and the winding of the rotating part was connected

in three collector rings. These motors were designed to be

used with both rheostatic and with tandem-parallel control, and

shop tests were made with both methods of speed control. With

the tandem connection half speed was obtained by connecting

the secondary of one motor to the primary of the other in the

now well known manner. The results obtained with these

motors on shop tests indicated that they could not compete

with the standard direct-current systems as regards perform-

ance, etc., besides requiring the complication of two trolleys.

Two 100-hp polyphase motors were also designed in the latter

part of 1895, and were built and given shop tests on a short

track just outside the East Pittsburg shops. These motors

were started and regulated by means of variation of the voltage

supplied, such variation being obtained by means of a two-

phase induction controller. It was also found that this system

would not compare favorably in economy with the direct-cur-

rent system, and after a series of tests it was abandoned.

Among other experiments with these 100-hp motors, they were

wound for two numbers of poles, so that they could be run effi-

ciently either at full speed or at half speed. This was found

to be more economical than the single-speed equipment, but yet

did not compare favorably with the direct-current system.

These polyphase motors also were tried with variable-speed

gears of various kinds, but were not found satisfactory.

Since 1896 the development of the electric traction motors

by the Westinghouse Company has been along fairly well

established lines, except in the single-phase system, which the

company has lately put upon the market. Some polyphase-

motor equipments have been built and installed for haulage of

canal boats on the Miami & Erie Canal. This has been about

the only radical departure from standard direct-current systems

which the company has bad in commercial service for any long-

continued period.
1

"We are impressed at once with the national importance of

the street railway interests, and this feeling grows deeper and

broader as we consider the financial relations of our calling

with the millions involved ; the varied, useful and indispensable

relations it sustains to the well-being of every person in every

city and every town of any importance in the whole land; the

mighty factor it has become in making or unmaking values in

properties of all kinds; and especially does this feeling become

almost overwhelming when we consider to what grand pro-

portions this industry has grown during a lifetime of the young-

est of our members."

—

From Washington Meeting, 1888.

THE DEVELOPMENT .OF THE RAILWAY SWITCHBOARD

BY W. E. HARRINGTON

THE development of the mod-

ern railway switchboard is

an interesting illustration of

the great advances made in

electrical engineering. The

switchboard used in the early

days was crude and lacking

in almost every respect the

completeness of detail of that

of to-day. Nevertheless, it is

doubtful whether, if we omit

the veneering of the modern

board, a layman would be

able to distinguish the improvements which have been em-

bodied during the past fifteen years in the direct-current boards.

The changes have been along lines dictated by experience; a

little here, a little there. The introduction of alternating cur-

rent for power transmission in large stations has brought about

EARLY TYPE OF WOODEN SWITCHBOARD—ALBANY

a class of switchboard that stands aloof from the average and

most extensively extensively used types.

The early switchboards were mounted on wooden frames,

set close to the wall, and were equipped with round copper bus-

bars, bird-cage rheostats with loose spiral wound iron or Ger-

man silver resistance wires, fuse blocks, ammeters of ques-

tionable character, incandescent lamps for voltmeters, and

plugs instead of switches.

The writer remembers distinctly the first installation made

by the old Sprague Company at Atlantic City, N. J., in 1889

;

the generators were of 60-kw capacity and were shunt wound.

Where it was deemed advisable to compound the generators,

the method of connecting the equalizers was a serious problem,

with only a brief reference in S. P. Thompson's book on

"Dynamo Electric Machinery" as a guide. The practice in

many quarters was to use three-pole switches for -)-, — and

equalizers. The writer has seen in basements of some of the

largest power stations that were erected ten years ago, thou-

sands of feet of copper cable installed to provide an exact and

equivalent length of equalizer between generators.

The modern switchboard is one that is built upon the fol-

lowing general lines:

Single pole switch, with equalizer and negative switch at gen-

erator.

Iron frame, slate or marble panels.

Flat bus-bars, high and low pressure.

Single pole, double throw switches.

Ammeters.

Automatic magnetic circuit-breakers.
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Rheostats away from board.

Negative panel.

Wattmeters.

Main ammeter.

Voltmeter, one for bus-bar.

Voltmeter, one for generators.

The double-deck switchboard, with the generator panels on

the lower deck and feeders on the upper deck, permits of the

easiest disposition of the wiring distributing.

The lower deck is usually from 6 ft. to 9 ft. from the wall of

building, thus permitting the upper deck to be set back for a

railed walkway in front, and sufficient room is left in the rear

for the connections.

Angle-iron framing with smooth slate oil finish and the in-

struments mounted directly thereon, meets with the greatest

favor. Great care should be exercised in the selection of the

slate to see that it is free from metallic veins. Marble makes

a handsome board, but exceedingly difficult to keep clean and

free from oil stains. Flat bus-bars permit of ready extension

by adding more bars, and by using single-bolted clamps excel-

lent conductivity is obtained. Good mechanical workmanship,

neatness and the orderly arrangement of leads can be secured

by the construction described above, making the modern board

absolutely fireproof and free from those electrical troubles so

frequent in the earlier forms.

Two sets of bus-bars, one for the usual operating power sta-

tion voltage, the other for a higher voltage, and obtained either

by running certain generators at a higher voltage or by the

use of boosters, secure a flexibility in the transmission of en-

ergy. This is extremely necessary in railway work, with its

fluctuating loads which shift from one feeder to another from

day to day ; in fact, from hour to hour. The introduction of

two bus-bars has given a much simpler and less expensive

aspect to the old question of copper distribution with its large

investment features.

The later designs of direct motor-driven boosters, self-con-

Autumatic magnetic circuit breakers have undergone a most

interesting series of changes. If there is any one detail fol-

lowing fashion in electrical engineering practice, it is the use

of automatic magnetic circuit

breakers. The present style is

to employ laminated contacts,

BACK VIEW OF SINGLE GEN-
ERATOR PANEL—OCT. 6, 1892

FRONT VIEW OF SINGLE GEN-
ERATOR PANEL—OCT. 6, 1892

FRONT AND BACK VIEWS OF SWITCHBOARD MADE UP OF TWO GENERATOR
PANELS—JUNE 18, 1892

tained and mounted upon a common base, have also introduced

a feature in railway power transmission that cannot be ignored

by a progressive manager. The use of single-pole, double-

throw switches with the split pattern blade, spring connected,

not only permits making better contacts and greater ease in

manipulation, but also a quick snap "break."

although they are expensive, delicate in contact adjustment

and liable to burn out. The knife-blade type of automatic mag-

netic circuit breakers with broad, ample final "break" on car-

bon, has proven its trustworthiness, low first

cost and correspondingly lower maintenance

and operating cost. The writer is familiar

with one case alone where the difference in

first cost of the circuit breaker was 6o per cent

in the prices of the laminated and blade types.

Another interesting application of circuit

breakers is the employment of two breakers

connected in multiple instead of one, the two

combined equal in capacity to the one that

ordinarily would be installed. In all cases

where this method of installation has been

practiced excellent results have been obtained,

and at a materially lower cost. The price of

an automatic magnetic circuit breaker of large

capacity is considerably more, proportionate-

ly, than that of two combined, each of one-

half the capacity of the larger size.

Ammeters with shunts, illuminated dials,

"dead beat," jeweled bearings, immune to the

effects of stray lines of force, accurate and

positive in reading, have become a feature of

our modern switchboard, although they are not appreciated as

one would expect of such an important and essential detad.

Another feature is the use of rheostats with special resistance-

metals, disposed to provide for expansion and contraction, and

with leads to the contacts and switch handle, which permit the

housing and mounting of the rheostats at a point which is



548 STREET RAILWAY JOURNAL. [Vol. XXIV. No. 15.

away from the immediate proximity of the switchboard.

The wattmeter has become such an important feature in a

power station that it should be treated as a special feature. No
switchboard should have less than two to permit of frequent

adjustment and calibration, particularly if two bus-bars at dif-

ferent voltages are used. The use of two illuminated dial volt-

meters has become standard, as it permits the ready and

accurate balancing of generator voltages before "throwing

into bus."

Large stations, such as have been erected in recent years in

New York, have, of course, adopted the refinements of switch-

board construction, such as the use of skeleton operating

boards with the circuits shown in diagram, and the generators

represented by the burning of incandescent lamps. The

switches and breakers on these boards, breaking large currents

in oil contained in brick compartments and operated electrically

and away from the operator, are representative of the highest

development in switchboard practice. Boards of this character

have been so fully described in the columns of the Journal

that it is not necessary to go into further detail.

THE DEVELOPMENT OF THE INTERURBAN ELECTRIC

RAILWAY

BY HENRY A. EVERETT

.IN 1892 Will Christy, of

Akron, suggested to me the

construction of an inter-

urban electric railway to

operate between Cleveland

and Berea, a distance of

about 12 miles. This was

the first long-distance elec-

tric line which was seri-

ously considered by me,

and I declined to take it up,

because at that time it

seemed an unusual venture

to attempt the construction

of an electric line through

so sparsely settled a territory. Within the next six months,

with his usual tenacity of purpose, Mr. Christy got me to em-
bark in the undertaking to connect Cleveland and Akron elec-

trically by building the Akron, Bedford & Cleveland Railway.

The distance between the two cities is about 35 miles. The
cost of construction was $22,000 per mile of track, including

equipment, and in order to interest the investing public the

property was bonded at less than one-half the cost, namely,

$10,000 per track-mile. We endeavored to dispose of the first

mortgage bonds on this line in all the money centers from

Boston to Chicago, but were politely turned down, the under-

taking being, to quote the language of a well-known New York
firm, "a very ambitious project."

The Akron, Bedford & Cleveland Electric Railway was prob-

ably one of the first interurban electric roads constructed for

high speed. It was laid with a 56-lb. rail, the then steam rail-

road standard, and was expected to operate at a speed of 20

miles an hour between cities. The through traffic on the line

was large, and three-quarters of the revenue came from pas-

sengers going from one terminal to the other. The earnings

started upon a basis of a little less than $3,000 per mile of track,

and I am pleased to say at present, after ten years of opera-

tion, they have grown to $7,000 per track-mile, and are steadily

but not greatly increasing for the present year. At the time

of the construction the two competing steam roads, which were

then in the hands of a receiver, were charging $1.20 one way
between Cleveland and Akron. The Akron, Bedford & Cleve-

land inaugurated a charge of $1 for the round trip, or 60 cents

one way. Then the steam roads commenced the sale of excur-

sion tickets at the rate of 75 cents per round trip, good on their

high-speed trains, but the trolley business showed a constant

and steady increase. Undoubtedly a considerable part of the

electric traffic was due to the abominable location of all of the

steam railroad passenger stations in Cleveland. The total traf-

fic of both steam roads is now as great as it ever was, and the

Akron, Bedford & Cleveland division earnings are fourteen

times greater than the passenger earnings between these two

cities of the steam competing railroad companies.

After the construction of the Akron, Bedford & Cleveland

Railway we built the Cleveland, Painesville & Eastern, which

has earned its fixed charges each year since construction, but

hardly any surplus for the stock, as it was constructed at a

time when prices were very high, and a large amount of money

was expended in eliminating dangerous steam railroad cross-

ings. This line is one that serves a very desirable residence

district, and naturally requires very careful attention.

When operation is commenced on our lines an account is

started during the first month called "Injuries and Damages

Account," and each succeeding month a percentage of the gross

receipts is charged to this account. During ten years of ex-

perience we have found that from 2 per cent to 4 per cent is

amply sufficient for all claims of this kind, and that this plan

avoids great variations in the operating expense account.

Since the construction of the earlier roads we have developed

the Lorain & Cleveland, the Sandusky & Interurban, and have

purchased the Toledo, Fremont & Norwalk, all of which have

been consolidated into the present Lake Shore Electric Rail-

way, operating from Cleveland to Toledo. This latter road is

one of the longest through electric roads in this country, and

we are much gratified with the number of through passengers

carried on it. There is, of course, a very material difference in

the running time between the steam roads and the electrics,

but we find that a number of our patrons prefer the trolley be-

cause of the frequency of the cars, which enables them in

many cases to reach their destination more quickly than if they

waited for a steam train. The Lake Shore Electric track-mile

earnings were originally not as large as we expected, but since

we put in the connecting link from Lorain to Norwalk there

has been a decided increase.

We also built the electric line between Detroit and Toledo

complete except the power house, but we found it necessary

to dispose of this road before it was put in operation electrically.

It is now owned by the Grand Trunk Railway.

We have also been interested in the syndicates which built

the Southern Ohio, now called the Cincinnati, Dayton & To-

ledo ; the Aurora, Wheaton & Chicago, the Washington & An-

napolis, the New York & Long Island Traction Company, the

Springfield & Xenia Traction Company, the Scioto Valley Trac-

tion Company, the Richmond & Petersburg Traction Company,

and were associated in combining the properties in and about

Detroit, now comprising the Detroit United Railway.

The present hold up in the money market will probably prove

to be very beneficial to the ultimate success of all interurban

trolley properties, as their promotion in the past has often been

induced by real estate or other local interests in the territory

to be developed rather than on the direct return from the capi-

tal invested.
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We have found that a combination of an electric lighting

service with an electric railway system possesses a very decided

advantage to both interests, and believe that the future of sub-

urban trolley roads is an assured success. The recent acquisi-

tions in New York and Connecticut by steam railroads of com-

peting trolley systems will undoubtedly prove of great value to

the electric railway transportation interests, as it will undoubt-

edly give an important impetus to electrical construction.

-MM

—

THE DEVELOPMENT OF STREET RAILWAY ACCOUNTING

DURING THE PAST TWENTY YEAES

BY C. NESBITT DUFFY

FROM the time the "bob-tail"

car with its fare-box attach-

ment was supplanted by the

double-platform car equipped

with a fare register, through

the evolution of the con-

struction and operation of

cable, electric and interurban

roads, giving to the world

the modern transportation

methods now enjoyed, street

railway accounting has kept

pace with and abreast of

every improvement in the art, and played its part in the de-

velopment thereof.

In the transition from the use of animal to mechanical trac-

tion, many accounting problems presented themselves. In

solving these problems, the development of accounting work

and its importance and value was first accorded recognition

and appreciation. The record of the cost of the different

items that entered into the construction and equipment of

cable and electric roads, the work of keeping the de-

tails of construction so that any information desired in

connection therewith could be readily supplied, and the

presentation of results of operation under the new conditions,

taxed the skill and ingenuity of the accountant to the utmost.

Not only was it of vital importance to know and compare re-

sults with old conditions, but also as to specific conditions with

respect to the economy and efficiency of the use of different

types of apparatus, of which there were many, in the early days

of electric railways. It was these facts that enabled manage-

ments to decide as to whether or not roads should be converted

from animal to mechanical traction, and if converted, what

should be the character of the track and line construction,

power plant apparatus and car equipment.

In the development of street railway accounting during the

past twenty years, the "Standard System of Electric Railway

Accounting," covering classification of construction and equip-

ment accounts, classification of operating expense accounts,

and the "Standard Form of Report," including balance sheet

with classification of assets and liabilities, description of road

and equipment, together with mileage, traffic and miscellaneous

statistics, has been formulated and put in practice. This sys-

tem has become the standard, not only of the railways, but of

the National Association of Railroad Commissioners and the

United States Census Bureau.

Under the "Standard System" the items of cost representing

the investment of a street railway company's capital in road

and equipment, the items of income and expense in connection

with the operation of the property, the financial condition, and

the results of operation, are clearly and comprehensively

shown, establishing a fixed uniform basis that admits of

analysis and comparison, alike for the management, the in-

vestor and the public, where before there was no fixed uniform

basis, bringing about confusion, results that were not only un-

satisfactory, but misleading.

To fully appreciate the force of this statement it is only nec-

essary to examine the published reports of the street and inter-

urban railways in the leading financial manuals, such as

"American Street Railway Investments," "Poor's Manual of

Railroads" and other publications of similar character, the an-

nual reports of the State Boards of Railroad Commissioners,

who exercise supervision over the books and accounts of rail-

ways and use the standard system, or the published report of

the United States Census Bureau, of statistics gathered con-

cerning the street railways of the United States for the 1900

census, and compare that report with the report of the [890

census.

The importance and value of the accounting department of a

railway property is to-day recognized and appreciated; this is

one of the marked features of the development of the work

during the past twenty years. The result has been that

the operating and accounting departments of railways have

been brought in closer touch with each other, to the mutual

advantage and benefit of both departments, and the distinct

betterment of the railways.

The "bookkeeper" of the days of horse railways has given

way to the "accountant" of the present day, upon whom rests

the responsibility of not only "accounting" for the assets and

liabilities, the earnings and expenses, but of being able to give

the reasons therefor, and of upholding the principles involved

and the methods followed. An eminent philosopher has said

:

"The skill of keeping accounts is a business of reason more

than arithmetic." "Reason" must of necessity be the founda-

tion and enter into the application of accounting principles,

the analysis of accounts, the preparation and presentation of

statements, or in explanations of cause and effect in connection

with accounts.

The "accountant" of the present day must needs be thor-

oughly posted on the affairs of the company, have a general

knowledge of the operation of the railway in all its depart-

ments, closely study the special local conditions which are a

part of the operation of every road, so that the accounting

problems involved may be correctly solved and the conditions

of operation clearly and comprehensively set forth.

The development of street railway accounting work has

reached such a scope and extent that the grasp of the affairs

of the company, as well as the operation of the property, is at

all times within the hands of the accounting officer in charge,

and he is usually able to furnish any information that may be

required or desired promptly, or readily answer any question

which may be asked.

The sphere of usefulness and the value of accounting work

has greatly expanded under these conditions, resulting in

methods and systems that are practical and thorough in appli-

cation, as well as economical in operation. The advantages of

modern methods of commercial business and the introduction

of labor-saving devices have been made use of to a large extent.

Duplication of work and expenditure of labor that is unneces-

sary or that yields no returns is a thing of the past. Although

not a producer of "gross earnings," a properly organized and

efficient accounting department becomes an increaser of "net

earnings."

To the Street Railway Accountants' Association of America,
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especially to those who were instrumental in organizing the

association in the year 1897, who unsparingly and unselfishly

gave to the association, the calling it represents and the in-

terests it stands for, their time, energy, best thought and what-

ever ability they may have possessed, to the broad-minded and

liberal managers of the American Street Railway Association

for their support and encouragement, to the Association of

Railroad Commissioners for their hearty co-operation, and to

the representative street railway publications for their valued

assistance, all credit is due for what has been accomplished in

the development of street railway accounting during the past

twenty years.

THE NEW CRAFTSMAN

BY H. H. VREELAND

ASTONISHING as is the story of the physical growth of

the industry of which this periodical is the blue-book,

and marvelous as are the inventions it has provoked

and made useful, they are, to me, less interesting than the little

thin thread of human interest that is woven into the story of

the growth and transformation of the last twenty years. I

hope that, in a moment like this, devoted to the proclamation

of purely material achievements, this human interest may not

be lost sight of.

Even to those of us intimately associated with the daily

routine of street-passenger transportation during the last

twenty years, the results accomplished ( now that they are

massed for inspection) read like a romance. No other purely

American activity makes any such showing. I say "purely

American" advisedly, for one may in truth claim that in

this particular art we have shown the way; our devices and

methods are the standard for the world outside. We conceived

the idea and invented the means of making it safe, expeditious

and profitable. All the topics relating to how this was

done and how it grew are, 1 am informed, to be treated else-

where by others. They have arranged the data showing the

fabulous physical growth during the past twenty years. The

pleasant duty that has been assigned to me of writing a few

words in the strange eventful history of which this number of

the Journal is to be the record, will not. unfortunately, submit

to exact tabulation, since, unhappily, the subject has not as

yet received the attention devoted to "car mileage," "passen-

gers carried," "cost of maintenance," "kilowatt-hours," "possi-

ble speed" and all the rest of it.

My topic, as I have intimated, concerns a thin, fine skein

worked into this wonderful carpet of achievement; here quite

plain; there invisible, but always inextricably woven into the

beautiful pattern and, to my way of thinking, by no means the

least beautiful thread of them all. It relates to the class of

craftsmen which this wonderful physical creation called into

existence and developed by selection. We called to our aid a

great army of "miscellaneous labor" and have welded it into a

distinct craft, which compares favorably, in our great cities, in

intelligence, public spirit and utility, with its brothers, the Fire

and Police Departments. Like these two armies of public ser-

vants, our men perform (not occasionally as emergency de-

mands, but daily and hourly) a public service of far-reaching

consequence. The class for which I speak has become an

essential reliance of the citizens of every great center of popu-

lation in America, and on its sobriety and integrity daily de-

pend the lives of millions of people and the security of millions

of property. On its efficiency and promptness, without other

guarantee than the public faith in it, the orderly conduct of

the business of our great army of bread-winners is based. With

the same confidence that one turns on the bath faucet in the

morning or the gas key at night, men regulate their presence

here or there, at given hours, in implicit confidence that our

men are at their posts performing their appointed duty. This

highly disciplined army is larger to-day than the United States

army, numbering 133,000 men, and the vast majority of its

members are in a fixed employment, enabling them to marry

and raise families in decency and comfort. When one con-

templates the establishment of a class of workers as large as

this, secure in decent employment, it shows the beneficent work

of street railway development from a new angle. I wish it

could be matched by the sowers of discontent, whether it be

in printed appeal or whispered promises of impossible condi-

tions. The steadying of a self-supporting army of citizens like

the street railway employees of the United States is a civic

contribution to the life of the State that the managers of the

industry throughout America should be prouder of than all the

money they have amassed.

All this seems very significant to me, because I remember a

different state of affairs. When I was drafted from a steam

road and took charge of what was then the Metropolitan sys-

tem, I found that so far as the men were concerned it was a

system in name alone. Unification had gone on in all other re-

spects than this. Here was chaos. The employees were an

unorganized rabble, without status or pride, or the security

which makes for both, recruited at haphazard, depending for

their employment on political influence or the whimsical power

of petty superiors deficient in moral sense or any regard for

justice and right.

The demoralization consequent on this condition of affairs

can be imagined and some idea had of the morale. When
the idea was fixed fast that the abolition of this sys-

tem was no temporary shift the results were marvelous.

To abolish the system was the act of an hour. To

drive home and fix in the consciences of the men that it was a

permanent reform has been from that day to this a daily duty,

because all those active elements that make for cynicism and

doubt in the minds of working men require a daily antidote.

The means to create a class feeling and pride did not then

exist, and it was necessary to invent them. To supply this

want my men, numbering then some 4000 and odd, formed an

association, for the purpose of social intercourse and mutual

aid. That little mustard seed has grown into a towering tree,

and year by year has spread its branches far, until now under

its shade not only the opportunity of social intercourse but life

insurance and old-age pensions have come to rest. The suc-

cess of these men in this little social and economic effort has

had the effect of stimulating similar efforts among their widely

scattered brothers, and while it is true that imitation has not

kept pace with the slowly realized benefits, the work is still

on the way, and it is my hope, which must be shared by every

one who has had the good of his fellow-workers at heart, that

it will go on spreading and growing until the example fur-

nished by the street railway employees of New York City is

copied everywhere.

In the brief space allotted to generalizations of this kind, it

is, of course, impossible to give in detail all the results of a

work of this kind, but no opportunity should be lost of bringing

home to the minds of those who have our great street railway

properties in charge, the realization that the reflex influences

on their property of such efforts are in some respects often

srreater in their beneficence than those secured to the men
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themselves. Without loyalty and pride of class there can be no

true co-operation, and to my mind co-operation can only be

secured by enlightened insistence that anything that benefits

a property and elevates it in the public mind also contributes

to the dignity and distinction of the labor it employs. As show-

ing the recent steadying influence of class pride among the men

I am most familiar with, it can be stated that as the personnel

quadrupled in numbers, dismissals diminished even more rap-

idly. It is a fact that to-day, with 15,000 employees, the dis-

missals for breaches of rule and incompetence are actually less

in number than they were when New York City roads em-

ployed a little over 2000 men. They have gone down from as

high as 300 a month to, in one instance, less than 30.

I plead this individual instance in proof of the fact that

when the employment is elevated and the conditions of labor

dignified and made secure, it attracts from the community

at large a class of honest wage-earners who are in times of

stress a reliance to be depended on. The New York men since

they have beer)*together have collected over $200,000 ; they have

paid but in sick benefits $90,000 ; they have paid death claims

of $43,000. They have invested $27,000 of their surplus money

in the bonds of the property which they operate, and all this

they have accomplished without the demoralizing patronage

of their employer.

As I look back over the past twenty years, fully cognizant

of the great physical change they record, I am still unconvinced

that in that alone is there cause for pride. The growing neces-

sities of the great public duty we have to perform have brought

into being a new class of workingmen, yearly becoming more

distinguished. When one stops to think of the demands made

to-day on the intelligence and physical alertness of the motor-

man or conductor of a public vehicle, having under his control

a force and the mechanism for its manipulation unknown

twenty years ago, amazement over the physical development

is replaced by wonder at the sudden development of this new

and efficient guild of craftsmen.

DEVELOPMENT OF RAILWAY MOTOR DESIGN

BY S. T. DODD

WITHIN the limits of

such an article as this

it would be impossible

to sketch, historically,

the rise and the charac-

teristics of the many

types of railway mo-

tors which have ap-

peared on the market

in the last twenty

years; therefore, the

writer does not propose

to do more than to

comment on the various features which characterize the rail-

way motor of to-day, and to trace, as far as possible, their first

use and the necessities which developed them. The course of

this development divides itself, naturally, into two main

periods. The first period, prior to 1895, during which the

rough mechanical characteristics of the modern railway mo-

tor were worked out. The changes in design during this

period are bold, prominent and easily identified. The series

winding, spur gearing, the carbon brush, the multi-

polar field, the iron-clad armature, were developed in

this period, and were developments which demanded the

taste and skill of the mechanical engineer rather than the

application of electrical formula or refinements of mathematical

calculation. The second period, covering the last ten years,

introduces many men of specialized training, whose education

in university and shop had taken place during the early devel-

opment of the electrical industry. The changes in this period

are, if anything, more interesting than those in the former, but

consist rather in refinements of design and economy of space,

material and labor, in the introduction of devices for getting

greater output from the same size of motor, and in a more in-

timate study of the problems related to the calculation and pre-

determination of service characteristics.

It must be borne in mind that the early attempts at the ap-

plication of electricity to the transportation problem were Tjased

FIG. 1.-BRUSH RAILWAY MOTOK-18S4-S6

on the application of existing stationary motors and dynamos

to railway service, and while the work of Edison, Field, Daft

and Van Depoele were of value in the development of the prob-

lem, the writer has always considered that the work of Bentley

& Knight, in Cleveland, Ohio, in 1884, introduced one of the

first permanent characteristics of the modern railway motor,

in the series connection of armature and field, which gives the

drooping characteristic, demanded by railway work.

On July 26, 1884, Bentley & Knight put into operation their

first electric car on Central Avenue, Cleveland, Ohio. The

motor was suspended under the car and was a Brush No. 6

machine, with armature and field connected in series, similar

to that shown in Fig. 1, with the exception that the first con-

nection to the car axles was by coiled steel-wired belts instead

of by gearing. The generator was a Brush No. 7 machine, of

the open-coil armature type, about 500 volts and 20 amps., full-

load capacity. The troubles developed during the next year in

gearing, conduit and generator and motor, caused them to make

a decided change in most of the characteristics of their nexi

installation, but it is to be noted that the motor suspension

under the car and the series connection were features which

were never abandoned, and must be considered permanent from

this time.

To appreciate the conditions of the art at that time, we would

note that Field and Edison, in 1883, were operating a locomo-

tive with a shunt-wound motor, geared by bevel gearing and

belting, and taking current from an exposed third rail at 75

volts. Leo Daft, upon his locomotive "Morse," in 1885, on the

Baltimore Union Passenger Railway Company, was using a

compound-wound 8-hp motor at 125 volts, with exposed third

rail for conductor. Frank J. Sprague, in 1885, was experi-

menting with electric traction on the elevated railways in New
York, and we would note again that he was using a shunt-

wound motor, with a compound coil at right angles to the field
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for neutralizing the armature reaction. Two permanent fea-

tures, however, were introduced by Mr. Sprague in these ex-

periments in 18S5. One was the flexible suspension of the

motor, carrying the weight of the motor directly upon the axle

on one side and spring suspended to the truck frame on the

FIG. 2.—SPRAGUE SHUNT-WOUND ELEVATED RAILWAY
MOTOR—1885-86

other. The other permanent feature was the introduction of

spur gearing. As a matter of fact, the single-reduction spur

gear used in these experiments, as well as upon the later

Sprague No. 5, or Richmond motor, in 1888, was premature,

and had later to be replaced by double-reduction gearing.

To Sidney H. Short should probably be given the credit of

seeing that for motors of the speed common at that day, double-

reduction spur gearing should be used. The motor shown in

Fig. 1 is a motor built by the Brush Electric Company in 1886

for Mr. Short's Denver road, and was in service at least as

early as March, 1887.

In 1888 both the Sprague Company on the Richmond road,

and the Bentley-Knight Company on the Observatory Hill

road, at Allegheny, are operating motors built especially for

railway work rather than adopting stationary motors for this

service. While there are certain differences in the design of

the motors and the methods of control, both companies agree

upon the adoption of the characteristics whose origin we have

sketched above. Both types of motors are series connected,

hinged on the axle and drive by double-reduction gearing.

That the design of the motors or the predetermination of motor

FIG. 3.—WESTINGHOUSE DOUBLE REDUCTION MOTOR—1890

characteristics had not reached a very advanced stage, may be

inferred from the fact that the first Richmond motors de-

signed for single-reduction gearing were finally made success-

ful by changing them to double-reduction gearing, a change

which shows that as originally designed the motors had about

half the capacity necessary for the service.

The following extract from the New York "World" of Feb-

ruary, 1889, shows that it was realized at that time that several

very important changes must be made in motor design before

the railway motor could be commercially successful. The

author says

:

"The criticisms of Mr. Lawless (engineer of the Kansas City

System of Cable Roads), that on his visit to in September,

twenty-eight cars out of forty were disabled, and the cars running

on a headway of from fifteen to ninety minutes apart, and of Mr.

Hendree (an officer of the Detroit City Street Railway System)

that eighteen mechanics were at work on repairs of a road having

only forty cars, shows what happens when a stationary motor is

forced to do the work required by a street railway. The "Plain

Dealer," of Dec. 31, concerning the system at Cleveland, Ohio, is far

from complimentary, that a road operating on a test, five or six cars

should burn out $1,500 worth of field magnets in a week, speaks for

itself."

One of the most serious sources of the troubles, referred to

above, lay in the commutation. It can easily be realized that

the use of a metallic brush on a motor subject to the overloads

FIG. 4.—MAILLOUX MOTOR—1889

of railway service, as well as to reversal in direction of rota-

tion, was a most prolific source of trouble. It is questionable

whether the railway motor would ever have been made a com-

mercial success if this had not been eliminated. In October,

1888, Mr. Van Depoele proposed to use a carbon brush upon a

Thomson-Houston railway motor. By December of that year

several Thomson-Houston railways were experimenting with

carbon brushes instead of copper, and reporting very successful

results. By March, 1889, we find it stated that the carbon brush

was in general use on all railways using the T.-H. system, and

by this substitution a vital and serious difficulty was removed.

Another striking advance in design was introduced in 1890,

in the Westinghouse double-reduction motor. This motor had

a very poor magnetic circuit, and the electrical features pos-

sibly accounted for the fact that it never attained any very

marked commercial importance. The mechanical features,

however, deserve some consideration ; it had an external frame,

protecting the working parts ; the gears were protected by neat

and convenient gear cases ; the pole pieces were hinged to the

frame and gave accessibility to the armature, a construction

which was in marked contrast to the Sprague and Bentley-

Knight motors, or to their successors, the Edison and Thom-

son-Houston motors.

The high speed of all these double-reduction motors pre-

sented a serious source of trouble. E. M. Bentley has said

that one of the reasons which prevented him from employing

spur gearing in 1884 was that he could find no precedent for

spur gearing at speeds of 1500 r. p. m., which were ordinary

motor speeds from 1884 to 1889. Although by the latter date
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spur gearing had been generally adopted, the mechanical

difficulties encountered in the high-speed gear and pinion had

not been overcome, so that the next logical step lay in the de-

velopment of a slow-speed motor which would eliminate one

set of gears. The first example of this type of railway motor

was designed by C. O. Mailloux for a storage-battery road in

Washington, D. C, in 1889. Several permanent characteristics

were contributed to the art by this motor. It had a four-pole

field, thus having twice the ordinary number of poles. The

armature was built of slotted laminations, with the windings

placed in the slots. The commutator was cross connected, so

that a single pair of brushes would serve for a multipolar mo-

tor, a characteristic which was still further modified in a sub-

sequent motor of the same type built in 1890 by the introduction

of the series winding of the armature. It is unnecessary to

comment on these improvements, further than to point out that

each of these characteristics contributed to the reduction of the

motor speed, and every manufacturing concern started at once

FIG. 5.—WESTINGHOUSE NO. 3 MOTOR—1S91

on the development of a line of single-reduction motors, adopt-

ing one or all of these features.

In 1891 the Westinghouse No. 3 motor appeared on the

market. This was the first permanently successful railway

motor, and was so rather because it embodied the successful

features of previous types than because it introduced new fea-

tures. Two features are, however, worthy of remark. One of

these is that the hinged field of the double-reduction motor,

Fig. 3, has been made multipolar, following the design of the

Mailloux motor, and has been extended to embrace and protect

the working parts ; the other is that this motor introduces the

first form of machine-wound armature coils. The coils, how-

ever, were of different sizes and were not symmetrically laid

around the armature as has since become a common practice.

In 1891, almost simultaneously with the appearance of the

single-reduction motor, the design of slow-speed motors was

pushed to an extreme in the gearless type. Recent develop-

ments have made this motor a step in the history of the art,

although at the time it was premature and did not mark an

advance. The objections to which the motor was subject at

that period were its extreme weight, due to the slow speed of

equipments, its lack of flexibility, the inaccessibility of its parts

for inspection or repair, and the impossibility of changing its

speed for various conditions of service. None of these objec-

tions could be considered vital in a locomotive shop with ample

facilities for removing wheels and handling heavy machinery.

They were, however, very serious objections for street railway

service with the repair facilities which we had in car houses

FIG. 6.—SHORT GEARLESS MOTOR—1891

in 1891 and 1892. But the developments of the last year or so

—the P.erlin-Zossen experiments and the still more recent New
York Central locomotive—demonstrate that there is still a field

in the future for the gearless motor.

Steel castings for motor frames were introduced in 1891 on

the T-H. W. P. motor.

The GE 800 motor of 1893 presents some interesting fea-

tures; the frame, made of steel casting, entirely enclosed the

working parts of the motor. Gaskets under the covers and sealed

joints protected the motor to such an extent that it was hoped

it would be absolutely waterproof. This feature, however,

never was a marked success, as the lack of ventilation and

drainage was the source of troubles which soon caused a re-

action from this type of motor toward a more open type and

one more capable of long-time service. Another feature which

was introduced in the motor was the Eickemeyer coil, all the

FIG. 7.—GE 2000A MOTOR—1S99

armature coils being symmetrical and interchangeable around

the circumference of the armature.

The name GE 800 was based on the fact that at its normal

horse-power the motor would develop a draw-bar pull of 800

lbs. when running at 10 miles an hour, and marks the first at-

tempt to establish an accurate commercial rating for railway

motors, a subject which had been more or less indefinite up to

this time.

In 1894 the GE 2000 introduced a still further improvement

in symmetrical armature windings; the coils of this motor were
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made of solid strap copper, one turn per bar, carried straight

out on the back end of the motor and the corresponding coils

soldered together with clips, thus making a "barrel" winding

with an approximately flat diamond shaped coil. Directly after

this the Westinghouse 12-A and Walker motors appeared with

coils of this diamond shape, wound of several turns of con-

tinuous wire, a characteristic which has been standard for rail-

way motors since that time.

Thus by 1895 the chief mechanical characteristics of the

railway motor had been settled, and, as said above, the

developments of the ten years since that time have been

in the direction of refinements of design and economy of

material and cost of manufacture. One of the best illustrations

of this is to be found in the Lorain-34 of 1897, a motor in which

by careful designing the weight was reduced to less than 80 per

cent of that of any of its contemporaries of equal output, while

its rugged construction and excellent electrical design made a

large demand for it for certain classes of service.

Since 1896 it has been realized that the all-day service ca-

pacity of motors was a matter that demanded serious consid-

eration
; to this is due tbe increased size of armature bearings,

as well as improved methods of lubrication. As an illustration

arate air compressors for forced ventilation of the motors. All

these instances illustrate the fact that one of the recent ten-

dencies is toward a reduction to a minimum of magnetic and

electrical material and an increased ventilation of these work-

ing parts to maintain a normal temperature.

One of the most interesting developments of recent years

has been the effect on motor design of the study of service char-

acteristics. The speed and power variations developed in op-

erating electric motors in service could never be clearly under-

stood till a study was made of the speed and power curves in-

volved in such operation. As far as the writer is aware, the

first published use of speed-time curves illustrating the

operation of electric railway motors was made by himself

in an article in the Street Railway Journal of September,

1897, during a discussion of the variations of power and speed

FIG. 8.—GE 55 MOTOR—1S97 FIG. 9.—GE 74 RAILWAY MOTOR—1903

of this tendency the GE 55, in 1897, introduced armature

bearings extending in under the armature windings and com-

mutator, and carried in solid unsplit housings, packed with

waste, and lubricated with oil.

Another point that has demanded attention is the accessibil-

ity of motor parts and their convenience for repairs. An in-

stance of this has been referred to in the Westinghouse motor

of 1890, and still more recently the GE 74 of 1903 affords a

good illustration. The new features incorporated in this mo-

tor were introduced according to the specifications of the cus-

tomer, especially with the point in view of making the motor

accessible for inspection and convenient for replacal of re-

pair parts.

In 1896 the Westinghouse No. 38 motor introduced laminated

pole pieces to reduce the eddy current losses in the pole face.

In the next year, 1897, the GE 52 motor introduced the ven-

tilated armature, decreasing thereby the amount of iron in the

armature and increasing the core loss per unit of iron, but

increasing in a greater proportion the ventilation and the

radiating surface of this core so as to reduce the temperature

of the armature. Still more recently the "SKC" line of mo-

tors show a further development in this direction by opening

ventilating ducts in the field laminations to correspond with

those in the armature, and thus further increasing the circula-

tion of air through the armature. The cars of the Berlin-

Zossen experiments in 1902 and 1903 were equipped with sep-

produced in accelerating a car. Since 1897 ^ e application of

such curves has been developed by several prominent engineers,

and they are now a recognized instrument in the discussion of

motor problems.

Another discussion of recent years has been the controversy

over railway motor rating, and the attempt to arrive at a basis

of rating which would be valuable as a comparison of different

motors, and, at the same time, a statement of the service char-

acteristics. The rating of the GE 800 type of motors has

already been mentioned. This rating was unsatisfactory, for

the reason that it was based upon the characteristics of the

motor at a certain predetermined speed, which, in any par-

ticular case, was generally fictitious. It amounted, therefore,

to a horse-power rating upon an indefinite basis. This has

given place to an arbitrary numbering of motor types and to a

definite commercial rating, which was first proposed by

W. B. Potter and commercially introduced with the

GE 50 of 1895. On this basis the motor is rated upon the

horse-power which it will develop for one hour, with a rise

of temperature of 75 degs. C., as measured by thermometer.

With this rating we have here an accurate definition of motor

rating, and one upon which different types of motors can be

compared with each other ; the rating, however, is unsatisfac-

tory, as it practically only defines the short-time commutation

limit of the motor and does not define its characteristics for

long-time service. This fact was pointed out in an article by
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N. W. Storer in the Street Railway Journal, January, 1901,

in which he claimed that on account of the operation of railway

motors on reduced voltage in starting, the average voltage in

service was 60 per cent to 80 per cent of the full line voltage.

As a consequence, he advocated the rating of motors on their

all-day capacity at 300 volts for city service and 400 volts for

interurban service. The matter, however, goes deeper than

this, as has been pointed out by A. H. Armstrong in a series

of valuable articles, the first of which appeared in the Street

Railway Journal, April 6, 1901. The heating of railway

motors in service depends upon a multiplicity of data, includ-

ing the weight to be moved per motor, the number of stops per

mile, the acceleration, coasting, braking and schedule speed,

and the capacity of the motor can be determined for any par-

ticular service from a series of curves which can be derived

from tests of each type of motor. Of two motors of the same

horse-power rating one may have a greater capacity for one

type of service and the other for another. The influence of

this discussion can be seen in the design of the motors of the

last few years. To-day a railway motor is designed with a

proportion of core loss and copper loss, and with commutating

limits which will fit it for the particular service expected of it.

The details of these features of design are too technical to fol-

low in an article of this character, but the discussion of rail-

way-motor rating is not yet ended, and we are still in need of

a brief and accurate method of rating of motors which will

express the characteristics of a motor and at the same time

indicate its capacity for railway service.

I have tried to summarize the course of investigations upon

the railway motor. The problem that was faced twenty years

ago was one concerning which we were ignorant of the me-

chanical requirements and of the theoretical method of attack;

in fact, to a great degree, the problem itself did not exist at

that time, as the necessity for handling electric railway traffic

as we know it to-day is a necessity which has developed itself

as we have showed our ability to meet it. To-day the d. c.

railway motor has twenty years of history and experimentation

behind it, but the a. c. motor and the electri: locomotive are

presenting new phases of the transportation problem upon

which we are just entering. The writer does not believe that

either of these will in any reasonable time displace the d. c.

motor from the particular field it has developed for itself, but

that rather they will in their turn develop their own peculiar

traffic conditions and demands, but we are sure their develop-

ment will be more speedy because the general conditions of the

problem are known and the methods of investigation have al-

ready been outlined, while the work of their investigators will

be more accurate because of the failures as well as the successes

of the last twenty years.

"And we face that last and greatest discovery of the century,

the application of which bears more directly upon our imme-

diate interests than any other, namely, electricity as a motive

power. So long as purely brute strength and endurance enter

so largely as a factor in our enterprise, there must ever be per-

plexing and annoying obstacles that the ingenuity of man will

be taxed to overcome. Any invention looking toward the aboli-

tion of these, thus simplifying our methods of locomotion, will

be eagerly welcomed and thoroughly discussed in our delib-

erative councils. I see in the recent subjugation of the subtile

and hitherto illusive force of electricity to the needs of man,

boundless possibilities for the world's three greatest requisites

lor advancement beat, lighl and motion." From Chicago

Meeting, 1883.

THE EVOLUTION OF THE MODERN POWER STATION

BY J. G. WHITE

YOUR twentieth anniver-

sary number has some spe-

cial personal interest, be-

cause of the fact that it is

just twenty years since I

first came into contact with

electrical machinery out-

side a laboratory. This

was at the Electrical Ex-

hibition in Philadelphia in

1884, after which I had

still a year to spend at Cor-

nell. There is perhaps no

more forceful way of illustrating "The Evolution of the Mod-

ern Power Station" than to recall to mind two or three of the

exhibits which attracted special attention at that exhibition.

One of these was the Thomson-Houston ball-armature arc

light machine, which was then entirely new to many of the

best informed men of the country, like Prof. William A. An-

thony. The construction of the machine, the regulator and

other details elicited much comment and discussion. Although

Brush and other arc lamps were exhibited, the new Thomson-

Houston light was much admired. If I remember correctly,

only small sized Thomson-Houston Company dynamos were

exhibited, and until then the Thomson-PIouston Company was

almost unknown commercially. It seems truly remarkable that

the entire growth of the Thomson-Houston Company, its in-

cursion into the fields of incandescent lighting, street railway

equipment and other sections of the electrical field, its amalga-

mation with the Edison interests into the General Electric

Company, and the many years of successful development of

the General Electric Company, can all have taken place within

the brief period of twenty years.

Another exhibit which attracted considerable attention was

that of the Westing-house Company, this being the first im-

portant exhibit of that company as well. As far as I can recall,

the exhibit consisted principally of some Westinghouse single-

acting engines, and of some direct-current generators, these

being of the two-pole double-magnet type, very similar to the

then well-known Weston generators. The Westinghouse gen-

erators, however, were intended to lie of cheaper construction,

cast iron being used to a considerably greater extent. It was a

year or two later that Mr. Westinghouse went boldly into the

alternating field, and energetically pushed the development and

use of alternating apparatus. It naturally follows that the en-

tire development of the great business of the Westinghouse

Electric & Manufacturing Company has taken place within

this same twenty years.

There were, of course, other important exhibits, notably

those of the Edison Company, the United States Electric Light-

ing Company and others.

In these days of 3-amp. and 5-amp. arc lights, it seems

strange to think that in this same exhibition the majority of

the arc lamps were of the "short-arc" type, consuming about

20 amps., and that there is almost no arc light apparatus in

use to-day which was shown at that time. The only exceptions

are the then new Thomson-Houston and the Brush 9.6-amp.

arc lamps, which are still in use in many places where an en

closed are or alternating are system has not been adopted.

As to the power station itself, a 50-kw dynamo was, twenty
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years ago, considered quite large. The usual rating of dynamos
at that time was not in kilowatts capacity, but in capacity of

16-cp incandescent lamps, and a dynamo with a capacity of

1000 lamps, which we would now rate at about 25 kw, was con-

sidered an important piece of machinery.

Three years later, in the autumn of 1887, the writer and asso-

ciates were interested in the installation of what then seemed

to us quite a large and important electric lighting station at

Lincoln, Neb. This consisted of one 750-light and one 1500-

light Westinghouse alternating machine, running at about 1650

r. p. m., and direct belted to two New York Safety engines.

During the five years, 1884 to 1889, the usual power station

installation consisted of two or more engines of the high-speed

type, frequently of different manufacture, driving directly, by

single belts, dynamos of various types, these including at times

arc light machines, alternators and direct-current generators of

small sizes. The most prominent of all the engines of those

days was the Armington & Sims high-speed single-cylinder,

from 50 hp to 100 hp each, engines of the same type and of

150 hp being unusual. Other prominent engines of the same

period were the Ball, the Ide, New York Safety and the West-

inghouse single cylinder. At a little later period, compound

engines of the same general types and of the same manufacture

came into vogue, and other manufacturers came prominently

forward, among these being Mcintosh & Seymour, the Harris-

burg Machine Works and Ball & Wood.

In 1887 electric railways, which had been previously con-

fined to a few small roads, largely of experimental type, and

operating at most only a few cars, received a great commercial

impetus by the equipment of the street railway of Richmond

by the Sprague Electric Railway & Motor Company. This con-

tract, which included an equipment of forty cars, was perhaps

the most notable event in the electric field during the six years

—1884 to 1890—and has been followed by the enormous devel-

opment in electric railways so well known to all.

As electric current came into more general use for electric

railway, power and lighting purposes, stations gradually in-

creased in size, and to secure greater economy a number of

engineers began to use Corliss engines of sizes from 100 hp

to 300 hp each. In order to drive satisfactorily the small high-

speed dynamos then in vogue, it was usual to belt from the

engine to the dynamo through countershafting, although the

latter was obviated in some cases by using "idlers" to force

the belts closer together near the dynamo pulley, thus giving

contact with a larger surface of the dynamo pulley and a better

"grip-"

At a little later period there were also a number of installa-

tions where larger Corliss engines were used, each operating

a number of the small high-speed dynamos then still prevalent.

These machines were driven from a long countershaft on which

were mounted friction-clutch pulleys, one for each of the gen-

erators, so that any generator could be started or stopped with-

out interfering with the others or the main driving engine.

The most prominent of these installations was the original

West End Station at Boston.

In the period of 1887 to 1890, when the electric railway was

developing rapidly, we considered 80-kw generators as being

the largest which it was advisable to use. Although the

Sprague Company at that time sold some generators of 150-kw

capacity, its 80-kw machine was considered by most of the

sales agents a better machine, and, consequently, the one to be

recommended to customers.

In the summer of 1889 I secured my first big order for elec-

tric railway apparatus, selling to the Omaha Street Railway,

Omaha, Neb., twenty Sprague car equipments and two 80-kw
generators. That these two dynamos were considered an im-

portant sale illustrates the development of the power station

during the last seventeen years.

During the early nineties, the four, or more, pole dynamo
came gradually into use, and for a time many of the power
houses installed Corliss engines directly belted to multipolar

direct-current dynamos of from 100 kw to 300 kw each, al-

though during this same period many high-speed engines were

still used direct belted to generators.

With the improvement in design of generators and the re-

duction in their speed, came the period of direct driving, and,

when after a time we were able to secure dynamos run-

ning at not more than 150 r. p. m., it seemed that great progress

had been made. Then came the period covering a number of

years of direct-connected units, of speeds from 150 r. p. m. to

300 r. p. m. for small units, and 70 r. p. m. to 150 r. p. m. for the

larger units, the latter gradually increasing up to 1500 kw,

which only a few years ago seemed a tremendous sized unit.

The next stage of progress was the building of the larger ver-

tical Corliss engines, which gradually increased to such units

as are now employed by the Manhattan, the Interborough and

Edison companies in New York, of about 5000 kw each.

As we all know, while there has been some improvement in

gas engines during the last few years, the great development

has been that of the turbine unit, and to-day the point§ which

interest us most are the merits of the turbine unit as compared

to the direct-connected Corliss, or other high-grade engines.

Data are not yet available to show conclusively what may be

expected in the way of steam economy from the large turbine

units. As much as five years ago I knew of a splendidly fin-

ished Swiss (Sulzer) engine of 1500 hp, triple expansion, con-

densing, sold for driving a cotton mill in Russia, which the

purchaser told me was guaranteed to show economy at full

load of gY2 lbs. of dry steam per ihp-hour. This engine cost

what seemed an enormous sum—about $250,000, or about $50

per hp, against from $15 to $25 ordinarily assumed as the cost

of a Corliss engine, and reported costs of complete engine and

generator, turbo units, of $25 to $30 per kw capacity. 1

Results have been published 2 of a test of a 4000-hp Brown-

Boveri-Parsons turbo-generator at Frankfurt-a-M, which, with

a load of 2518 kw, and a vacuum of 91.8 per cent, showed a

steam consumption of 15.75 ms - Per kw-hour, and with a load

of 2985 kw, steam pressure 152 lbs., superheat 312 clegs, and

vacuum 90 per cent, a steam consumption of 15. 1 lbs. per kw-

hour. While this steam consumption is about 10 per cent

higher than that guaranteed for the Sulzer engine above men-

tioned (which was equivalent to about 13^ lbs. steam per kw-

hour), yet the fact that the complete engine and generator can

be purchased at about one-third the cost per ihp of the Sulzer

engine alone, is of itself a sufficient reason for the installation

of the turbo unit under ordinary conditions, besides which the

latter has many other advantages. Any Corliss engine, which

costs no more than the combined turbo-generator unit, could

scarcely be expected to show any better economy than the test

just above mntioned.

A. M. Mattice, in an article on "Efficiency Test of 1250-kw

Steam Turbine for the Interborough Rapid Transit Company,

of New York," 3 states that the turbine had an efficiency with

150 lbs. steam pressure, 28-in. vacuum, and steam superheat

1 See discussion on Mr. Emmet's paper, at the Saratoga meeting of the

American Street Railway Association, Street Railway Journal, Sept. 12,

1903.

2 "The Electrical Review" (New York), Jan. 23, 1904, page 158.

3 See "Electrical World and Engineer," Feb. 20, 1904, page 356.
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75 degs. F., of 13.2 lbs. per ehp-hour at full load, and 139 lbs.

at three-quarter load, and 15.4 lbs. of half load. He also re-

ports a regulation test showing only 2 per cent increase in

speed by suddenly throwing off a load of 1309 kw, and a de-

crease in speed of only 2.2 per cent by suddenly throwing on a

load of 1340 kw. These economies are about what might be

expected under good conditions from a good compound con-

densing Corliss, or other high-grade unit.

J. A. Seymour, in an article entitled "The Economy of Re-

ciprocating Engines at Light Loads, as Compared With That

of Steam Turbines," 4 shows that tests conducted on three Mc-

intosh and Seymour engines, direct-driving 1600-kw genera-

tors, gave economies for all loads somewhat better than those

reported by Mr. Mattice for the 1250-kw turbo units. This

also shown by the diagram, Fig. 1, which was given with

Mr. Seymour's article.

Emile Guarini, in an article entitled "Steam Turbines in

Europe," 5 reports the efficiency tests made on two turbo-gen-

.3 .4 .5 .0 .7 .8

Load in Terms of Hatud Electrical Load.

FIG. l.-CURVES OF STEAM CONSUMPTION

erators at Elberfeld. These were of 1000 kw each, and a speed

of 1500 r. p. m. The actual steam consumption with only 14

degs. (probably Centigrade) superheat was as follows:

Load in Kw

1,250
I.OOO

750
500

Actual Consumption
14 deg. ^uperhaat
Kg per Kw-hour

8.63
9.I9

9-99
11. 41

Actual Consumpiion
14 deg Superheat
Lbs. per Kw-hour

!9-°3
20.26

22.02

25.16

"The Electrical World and Engineer," New York (June 18,

1904, page 1 162), contains an article entitled "A Recent Brake

Test of 400-kw Westinghouse-Parsons Steam Turbine." This

test was carried out by Dean & Main, of Boston, and shows

steam consumption with 100 degs. F. superheat, in pounds of

steam per B. H. P., as follows

:

77 per cent Load

12.86

41 per cent Load

14.62

POUNDS OF STEAM PER B. II. P.

31 per cent Overload Full Load

[2.07 I2.4t

The above-mentioned tests for both 1000-kw and 400-kw sets

compare favorably with what might be expected from good

Corliss, or other high type engines of the same capacity.

Mr. Seymour's article seems to prove that, under some cir-

cumstances, the economy of the steam turbine at light loads

may be less than that of the reciprocating engine; yet, under

ordinary conditions, the general impression that the turbine

unit will show better economy at light loads, seems justified.

* See "Electrical World and Engineer," April 2, 1904, page 651.

6 See "Power," December, 1903, page 676,

The governing mechanism employed on turbines, by which

steam is admitted in puffs as frequently as may be required to

maintain speed, permits of the steam going into the turbine at

practically full boiler pressure, and without being wire drawn

at the throttle valve. The arrangement of the best design of

turbines is now such that the steam may expand in such way

as to very closely follow an adiabatic curve. In addition to the

above, there is no alternate heating and cooling of cylinders,

no loss of energy due to stopping and starting of reciprocating

parts, and much less friction, due to lighter weight and lack of

reciprocating parts.

Considering all the above, it is fair to assume that, when the

design of the turbine has been worked out to such high per-

fection as is shown in the reciprocating engines mentioned in

the article of Mr. Seymour, the turbine economy is likely to

surpass that of the reciprocating engine for all loads, but more

especially for light loads.

The commercial development of the turbine has been re-

markable. The first Westinghouse-Parsons turbine was put

into commercial use in the last six months of 1899. The first

Curtis turbine, according to Mr. Emmet, of 600-kw capacity

and horizontal type, was put into operation the latter part of

1 901. The second Curtis turbine, 500 kw and the first of the

vertical type, was put into regular operation at Newport about

June, 1903, and the second vertical Curtis turbine, 5000 kw,

was put into operation in Chicago about Oct. 1, 1903. In the

short time since these first machines were started, many thou-

sands of horse-power of both Westinghouse-Parsons and Cur-

tis turbines have been put into operation. The General Elec-

tric Company has now on order several hundred thousand

horse-power of Curtis turbines, many of them being 5000-kw

units, and the Westinghouse interests are building 5500-kw

turbine units for the proposed large stations of the Pennsyl-

vania Railroad of New York, eight units of the same size for

the London Underground Railways, and have on order many

other large turbine units.

The largest turbine unit ordered to date, so far as noted by

the writer, is one being built for the Electricity Company at

Essen, Germany, by Brown, Boveri & Company, of about 10,000

hp, which is to drive an alternator of 5000-kw capacity and a

continuous current generator of 600 volts, 1500-kw capacity.

The total height of this unit will be 9U ft., and the total length

55 ft., the length of the turbine itself being about 22 ft. The

manufacturers guarantee a consumption of less than 7 kg of

steam per kw-hour, or about 9 lbs. per ihp-hour.

The rapid adoption of the turbine unit has been largely fa-

cilitated by the rapid growth in size of central stations, and the

tendency to use alternating current for general distribution,

installing sub-stations wherever direct current is required,

even at the central station itself. With improved alternating-

motors, adapted to traction as well as other purposes, there

will perhaps be a tendency to restrict the installation of sub-

stations, but this will in no way interfere with the continued

and increasing use of the turbo-alternating units. On the other

hand, the development of steam turbines has helped to make

more general the use of alternating generators, because of the

difficulty of constructing armatures, and particularly commuta-

tors, with large capacity adapted to the high speeds of the

turbines.

During the last few years the development of the gas engine

for power house uses has been much discussed, and in design

and operation has been greatly improved. Where gas can be

had at less than 20 cents per tooo cu. ft., the actual fuel cost

for gas engines would be probably less than steam engines of
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either turbine or reciprocating types. The gas engine, how-

ever, has, as compared to turbo-generators, numerous disadvan-

tages, the most important perhaps of which are

:

( 1
) Very much higher first cost.

(2) A multiplicity of reciprocating parts, with many wear-

ing surfaces, requiring constant attention and increased repair

accounts.

(3) Complicated valve gear likely to become clogged with

residuum from the gas consumption, requiring constant care

and watchfulness.

(4) Increased space required, much more expensive founda-

tions, etc.

The mere fact that the turbo-generator units have come so

rapidly into use, and that so many thousand horse-power are

now on order, is of itself practically conclusive proof that the

turbine-generator unit has inherent advantages. Abraham

Lincoln's oft-quoted remark that "You cannot fool all of the

(5) Smaller space occupied, necessiating less investment in

land, as well as in building.

(6) Cheaper and simpler foundations required.

(7) Easier lubrication.

(8) The simple compact construction makes all parts easily

accessible, and the absence of reciprocating parts considerably

reduces frictional losses, wear, danger of hot wearing surfaces,

and the attendance required.

(9) Reduction in repair accounts. This may not apply at

present, but is sure to follow as the natural consequence from

the simple construction after standard types of turbines have

been developed and the "bugs" eliminated.

(10) Lack of oil in condensed steam permits of the con-

densed water being pumped hot directly to the boilers without

danger of injuring them, thus saving fuel, and almost entirely

eliminating cost of feed water, and minimizing boiler repairs.

(11) Ability to secure increased economy by use of steam
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people all the time," is still apt, and the mere fact that so many

prominent engineers have ordered turbo-generator units is con-

clusive evidence of their merits.

The chief advantages of the steam-turbine units apparently

are as follows

:

(1) Lower first cost of turbine unit, including dynamo. Al-

though the selling prices of these units are still high in propor-

tion to their cost of manufacture, it seems certain that com-

petition will ultimately, as processes of manufacture become

standardized, bring the selling prices of the turbo units much

below those now prevailing, and within reasonable margin of

the actual cost of manufacture.

(2) Economy at rated load about equal to the best economy

ordinarily obtainable from reciprocating engines of usual types,

with relatively somewhat better economy under light loads and

ordinary operating conditions.

(3) Very satisfactory momentary regulation under sudden

variations of load.

(4) Generators can be more easily synchronized, operated

in parallel, and adjustment of governor can be more easily

made during operation, so that each unil shall lake its proper

proportion of total load.

much more highly superheated than is practicable with recipro-

cating engines.

Some of these advantages are shown graphically in the ac-

companying diagrams, Figs. 2 and 3, taken from articles pre-

viously published.

Ten years ago many of the power stations, especially the

smaller ones, showed steam consumption of from 50 lbs. to 100

lbs. per ehp-hour, and coal consumption from 7 lbs. to 15 lbs.

per ehp-hour. Some stations are still showing similar pour

results. It should, however, now be possible to install a station

of 1000 hp, or over, which should show average economy of

better than 20 lbs. of steam per ehp-hour, and full load economy

better than 15 lbs. of steam per ehp-hour.

The development of switchboard apparatus and minor de-

tails has been quite as marked during the past twenty years as

has been the development of engines and generators, and while

undoubtedly improvements will continue, the progress already

made has been so great that similar rapid improvement can no

longer be expected. One may consequently now invest in se-

curities of electrical undertakings, feeling confident that ma-

chinery now purchased is not likely to become antiquated

within reasonable time, or to be seriously handicapped in com-

petition with machinery of greatly improved types.
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ELECTRIC RAILWAY WORK IN AMERICA PRIOR TO 1888

OUTSIDE of the early work of Davenport, electric rail-

way work in America dates from 1880, when Thomas

A. Edison, whose genius has illuminated practically

every field of electrical research, ran an electric locomotive

over a track, less than half a mile in length, at Menlo Park,

N. J. Since that time the development has been rapid and has

called into service an immense number of men, many of whom
know little about the trials and hardships experienced by the

pioneers in the electric railway field. Yet it is their work,

courage and energy which has developed the electric railway of

to-day. Among those to whom the world is indebted for the

success of electric transportation and who have passed away

are Charles J. Van Depoele, John C. Henry and Sydney H.

Short. Others, however, are living, and several, like Sprague,

have remained prominent factors in the electric railway field.

The readers of this issue are fortunate in being able to read

the story of a considerable part of the early work as told by

the inventors themselves, or by others who were closely asso-

ciated with them. It is not the intention of this article to re-

peat the facts which are described in more interesting detail

at first hand, but to mention briefly some of the other important

events in the very early work of electric railroading.

The motor on the Edison electric locomotive, already men-

tioned, consisted of a dynamo of the "Z" or sixty-light type,

wound for 125 volts, and took power from the track rails which

were insulated from each other. In prosecuting his claims for

patents soon after building this road, Mr. Edison found two

other inventors, Siemens and Field, whose claims covered

largely the features for which his applications were filed. The

THE TORONTO EXHIBITION RAILWAY—1885

claims of the first named were denied by the courts, and Edison

united with Field and organized, about 1882, the Electric Rail-

way Company of the United States. Soon after this, Mr.

Edison's attention being attracted to other fields of electrical

development, the promotion of the new company was left to

Mr. Field, and at the Chicago Exposition of 1883 an electric

locomotive called "The Judge" was exhibited. This locomotive

weighed about 3 tons and was operated by a third rail. Il was

put in operation June 19, 1883, drawing a trail car, and carried

over 26,000 passengers during the two weeks in which it ran.

About the same year, Walter H. Knight and Edward M.
Bentley organized the Bentley-Knight Railway Company,
which in the fall of 1883 built an electric railway line in the

VAN DEPOELE ELECTRIC RAILWAY IN APPLETON— 18S6

yards of the Brush Company. The first public line equipped

by the Bentley-Knight Railway Company was on a section of

the East Cleveland Street Railway, where a car was put in

service on July 27, 1884. About a mile of track had been

equipped with a wooden conduit, built up of cast-iron yokes

set on the ties. Outside of the yokes were 2-in. planks to form

the sides of the conduit, while similar planks formed the top.

The slot had an original width of Y\ hi. The conductors were

mounted about 4 ins. apart within the conduit, and were sup-

ported on insulators projecting from the wooden side walls.

The first car was equipped with a Brush arc light dynamo sus-

pended underneath the center of the car body and connected

by coiled steel-wire belts to countershafts, which in turn were

similarly belted to the axles. Another road was constructed

later at Woonsocket, R. I., and a combined trolley and conduit

road at Allegheny, Pa. A section of conduit line in Boston

was completed in 1888, and soon after that time the company

was absorbed by the Thomson-Houston Electric Company.

Charles J. Van Depoele seems to have been the first to have

adopted the under-running trolley, although the value of this

invention did not immediately appeal to him, and a number of

his later roads used the over-running trolley. Mr. Van Depoele

was a Belgian by birth and moved to this country in 1869, set-

tling in Detroit. In 1880 he organized the Van Depoele Elec-

tric Light Company in Chicago, and in the winter of 1882-1883

he equipped an electric elevated railway in an exposition build-

ing in that city. The line was 400 ft. long, and the rails were

used as one side of the circuit, while a copper wire suspended

in the center of the track was utilized as the other side of the

circuit. The wire was supported on a number of boards which

were cut with V-slots at their upper end. On the bottom of the

car were placed two wheels over which the w ire ran, so that as

the car traveled the wire was lifted out of the V-shaped slots

and dropped into them again after passing. This arrangement

had been substituted for an overhead conductor, which was

first proposed. The car was equipped with a 3-hp motor and

could accommodate about five people. This plant ran for sev-

eral weeks with perfect success. The same year, during the

month of August, Mr. Van Depoele equipped an elevated rail-
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way car at the Chicago Institute Fair. The cars were sus-

pended from the elevated structure instead of running upon it.

J. C. HENRY C. J. VAN DEPOELE

of the following year the overhead trolley line, illustrated in

the accompanying engraving, was built. This line was 1 mile

in length, and the trolley pole, which was arranged

1 very similar to an old well sweep, was carried on top

of the car, the rails being used as a return. The

round trip was made in eight minutes, and during

the last five days of the Fair 50,000 people were car-

ried.

The first road operating several independent cars

I

built by Mr. Van Depoele was at South Bend, Ind.,

where four ordinary cars, each equipped with a 5-hp

!
motor, and one large car equipped with a 10-hp mo-

tor, were put in operation on Nov. 14, 1885. The

r track rails were bonded by copper plates 3 ins. x 12

ins., placed under the joints, and the rails were then

spiked down over the plates. The trolley wire was

34 m - in diameter, and the over-running trolley was

used, as in most of Mr. Van Depoele's work during

the following three or four years. The motors were

placed under the cars between the wheels and were

The motor was consequently 011 top of the car, and by means

of belting was connected with the car axles. The conductors,

of which there were two, one for each side of the circuit, were

carried directly over the car, and contact was made by brass

rollers pressing upward against the conductors. This line was

run for fifty days, or as long as the Exposition lasted.

In July, 1884, Mr. Van Depoele installed an exhibition line

about 3000 ft. in length at the Toronto Annual Exhibition,

where an underground conduit, consisting of a wooden box

fixed to the center of the track by means of iron brackets, was

used. The top of this box was slotted, and the edges of the

slot were protected by iron strips running its entire length to

prevent the wear of the wood. Inside and outside the wood of

the box was painted with asphalt. The conductors were car-

ried on opposite sides of the box, and current was taken by a

VAN DEPOELE RAILWAY AT DAYTON-18S8

plow, whose brushes made electrical contact with the conduc-

tors. The car was equipped with a 30-hp motor, drew

three cars and carried about 200 people at a trip. In the fall

CAR AT LIMA IN 1887, SHOWING MOTOR ON FRONT PLATFORM

connected to the axles by link belting. This

road was about 2j/2 miles in length. The

latter part of the year a line three-quar-

ters of a mile in length and with two

cars was put in operation at the New
Orleans Exposition. During the follow-

ing winter a 50-hp locomotive was put

in service on the Minneapolis, Lyndale & Min-

netonka Railway. This railroad was operated

by steam and the electric locomotive was in-

stalled to haul the passenger cars through the

streets where the use of steam power was not

permitted. As many as eight loaded cars were

hauled at one time up a grade of 3^ per cent,

making a total estimated weight of 91 tons.

Other lines built about this time were the

Windsor Electric Railway, of Windsor, Ont,

in the spring of 1886; the Detroit line, Ij4

miles in length, put in operation on Sept. 1,

1886, and the Montgomery, Ala., line, iy2 miles

in length, was put in operation early in 1887.

Lines were also built at Appleton, Wis.; Port

Huron, Mich.
;
Scranton, Pa.

;
Ansonia, Conn.

;

Dayton, Ohio, and other cities. The Ansonia

line and that at Dayton were equipped with the under-running,

trolley, and one of the accompanying illustrations shows the

form of pole used. The chief objection to this form of trol-
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ley in the early days was the difficulty in making it stay on

the wire.

Associated with Mr. Van Depoele in a great deal of his early

work were several gentlemen who have ever since been con-

nected with the industry and are well known in electrical cir-

cles
;
among them W. J. Clark, Elmer P. Morris and W. N.

Sheaff.

John C. Henry was another of the early inventors. In 1884-5,

Mr. Henry, who was then a resident of Kansas City, con-

structed there an electric

railway, using overhead

wires. In the fall of

1885 he made some ex-

periments in heavy elec-

tric railroading on a

branch of the Fort Scott

Steam Railroad, where

heavy freight cars were

operated. Mr. Henry

later, in 1886, equipped

the Kansas City Fifth

Street Railroad with his

street railway system.

Here he employed, it is

claimed, for the first time

the following features,

which are still in common
use : The trolley wires were of No. 1 hard-drawn copper, and

were supported centrally over the street from the insulators and

span wires to poles placed along the curb lines ; the trolley en-

gaged the sides and bottom of the wires, and was so held by

The pioneer work of Sidney H. Short should also be men-

tioned in this connection. Prof. Short, while vice-president

of the Denver University and professor of physics in that in-

stitution, became interested in electrical work, and in the spring

of 1885 constructed a short electric railway in Denver. The

s. H. SHORT

ONE OF THE EARLY SHORT-SERIES ROADS

track was made of T-rails laid on crossties, the two conductors

being supported on insulators between the rails. The car had

four wheels and a rigid truck ; the motor was geared with one

pinion and one gear to the axle. The car body was 8 ft. long,

and fitted with a rheostat lever and reversing lever. The suc-

cess of the road was so great that a party of capitalists induced

VAN DEPOELE RAILWAY IN JAMAICA, N. Y—1887

spring pressure ; the current was supplied by compound-wound,

constant-potential dynamos; the motors were series-wound and

were journaled on the car axles at one end, the other end being

spring supported; the gearing was encased and ran in oil; the

practice of using two pairs of tapering brushes was discarded

and a single pair which abutted the commutator was substi-

tuted. An independent switch was added to reverse the motor

instead of shifting the brushes. In 1887 Mr. Henry removed to

San Diego, Cal., and constructed a number of electric roads,

one of which contained 9 per cent grades, which were sur-

mounted by his motors and trail cars with success. The sys-

tem of underground feeders was first introduced on one of

those roads.

POWER STATION AT JAMAICA—1887

Mr. Short to give up his professorship and develop a street

railway system. The conduit system was adopted and 5 miles

of track were laid on Fifteenth Street in Denver, and operated

with considerable success. The difficulties with insulation in

the conduit in wet weather, and the imperfections of the early

types of motors and generators, led to electricity being finally

abandoned and the cable substituted. This was in turn given

up, and the road is again equipped with electricity, the over-

head trolley system being used.

Later. Mr. Short returned to Columbus, where, under the

firm name of S. H. Short & Company, a short line about 2 l/2
miles in length, using the overhead system and series motors,

with the series system of distribution, was built. In 1888 Mr.
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Short constructed another line on the overhead series system

in St. Louis. In June, 1889, he made Cleveland his home, and

organized the Short Electric Railway Company, with a capital

of $5,000,000. He was later chief engineer of the Walker Com-

pany, and some few years before his death moved to London,

where he became technical director of the English Electric

Manufacturing Company.

TWENTY YEARS OF CAR BUILDING

BY TOHN A. BRILL

TWENTY years ago—that

takes us back to the final

days of the horse car and

short era then commencing

of the cable car. Types and

methods of construction

of the horse car had long

been established and the

minimum weight of cars

for the maximum loads de-

termined. The art of car

building was so completely

developed by the genius

and energy of the fathers of the industry, chief of whom
were John Stephenson, J. M. Jones, F. W. Brownell and

J. G. Brill, that practically nothing has since been added to it.

The reduction of weight of the standard closed 16-ft. horse

car and gear and brake complete from 5700 lbs. to 4280 lbs.,

which was accomplished by Mr. Brill, well illustrates the re-

markable degree of excellence to which building was brought,

With the introduction of longer cars for cable and electric

roads, the size of framing material was increased about 25 per

cent. In the horse car the strains brought upon the upper

framing by stopping and starting were comparatively small,

while on cable and electric lines the strains are violent and

tend to loosen the whole upper structure.

In the first cars that were operated by electricity early in the

ONE OF THE FIRST ELECTRIC MOTOR CARS—MOTOR
ON PLATFORM

8o's, the motors were placed on the car floor, but that method

had to be abandoned, as the vibration racked the car severely.

The suspension of the motor from the car body by different

methods was also found to be impracticable, and eventually it

was supported upon an independent frame work connected with

the truck. The writer was the inventor and first constructor

of a truck of this character. The idea was not at once accepted,

but after many costly experiments, street railway men realized

that it was the only logical method of carrying the motor.

During the first years of electrical operation many of the old

A TYPICAL HORSE CAR OF TWENTY YEARS AGO HORSE CAR TRANSFORMED FOR ELECTRIC SERVICE

for these cars frequently carried from seventy-five to one hun-

dred passengers, and were equal in durability to the heavier

cars.

Lightness was obtained by careful selection of material and

the placing of it together with the accuracy of the highest

class of carriage work. The posts were cut from wood selected

on account of the direction of the grain, and every particle of

strength used to the best advantage. This was necessary be-

cause of the almost complete absence of bracing. The influence

of this careful construction was altogether beneficial in its

effect upon building, developing habits of thoroughness and

care in details, which still obtains, and lightness of construc-

tion is as important as ever, for any unnecessary weight in-

creases the operating cost per car-mile. There is a fallacious

idea current among street railway men that cars should be as

heavy as possible to increase tractive force. That is entirely

a matter of motor equipment, the rating of which is figured

on the maximum load and not on the car running light.

horse cars were placed on motor trucks, traps cut in the floor

and the roofs strengthened for trolley poles. The new cars

were built 18 ft. over the bodies, and that was considered very

long. It was several years before they were again increased a

couple of feet, and 22-ft. bodies are of comparatively recent

date. The length of the bodies waited on the development of

the trucks. The discovery that the bounding motion, common
to single trucks, was the result of a rhythm set up in the coil

springs, led to the introduction of plate springs, which by their

slower action prevented, in a large measure, the oscillation and

permitted longer bodies to be used. With the lengthening of

cars the bottom framing required additional cross joists and

metal reinforcing, and still plates soon came to be a regular

part of the construction.

When longer cars requiring double trucks came into use, the

difficulty of carrying the bodies low enough to have the steps

of a convenient height confronted builders. After a long series

of experiments the maximum-traction truck, invented by the
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writer, was perfected, carrying the car body as low as a single

truck, and bringing the long city car into general use, so that

for a number of years comparatively few single-truck cars have

been used in city work. Many short cars were spliced together

and mounted on maximum-traction trucks—the trucks made

this possible. A large number of small roads went in for dou-

ble-truck cars when four-wheeled cars would have saved much

of the original outlay and reduced the cost of maintenance.

Coincident with the coming- into vogue of the double-truck

A MODERN TRANSVERSE AND LONGITUDINAL SEATING
ARRANGEMENT

car was the demand for a transverse seating arrangement—not

always wise when applied to the cars of busy city systems, for

such an arrangement, although providing a larger seating ca-

pacity and more comfortable seat, lessens the total capacity by

limiting the standing room and retarding the movement of

passengers in and out. Longitudinal seats for four or six

passengers each at the car corners are used to much advantage

with the transverse seating arrangement. With the view of

obtaining more aisle space a plan adopted on several large

roads has the transverse seats on one side and the longitudinal

seats running the full length of the car on the other side; but

as passengers prefer the transverse seats, these cars often run

with the load all on one side. A better arrangement is to have

the longitudinal seats extend half the length of the car, with

the transverse seats opposite, and the other half of the car with

A TYPE OF DOUBLE-DECK TRAILER CAR, FORMERLY USED IN
THIS COUNTRY

the same arrangement transposed; this balances the load and

accomplishes the same object.

Interurban traffic, which commenced seven or eight years

ago, enlarged the scope of electric car building, introducing a

number of features and methods of steam car construction.

This class of building, however, was developed from former

types of electric cars rather than adaptations from steam car

practice. There has been and still continues a tendency to con-

struct the bottom framing of interurban cars for a greater

horizontal strength than conditions require, adding an un-

necessary amount of weight, and not infrequently there has

been insufficient provision for vertical strain. This has been

shown by the early need of repairs, and in some cases the bot-

tom framing has required additional bracing and trussing. The
upper framing of the larger straight-sided cars is braced and

A GRIP CAR FOR CABLE SERVICE

trussed in the same manner as in steam car practice. Plates

are usually placed on the inside of the sills, and latterly, on

account of the long and heavy cars being built, a large amount

of reinforcing of the other members of the bottom framing by

plates and angle irons has been introduced. Many companies

have learned to their sorrow, and others are failing to profit by

their experience, that the cost of operating extremely large

and heavy cars is more than the business warrants, or that the

service is limited by using a few large cars when the same out-

lay for smaller cars would provide for a more frequent sched-

ule. There are many disastrous results of small roads emulat-

ing the example of the few extensive systems whose conditions

require large cars.

For cable traction, grip cars with trailers were chiefly used.

The grip cars were usually open and the operating mechanism

ENGLISH DOUBLE-DECK MOTOR CAR OF THE PRESENT

placed in the center of the car and direct connected with the

grip device. These cars commonly had longitudinal seats

placed back to back with space for the operator between and

transversely placed seats at either end. At first horse cars

were used as trailers, then followed cars of various types and

sizes to suit conditions, among them double-deckers, open cars

with seats facing outwardly, center vestibuled types and the

ordinary forms; usually these cars were mounted on double

trucks. The latter types for cable service carried their own
grip device, which was connected to operating mechanism

placed in the ends of the car. The center vestibule car con-

tinued to be considerably used, and another type which found

much favor was a car having open sections at either ends, with

seats facing outwardly and a place for the operator between

the backs.

When the electric car commenced to displace horse ami cable
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cars at the end of the 8o's, the types that came into general

use closely followed the closed and open standard forms of

horse cars. The double-decker that was formerly somewhat

used has gone entirely out of use in this country. Its continued

use in foreign countries is due to regulations requiring every

passenger to be seated, and also to speed restrictions. It will

pass out of use everywhere eventually on account of its slow-

INTERIOR OF A MODERN INTERURBAN CAR

ness. Cable service developed a few types which were suitable

for use on double trucks, and therefore were held in abeyance

until double-truck motor cars should be built. The first im-

portant additions made to closed cars were folding gates, and

in many cases vestibules with or without doors. The arrange-

ment of platforms has been given very careful attention by

builders and railway men, and every conceivable type thor-

oughly tried. For city service, vestibules with open sides have

been invariably used where the conditions permit. The pro-

tection which they afford increases the efficiency of motormen

and conductors. Passengers are also protected when entering

and leaving the car, and while the doors are open the car is

made less drafty. In cold climates the completely enclosed

vestibule early came into use, and with the growth of suburban

traffic in all climates this form of vestibule was universally

adopted. In interurban cars

the vestibule has been fre-

quently divided by a parti-

tion, which formed a cab for

the motorman at one side.

In some cases the partition

has been extended diagonal-

ly from the corner post of

the vestibule to the inside

post of the door, and the tri-

angular corner thus formed

occupied by the hand brake.

The standard size of

platforms is 4 ft. 8 l/2 ins.,

measured from the body

over the crown piece. Of

late years, however, longer

platforms have come into

vogue for city and suburban service, some being even

as long as 6 ft. As a rule, long platforms are divided

transversely by a rail, which, in a large measure, pre-

vents the passengers who are standing on the plat-

form obstructing the passage from the door to the step. This

style is commonly known as the "Detroit" platform, and is in-

tended to increase the standing space of the car. Formerly

there was a good deal of criticism upon the method of support-

ing dropped platforms, and much of it was just. The best

method includes the use of angle-iron center knees extending

well back of the body bolster, and outside knees reinforced

with angle iron. By this arrangement ample support is given

to vestibules and long platforms.

Cars for interurban service have been usually built with a

baggage compartment fitted with folding seats for the use of

smokers, or with a smoking compartment. Extra long cars

occasionally have both baggage and smoking compartments,

and toilet rooms of standard steam car character are also gen-

erally included in cars for this form of service.

Except that it is longer and stronger, the open summer car

of to-day is identical with the open car formerly drawn by

horses. As a rule, open cars are built with bulkheads having

seats at either side, and occasionally light vestibules are in-

cluded. One variation from this type omits bulkheads and

uses heavy corner posts instead ; another has bulkheads, but

omits seats on the outside of the bulkheads, reserving this space

for the motorman. Open cars with center aisles and with or

without running boards date back to the horse car days and

continue to be used in a number of cities. The old longitudinal-

seated open car—the seats facing outwardly—has entirely gone

out of use because of its limited seating capacity and lack of

standing space. Except on maximum-traction trucks, long

double-truck open cars have been used to a very limited extent.

Mounting on maximum-traction trucks having 30-in. driving

wheels, brings the tread of the running board 18 ins. from the

rails, and the distance from running board to car floor, 15 ins.

Heights greater than these are manifestly unsafe, unless plat-

forms are used. The growth of amusement-park service, and

of summer-excursion service generally, has created a demand

for large open cars requiring double trucks capable of a four-

motor equipment per car. To meet this, the car known as the

"Narragansett" type was designed, which has a pair of steps

on either side, so arranged as not to exceed the width of a

standard single-step open car. The upper step is upon the mid-

dle web of Z-irons, which constitute the sills.

MODERN TYPES OF PLATFORMS

Cars having long platforms with seats thereon were consid-

erably used on cable roads, and have since been most widely

used on electric roads on the Pacific Coast. A form of this

car, known as the "California" type, is constructed with angle-

iron side sills, offset and prolonged to carry the platforms 8 T/2
ins. lower than the floor of the closed part. This arrangement

relieves the body of the strain of the long platforms, and by

carrying the platforms low, the step heights are 14.3/2 ins. from

the rails to the running boards, and 12 ins. from running boards

to platforms. Large double-truck cars of this type, with plat-
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forms flush with the floor of the body, have been used for

many years in the far West. They have been usually provided

with vestibuled ends, and the seats in the open parts are prop-

erly guarded at the sides to prevent accidents. The "Metro-

politan" combination car, so called because first designed and

largely used by the Metropolitan Street Railway of New York
City, is simply a closed car at one end and open at the other.

In New York every fourth car is one of this type, so that in

summer those who desire to ride in a closed car may be accom-

modated, and in winter the open part is usually well filled with

smokers.

From the early horse car days endeavors were made to

adapt cars for both summer and winter use, but, because of the

awkwardness of handling, lack of durability and unsightly ap-

pearance, none were successful. The nearest approach to suc-

cess in such a car was one having the windows and the upper

section of the side panels removable ; this system came into

favor in spite of several objectionable features. In 1898 the

Brill convertible car was put on the market, and lias grown

into considerable favor. It is a genuinely convertible car, be-

cause side entrances are provided, and also because it is self-

contained and capable of being rapidly converted by inexperi-

enced persons.

The most important type of all is the semi-convertible car,

because of its large field and adaptability to various conditions.

It is simply a car with the window spaces capable of being

made entirely free of the sashes. There are four methods of

accomplishing this : in the first the sashes are removed bodily

from the car, the second has pockets for the sashes in the side

walls, the third has wall pockets for the large sash and the

small upper sash is raised into a recess back of the latter board,

and the fourth arrangement is the storage of both sashes in

pockets in the side roofs.

A combination of the convertible and semi-convertible roof

window storage types has recently been built for systems where

the cars run in one direction. The arrangement provides more

transverse seating space than is obtainable in a convertible car,

and by closing one side entirely reduces the liability to acci-

dents. One of the cars of this type was built for trailer service

and furnished with a center vestibule. The advantage of the

center vestibule are such that it will probably be considerably

used in the future, especially in the trailer service, which is

coming into vogue again. A larger seating area is provided,

and by dividing the car, one compartment may be used for

smokers, and the car is less subject to drafts in winter than the

ordinary style.

TWENTY YEARS' DEVELOPMENT IN STEAM-ENGINE

PRACTICE
With Special Reference to Electric Traction

BY EDWIN H. SNIFFIN

IN
a retrospect of two decades, we discern in the steam-

engine practice of that period a constructive growth great

in its proportions and far-reaching in its effect ; a growth

dominated throughout by commercial considerations, and in

this sense symbolical of the contemporary advance of a dis-

tinctively material age.

The development during this period has been confined for

the most part to mechanical improvements, refinements of de-

sign and construction ; in a word, to the adaptation on a vast

scale of pioneer thought and achievement to modern exacting

demands. If we except the steam turbine, to which reference

will be made later, there have been, within the time of which

we are treating, no discoveries or inventions to mark a radical

departure either in the engine itself or in its method of utilizing

the heat energy of steam. The engine has grown bigger and

better, but fundamentally remains unchanged.

The period of joo years precedent to 1884 had yielded the

heritage of established laws and mechanical principles. Watt
had, in 1784, converted the atmospheric engine into the double-

acting engine, with steam-jacketed cylinder, separate boiler,

individual condenser and air pump, fly-wheel, governor,

throttle valve and automatic cut-off valve gear. Twenty years

later the principle of compounding was introduced by Wolff.

The names of Davy (1812), Joule (1843), and Rowland (1880),

mark the determination of the mechanical equivalent of heat.

Carnot and Clausius (1850) elucidated the theory of heat.

Regnault (1847) determined the physical properties of satu-

rated and superheated steam. Hirn (1870) gave us the

thermodynamic analysis of the engine, and Rankine from 1849

contributed his prolific work. The nineteenth century wit-

nessed in succession the Wolff or non-receiver type, later the

receiver type, the application of the steam engine to locomo-

tive and marine work, the slide valve, the Corliss and the so-

called high-speed types, both simple and double-acting.

Watt's original simple D slide valve had been successively

modified into the balanced valve, the double-ported balanced

valve, single and double-ported piston valves ; the Meyer ad-

justable cut-off; the various forms of riding cut-off valves; the

detachable or drop cut-off, applied by Sickles to marine work,

and later by Corliss ; the rocking valve and wrist motion gear

of Corliss, and the various four-valve arrangements. The

original unweighted fly-ball or pendulum governor of Watt's

invention had been modified into the weighted fly-ball gov-

ernor, and later into the spring-weighted governor, generally

adopted with slow-speed Corliss gears. With the high-speed

engine came the centrifugal shaft governor, and later the in-

ertia type. These successive discoveries and developments

resulted in the types of engine which had come into use for

general power work and later for electric lighting.

The inauguration of electric traction service, therefore,

found available engines fairly well suited to its initial demands

and imposed no immediate conditions which they could not

meet. Steam pressures were low. Units were small and re-

finements of economy and regulation were not yet understood

or sought. The adaptation of electric apparatus to the new

service was at this time the subject of transcendent impor-

tance, the engine being of comparatively minor concern. The

generators were direct current, high speed and universally

belt driven.

The first distinguishing step toward improvement lay in es-

tablishing a closer relationship between engine and generator,

and the elimination of belts and shafting, with their attending

objections. This led to the direct-connected generator, first

of the high speed and later of the moderate speed type. En-

gine construction was modified to meet it, various ingenious

methods of flexible connection being first devised, and later,

with improved shaft and bearing construction, the engine shaft

was extended to accommodate the revolving generator element.

The sudden and wide fluctuations of load required engines of

heavier proportions, resulting in many improvements in me-

chanical detail and engines of better general design. During

the ensuing period of urban service the problems were less

those of design than of application. The relation of engine

indicated horse-power to boiler horse-power, and to kilowatt

rating, all in turn relating to the character of station output,

were among the more imperative considerations. Engineering
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inquiry was directed less critically, perhaps, to the individual

feature of steam plant design than to the harmonizing of the

component parts, bringing each factor into its proper relative

proportion. The lesson was learned that a plant composed of

good units was not necessarily a good plant ; that the misap-

plication of unrelated features—however meritorious in them-

selves—produced poor results. Out of this experience came

the systematic correlation of the various elements into well-

balanced unity and the establishment of the principles of

station design. Meanwhile, simple engines had grown into

the multiple expansion types. Steam pressure had risen,

vacuum came into more general use and economy was more

definitely and insistently sought.

The era of consolidation brought new standards. Sizes in-

creased by leaps and bounds. Long-distance transmission

established alternating current, and the engine builder was

confronted with the perplexities of operating enormous re-

ciprocating and revolving masses, not only with safety, but

with extreme nicety. Apart from the problems of size alone,

still higher pressures and greater temperatures were to be met;

the maximum uniformity of crank effort was required ; com-

pactness was necessary; efficiency of great importance, and the

general service conditions more exacting and arduous than

ever before. Withal, there seems to have been, in the growth

of the steam engine, prompt response to the successive de-

mands upon it, even if it to-day seem to have reached its

functional maturity. The problems have softened into those

of selection.

Contributary to this progress have been the marked advance

in metallurgical processes and methods and the great improve-

ments in machine tools. The one has produced the proper

character and requisite uniformity of materials; the other has

rendered possible the working of these materials. The strides

of twenty years in engine building had not been possible with-

out the development of these co-ordinate branches.

With the appearance of the steam turbine, we find the first

radical departure in the character of our prime mover, and

with it the departure of many limitations previously insur-

mountable. Under the refining influence of extended prac-

tice, steam plant wastes have been, by every known device and

expedient, reduced to the mimimum point. But with all care

and ingenuity there remain the abnormal interest and main-

tenance charges inherently attributable not to the defects but

to the character of our reciprocating units. The marked in-

terest which the turbine has created, and its prompt adoption,

are evidently due, not to its high steam efficiency, but to its

evident commercial efficiency. We see the cost of land, build-

ing and foundations reduced. We note in contrast its great

simplicity and evident small cost of repair and attendance.

We find its first cost comparatively low. We discover its econ-

omy to be less dependent upon size or upon character of load,

and therefore giving greater flexibility of operation. We ob-

serve that it takes but little oil, and that, with no cylinder

lubrication, its exhaust is pure and available for reuse. We
conclude, in a word, that within its general character are com-

prehended a number of attributes that will mark new com-

mercial standards in power plant design and operation.

The steam engine is a subject of intense practicality, and

its growth and success have drawn from its votaries the most

that human effort could yield. But if the path has been de-

vious and the barriers high, achievement has been the recom-

pense. We may be privileged to suppose that the prime

mover, whatever its form, will in the future, as in the past, be

equal to the demands upon it.

SOME PERSONAL EXPERIENCES

BY FRANK J. SPRAGUE

A REMINISCENT period is that

when a paper celebrates the com-

pletion of its first score of years,

especially when it has done yeo-

man's work for the promotion of

an industry it so fitly represents

—that of electric transportation.

And so we, whose hands it has

upheld, must respond when called

upon to tell of some of the mile-

stones we have passed. But I will

go back to an earlier date than

the birth of the Street Railway Journal, and I find myself, in

June, 1878, on my way from the United States Naval Academy
at Annapolis, where, under the late Admiral Sampson, I had
imbibed some of my earlier scientific training and love for elec-

tricity, my head filled with many ideas which I thought might

bring fame and fortune. Menlo Park was my immediate des-

tination, and my object to see Mr. Edison and show him a new
invention in telephony. Despite the fact that I was a stranger,

a kindly reception immediately put me at ease, and a candid

criticism, illustrated by a sketch of an alternative scheme, was

emphasized when, to more fully satisfy me, I was told to go

to the laboratory and experiment for myself.

Before long I was diverted from the paths of invention and

suddenly recalled to the duties of my profession by orders to

the U. S. S. "Richmond," shortly to sail for the Asiatic squad-

ron, that cruise taking me around the world. For a part of the

time I acted as special correspondent for the Boston "Herald,"

to record the doings of Gen. Grant and the receptions given to

him after he had joined our flagship in Eastern waters. But

electricity had taken such a hold of my fancy that all during

the cruise my messmates were made unwilling victims to listen

to explanations of various inventions and to subscribe as wit-

nesses to their understanding of them. Orders for home for

examination in the spring of 1880 were very welcome, and the

short interval of leave was occupied with attempts to have

built a possibly ingenious but impossible sort of motor, the cost

of which was prohibitive to my slender income.

Ordered in the fall to the training ship "Minnesota," I found

teaching the young idea how to shoot, reef sails and tie knots

anything but agreeable work, and both at the Navy Yard in

Brooklyn, and later at Newport, I improved every opportunity

to put my ideas in metal.

About this time Edison's work with the incandescent lamp

was becoming prominent, and with a great aversion to the

antiquated methods of lighting aboard our men-of-war, I es-

sayed to make a demonstration of the advantages of the use of

electricity on board ship. To that end I proposed to appro-

priate an old single-cylinder fly-wheel pump, apparently but

little used, and to belt it to an Edison "Z" dynamo. When I

sought the loan of the machine Edison's answer was very char-

acteristic and illustrative of his hard practical sense, for his

refusal was accompanied with the explanation that the motion

of the pump engine would be so irregular as to cause flickering

of the lights and their certain rejection, thus retarding instead

of advancing the introduction of the light on board men-of-war.

At the Stevens Institute shops and the Navy Yard ma-

chine shop arc lamps and continuous current machines with-

out commutators were among my earlier and more hopeful at-
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tempts at construction, and equally disastrous ; but by the time

I had arrived in Newport, and had the benefit of association

with Prof. Moses G. Farmer, then Government electrician, my
ideas had crystallized into something more tangible and possi-

ble, and a double-wound armature, with internal field, the sev-

eral circuits connected to a switch to give various series and

parallel combinations, was constructed.

It was at this time, early in 1881, that while watching the

action of a large induction coil I conceived the idea of its re-

versibility, and suggested connecting the high-tension coil to a

balloon and the ground, and in case of discharge to get larger

currents of low potential from the primary without the circuit

breaker. Impractical ? Yes, but how near the modern trans-

former when the oscillating character of the discharge is re-

membered.

About this time the Paris Exhibition was being organized,

and always believing that it was worth while to ask for any-

thing one much wanted (if it be right), I sought orders as

assistant to the officer detailed for duty there, only to be re-

fused, but to have, by chance, an alternative pointed out—to get

orders to the "Lancaster," soon then to leave for duty as flag-

ship on the Mediterranean squadron, with leave, at my own

expense, upon my arrival abroad.

Armed with a letter from Prof. Farmer and Lieut.-Com-

mander Caldwell, in charge of the equipment at Newport, I

obtained the coveted orders, the beginning of the end of

my naval career. There being the usual delay in get-

ting away, I soon occupied myself with schemes for installing

a system of bells on board ship, and this kept me busy until our

arrival out. Candor compels me to admit that neither material

nor workmanship was up to modern standards, and before long

it was a question whether the captain was calling the first lieu-

tenant or the cook.

Owing to our delay in arriving I found the exhibition closed,

but another was to be opened the beginning of the following

year at the Crystal Palace at Sydenham, England, so I ap-

plied, with whatever eloquence I could command, for orders

there. After a long period of suspense, approaching the end

of my leave as well as my pocketbook, I was finally made happy

by their receipt, and landed in England with a capital of $20

and a fund of youthful confidence. The kindly offices of the

United States despatch agent saved me from my embarrass-

ment of riches, and presenting myself to the necessary officials,

I was made a member of the Jury of Awards, being at my re-

quest put on that section having to do with dynamo-electric

machinery. Among my confreres were many men of science

whose names have become of world renown, among them Prof.

Fleming Jenkin, of Edinburgh University, inventor of telpher-

age
;
Capt. Abney, the great photographic expert ; Prof. Adams,

of the Wheatstone Laboratory, King's College, brother of

Charles Adams, one of the mathematical discoverers of Nep-

tune ; Horace Darwin, son of the great naturalist ; Prof. Frank-

land, C. E. Spagnoletti and others. On motion of Prof. Jenkin,

I—being the youngest member present—was made secretary.

I promptly decided to improve the occasion by getting my
orders extended, and organized a series of tests of dynamos,

incandescent lamps and gas engines, the most comprehensive

which had up to that time been undertaken.

In the entire exhibition there was nothing which so impressed

me as Edison's work, and in connection with this I was brought

into contact with E. H. Johnson, whose buoyant belief in the

work of his principal, coupled with my admiration for what

had been accomplished, made me an ardent convert to the

Edison system. My interest in this, the conducting of the ex-

perimental work for the jury, extending as it did after the

close of the exhibition, and the preparation of a report led to a

very liberal interpretation of my orders, and it was with some-

thing of a shock that I received a sharp reminder from the

Navy Department, with imperative orders to at once rejoin my
ship at Naples, where I went with visions of court-martial and

possible ultimate disgrace. Fortunately, however, the explana-

tion which I had sent to the department, supported by a letter

from Prof. Adams, proved satisfactory, and I received permis-

sion to remain in London, but as funds were still anything but

plentiful, I decided to complete my work on board ship. The

filing of the report was followed by a letter of commendation

from the Secretary, and its publication by the Bureau of Naval

Intelligence.

It was evident, however, that ship life in time of peace would

always prove irksome, and my love for electricity was growing

apace. So when the cruise took us back to the English Channel

in the spring of 1883, I passed my examination for ensign on

board ship, and having received an offer from Johnson to

go into Mr. Edison's employ, I applied for a year's leave and

resigned.

I almost immediately reported upon the three-wire system of

distribution, invented independently and almost simultaneously

by Edison and Dr. John Hopkinson, and also tested the "Man-

chester" dynamo, the first machine built under the direction of

Hopkinson to improve upon the old Edison long core "Z."

It was while thus abroad, in 1882, that I was required to

travel much upon the underground railway in London, and my
attention having been called to the possibilities of electric rail-

ways, I was so greatly impressed with the special desirability

of operating that particular road that I seriously contemplated

resigning from the navy and remaining in London to see if it

were not possible to effect this result. The plan of distribution

which ultimately seemed most feasible, especially in view of

the multiplicity of tracks and switches at stations like the

Kensington, was to consider a train as traveling between two

planes, making upper and lower contact with them, these planes

being the termini of a constant potential system of distribu-

tion, one to be replaced, in practice, by the running tracks,

switches and sidings, and the other by a center overhead rail

following the central lines of all tracks and switches, contact

being made on the one by the wheels and with the other by a

universal spring supported device. This may be fairly con-

sidered as one of the early forerunners of the modern trolley.

May of 1883 found me back in the United States, and my

first interview with Mr. Edison as my employer. I was soon

sent with W. S. Andrews to Sunbury, Pa., to get ready the

first overhead three-wire plant. To me getting ready meant

trial as well, and so the night before the Fourth of July an

Armington-Sims high-speed engine was started and current

was delivered to the line. Sight feed oil cups were then some-

thing of a novelty, and having run some hours with little or

no oil, we managed to burn out the babbitts, and despite diligent

scraping by a local machinist, Mr. Edison when he arrived

the next morning with his secretary and chief engineer found

a badly pounding engine. I pass by the comments excited by

my assumption of responsibility, but the plant continued to run.

For a time, however, I was not in entire favor with the

"construction department," which was then busily engaged in

laying out small models of the assumed lighting requirements

of various towns and trying to determine the proper size of

mains and feeders. It was tedious and unsatisfactory work,

and at the instance of Johnson, I took up the question of the

mathematical determination of (lie necessary elements. My
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Naval Academy training stood me in good stead here, and I had

soon found a plan by means of which all the determinations

could be made in a few hours, and although the summer was

spent in charge of the first underground three-wire station

at Brockton, Mass., I was still employed in distribution cal-

culations.

By this time I began to foresee the possibilities of stationary

motor work, and began the construction of a sectional field

motor. Some time after, Mr. Edison asked me to take up

calculations in the matter of long distance transmission of

power. I declined in a long letter citing my personal ambi-

tions which was replied to by a short note to the effect that

as the construction department was about to be given up I

would better resign. So I did, and with Mr. Johnson's encour-

agement organized the Sprague Electric Railway & Motor

Company. A curious company this—purely a paper one for a

long time, of $100,000 nominal capital, of which sixteen shares

FARLY SPRAGUE ROAD AT LAFAYETTE

were sold for cash and the balance issued to me under a con-

tract by which I undertook to turn over inventions, and also to

be vice-president and general manager, and about 'everything

else that a company can employ. My self-imposed duties made

me treasurer, salesman, electrician, wireman and book-

keeper, and, in addition, I was to pay myself $2,500 per year

salary. To meet the requirements of this contract I promptly

agreed with Johnson that he was to advance a certain amount

of money for a certain percentage of my interest, and for a

further advance to receive an additional interest. This latter

agreement, although never signed, was faithfully lived up to

by both parties.

The Philadelphia Exhibition in the fall of 1884 was an op-

portunity to exhibit quite a variety of motors, among others

constant-speed motors with differential fields and fixed points

of commutation, concerning the principles of which I was

shortly involved in a discussion with English scientists. The

business of the company for the first two years was the con-

struction and installation of stationary motors, principally for

use on Edison constant-potential circuits, 250 of them being in

that time put in operation. Prior to this, with the exception

of the pioneer work which had been done by Mr. Daft, there

were few motors applied to industrial purposes other than the

small ones used for sewing machines and similar work, and so

necessary was public education that in the first catalogues pub-

lished by the Sprague Company, the number, owner, locality

and duty, followed by statements from the users, identified

every machine which had been put out.

Meanwhile my interest in the electric railway problem had

become active, and after a study of the movement of trains

and the conditions of operation upon the Manhattan Elevated,

T schemed out a system, and in December of 1885 read a

[Vol. XXIV. No. 15.

paper before the Society of Arts in Boston, advocating an

equipment with motors under each car, and using shunt-wound

machines to enable current to be returned to the line when de-

creasing from the higher to more moderate speeds. The con-

struction of motors was also begun at the Brown & Sharpe

Company in Providence, and at the Edison Machine Works
in New York.

About this time the Electric Railway Company of the United

States, representing the combination of the Field and Edison

interests, had leased a portion of the Durant Sugar Refinery in

East Twenty-Fourth Street, New York, and installed a battery

of five or six Edison machines, coupled up in series to get 600

volts potential, and laid a track between the walls of two adja-

cent buildings. The work of that company for the time being

suspended, Mr. Johnson made arrangements for the prosecution

of my own experiments in the same place. I soon had two mo-

tors mounted on an elevated railway truck and put under a

flat-bottomed car, with which a number of demonstrations

were made—visited at various times by the Field and Gould in-

terests and others connected with the elevated railway. Too

much confidence may have been the indirect cause of subse-

quent lack of interest by the owners of that road, for on one

occasion when Mr. Jay Gould was standing on the car I at-

tempted a somewhat unusual rapidity of control, with the result

of failure of the safety catch, much to his alarm, and the ex-

planation of its purpose apparently was not sufficient to recon-

cile in his mind the idea of safety and a small electric volcano.

At least, neither then, nor in the experiments which followed,

was he apparently ever again interested.

Somewhat satisfied with the results achieved, however, I was

one day sitting in the office at 65 Fifth Avenue when Superin-

tendent Chinnock, of the Edison station in New York, brought

a proposition to buy a sixth of my interest for $30,000; his

arguments were unanswerable, but his surprise and methods of

criticism somewhat uncomplimentary when I declined the offer,

although at the time I probably did not have enough to pay my

board bill for a month. Having gone off for a short rest, I was

one Friday summoned to New York by a telegram from John-

son saying that he had promised Cyrus Field that on the fol-

lowing Tuesday he would show an electric car in operation on

the elevated railroad. How we got together car body, truck

and machines and completed a regulator, in face of a strike,

and assembled them all by Monday night on the elevated rail-

road, is more than I can at present tell, but that night found

me with my faithful assistants, McPherson and Crawford, by

candle light making all the connections necessary to operate

two machines at 600 volts potential by duplicate switches at

each end of the car, and to brake the car as well, with

no way way of testing the apparatus or to ascertain the

correctness of any connection. At 1 o'clock the next day

there was an expectant crowd on the Thirty-Fourth Street

platform, among whom were many men of prominence. While

waiting for current half an hour passed with no evidence of

"anything doing," save under my breath, and there Johnson

was the object of many an earnest anathema for his strenuosity,

for I did not know whether either machine would turn over,

or whether, if they did so, they would operate alike—in short,

everything was in the air. Finally, when current was put on

the line I first tried one machine and then the other, but with

no movement in response. Finally, in sheer desperation, I

threw both machines into circuit, moved the regulator, and

the car responded perfectly. For two hours every feat which

could be tried with the machines was attempted without a

failure. It was with something of relief that I finally saw the
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car deserted, and, exhausted by the exciting experiences

through which I had passed, I sat pondering over the day's

results, when Chinnock again came to me, apparently much

impressed with what he had seen, and this time offered $25,000

for a one-twelfth interest. I did not much care one way or

the other, but he finally got it, and a few weeks later the other

twelfth went to some one else for $26,250.

The result of the day's work determined Johnson and me to

continue the experiments, and they were not terminated until

December of that year; but in all those months, so far as I

remember, not a director or stockholder of the Manhattan road

ever took the slightest interest in what was being done.

During the summer the first pair of motors was supplemented

by a second set, and in addition to metal resistances water

rheostats were also tried.

The machines used on these experiments may be termed the

parent models of the modern railway motor. They were cen-

tered through brackets on the driving axles and suspended at

the free end by springs from the transom, the elliptic springs

being interposed between this support and the car body. The

motors were single-geared to the axles, had one set of tilting

brushes, were run open, and they were used not only for pro-

pelling the car but for braking it. At first shunt wound, in-

crease of speed being first accomplished by cutting out arma-

ture resistance and then inserting the resistance in the field,

there was added later a correcting coil in series with the arma-

ture at right angles to the normal field to prevent shifting at

the neutral point.

One of the motors was put into service at the East Boston

Sugar Refinery, the current being supplied from a trolley car-

ried on an overhead wire, and is, or at least was a few months

ago, still in existence. Two others, with Pat O'Shaughnessy

and me at the helm, operated a snow sweeper and ice cutter on

the Alston division of the West End Railway Company in

of motor finally used in Richmond, one earlier form being used

in Julien storage-battery experiments in Philadelphia, and

others in New York and Boston.

A paragraph in the New York "Sun" about August, 1887,

seems curious reading to-day. It was in part as follows:

"ELECTRICITY UN WHEELS
They tried an electric car on Fourth Avenue yesterday. It cre-

ated an amount of surprise and consternation from Thirty-Second

Street to 117th Street that was something like that caused by the

THE FIRST SPRAGUE ROAD IN NEW ENGLAND, AT THE BOSTON SUGAR REFINERY

Boston, in 1888, but have gone the ultimate way of all good

motors.

Like the others who had attempted work on the Manhattan, I

was evidently ahead of the times, although I was not sufficiently

discouraged but that I immediately began the construction, on

the suggestion of J. II. Vail, of a locomotive car to be equipped

with four 75-hp motors, each with double armatures. But the

elevated field offering little of promise, I soon turned my atten-

tion to 1 ramway work, and began the development of the type

EARLY SPRAGUE ROAD AT SALEM, MASS.

first steamboat on the Hudson. Small boys yelled 'dynamite' and

'rats,' and made similar appreciative remarks until they were

hoarse. Newly appointed policemen debated arresting it, but went

no further. The car horses which were met on the other track

kicked without exception, as was natural, over an invention which

threatens to relegate them to a sausage factory."

In the calendar of the electric railway 1887 marked an

epoch, for although in 1879, at the Berlin Exposition, Messrs.

Siemens & Halske had constructed a short line, which was

followed by other exhibitions, and a one-car line at Lichter-

felde in 1881, the succeeding six years found the art still essen-

tially in an experimental and

chaotic condition, while

throughout the world, includ-

ing every kind of equipment,

there were fewer than a score

of installations, three-score

miles of track, and about one

hundred motors and motor

cars. The roads, however,

were limited in character,

varied in motor equipment

and power distribution, and

presented no acceptable type

or comprehensiveness of de-

sign sufficient to overcome

the prejudices of those inter-

ested in transportation, or to

command the confidence of

capital. But the work of

many inventors— Siemens,

Edison, Field, Daft, Van

Depoele and others—as well as the developments taking-

place in the distribution of power and the application

of electricity to stationary motor works and the recog-

nized needs of transportation had brought about a con-

dition ripe for a great development. The interest of my asso-

ciates and myself was keenly aroused, and the actual success

of the experiments on the elevated railroad and with storage-

battery equipments, and in the installation of stationary mo-

tors, had begot a confidence in undertaking the larger problem.



57o STREET RAILWAY JOURNAL. [Vol. XXIV. No. 15.

The first tramway contract by the Sprague Company was one

at St. Joseph, Mo., which was followed almost immediately by

one with the New York syndicate which had secured the rights

for installing an electric railway in the city of Richmond, Va.

This latter contract was for a road the rails of which were not

yet laid, and included a complete generating station, the erec-

tion of overhead lines and feeders, and the equipment of forty

cars each with two 7^2-hp motors, on plans largely new and

untried. The road presented conditions of length, curves, char-

acter of roadbed and number of cars to be operated, which, if

EARLY SPRAGUE ROAD AT EAST CLEVELAND

successfully overcome, would mark a new era in electric trac-

tion, and hence our ambition. There were 12 miles of track,

twenty-nine curves, with a maximum grade of 10 per cent, and

a foundation of Virginia clay. The contract was one which

ordinarily no sane man would make, for we undertook to erect

the complete equipment in a period of ninety days, for which

we were to receive $110,000 in cash, "if satisfactory." The

Sprague Company had managed to fortify itself with some

capital, and I was fortunate enough to have the hearty co-

operation of Mr. Johnson and Mr. Harding, as well as the

technical assistance of Lieut. Oscar T. Crosby and Ensign S.

Dana Greene, who resigned, respectively, from the army and

navy to cast their lot with the new development. Typhoid

fever took me out of the active direction of the work for a

period of two months, and left the brunt of it upon my asso-

ciates, but on my return I had the satisfaction of seeing

Dave Mason run a car on the track at St. Joseph, Mo., in

August, 1887, and soon thereafter active progress toward equip-

ment at Richmond. Experimental running was begun there

toward the latter part of the year, and in February, 1888, the

road was put into commercial operation. The trials and dis-

appointments, the alternate successes and failures, the hopes

and fears which went with this road have been often told. This

original equipment long ago served its purpose, and was re-

placed by more modern and powerful apparatus, but Richmond,

by common consent, stands as that pioneer road which more

than any other was influential in creating the industry of the

electric railway as it stands to-day.

Briefly summarized, its general features were as follows

:

Distribution by single overhead line over the center of the

track, reinforced by a continuous main conductor, supplied in

turn at distributing centers by feeders from a constant poten-

tial plant operated at about 450 volts. The tracks were rein-

forced and grounded, and constituted the return. The current

was taken from the overhead line, at first by contacts pressed

vertically upwards, and subsequently by a trolley wheel car-

ried on a pole over the center of the car and having universal

movement. There were two motors on each car, centered on

the axles, and flexibly supported at their free ends. The gear-

ing was at first single, and then double reduction. The motors

were therefore individually free to follow variations of axle

movements, and yet maintain at all times absolute parallelism

of armature shafts with car axles and a yielding touch upon

the gears. All the weight of the car was available for traction,

and it could be operated in either direction from either end.

The controlling system was at first by graded resistances

through variation of field coils, and also by series-parallel con-

trol of armatures with a separate switch. Fixed brushes were

used for both directions of movement—at first laminated ones

at an angle, and later solid end-on metallic ones, replaced on the

new equipments by carbon, as originally adopted by VanDepoele.

The fate of the Richmond road, both technically and finan-

cially, lay for a long time in the balance. The road cost at

least $150,000, and the company got in the end about $80,000,

all essentials being time and again rebuilt. During the

progress of this installation the Van Depoele Company was

offered to me by William J. Clark, but partly because of con-

fidence in my own work, as well as lack of appreciation of what

Van Depoele was doing—to say nothing of the need for

every dollar we had to carry out work already taxing our re-

sources to the limit—it was not long considered, and shortly

afterward fell into the hands of the Thomson-Houston Com-

pany, which had only a short time previously entered the rail-

way field. The rivalry of these two companies is something

well remembered by all engaged in active work at that time,

but it had one good result in that it put the engineers of the

companies on their mettle to build the best they knew, and the

virtues of the electric railway were sounded in the ears of

every transportation man alive. Few industrial developments

have been so rapid and have had results so marked as that of

the electric railway, and it would be idle to predict its ultimate

limitations.

The Sprague Electric Railway & Motor Company, although

operating a small factory, depended largely upon the contracts

made with the Edison General Electric Company for its equip-

ments, a result hardly satisfactory to either party ; but for the

time being this seemed to be the only possible arrangement be-

cause of certain official relations which existed, and because the

growth of the business was so rapid that even the increased

capital of the Sprague Company was not able to take care of it,

even without the additional burden of maintaining a large fac-

tory. This need of capital continued, and a considerable sum

was supplied by the Edison Company when it saw the great

future of the electric railway. The natural consequence, in a

short time, was the absorption of the Sprague Company, and

the end of its independent existence.

Looking back, I cannot even now think that this was the

best outcome for those identified with it or for the art, for soon

afterward it was given out that the overhead system, especially

in the larger towns and cities, would largely be supplanted by a

system of supply through the running rails at very low poten-

tial, on a plan devised by Mr. Edison, and radical departures

were attempted in motor construction. For personal reasons

the Sprague name was drastically wiped off from every piece

of apparatus and another substituted for it, while men who had

been largely active in the creation of the industry were thrust

aside. A wiser policy and better management on the part of the

Thomson-Houston Company, and activity on the part of the

Westinghouse Company through some of the men who had

helped create the commercial business of the Sprague Com-

pany, quickly won a foothold which made the fight for business

a keen and bitter one, and to a certain extent for the Edison

Company a losing one. The position of the latter company in
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the incandescent lighting field, however, was strong, and there

soon followed a combination by which the Thomson-Houston

interests became more influential in a new company, the Gen-

eral Electric.

The experience was for me a bitter one, but I soon under-

took, with Charles Pratt, the experimental development of a

high-speed screw electric elevator, and then of the elevator in

various forms. Hard as was the Richmond work, I was

not quite prepared for the variety of difficulties, both technical

and business, that confronted me when I undertook to overturn

the hydraulic elevator industry, firmly established as it had

become in the minds of conservative capital, and promoted by

what was practically a number of close corporations working

in harmony—or, if not in harmony, at least all against the de-

velopment which I undertook.

But a new organization, the Sprague Electric Elevator Com-

pany, took up the work after I had made an experimental

demonstration in a loft in New York City, and at a small hotel,

where the first installation, somewhat modified, is still in opera-

tion. But it was some time after that I made the really first

important contract—that for six elevators at the Postal Tele-

graph Building, where in George Harding, the architect, and

John Mackay, the owner, I found liberality of view and courage

of conviction enough to accept my offer to install the plant on

condition that if it should prove unsuccessful I would replace

it with any type of hydraulic equipment which they might

select. This Postal Telegraph experience was a somewhat

wakeful one also, for every machine had to be rebuilt while in

operation, and for weeks it was doubtful whether the outcome

would be a success. It was really the beginning, on any scale,

of pilot control of large electrical apparatus now so widely

used, and in one sense the beginning of the multiple-unit

system, for having interconnected the controlling circuits in

the basement, with provision to throw any or all machines on

to a common master switch, I undertook one day to run a num-

ber of elevators simultaneously from one controller. The re-

sult may be imagined, for on account of the lack of automatic

control of current input or speed of main controllers, I soon

had the battery of elevators executing a series of terpsichorean

feats the like of which has probably never been seen.

The elevator contest with the Otis, Crane, Whittier and other

companies was carried on with a vigor worthy perhaps of a

better cause, and extended from one end of the country to the

other, until the whole business was in a more or less demor-

alized condition, boding no good to any one. The result was

the usual one—the separation of the elevator business and the

turning of it over to an alliance of interests.

Meanwhile, although out of electric railway manufacturing,

and having no voice in its management, my interest was by

110 means ended, and I took up cudgels in favor of under-

ground rapid transit in New York City, based upon elec-

tric operation. About this time (1890-91) the Board of Rapid

Transit Commissioners of New York was considering tenta-

tively various plans, but it seemed to me more than anything

else possible extensions of privileges to the Manhattan

Elevated, or the construction of other elevated or viaduct

lines. I was a believer in the Greathead system of tunneling,

but more than anything else in the ultimate supremacy of elec-

tric operation, and the vital necessity of determining the ele-

ment of motive power before any other affirmative conclusion

whatever was reached. This conviction T voiced in a long

interview in the "Commercial Advertiser," Feb. 16, 1891, in

which T advocated a four-track independent way and express

tunnel service, and added that the use of electricity as a motive

should be a sine qua noii, and that this agent being capable of

satisfying in the highest degree the most exacting demands of

service, the system should be planned with special reference

to its use.

On March 15, in the same year, I addressed a letter to the

Rapid Transit Commission, of which Wm. Steinway was then

chairman, setting forth my views on the requirements for un-

derground electric traction for New York City, advocating

first, an underground system of tubular construction, and sec-

ond, the adoption of electricity as a motive power. In order

EARLY SPRAGUE ROAD AT CINCINNATI

to emphasize my views, I closed with the following statement:

"I repeat, there need be no hesitation on the part of your Board
on the question of electric traction because of any apprehension

that the electric motor development will be found wanting when
demanded.

"On the City & South London Road the entire central station

and electric equipment was finished before the tunnel was ready

for use, notwithstanding the fact that when the tunnel was
originally designed a cable was intended for the motive power.

"But I will go further than mere assertion that the required de-

velopment will take place, and I will, so far as may be, determine

the matter by reference to that criterion which alone governs
almost all decisions of this character, the possibly hard, but the

entirely just one, of dollars and cents, for I am ready, if a rapid

transit system be adopted requiring the use of the electric motor,

to undertake the entire contract for the necessary steam and elec-

trical equipment for not less than fifty way and express trains

operated as I have outlined, under satisfactory guarantees of effi-

ciency and cost of operation as compared with steam practice."

This was followed in May by a paper before the American

Institute of Electrical Engineers, reviewing the considerations

which should govern the selection of a rapid transit system for

the city.

For a long time Mr. Gould, who was the controlling owner

of the Manhattan, and other interests connecting with it had

been opposing any grants whatever except in the nature of ex-

tensions of the elevated, and then only under such conditions

as were satisfactory to themselves. One of the most serious

proposals, and one for some time seriously considered, was

for a main line directly up Broadway and the Boulevard for a

good portion of their length. I could not but view this desecra-

tion of the city with alarm, and as the New York "Sun" was

voicing the views of the opponents of an underground road,

and ridiculing its construction, to clinch the argument which

I had made to the Rapid Transit Commission, which had now-

expressed itself as favoring an underground railway with elec-

trical equipment, in February, 1893, I published in the "Evening

Post" a communication which is here reproduced in full

:

"DEEP TUNNEL ELECTRIC MOTORS
The Rapid Transit Commission of New York recently announced

a decision in regard to route, construction and motive power which

was founded mi extensive investigation, provided well For the

future growth of the city, and met with general commendation,
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Since this decision was made, its wisdom has in certain quarters,

presumably representing existing corporate interests, been most in-

dustriously attacked, and one of the principal criticisms has been

that upon motive power. So far as these relate to any form of

propulsion other than electric they are sound, but when directed

against that particular method they are not so.

These criticisms are unquestionably dictated by one of two

reasons ; either they are intended to make the raising of capital for

the new enterprise difficult by assailing the soundness of facts, in

which case all argument is useless, or they are founded on a real

belief in the inability of electric motors to do the work required.

The form that this comment has taken is that there is no electric

motor yet "invented" which can propel even one loaded elevated

car 30 miles an hour. The objection thus embodied can be easily

disposed of if those making it are firm enough in their belief to put

it to practical test. It is, of course, essential before money is sub-

scribed for the new road that confidence should exist that electric

motors can do what is claimed for them, and it may be necessary

to make an actual demonstration on a large scale without com-

mitting the construction company to be subsequently formed to any

particular system.

Having been somewhat actively identified with the development

of electric railways in this country, and having urged upon the

Commission the necessity of electric propulsion, I am entirely ready

to make a demonstration as follows:

Let a section 2 miles long be provided on the Second Avenue, the

Suburban, or the New York & Northern Railway, which shall

fairly represent a station section of the express track on the pro-

posed underground road, for use at night when not required for

regular traffic.

Set apart a train of six standard elevated cars. These will

weigh when empty 71 tons, and can carry when crowded to the

utmost about 500 passengers weighing 37 tons, making a net weight

of train without motive power of 108 tons.

Let this loaded six-car train be propelled in two ways

:

1. By a separate electric locomotive.

2. By a system of motors, one on each track, all controlled from a

pilot locomotive.

Let the condition of operation be

:

1. A maximum speed of not less than 40 miles per hour on a

level.

2. Power to stop the train without the use of brake-shoes and

independently of the main station current.

These requirements both as to weight and speed are double those

now characterizing the operation of the London road, and repre-

sent a capacity of eight times that mentioned in the criticism.

I will undertake to make this demonstration prior to the forma-

tion of a construction company, with free subsequent competition

for regular equipment under either of these conditions:

1. The Rapid Transit Commission to require the successful bid-

der for the franchise to pay the costs of the experiment to an

amount not exceeding $50,000.

2. The forfeiture of a like sum in case I succeed within a specified

time, by any person or newspaper that will take up my challenge.

3. On the other hand, entire loss to me if I fail.

4. The time to be four months from acceptance of this proposal,

barring labor troubles, with one month leeway, at a forfeiture to

me of $1,000 a day for each day of the month over four months, and
premium of like amount for every day under four months. If the

cost of the experiment be less than $50,000, the saving to go to the

benefit of whoever pays for the demonstration.

It will be noted that this experiment is entirely at my personal

risk, with time limitation, and without any direct pecuniary value

to me, but is proposed to demonstrate the soundness of the decision

made. As an evidence of my faith I am ready to deposit a sum
which will guarantee the good faith of this proposal."

Whatever other effect, I think this proposal was of some

service in brushing away the objections on the score of motive

power, but the claims on behalf of Manhattan extensions were

assiduously pushed, rapidity of construction being one of the

most telling arguments in view of the congested condition of

traffic. For a time it seemed that the difficulty in financing

an underground road would prove insuperable, and action was

taken which opened the way for the elevated if terms with the

city could be agreed on. Meanwhile my interest in electric

railroads had been reborn with a rush because of a sudden con-

ception which was the direct result of the work which for five

years I had been doing with indirect control in elevator work,

and from that moment the "multiple-unit" system, fulfilling

completely the idea of individual car equipments under a com-

mon control, became of absorbing interest.

The first experiment was made with a number of sidewalk

elevator machines, which were assembled together in a quasi

train arrangement, and their controllers connected by relays,

secondary circuits and couplers, with master switches from

any of which all the machines could be operated.

Although eight years had passed since the Richmond road

had been put into commercial operation, and electric traction on

tramways had become world wide, electric train operation was

little known, and, then, as a rule, only where a locomotive car

or electric locomotive performed the function of a steam loco-

motive and hauled a number of trailers, as on the Metropolitan

and Lake Street Elevated in Chicago and the City & South

London in England. No sooner was the new idea fairly ma-

tured in my mind than my ambition reverted to the early scene

of my experimental work—the Manhattan, and on June 6,

1896, I addressed the special committee of the road in part as

follows

:

Gentlemen : Assuming that the recent decision of the Appellate

Division of the Supreme Court in the matter of the report of the

Commissioners makes certain a material extension of the Manhat-

tan system, and that the adoption of a new motive power on the

present, as well as on new lines is now open for consideration, 1

shall be glad to appear before your Board to make in a definite

manner a proposition either in connection with the Manhattan Com-

pany, or entirely independent through myself and some associates,

for a serious demonstration on the Ninth Avenue, or some other

division of an electric equipment having the following general

characteristics

:

1. So much double track with sidings and switches, and selected

as to grade as to give the severest test, will be supplied with

current.

2. Five cars will be individually equipped with a reduced amount

of standard apparatus without change in the cars except one truck

on each.

3. The motors will have capacity to handle the cars at express

speeds.

4. The electrical pressure, the character of current and the type

of machines will be such as have been tested and found practicable

on over 700 street railways.

5. Each car will be provided with a special control which per-

mits of it being operated from either end at will, or for the oper-

ation at either end of a train composed of from one to five cars in

any required combination and without regard to their sequence.

6. The cars will be provided with automatic control so that they

will be self-braking in case of an accident to an operator or failure

of current.

You will note that the system departs from the locomotive plan of

operation and affords what is essential for the best results, namely

:

the opportunity to keep train intervals at the shortest possible

limit, with train lengths varying at will in proportion to the traffic

demands, and it will have the following results

:

Train lengths of from one to any number of cars controlled at

will from either end of any car, and made up at any section or

branch of the road; reduction of train intervals at certain portions

of the day and night to one-third or fourth the present intervals: a

reduction of about $1,000 a day in the coal account compared with

the present system ; a far more even distribution of load than can

be provided with any locomotive train system ; a reduction of fully

one-third in deflection and shearing strains ; a material reduction in

longitudinal vibration and in depreciation of sleepers and super-

structure; the abolition of head and tail locomotive switching,

giving material increase of rapidity in despatching trains, and
greater effectiveness of sidings for car storage ; a marked increase

in the number of passengers carried; provision for lighting and for
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such elevator service as sonic stations may require from the same

source of power.

In short, a very large return on the capital requited for a change

of motive power.

On completion of this demonstration I shall be prepared to make
a bid for the electric equipment of any part or the whole of the

present or extended system in its entirety.

This letter apparently fell on incredulous ears, for it met

with no response, but eight months later, on Feb. 18, 1897, I ad-

dressed them another letter, giving further arguments, and

repeating my proposals, except increasing the demonstration

train length from five to eight cars.

This letter met with a similar fate, and finding my philan-

thropic efforts unappreciated, I desisted for a time from frontal

attacks, and busied myself with the elevator business to which

I was financially deeply committed.

Meanwhile, the Central London Railway had been projected

for electrical operation—this road to run from the Bank to

Shepherd's Bush in London. An essential of this equipment

—

for this was a deep tunnel scheme—was the installation of a

large number of lifts of great carrying capacity and consider-

able extent of run. My attention being called to it by Mr.

Mackay, I was requested to go to London to see if it were pos-

sible to get the contract—one amounting to nearly half a mil-

lion dollars.

About this time I had met with a severe accident, and a fire

threatened the shops of the company. After straightening out

matters as well as I could, just as I was about to sail I re-

ceived a communication requesting me to act as consulting en-

gineer for the South Side Elevated Railway in Chicago, to re-

vise the plans of its regular engineers. I was unwilling to

burden myself with the additional work, but after returning

what might have been called an evasive reply, I was surprised

by a visit from an old friend, Fred Sargent, with the

information that he and A. D. Lundy, formerly associated

with me in Richmond, were the engineers, and it was their

desire that I should go over the plans. A short inspection of

the layout instantly showed a field ripe for multiple-unit ap-

plication, which I briefly explained to Sargent and to Mr.

Clark, of the General Electric. I hastily drew up a report, the

main feature of which was an argument in favor of abandon-

ment of locomotive car schemes and the adoption of individual

equipments under common control—in short, the "multiple-

unit" system. As an earnest of my sincerity and confidence,

I supplemented the report by an offer to undertake the equip-

ment on the general plan outlined, which met with the indorse-

ment of the engineers. This was followed by a visit to Chicago,

but the contract was not concluded before I was obliged to

return to New York.

My plans being opposed to those which had been submitted

by the General Electric, Westinghouse and Short companies,

I found myself with a lively contest on hand, which was illum-

inated by some hours of engineering discussion over a private

wire direct from the main operating rooms of the Postal Tele-

graph Company to that of its manager in Chicago.

The main contention which finally arose was in the matter of

speed. I had guaranteed, among other things, a regular sched-

ule of 15 miles, including stops, and the equipment I proposed

averaged 100-hp per car, with 62 per cent of the total weight on

the drivers. The Westinghouse Company's agent promptly

undertook with the same horse-power, consolidated upon a

single car, and with but 25 per cent of the total train weight

nn the drivers, to guarantee 18 miles. The difference was so

marked thai fur a lime I failed in convince President

Carter, of the absurdity of the claim of being able to make the

higher schedule under the conditions named, and I declined to

make it even under the more favorable conditions of distributed

motors and with the increased percentage of driver weight

offered by the multiple-unit system. But time was pressing,

and I called one of my assistants, Mr. McKay, loaded him with

data on accelerations, motor capacities and what not, and

despatched him to Chicago with orders to kill that 18-mile

schedule beyond resurrection. I believe he left on a Sunday,

and I was booked to sail for Europe on Thursday. On Wednes-

day night I received a telegram from Mr. Carter, saying that

he would accept the schedule which I had guaranteed and

make a contract based upon my proposal, but that he wanted a

$100,000 bond to guarantee performance. I wired back that

I was leaving for Europe in the morning, but that I would give

the bond on my return.

The contract itself, although based on my original proposal,

I never saw until it was finally executed under power of attor-

ney by McKay, but as it was drawn up by the engineers of the

company, under the able supervision of its president and coun-

sel, it can be well imagined that the technical conditions were

no less severe than I had myself proposed, and the financial and

other requirements governing the execution of the contract

were somewhat in favor of the company. The contract was a

personal one with me, and among other things, I was to im-

mediately begin work on the entire equipment, and to have six

cars ready for operation by July 15, 1897, 011 a standard track

supplied by me, the manner of making the test to be prescribed

by the officers and engineers of the road, and to be to their

entire satisfaction. Should the test be not concluded by the

date set, or be unsatisfactory, the contract could be canceled.

Satisfactory further tests could be called for elsewhere, and the

remaining equipments were to be completed by specified dates.

As soon as the power house and road were ready there was to

be another test of not less than twenty equipments under severe

conditions for a period of not less than ten days. Should these

equipments prove unsatisfactory to the officers and engineers

the right still remained to cancel the contract, and to require a

waiver of all claims against the company. Under existing con-

ditions it was necessary to accept the contract in the form

offered, and while the installation, from the contractor's stand-

point, was similar to Richmond in the immediate outcome, the

results in the art were of almost equal importance.

It was impossible before leaving to do much to forward the

work, and I was detained in London on the elevator contract,

which I only received finally after offering to guarantee the

cost per thousand trips, and staking the entire contract upon

the successful outcome of trial elevators erected in place, the

engineer. Sir Benjamin Baker, to be the sole judge of per-

formance—all under a heavy weekly forfeiture.

I did not return to New York until the middle of June, so

that most of my instructions for the trial equipments were by

cable, and the actual preparat : on was made within thirty days

despite a wholesale strike of the machinists in the shops of the

Sprague Company, which soon took over the contract.

On July t6 two cars were put into operation on the tracks

of the General Electric Company at Schenectady, and on the

26th, the half-century anniversary of Prof. Farmer's test of a

model electric railway at Dover, N. PI., my ten-year-old son.

D'Esmonde, operated a six-car train in the presence of the

officers and engineers of the South Side Elevated Road.

In November, a test train of five cars was put in operation

in Chicago, and on the 20th of April following, twenty cars

were pill into initial operation, seventeen ol which, one in

flames, were taken off by me during the da\ because of de-
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fective rheostats, but I had the satisfaction with the last three-

car train of pushing a steam train around a curve. Three

months later, a year after the Schenectady test, locomotives

had been entirely abandoned, the local work being largely

supervised by my assistant, Frank Shepard.

No sooner had the test train in Chicago established the mul-

tiple-unit idea than I returned to the attack on the Manhattan

Elevated and renewed the campaign of education. On Dec. 13.

1897, I addressed a letter to President George Gould, calling

attention to the published accounts of the Chicago work and,

requesting an interview, asked "if, after investigation of what

has been done, the Manhattan Company will be inclined to en-

tertain a proposition for the entire electrical equipment of its

system, from power house to motors, for a price based in part

upon a capitalization of the actual saving accomplished in coal

and depreciation, or cost per passenger carried."

This excited no particular interest, and a week later I re-

quested a visit to Chicago of officials, engineers or experts,

but I went back alone.

About this time the newspapers were filled with various ac-

counts of what the Manhattan was going to do, the plans being

apparently based upon the locomotive car idea. It seemed

necessary that I should at least again put myself on record,

and so on Jan. 12, 1898, I sent them another letter in which I

entered at length into a general discussion of the Manhattan

needs, especially directing my arguments against the plan under

consideration. Following my practice of backing settled con-

viction to the limit of my capacity, the letter closed with the

following proposition

:

Whatever your decision, however, in the matter of consultation,

selection of dynamos or make of motors, and without unnecessary

argument, we are prepared to install any part or the whole of an

individualized equipment, and as against any possible locomotive

car plan, on the same rails and with the same dynamos back of

us, and using your present cars modified to meet the conditions,

operate in any combination of from one to eight or ten cars, and

with any condition of rails, under the following guarantees:

1. The lowest maximum speed with a given schedule.

2. The highest schedule speed with any given maximum.

3. The lowest expenditure of coal per car-mile.

4. The lowest cost per car-mile, all things considered.

5. The least shearing and deflection strains on the structure.

6. The quickest acceleration for any train combination.

7. The most effective and powerful braking system.

8. Equal acceleration, speed, smoothness of movement and equal-

ity of work, whatever the number of cars in a train.

9. The installation of such an equipment in the shortest possible

time.

But the Manhattan Company was evidently far more con-

cerned in efforts to obtain increased privileges than they were

in the electric equipment of the road, and were actively

flirting with both the Rapid Transit Commission and the politi-

cal powers that were, in the hope of securing its extension and

delaying the construction of an underground road, with the

result that on April 1, 1898, I addressed the following latter

to John H. Starin, the chairman of the contract committee of

the Rapid Transit Commission:

Dear Sir: In all the published accounts on the subject of the

negotiations between the Commission and the Manhatan Elevated

Company, as well as with anyone else, one of the most important

essentials seems to be entirely ignored. Routes, structures, rights

of way and penalties are all considered, but the one thing which

would do more to relieve congestion does not seem to he insisted

upon, and that is the question of motive power.

The time has passed when there could be any question as to the

advisability of adandoning steam and adopting electricity, and by

this agent, and this alone, can the essentials of cleanliness, reduction

of noise, smoothness of operation, and what is most important of

all, increase of schedule speed, be obtained.

The elevated railroads now make on way trains a schedule speed

of not exceeding 12 miles an hour, including stops, when running
with loaded trains. It is possible to increase this to 18 miles or

about i8 l/2 miles, although that is the absolute maximum with

station stops as they now exist, but i6 l/2 miles is within the range
of practical, reasonable demand.

It would seem, therefore, perfectly proper that the following con-

ditions should be introduced in the granting of any franchise of

any kind whatsoever, and to whatsoever company

:

1. That there shall be a change from steam to electricity.

2. That there shall be a schedule speed, including stops at each
station, of not less than i6]/2 miles, whatever the length of the

train.

3. That there shall be a schedule speed, including stops at limited

stations, of express trains of not less than 30 miles an hour.

The above conditions can lie met, and it is only reasonable to

expect that these increased speeds should be supplied by the railway
company if they receive additional privileges.

It is worthy of note that the schedules suggested in this

letter were those adopted when the underground specifications

were issued, although on account of the length of trains and

sharp curves the express schedule will probably not be main-

tained above 25 miles.

Meanwhile the Brooklyn and Boston elevated roads had

adopted the multiple-unit system, the latter under most difficult

conditions, the stock of the South Side had trebled in value

and the logic of events compelled action on the part of the Man-
hattan Company. Eighteen million dollars was provided for

betterments and equipment, but by some curious obduracy cer-

tain influences were, however, effective for the time being in

blocking the adoption of the multiple-unit system, and the first

actual trials for an electric equipment, based upon the approval

of the officers of the road and its engineers, was that of a

train having two locomotive cars, one at each end, the motor

equipments on the two cars as a whole being thrown in series

and parallel relation, and governed by hand controllers supple-

mented by electrically operated reversers. A short trial proved

the inefneacy of this scheme, and led to the final adoption of

the multiple-unit system as developed in a modified form by

the General Electric Company, and now known as the Sprague-

General Electric system.

The operative and financial results attained by the adoption

of electricity are sufficient commentary upon the cynical atti-

tude of unbelief with which all claims on behalf of electric

operation were received, and it is a matter of some satisfac-

tion to see the growth of the multiple-unit idea and its adop-

tion on the Manhattan, the Interborough, and the Metropolitan

District of London, as well as other roads where I had for

years advocated it in face of the most determined opposition

and ridicule, as well as the substitution of the system where

locomotive cars have been used.

It is also gratifying that the largest present enterprise effect-

ing steam operation is likewise dependent upon this system.

The whirligig of time has for the moment put me in the position

of critic and engineer instead of inventor and constructor, as

one of the commission in charge of the electrification of the

New York Central terminals and a portion of its main line,

the other members being Fifth Vice-President Wilgus, chair-

man
;
Superintendent of Motive Power Deems, Mr. Arnold and

Mr. Gibbs, the general work being undertaken after a compre-

hensive and careful report by Arnold, supplementing an earlier

crude investigation by myself.

It is too soon to go much into the details of this equipment

other than as already known, or the character of the contracts.

Much, of course, will be a duplication of the best practices
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elsewhere, but in one particular, that of the locomotive equip-

ments, the departure is radical, and of such character that the

contracting company is proceeding under very exacting con-

ditions, required on the one hand by the railroad company and

on the other willingly undertaken in its confidence of the out-

come by the General Electric Company. The 2200-hp locomo-

tive units of 85 tons weight, with over 65 tons on the drivers,

are to be controlled on the multiple-unit plan, so that two

or even three locomotives, representing an aggregate of sev-

eral thousand horse-power under simultaneous control, can

be put at the head of the heaviest train which can be

made up.

One of the results sought, and which will be accomplished,

is to replace the dozen types and sizes of locomotives now used

within the territory determined for electric operation by a sin-

gle type and size of locomotive of such a capacity and capable

of such control and aggregation as to meet all the requirements

of speed and power, whether for switching in the yards or

hauling the heaviest trains at schedule speeds.

In view of the developments which are taking place in the

alternating-current application, it may be proper for me to

say here that the decision finally made in behalf of continuous

motors, and a zone of operation bounded by North White

Plains on the Harlem division and Croton on the main line

was the only one then, or even now, possible or wise under ex-

isting limiting conditions, and that the operation of this par-

ticular area is not affected by, nor will it necessarily determine

what shall be the future developments affecting trunk-line

operation.

THE BEGINNINGS OF THE ELECTRIC RAILWAY MOTOR

BY BRIG.-GEN. EUGENE GRIFFIN, U. S. V.

IN 1888 electric lighting was

nearly ten years old. The

Edison incandescent lamp, in-

vented in 1879, had given tre-

mendous impetus to the light-

ing industry, which, before

that date, represented but

feeble and unsatisfactory ef-

forts to make commercially

useful the inventions of nu-

merous pioneers in the light-

ing field. Edison lighting

companies were being organ-

ized in all of the principal cities, and the incandescent lamp,

while still expensive, was being generally recognized as a

necessity of modern life. The arc light of Brush and Thomson

had been so perfected that municipalities all over the country

were lighting their streets by the arcs, and while commercial

lighting was practically unknown, the arc light, industry was

advancing by leaps and bounds.

Electric welding had been invented by Elihu Thomson, and

the public was beginning to appreciate the vast importance of

this contribution to commercial industry.

Stationary motors were being used to a small extent by those

who appreciated the value of such a ready source of power.

Electric railways were indeed in their infancy. Sprague

was building the Richmond road. Daft had a two-car road in

the outskirts of Baltimore, and four others in other cities.

Bentley & Knight bad abandoned their Cleveland experiment,

but had built roads in Woonsocket, R. f., and Allegheny City,

Pa. Van Depoele had some ten small roads running in various

small cities. Each road differed from every other road, not

only in small, but in essential details. Van Depoele placed his

motor on the front platform and connected it with the axle by

a sprocket chain and gear.

Such was the condition in 1888, when the Thomson-Houston

Electric Company, of Boston, entered the railway field. That

company, prior to 1888, was an arc lighting company. Basing

its work on the patents of Professors Thomson and Houston,

by able management and unusual energy it had achieved a lead-

ing position in the electrical manufacturing field and had sur-

passed its older rival, the Brush Company. The arc light

business had absorbed all of the energy of its management, but

having attained the first place, it was looking for new worlds to

conquer. The Bentley-Knight Company, having no factory of

its own, had purchased electric motors from the Thomson-

Houston Company for the Woonsocket and Allegheny City

roads. In this way the Thomson-Houston engineers had se-

cured some experience in electric railway work.

In the spring of 1888 it was determined that the Thomson-

Houston Company should take up the electric railway business.

The first step was the purchase of the Van Depoele patents.

The wisdom of this move was proven by subsequent results.

The courts have repeatedly held that Van Depoele was a pio-

neer in the railway art, and his patents have been repeatedly

sustained by the Federal courts in all parts of the country. We
owe to Van Depoele the carbon brush, without which the elec-

tric railway motor, and I might even say the direct-current

dynamo, would have been a comparative failure. We owe to

Van Depoele the under-running trolley, which was an essential

to the early roads, and is an essential to-day.

The purchase of the Van Depoele patents carried with it the

employment of Van Depoele, and from that time the Thomson-

Houston Company had the advice, counsel and active assist-

ance of that great inventor.

Experiments were at once undertaken to develop the best

possible form of motor. These resulted in the F-30 motor

—

the old double-reduction, 15-hp so-called F-30 motor. Two
motors were furnished with every car. These motors were

flexibly suspended from the axles, and the armature speed of

1500 r. p. m. was reduced to the desired car-axle speed by

means of an intermediate axle and a second gearing. It will

be seen, therefore, that the difficulty at the outset with electric

railway motors was not to attain high speed, but rather to at-

tain low speed, and for several years the improvements in

railway motors were all in the direction of bringing down the

speed and ultimately eliminating the intermediate axle and

secondary gearing.

The F-30 motor is shown on the following page. The motors

of this type were characterized by flat fields. The frame con-

sisted of a strong iron casting, comprising side arms and mag-

net yoke, while the field cores were wrought iron forgings, of

flat, rectangular cross section, firmlv bolted to this yoke. The

field coils were wound upon sheet-iron spools with brass

flanges, and the ends of the windings were joined by means of

copper strips to the connection board, which is placed in a

position of easy access for examination. The armature in the

type F motor was of the Siemens or drum type, having contin-

uous coils wound with the most careful attention to insulation.

The bearing linings were all of gun metal. On the arma-

ture and intermediate shafts the boxes were provided with the

ordinary oil cups, as a means of lubrication, while on the axle

shaft the boxes had an oil reservoir and a spring feeder. The

gear ratio was 04, and the motor was rated at 15 hp. The

weight of the motor was 2096 lbs. Four thousand six hun-
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dred and twenty-one of these motors were sold by the Thom-

son-Houston Company during the years 1888-1891, and went

into operation in all parts of the habitable globe. It is no ex-

aggeration to say that the F-30 motor made the success of

electric railways.

Carbon brushes were first used on the F-30 motors. Some

of the serious troubles with copper brushes encountered by
Sprague on his Richmond road were rapid consumption and

difficulty in reversal, and this invention of Van Depoele's was

a long step in advance.

The first commercial road equipped by the Thomson-Houston

Company was at Crescent Beach, Mass. Two cars were

U THE F-30 MOTOR L

—

equipped and put into regular operation on the Fourth of July,

1888. The pinions were made of alternate plates of steel and

rawhide, a method of construction highly praised at the time,

and from which much was expected. It is needless to say that

it was but a short time before the rawhide was eliminated.

'Idie success of the Crescent Beach road led to the contract

for the Eckington & Soldiers' Home road in Washington.

This road ran from Mt. Vernon Square on Seventh Street to

ami beyond the boundary. The straight line of New York

Avenue offered unusually excellent facilities for good con-

struction; steel poles were used, placed between the tracks

with one cross arm extending out over both tracks. It was

opened to traffic in the fall of 1888. This line was well con-

structed and was a model road in its day. Its position in the

capitol city, where it was examined and commented upon daily

by Senators and Representatives from all parts of the United

States, justifies us in asserting that no one road did more to

advance and make permanent the electric railway industry

than did the Eckington & Soldiers' Home road.

Great fears were expressed as to the danger to life and limb,

and as to the fire risk from such "high-tension" wires stretched

over the public highway. These fears found voice in the

United States Senate, and the construction of the Eckington

road was considerably delayed, pending a hearing before the

district committee, based upon a petition of the Thomson-

Houston Company, praying for relief from the action of the

Senate, which, in passing a resolution introduced by Senator

Edmunds, of Vermont, indicated an intention of annulling all

contracts and permits, and making impossible and unlawful

the construction of the road. The evidence introduced at this

hearing satisfied the committee, and the report of the committee

satisfied the Senate, and work was resumed.

The telephone companies protested against the use of the

ground return by the electric railways, as it interfered with

their use of the ground return. Much litigation resulted, but

the courts held that the telephone companies had no monopoly

of the earth, and the result was the introduction of metallic

circuits for telephones, an improvement which the public owes

to the electric railway, although it was an improvement which

was sure to come sooner or later.

Henry M. Whitney, a brother of William C. Whitney (after-

ward Secretary of the Navy), was president of the West End

Street Railway, of Boston. A courageous and progressive

man, it was his intention to introduce the cable system in order

that Boston might have a modern and up-to-date transporta-

tion system. Probably no city in the United States was less

suited to the cable system than Boston. Nevertheless, it seemed

the only system available as an improvement over the old horse

car, and Mr. Whitney's cable plans were already far advanced

when his attention was invited to the possible use of the elec-

tric motor. A visit to Allegheny City, to Richmond and to

Washington convinced Mr. Whitney that the new system was

what he desired ; a contract was made for the equipment of the

Cambridge line with the overhead trolley, and at the same time

he contracted with the Bentley-Knight Company for an under-

ground conduit on Boylston Street. The Cambridge trolley

was a success; the Boylston Street conduit was a failure. The

conduit was removed and authority secured for overhead wires

over practically all of the Boston streets. The West End engi-

neers were satisfied with their knowledge of power house work,

of the cost of producing power, of the cost of maintenance of

dynamos, and of the possibility of operating cars by overhead

wires. They were without knowledge of the cost of maintain-

ing the overhead lines and the apparatus on the cars. A con-

tract was proposed wherein the Thomson-Houston Company
would assume this risk by agreeing to keep the overhead line

THOMSON-HOUSTON CAR ON ECKINGTON & SOLDIERS' HOME
RAILWAY, WASHINGTON

and the car equipment in operating condition for the sum of

3 cents per car-mile for a double-motor car, and \ J/z cents per

mile for a single-motor car ; this agreement to run for five

years. It was a bold step for the Thomson-Houston directors

to take, but on the advice of their engineers they did take it,

and the contract was signed. At the end of two years Mr.

Wdiitney found that the Thomson-Houston Company was mak-

ing a profit on the maintenance guarantee, and he took it over,

as was his contract right. But those two years were far from

pleasant ones for those engineers upon whom rested the re-

sponsibility for such an agreement, and few can appreciate the
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relief they felt when it was realized that they had no longer any

direct interest in the question as to whether or no the cars could

be kept running during a Boston winter blizzard. The se-

curing of the West End contract by the Thomson-Hous-

ton Company against the severe competition of the Bentley-

Knight, the Sprague and other electric companies, unques-

tionably placed the Thomson-Houston Company in the front

rank of the electric railway equipment manufacturing com-

panies—a position which it continued to hold until its amalga-

mation with the Edison Company to form the present General

Electric Company in 1892.

It was interesting to meet and combat the objections of the

street railway manager. His fears as to the reliability of elec-

tric cars were natural ; his feeling of absolute helplessness in

the handling of a power of which he knew nothing, and could

learn nothing, was natural ; but it was amusing to hear him

seriously argue that it was impossible to make any change

whatever in the 16-ft. horse car. The body could not be raised

one inch ; not only was it impossible to add another step to

reach the platform, but the rise in the prescribed number of

steps could not be increased even by one inch. Car builders

had nearly attained perfection in the manufacture of the car

body, and the springs and axles and boxes and all parts must

be used just as they were used when the horse constituted the

motive power.

The introduction of the independent truck in 1889 was a

great step in advance, and it did more perhaps than any other

improvement to bring home to the old-fashioned manager the

fact that the horse car days were past and that we had entered

a new era where his horse car experience counted for but little,

in so far as it related to the construction of the car and the

motive power therefor.

The F-30 motor was succeeded by the S. R. G. motor in

1890. This was the first single-reduction motor; it was short-

lived ; it was followed almost immediately by the W. P. motor

(water-proof), and some 7638 of the W. P. motors were sold.

These were succeeded by the GE 800, and as the cars were in-

creased in size and greater speed demanded, by the 25-hp, the

35-hp, the 40-hp, the 50-hp. the 75-hp and even the 125-hp mo-

tors of the present day. The Interborough cars in New York

are equipped with 200-hp motors.

The growth of the electrical railway has been rapid. Hardly

seventeen years have elapsed since the first substantial road

was constructed, and yet the growth has been so gradual that

few realize what it has done for humanity. The crowded city

has been expanded into the country; the area available for

homes has been increased at least nine-fold ; towns and cities

have been brought into communication where before no com-

munication existed; where communication did exist the high

speed of electric interurban cars has effected great savings in

time; the value of property has been enormously increased; our

streets have been made cleaner and healthier ; additional work

has been found for many thousands of laborers, and the saving

in time to all who travel by electric-driven vehicles has added

years to the active life of every individual.

THE DEVELOPMENT OF STREET RAILWAY TRACK
STRUCTION DURING THE PAST 20 YEARS

CON-

J!Y W. ISOARDMAN RI£ED

"I feel that the time has now come when some of the physi-

cal dimensions of electric cars may, with benefit to all, be

standardized. As to how far such standardization should go,

committees of tin's association can best determine. The guid-

ing principle, it seems to me, should be tin's: That standardiza-

tion nl parts should be so directed as nut to interfere with the

progress of invention."

—

From Pittsburg Meeting, 1891.

PREVIOUS to 1884 steam

railroad engineers had prac-

tically agreed upon the proper

section of rail and style of

construction, and little or no

change has since been made

in the standards then in use.

y^P^ The use of heavier rolling

M| ^ stock has called for heavier

I
steel and more solid roadbed.

this demand being met by in-

creasing proportionately the

dimensions of the then stand-

ard rail sections, substituting, perhaps, broken stone ballast

for sand or gravel, and reinforcing culverts and bridges. Even

the joint fastenings most generally in use to-day are of the

same general design as those used twenty years ago. Though

many patent joints and fastenings have been tried and used,

there is no single one of them so generally used as the angle

splice, which is a modification of the old fish-plate pattern.

The action of the American Society of Civil Engineers

doubtless had much to do with standardizing rail sections. The

section recommended in 1893 by its "Committee on Standard

Rail Sections" is the standard of most steam railroads to-day,

though the Pennsylvania Railroad Company has a standard of

its own and some other roads use a slightly modified form of

the A. S. C. E. section.

With street railways, however, there has been during the

past twenty years a complete change in everything relating to

track construction, so that the standard street railway track of

1904 has no closer resemblance to the standard of 1884 than

has the modern electric car at present running on Broadway,

in Manhattan, to the horse car running on West Street in this

same Borough.

From about 183 1 for a period of more than fifty years, ani-

mal power was universally used for street car service. The

cars were light, and so did not call for a rigid roadbed. The

problems confronting the street railway track department of

that period, however, were the same, aside from the strength

of the track construction, as confront us to-day. Much time,

thought and money were expended in an endeavor to get a per-

fect track. The definition of a perfect street railway track

twenty years ago might be as follows, the sequence of the re-

quirements given being according to their importance:

First—The head of the rail to be of such section as to offer

the least resistance to the movement of cars.

Second—The shape to be such that mud, slush or snow car-

ried on it by vehicles would be easily pushed off by wheels of

tbe cars.

Third—The rail to be such that it could be solidly spiked to

the wooden stringer.

Fourth—The rail to offer the least possible obstruction to

vehicles.

Fifth—The sub-structure to be such as not to interfere with

the pavement and to be of sufficient vertical and lateral stiff-

ness as to resist the strain caused by heavy vehicles.

To accomplish these results many various sections were

rolled in meet the ideas nut only of street railway engineers

and managers, but of city authorities as well.

Tbe first street railway built for passenger traffic was on
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Fourth Avenue, New York City, the rail used being a simple

bar of iron, with a groove formed to receive the Wheel flange,

and this section came as near meeting the definition given

above as any since made. It was quite similar to Fig. 1, the

lower lip being omitted, Figs. 2, 3 and 4 being other sections

tried. Fig. 5, known as the "Philadelphia Section," was also

extensively used.

The center-bearing rail, shown in Fig. 3, undoubtedly more

nearly complies with the first, second, third and fifth require-
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merits of the above definition than any other, but much objec-

tion was made to it by drivers of vehicles, and so great was the

objection that the Legislature of the State of New York

enacted a law in 1892 against its further use. This section has

rather an interesting history. The various street railway men,

in their effort to obtain a proper rail, appealed to the late Hon.

Abram S. Hewitt, of Cooper, Hewitt & Company. He per-

sonally designed for them this rail, and, as stated above, it was,

FIG. 5 FIG. 6

to the street railway men, very satisfactory. The head being

somewhat above the adjacent pavement and separated from it

on either side by a flange, comparatively little dirt, mud or

snow was drawn or pushed on it by vehicles. In light snow

storms the wheels of cars would themselves clean the rails,

and in heavy storms they would remain clean for a considerable

period, especially if a small quantity of nocturnal sunshine or

salt was sprinkled along the flanges. Some few years after the

introduction of this rail, Mr. Hewitt was elected Mayor of the

city of New York, and, being appealed to by the citizens, he

refused to allow any permit to be granted for the further use

of center-bearing rail, and, largely through his efforts, the

statute above referred to was passed by the Legislature. When

remonstrated with by the street railway men, he replied : 'Yes,

I designed this rail, but I was then employed in your interest.

Now I am working in the interest of the public." I believe

Kansas City, Mo., is the only city in the United States which

permits the use of this rail-head.

With the flat sections of rail the method of construction was

to spike the rails to a wooden stringer 5 ins. ("equal to the

width of the rail) in width and 7 ins. in depth. The rail being

\V2 ins. or 2 ins. in thickness, this gave ample depth for pav-

ing blocks. The stringers were fastened to crossties placed

from 4 ft. to 5 ft. apart with cast-iron knees or angles, one of

which was placed either side of the stringer at each tie and

fastened with spikes to both. Outside of the stringers, knees
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about 5 ins. x 5 ins. were used. Inside, the knees were 3 ins. x

3 ins. At joints of timbers a special shaped knee was used,

arranged to engage both sticks. In laying this character of

track care was used not to have a joint of the rail over a joint

of the timber, and at rail joints a flat piece of steel or iron,

shaped to receive the bottom of the rail,

was placed, the timber being cut to re-

ceive it.

Though the flat rail answered very well

for the light cars of twenty years ago,

some railway men, or it may have been rail

manufacturers, thought that a rail with

greater vertical strength would be better,

, r , ,
FIG. 7

so that, even for horse cars, many other

sections were tried. Still clinging to the wooden stringer,

sections were rolled with a channel base, the flanges tending to

stiffen the rail, and the rail being fastened to the stringer with

horizontal bolts. Later, the wooden stringer was abandoned

and various sections supported on chairs were used. Though

a patent was granted in 1859 t° Sydney A. Beers tor a girder

rail very similar to those at present used, Fig. 6, owing to diffi-

culties of rolling, no girder rails were manufactured until

1872. This rail, Fig. 7, was only 3 ins. in height and was sup-

ported on chairs. It was followed by girder rails, both with

and without bottom flange, also by various other types of rails,

such as Lewis & Fowler's box rail, Figs. 8, 9 and 10, and the

Gibbon duplex rail, Figs. 11 and 12.

Each of these sections had some feature through which they

were placed on the market, and answered fairly well for horse

car service, though none of them, in the opinion of the author,

was superior to the flat rail and wooden stringer. In 1894

and 1895, a considerable amount of the Lewis & Fowler and

also of the Gibbon rail was removed from Sixth Avenue in

New York City and the flat rail with stringer substituted. The

Lewis & Fowler and Gibbon rails had been in service but a

few years, while the flat rail and stringer adjacent to them

had been in service over twenty years, during which time the

rails had been renewed once, but the stringers had not been

changed.

There is at present in the Borough of Manhattan something

like 75 miles of flat rail and stringer construction, much of

which has been in operation over twenty years, and it is to-day

in better condition than is a line built about twelve years ago

with 4-in. girder rail on chairs.

If the various box-girder, duplex, "Butterfly," shallow girder

and so-called girder rails without lower flanges would not

stand up under horse car service, it is not surprising that with

the advent of electric service trouble was immediately experi-

enced with the track. None of the rails in use when electric

cars were introduced had sufficient vertical stiffness, and,

though it would seem an easy matter to compute the best sec-

tion of rail to carry a given load, yet we find one of the prin-

cipal manufacturers of steel rails as late as 1890 recommending

the use of so-called girder rails, with no lower flanges, set on

chairs, though at that time regular girder rails 9 ins. high were

rolled.

As late as 1895 ^ew street railways were built with a stronger

rail than a 7-in. girder, weighing from 75 lbs. to 80 lbs. per

yard, and even yet 7-in. rail is extensively used, though 9-in.

rail, weighing from 90 lbs. to 100 lbs. per yard, is fast becoming

standard. Though the 7-in. rail, or even the 6-in. rail, weigh-

ing from 80 lbs. to 90 lbs. per yard, is sufficient with a proper

foundation, the 9-in. rail has the advantage of giving sufficient

depth for stone block paving, and, in addition, it gives a much
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more rigid joint. Rails as much as 10^ ins. in height have

been used, but they do not meet with favor. The use of a

girder rail with head from ins. to ins. in width, with

a lower flange from 5 ins. to 6 ins. in width, and a total height

of 9 ins., weighing from 90 lbs. to 110 lbs., is being adopted

throughout the country as a standard, but, aside from this as a

type, we are no nearer to a standard section than we were

twenty years ago. In fact, we have retained all the heads used

previously, except perhaps the center-bearing, and adopted

many new ones. The general shape most used is the side-

bearing, Fig. 13. Many cities, however, will not consent to its

use, demanding a groove rail with inside flange approximately

the same height as the head. The so-called "Trilby" rail, de-

signed in 1895 by the engineers of the Metropolitan Street

FIG. FIG. 9

Railway Company, of New York City, to meet the require-

ments of the city authorities, is being used quite extensively

(see Fig. 14). It has probably less bad features than

other grooved rails, but is more objectionable, especially in

times of snow, than rails without a groove. A number of modi-

fications have been made in this section since it was originally

designed, and the present standard of Greater New York differs

slightly from the original model.

In the foundation for rails there has been fully as great im-

provement during the past twenty years as in the rail. Where-

as in horse car construction ties 5 ins. x 7 ins. x 7 ft., placed

4 ft., or even 5 ft., on centers, tamped up with the surrounding

earth, were generally used, the better construction of to-day

requires either metal ties, spaced 30 ins. on centers, with either

-Wa-

it might be claimed, however, that in thus using concrete

there has been no development in the past fifty years except

in that the concrete is a substitute for the natural stone, for

on the first steam railroad built the rails were supported by

stone blocks, and in the line built on Fourth Avenue, in New
York City, stone ties, some of which were taken out in 1897,

were used for at least a portion of the distance.

The underground trolley system of New York and Wash-

ington has been entirely developed in the past decade, though

experimental lines quite similar in design were built even be-

fore the use of the overhead trolley. The principal mechanical

development in this character of construction has been in the

substitution of cast iron and concrete for wood in the supports

for the rails and the conduits. This character of construction,

however, is so expensive that it

can never be used except in very

populous cities where there is a

large number of short riders.

In no branch of track con-

struction has there been greater

development than in the special

work. Less than twenty years

ago, when a turn-out was to be

built, a pattern maker from an

iron foundry would visit the

ground with a wagon load of

wooden strips, which he would proceed to lay out on the ground,

bending them to form the necessary curves, nailing on pieces

for crossings, etc. Having secured the model together, he

would cut it into pieces that he could load onto the wagon and

return to his shop. Patterns for cast-iron switches, mates,

frogs and crossings would then be made and the rails bent to

conform with the model. That work built this way would not

always fit is not strange, for the wooden strips would often

insist on warping out of shape

-2^-- ->< 2%"— * before they were used. As late

as 1895 the writer saw a piece
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a heavy beam of concrete under the rail or else a continuous

bed of concrete not less than 6 ins. thick for pavement founda-

tion, reinforced to 8 ins. or 10 ins. for 12 ins. either side of the

gage lines. In this construction the tie simply serves as a tie

rod to hold the track to gage and as a temporary support while

the track is being lined and surfaced previous to the placing

of the concrete. If wooden ties are used they are 6 ins. x 8 ins.

x 8 ft., from 24 ins. to 30 ins. on centers, either broken stone

or gravel being used for ballast. Often concrete is used in lieu

of ballast, in which case it is not only tamped under and around

the ties, but under the rail as well.

of work built after this manner, causing a track gang and the

pattern maker, who had been sent after, lots of trouble at First

Avenue and Thirty-Fourth Street, New York City.

It is perhaps of interest to note that in the cast-iron work

used nearly, if not quite, twenty years ago, hardened steel

wearing plates were inserted in frogs and crossings.

The great improvement in the methods of manufacturing-

steel has enabled the manufacturers to make special work so

that the parts of greatest wear will last as long as the rails

adjoining, and all turn-outs, crossings, etc., being laid out by

engineers instead of pattern makers, with wooden strips, there
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is very seldom any trouble with the fit. In special work for

underground trolley lines, especially in renewal work, great

care has to be taken in making the measurements and in its

manufacture, for, unless the work is made mathematically cor-

rect, it will not fit and little or no fudging can be done. Even

the holes in the castings must be in exactly the proper location

or much extra work is required in the field, and gouging or

redrilling of the holes weakens the structure.

-

ST. LOUIS STREET RAILWAYS IN 1884 AND 1904

BY ROBERT McCULLOCH

A VISITOR to St. Louis twenty years ago would have

found a miscellaneous assortment of some fifteen

horse and mule railway companies, the oldest of

which dated from about 1859, at which time several roads were

started. About half of the cars in service in 1884 were of the

bob-tailed variety, with steps at the rear in lieu of a platform.

The remainder had advanced to the stage where rear platforms

and conductors were added, and these were consequently looked

upon as being as much superior to the bob-tails as the present

double-truck, cross-seat cars were a short time ago considered

superior to the single-truck cars which preceded them. Grand

Avenue, 2.y2 miles west of Broadway, was the terminus of the

east and west lines. The company's central power station is

now west of that thoroughfare, and Grand Avenue is occupied

by a central cross-town line, which has very heavy traffic be-

cause it is so centrally located with reference to the system.

In fact, Grand Avenue is not half way to the World's Fair

grounds and the present lines radiate from 6 to 20 miles. The

St. Louis Transit Company on World's Fair opening day oper-

ated 1000 cars, and the St. Louis & Suburban Railway Com-
pany 100 more. The St. Louis Transit Company's regular rush

hour schedule now calls for about 1100 cars, which is perhaps

as many as can be operated to advantage without causing con-

gestion and defeating the object of carrying the greatest pos-

sible number of people per hour.

Mules were the favorite motive power with St. Louis street

railway men. On the bob-tailed cars, although one horse or a

large mule could have pulled them, experience proved "double-

motor equipment" to lie the best, the motors in this case being

a team of small mules. One cannot refrain from enlarging a

little on the superior qualities of these small mules for street

car service. They were bred from mustang ponies, and seemed

to combine the tough qualities of both the common mule and

the mustang. A team of them would pull a bob-tailed car

along at a lively trot, making a speed of 6 to 7 miles per hour

when under full headway. They would get a car under way

very rapidly, or perhaps we should say, in deference to modern

methods of expression, the acceleration was very rapid. These

little mules were usually bought right from the farms in North-

ern Missouri and Texas without any previous breaking in.

Contrary to what might be supposed, these mustang mules

were easily broken in to street car service, and proved very

intelligent and quick to learn the requirements of the business

as well as willing workers. They were not shirkers. To break

them in, an untrained mule was put beside a trained one. The

force of example was strong, and by the time the newcomer

had made one round trip alongside a gentle mate he was usually

considered broken in and would know how to act in street rail-

way service from that time on. They soon learned that one

bell meant stop at the next corner, that a person waiting at a

corner meant stop, and that two bells meant go ahead. They

were less susceptible to disease and less affected by hot weather

than horses. About the only thing that took the vim out of

them was a sleet-covered roadway in winter, which gave them

an uncertain footing. Trouble from this cause was in those

days overcome by sprinkling between the rails with fine cin-

ders. Mules frequently averaged 20 miles per day with as

much ease as horses would make 14 miles, and the mules lasted

better. When unfit for street car service, they could be sold to

advantage to traders further South, where they would be re-

sold to negroes for farming small plantations.

So much for the mules. How about the men ? Previous to

1884 the drivers alternated what were called long days and

short days. The long days were sixteen to eighteen hours in

length, and the short days twelve to fourteen hours. By 1884,

however, this had been reduced. Drivers got from $2 to $2.50

per day. They stood all day on a small platform exposed to

the weather, lines in one hand, brake handle in the other, look-

ing out for passengers, making change, taking the entire re-

sponsibility for the car and its occupants. The fare box was

used, and each passenger deposited his or her own fare in the

box, unless the car was too crowded, and then the other pas-

sengers passed it up. The longer cars had conductors, but

that was before the days of fare registers. The lot of the

driver in those days was in striking contrast to the lot of the

motorman of to-day, who has a comfortable cab in which he

can stand and sit during his day's work and control his car

with the air brake and controller handle. However, the added

speeds have greatly added to the motorman's responsibilities,

so that the greater physical comfort of the motorman is at the

price of higher nervous tension. Taken altogether, however,

the motorman's lot is much better than that of the old horse

car driver.

It is hardly necessary to point out that the lot of the passen-

gers in those days was little better as compared with to-day

than was that of the men as compared with to-day. The dis-

tances covered were not great, but the speed was so slow that

persons living at the terminals of the lines then were practi-

cally no better off than those living at the outer terminals of

the lines to-day in point of time required to get to business,

while the comfort in the old bob-tailed cars is not to be com-

pared with that afforded by the present cars. Besides this, the

fact that fifteen different companies, which did not issue free

transfers to each other's lines, were operating within the small

district then covered by street railways, speaks for itself as

regards the limited transportation privileges that the payment

of a nickel in those days carried as compared with to-day, when

a passenger can go between any two points in the city limits

for a 5-cent fare.

The first cable line in St. Louis was started by the St. Louis

Cable & Western Railway in 1886. This is now the downtown

end of the St. Louis & Suburban Railway. The outer end of

this line was a steam road. The whole was, in 1891, changed

to electric, being the first cable line so changed. Other cable

roads in the order of their equipment were Olive Street, Frank-

lin and Easton Avenues, Broadway and Fourth Street. In

1894 the era of change from cable to electric began, and since

all cable lines have been changed to trolley.

Electric traction began in St. Louis with a couple of experi-

mental lines—one a storage-battery line on the Lindell Railway

in 1887 and the other a trial of the Short series system at the

southern end of the old Broadway cable line. Both were fail-

ures. The real era of electrical operation began when one line

of the Union Depot Railroad began to operate with a trolley
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in March, 1890, followed by one line of the Lindell Railway

in September, 1890. The trolley spread rapidly, and within a

few years had not only driven out horses, but the cables.

St. Louis has always been a progressive place in street rail-

way matters. The general use of double-truck semi-convertible

cross-seat cars is largely clue to the example set by St. Louis

roads, which took this type of car up before it was considered

practical for city service elsewhere. The maximum traction

truck was first generally used on these cars with car bodies

about 28 ft. long. Later the regular double-truck car with four

motors came in with car bodies 33 ft., this being the standard

to-day. The first large railway generators in the world to be

direct connected to Corliss engines were placed in service in the

Cass Avenue & Fair Grounds Railway plant in 1893. The first

cast welding of rail joints in the world was done on 2 miles of

track in Chippewa Street in November, 1894, which was the

beginning of great activity in cast welding. Incidentally, too,

may be said that the joints in this track are good to-day. The

first rail in 60-ft. lengths ever used for street railway service

was laid on Franklin and Easton Avenues in 1895.

Perhaps the best illustration of what St. Louis street rail-

ways are to-day is the fact that on St. Louis Day, the greatest

day of the Exposition, when the citizens of St. Louis and sur-

rounding towns turned out en masse to attend the Fair, the St.

Louis Transit Company carried in round numbers 1,151,785

people, including transfer passengers, in one day, and all this

without the tremendous congestion of crowds that is commonly

considered inseparable from such special holidays, when an

exceptionally large number of people must be carried in an

unusual direction. At no time did the crowds, either going

or coming, collect faster than the street railways were able to

transport them to their homes, and the people were delivered

at the Exposition gates at times faster than the Exposition

turnstiles could pass them through.

VERY EARLY WORK IN THE DEVELOPMENT OF ELECTRIC

RAILWAYS

The following is a digest of the first portion of a paper pre-

sented by Frank J. Sprague at the International Electrical

Congress at St. Louis, but received too late to allow the facts to

be incorporated in other articles published earlier in this issue.

Mr. Sprague's facts are so interesting that they should be in-

serted in this anniversary number

:

Brandon, Vt., birthplace, and Thomas Davenport, black-

smith, father, are the names first on the genealogical tree of

the electric railway, in the year 1834. A toy motor mounted on

wheels, propelled on a few feet of circular railway by a primary

battery, exhibited a year later at Springfield, and again at

Boston, is the infant's photograph. This was only three years

after Henry's invention of the motor, following Faraday's dis-

covery ten years earlier that electricity could be used to pro-

duce continuous' motion. From the records of Davenport's

career, unearthed by the late Franklin Leonard Pope, this

early inventor was undoubtedly a man of genius deserving a

high place in the niche of fame, for in a period of six years he

built more than 100 operative electric motors of various de-

signs, many of which were put into actual service, an achieve-

ment, taking into account the times, well night incredible.

For nearly two-score years various inventors, handicapped

with the limitations of the primary battery, and in utter ignor-

ance of the principals of modern dynamo and motor construc-

tion, labored with small result. About 1838, a Scotchman,

Robert Davidson, of Aberdeen, began the construction of a

locomotive driven by a motor similar to that used by Jacobi in

his experiments on the River Neva, which was tried upon the

Edinboro-Glasgow Railway, and attained a speed of about 4
miles an hour. In an English patent issued to Flenry Pinkus

in 1840, the use of the rails for currents was indicated; also

in a United States patent issued to Lilley & Colton, of Pitts-

burg, in 1847.

In 1847, Prof. Moses G. Farmer operated an experimental

model car at Dover, N. H. ; and about three years later one

Thomas Hall exhibited in Boston an automatically reversing

car mounted on rails through which current was supplied from

a battery. These are said to be the first instances in which

rails were actually used as carriers of the current, as well as

the first time where there was a reduction by gear from the

higher speed on the motor to the lower speed of the driven axle.

About the same time Prof. Page, of our Smithsonian In-

stitute, aided by a special grant from Congress, constructed a

locomotive in which he used a double solenoid motor with

reciprocating plunger and fly-wheel, as well as some other

forms. This locomotive, driven by a battery of 100 Grove ele-

ments, was tried April 29, 185 1 , upon a railroad running from

Washington to Bladensburg, and attained a fair rate of speed.

Patents issued in 1855 t0 an Englishman named Swear and

a Piemontais named Bessolo, indicated the possibility of con-

ducting current from a conductor suspended above the ground,

and in 1864 a Frenchman namel Cazal patented the application

of an electric motor to the axle of the vehicle.

From 1850 to 1875 is a long period, relatively, and yet there

seemed to have been practically an entire cessation in the

United States of electric railway experimental work, until in

the latter year George F. Greene, a poor mechanic of Kalama-

zoo, Mich., built a small model motor which was supplied from

a battery through an overhead line, with track return, and

three years later he constructed another model on a larger

scale. Greene seemed to have realized that a dynamo was

essential to success, but he did not know how to make one, and

did not have the means to buy it.

Shortly afterward, in 1879, at the Berlin Exposition, Messrs.

Siemens & Halske constructed a short line about a third of

a mile in length, which was the beginning of much active work

by this firm. The dynamo and motor were of the now well-

known Siemens type, and the current was supplied through a

central rail, with the running rails as a return, to a small loco-

motive on which the motor was carried longitudinally, motion

being transmitted through spur and beveled gears to a central

shaft from which connection was made to the wheels. The

Siemens & Halske demonstration in Berlin was followed by

others for exhibition purposes at Brussels, Dusseldorf and

Frankfort, but no regular line was established until a short

one with one motor car at Lichterfelde, near Berlin, the first

in Europe, or in fact in the world. Shortly after, the same

firm installed at the Paris Electrical Exposition of 1881, a small

tramway about a third of a mile long, and used for the first

time overhead distribution. In this case the conductors con-

sisted of two tubes slotted on the under side, and supported by

wooden insulators. In the tubes slid shoes which were held in

good contact by an under-running wheel pressed up by springs

carried on a framework supported by the conductors, and con-

nected to the car by flexible conductors. The motor was placed

between the wheels, and the power was transmitted by a chain.

About the same time, Siemens constructed an experimental

road near Meran in the Tyrol, with a view of demonstrating

the possibilities of electric traction for the San Gothard tunnel,
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and later other small lines at Frankfort, Molding and else-

where. These were followed by a comprehensive scheme for a

combined elevated and underground road submitted to the city

authorities at Vienna.

The invention about this time of accumulators directed at-

tention to the possibilities of the self-contained car, and in

1880 a locomotive with accumulators was used at the estab-

lishment of Duchesne-Fournet at Breuil, and in the following

year Raffard, with a large battery of Faure accumulators,

made experiments on the tramway at Vincennes.

In 1880 Dr. John Hopkinson, in describing the application

of motors to hoists, proposed both for them and for tramways

the simple series-parallel control for speed, a principle which,

combined with resistance variation, later became universal.

Meanwhile in the United States two inventors, Stephen D.

Field and Thomas A. Edison, began electric experiments al-

most simultaneously. Perhaps more than to any other, the

credit for the first serious proposal in the United States should

be awarded to Field. In February, 1879, he made plans for

an electric railway, the current to be delivered from a sta-

tionary source of power through a wire enclosed in a conduit,

with rail return, and in 1880-8 1 he constructed and put in

operation an electric locomotive in Stockbridge, Mass. (Field's

later work is described elsewhere in this issue.)

In the summer of 1882, Dr. Joseph R. Finney operated in

Allegheny, Pa., a car for which current was supplied through

an overhead wire on which traveled a small trolley connected

to the car with a flexible cable, and about the same time in

England, Dr. Fleming Jenkin proposed a scheme of telpherage

which was developed by Messrs. Ayrton & Perry.

THF FREIGHT PROPOSITION AS VIEWED FROM A PRACTI-

CAL STANDPOINT

BY EDWARD C. SPRING

A DIVERSITY of opinion ex-

ists to-day among the man-

agers of interurban electric

jfe tfb- railways whether it is more

advantageous to handle mer-

chandise at express or freight

rates. Each manager has his

own personal opinions and

ideas along these lines, and in

summing them up we cannot

but see that each man's opin-

ion is based upon the peculiar

circumstances prevalent on his

own property. The steam roads have the advantages over

us in this respect, because their conditions are more of a uni-

versal nature.

It was the writer's fortune, or misfortune, to be on the com-

mittee which drew up and put into execution the interchange-

able coupon book among various roads in the State of Ohio.

In this position he has learned to appreciate fully the diversi-

fied conditions that exist at present among the various roads

and the difficulties in harmonizing all these conditions so that

they would meet the requirements. The situation as respects

the adoption and operation of a successful freight or express

business is even more varied.

The road that serves large manufacturing and commercial

centers, where the consignee demands his goods at a given

time and whose business warrants his paying well for their

prompt delivery, can do an express business, charging express

rates, upon a profitable basis, whereas to engage in a freight

business, upon freight rates, would be suicidal to the company.

On the other hand, another condition of affairs exists with the

road that operates through a farming district and which caters

to the demands of the farmer, to whom time is but of a very

small consideration, and who wrangles with a Shylock modesty

over the fraction of a cent. Here an express business would

be entirely out of the question and only a freight traffic, with

the lowest possible freight rates, could be maintained. The
farmer has not yet realized the advantages which interurban

freight facilities afford, and charges in excess of his present

steam road rates are severely questioned. The merchants in

the various farming towns, knowing that the farmer will not

pay anything extra for a quick service, are equally unwilling

to pay more than the present steam road charges ; and the only

way that the electric railway company can hope to obtain a

local freight business under such conditions is to place its

rates on a par with those of the steam roads. Nevertheless,

there is no doubt that in many instances the hauling of heavy

freight through these farming sections can be made to show a

fair return if properly conducted.

The writer in this article will deal more particularly with

the handling of freight under the conditions described. The

road with which he is associated, on finding that an express

service could not be operated with profit, devoted itself entirely

to the freight traffic. In working up this business the company

has been obliged to do constant missionary work, but by show-

ing the farmer the advantages which the electric road affords

in this class of transportation, has been able to develop a very

profitable freight traffic. Tobacco, corn, wheat and oats, which

are the principal farming products of the community through

which the road runs, are carried in car lots to brokers in vari-

ous cities. The most serious obstacle to be overcome has been

the fact that the farmer does not, in any of his estimates, in-

clude his own time or that of his team. He will willingly

drive 25 miles and consume an entire day rather than pay one

cent more on the ton than he had previously paid to the steam

road. We are able to deliver our cars at various points on

the line, leaving them for the farmer to load during the day,

and thereby shortening his haul to the steam road.

The matter of transporting live stock in carload lots has

been demonstrated by this road to be a source of profit. It has

also been shown to be an advantage to the stock itself, inas-

much as live stock will depreciate on the steam road from 5 lbs.

to 6 lbs. per head during twenty-four hours transportation,

while we have been able to deliver live stock to the stock yards

in Dayton in from two to three hours time, with no perceptible

depreciation. We have also been able to utilize flat cars by

hauling them to the various sidings by our first passenger cars

out in the morning, leaving them to be loaded during the day,

and then bringing them in by our freight service later. I

thoroughly believe that a freight business can be maintained

through farming districts of this kind so as to show as great a

percentage gain over operation, all things being equal, as the

majority of the interurban express business; and I believe that

the freight department bids fair to rival the passenger depart-

ment in magnitude. Freight stations are being located in con-

nection with passenger stations in the various cities and towns

and traffic arrangements are being made with connecting lines,

so that the interurban electric road can deliver its freight at

the door of the merchant and the farmer with a frequency and

rapidity with which the steam roads cannot think of competing.
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Up to the present time steam road managers have been very

slow in the matter of exchanging freight in carload lots with

the interurban lines, but I believe that they are beginning to

realize that in the latter they have a strong ally, whereby they

can increase their own business in a way which they could

never before do. The interchange of freight in carload lots

and its delivery to the door of the merchant and the farmer in

remote towns, not to the steam road lines, gives an added profit

that they could not get from any other source. I believe that

it is for the interest of all roads doing freight business to in-

terest the steam roads in their section, not only to have an in-

terchangeable freight traffic arrangement, but induce them as

far as possible to pro rate with them in the handling of freight

in carload lots. This has already been accomplished in certain

parts of Ohio. It has taken the actual proof of these facts to

convince officials of steam roads, who, in most cases, have been

stubbornly blind to the true state of affairs.

In the conduct of our freight business the disposition has

been to follow steam road methods, representing, as they do,

the result of many years of experience, and I believe that we

can do no better than to take advantage of this experience in

the operation of our freight department.

The handling of garden truck is also fast becoming a source

of revenue to interurban freight handlers on account of de-

spatch in the carriage of perishable goods. The road with

which the writer is connected has become interested in a propo-

sition which is being put forward by the Ohio Cold Storage

Company to bring about a higher development of the farms

along the line in the production of staple commodities, such as

corn, wheat and tobacco. If the farmer to-day receives $70 to

$80 per acre for his yield, he considers he is getting a good

revenue for his labor, but the possibility of raising vegetables,

which will return him from $100 to $300 per acre, is interesting

a great many at the present time. Farmers' meetings have

been held in the various towns along the line and have been

addressed by officers and experts of the Cold Storage Company,

as well as by officers of the interurban company. Literature

from the Department of Agriculture has also been freely dis-

tributed along the road among the farmers. The Cold Storage

Company proposes to establish receiving stations and to collect

from the farmer at his very door all vegetables, paying for

them in cash at the current market price of the day. This will

add a new source of revenue to the road. Such a service, with

free rural mail delivery and telephone service, will give the

farmer, who now receives his daily paper by the traction line

before the ink is hardly dry, an independence equal to that of

the broker in his office on Wall Street. He will be in close

touch with the market prices of the day, and we will be able

to transport his farm products to the cities to take advantage

of that day's market quotations. It has already been demon-

strated that fruits and vegetables which are carried by the

electric roads are received in the market in such perfect con-

dition as to demand higher prices than those shipped over the

steam lines, where the rough handling causes considerable de-

preciation. There is still another plan that has been carried

out by our company, and that is taking a merchant's order for

his goods in the morning and placing it with the wholesale

houses in the various cities in time for delivery that afternoon.

The advantage which the interurban lines have over the

steam roads in catering to local freight traffic is shown in their

ability to deliver goods frequently and promptly between the

city and the suburban points. The frequency of freight ser-

vice is bound to build up the small shipment business, and

along these lines the merchants in the towns can order his

goods and not be dependent on the steam road freight service.

The merchant in being able to order his goods from day to

day is not obliged to carry as heavy a stock. The depreciation

of his stock is reduced to a minimum
; his insurance rates are

also reduced, and the income of the road is, of course, greater

on account of frequent shipments. The small merchants in

the various towns appreciate this service and have been quick

to take advantage of it.

I would not for a moment recommend any cut below the

steam road express or freight rates, particularly between com-

peting points. The interurban roads from the start have made
a very serious mistake in placing their passenger rates at too

small a figure, and many roads, particularly in Ohio, have real-

ized this, and have been forced to raise their rates for their

own protection. The quicker and the more frequent and regu-

lar service of the interurban lines will be a sufficient induce-

ment and will bring the major part of short-haul business to

them. This, together with the central location of freight sta-

tions in the various towns, will give the interurban lines an

advantage with which the steam roads cannot compete. The
accessibility of the electric lines, both to the shipper and the

merchant, will also always be an advantageous factor in favor

of the interurban lines.

I have not attempted in this article to enter into the matter

of express service, because I believe that a dividing line should

be definitely drawn between the freight and the express busi-

ness. Where the two are run in connection with each other,

friction and misunderstanding always arises. Indeed, the pol-

icy has been seriously considered by many roads whether it is

not always better to turn the express business over to some

independent express company. The operation of an express

service on a short road cannot, in my opinion, be maintained

as profitably by the railway company itself as by a regular ex-

press company, operating over connecting lines. We have the

example of the steam roads on this point.

I cannot but feel, in summing up this subject, that the inter-

urban roads through the country should get together in the

matter of standardizing their freight and express business, and

I believe that the arguments in favor of this course apply just

as forcibly to this department of their service as in that of

standardizing equipment. And as the problems are adjusted

we shall see the results in cheaper operation and increased rev-

enue. The construction which has demanded our attention

up to the present time is a thing of the past, and we must now
give more thought and attention to the matter of successful

and judicious operation.

-^^

"You have come here from all parts of the country for the

purpose of forming a national street railway association.

Some one may ask what interest in common, affecting the street

railways of the country, corporations local in their character

can have that would seem to call for an organization for their

protection. I would say that, probably, our association is not

to be formed so much to protect as to promote them. The

street railways of this country have grown so rapidly during the

past ten years, and are still growing with such rapidity, that

an association of this character seems highly desirable. * * *

If there is any benefit to be derived from this association, the

young companies, just starting in growing places, will profit

by it more than the large companies. They will receive the

benefit that may arise from a knowledge of the various inven-

tions that will be exhibited and discussed at our meetings, and

from the experience of the older railroad men whom they may

meet."

—

From the Boston Meeting, 1882.
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ELECTRIFICATION OF THE NEW YORK CENTRAL & HUD-
SON RIVER RAILROAD IN THE NEW YORK ZONE

BY WILLIAM J. WILGUS

THE electrification of the pas-

senger traffic of two of the

most important steam railroads

in the world, for distances of

from 25 miles to 35 miles,

radiating from a terminus in

the greatest city on the West-

ern Hemisphere, may well be

termed the marking of the

commencement of a new

epoch in the history of trans-

portation.

For over seventy years the

steam locomotive has held undisputed and honorable posses-

sion of the field of long-haul traffic, and has steadily grown in

weight and power from the y;/2 -ton "Rocket"' of Stephenson,

with its train of two ancient coaches weighing g
l/> tons, to the

150-ton "Central Atlantic" type of to-day, hauling trains of

nearly l/4 mile in length and weighing over 800 tons.

The time has arrived when changed conditions in great

centers of population demand a different system of trans-

portation on our trunk lines than has heretofore existed. Mod-
ern steam locomotives capable of hauling through passenger

and freight trains will still dominate where units are compara-

tively infrequent and the haul long, but even for this class of

service on roads with heavy traffic, electricity will gradually

supplant steam as the cost of producing current decreases in

central power stations and the cost of equipment is lowered,

due to cheapened methods of manufacture, the use of water

power, and the invention of labor-saving and more efficient

devices.

The traveling public within what may be termed the sub-

urban zones are no longer satisfied with trains of many cars

hauled by heavy locomotives at lengthy intervals ; neither do

they longer tolerate with patience the smoke, gas, cinders and

noise inseparable from the steam locomotive. In other words,

the steam railroad, if it would successfully hold and multiply

its suburban traffic, must offer the advantages to which the

public has become educated by the marvelous development of

electric railways within the past twenty years. Trains at short

intervals, quick acceleration, frequent stops for local trains,

independent tracks for express service, and the absence of

products of combustion, all of which are possible only with the

use of electricity, make the outlying districts attractive to the

toiler in the city and thereby propagate traffic. The cultivation

of suburban service, too often neglected and despised by steam

railroads, in addition to its own pecuniary reward, has the even

greater advantage that comes from the long-haul passenger

and freight traffic of the growing communities thus fostered by

a popular local service.

Furthermore, it would seem that the steam railroad, already

owning its right of way and terminals, and in possession of the

field, is better qualified to develop suburban traffic than newly

constructed electric railways that invest their capital on

chances of building up a remunerative traffic in opposition to

existing lines.

Having these objects in view, the New York Central & Hud-

son River Railroad Company in 1899 commenced a careful

study of the problem of changing motive power within what

has been termed the "New York Zone," south of Croton, on the

Hudson division main line, and on the Harlem division south

of White Plains. This study also necessarily included the

handling, in a similar manner, of the through and suburban ser-

vice of the New York, New Haven & Hartford Railroad south

of the point of junction at Woodlawn.

The natural conservatism of a large corporation like the

New York Central & Hudson River Railroad Company, and

the unprecedented magnitude and importance of the change,

led to a more than ordinarily careful and deliberate considera-

tion of the abandonment of the long and well-tried steam loco-

motive for a comparatively new method which had not yet

been employed for the peculiar character of service existing on

two of the principal trunk lines of the country.

The hauling of 800-ton trains laden with passengers, mail

and express, at speeds exceeding 60 miles per hour, with regu-

larity and safety, had not been attempted by electricity. The

Grand Central Station, with its complex system of tracks and

switches and handling from 500 to 700 trains in twenty-four

hours, presented a problem of unusual difficulty. Moreover,

the change of power naturally involves the embarrassment in-

cidental to the successful maintenance of an existing enormous

traffic in conjunction with radical changes in roadbed and

structures. As a result of this thorough investigation of the

entire subject, the company finally decided in 1902 to proceed

with the change of motive power, and in the following year the

State and municipal authorities gave their sanction.

This decision carries with it the necessity for the improve-

ment and enlargement of the Grand Central Station ; the in-

creasing of the size of the Grand Central yard, and the de-

pression of the grades in such a manner as to permit the

passage overhead of cross streets from Forty-Fifth Street to

Fifty-Sixth Street, inclusive; a new underground suburban

terminal beneath the station, with the possibility of a connec-

tion with the Rapid Transit Subway in Forty-Second Street;

the four-tracking of both the Hudson and Harlem divisions

within the electrical zone ; the elimination of grade street and

track crossings within the same zone; the straightening of

alignment at various places, as for instance at the Marble Hill

cut-off in the Borough of the Bronx ; and important station

improvements at many places.

The planning and executing of the portion of the problem

involving electrification of traffic has been intrusted to a com-

mission comprised of J. F. Deems, B. J. Arnold, F. J. Sprague,

George Gibbs and the writer, with a secretary, E. B. Katte,

who also acts as electrical engineer of the company. The com-

mission holds weekly meetings and fixes principles and policies

that are carried out by a technical corps under the jurisdiction

of the electrical engineer. This organization has worked ad-

mirably.

After the commission had settled upon the scope of territory

to be electrified and had decided that the peculiar conditions

in the neighborhood of New York justified the adoption of

direct current as preferable to alternating current, contracts

were awarded for the larger portion of structures and equip-

ment. It should be here noted that for obvious reasons,

through cars originating from points all over the country could

not be individually equipped with motors, and that therefore

electric locomotives for through trains are a necessity. Sub-

urban cars, however, the use of which is confined to the elec-

tric zone, are to be equipped with multiple-unit controlled mo-

tors. This arrangement, by confining the use of locomotives to

the through trains, entirely eliminates the delays and expense

of switching suburban cars, and thereby enormously increases
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the capacity of the terminals. The multiple-unit system also

improves the elasticity of service by permitting the building up

of short interval trains from single to many cars, as circum-

stances require, without a corresponding loss of acceleration

and without an undue increase in the cost of train service.

The desirability of harmonizing all of the larger electrical

installations in the vicinity of New York, such' as elevated,

surface railways and subways, led to the selection of 11,000-

volt three-phase alternating current for the high-pressure trans-

mission lines between the central power stations and the sub-

stations, and 600-volt direct current for the low-pressure con-

ductors and third rail.

Two central power stations, cross-connected, with an ulti-

mate capacity of 40,000 hp each, have been decided upon, either

of which, in the event of the disablement of the other, is capable

of handling the entire load by using the spare units. One sta-

tion is under construction at Port Morris and the other at

Yonkers, and both are located on navigable waters so as to be

accessible for boat as well as rail coal. The most interesting

departure from the usual practice in modern power stations is

the adoption of 5000-kw steam turbines of the Curtis type in-

stead of reciprocating engines. Attention may also be called

to the adoption of water-tube type boilers in units of 625 hp,

each equipped with internal superheaters generating steam at

200 lbs. pressure and superheated to 200 degs.

The handling of through trains by electricity presents many

very interesting problems. The wide range of train weights

and speeds now requires many types of steam locomotives,

whereas the adoption of electricity makes possible the use of

but one type and size of locomotive, capable of being governed

and grouped so as to be suitable for both main line and switch-

ing service. From the several plans submitted in accordance

with the general requirements laid down by the commission, a

selection was made of the design offered by the General Elec-

tric Company, consisting of a double-ended 2200-hp electric

locomotive, equipped with a new type of gearless bipolar mo-

tors. The total weight of this machine is to be 85 tons, of

which 67 tons will be borne on four pairs of drivers. Compared

with existing steam practice, it will be interesting to note that

the heaviest "Atlantic" type locomotive of this company weighs

150 tons, including the tender, of which but 47 tons are on the

two pairs of drivers. It will therefore be seen that for every

pound of effective draw-bar pull, the steam locomotive has a

weight of 12.2 lbs. as compared with the electric locomotive's

economical weight of but 5.2 lbs. This gives in a single elec-

tric unit over 25 per cent greater weight available for traction

than the largesc steam locomotive now in use in this service,

with 43 per cent less dead weight, and with 29 per cent less

weight on each axle. Moreover, the electric locomotive will

have an entire absence of counterbalancing of drivers and

twist from reciprocal motion, both of which are so destructive

to track and roadbed.

The question of size and exact character of the suburban

cars has not yet been settled. Unfortunately, a car designed

for the comfort of passengers riding comparatively long dis-

tances will be too large to enter the subways, and therefore an

interchange of equipment may be found to be impossible. In

any event, convenient facilities for the interchange of passen-

gers between the trains of this company and those of the sub-

ways and elevated and surface railways will be afforded at the

Grand Central Station, and also at several exterior points north

of the Harlem River.

For the purpose of testing and making improvements upon

locomotives and cars as fast as they are completed, the railroad

company is arranging for an experimental track 6 miles in

length, near Schenectady. It is expected that the trial of the

first locomotive will be made during the present month.

From these proposed improvements thus briefly outlined, the

railroad company anticipates a marked increase in the comfort

and safety of its passengers, and consequently a decided in-

crease in suburban business. Property abutting on the railroad

will naturally increase in desirability as a result of the with-

drawal of the annoyances unavoidable in the operation of the

steam passenger locomotive. The beautiful territory along the

Hudson and Bronx Rivers and Long Island Sound, under these

favorable conditions, will grow rapidly in popularity for home-

seekers, to the mutual advantage of the railroad company and

of the public. What is also of great importance, the adoption

of electricity makes possible the future reclamation of between

30 and 40 acres of overhead space in the territory occupied by

the terminal yard in the heart of the city of New York, which,

instead of being left open as required with steam operation,

may be utilized by the company for superimposed structures

in any manner best suited for its purpose.

THE VAN DEPOELE ROAD AT MONTGOMERY

BY E. M. BENTLEY

fgm^ DURING the years 1886 and
' '*&aw\ 1887, the Van Depoele Elec-

I trie Manufacturing Com-

jlp J<|P yf pany, of Chicago, equipped

and put into commercial

operation fourteen electric

railways in different parts

of the United States and

Canada. It is interesting,

at this time, to note the list

of places wherein these

early railways were in-

stalled : Appleton, Wis.

;

Binghamton, N. Y.
;

Detroit, Mich.; Fort Gratiot, Mich.;

Jamaica, N. Y.
;

Lima, Ohio ; Port Huron, Mich.

;

Scranton, Pa.
;
Windsor, Ont.

;
Ansonia, Conn.

;
Dayton, Ohio

;

Wheeling, W. Va. ; St. Catherine, Ont.
;
Montgomery, Ala. Of

these, the roads at Ansonia, Conn., and Wheeling, W. Va.,

were not completed until early in 1888.

The most interesting one was that at Montgomery, Ala.,

since it was here that there was used for the first time, on a

large commercial scale, the now well-known underrunning

trolley and the modern overhead construction, substantially as

it exists at the present time. It was in the summer of 1886

that Mr. Van Depoele first equipped a trial line with two cars

for the Capitol City Street Railway Company at Montgomery.

These cars were operated for nearly 2 miles on Court Street,

and, by reason of their success, the Van Depoele Company was

in September, 1886, given a contract to equip the entire street

railway system of the city. The work was immediately started,

and in May of 1887 the road was opened for public business.

The lines equipped included between 12 miles and 14 miles of

track, with numerous curves and switches, and operated four-

teen cars. The trolley pole was placed near the for-

ward end and, as the road was operated with loops or turn-

tables, the cars and trolleys were not reversible. The overhead

trolley wire was supported as in modern systems by cross wires,
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which, in some places on Commerce Street and on Dexter Ave-
nue, were anchored to the buildings on either side. Of the

fourteen cars, ten were equipped with 10-hp motors and four

with 15-hp motors. The motor was placed at the front end of

the car and geared directly to a countershaft, which in turn

was connected to the axle by a sprocket chain. It is particu-

larly interesting to note that in this road the central station was
equipped with two generators of 250-hp each, this being a time

when such large units were rare, if not practically unknown,

in central station equipments in the country.

•

ELECTRIC TRACTION UNDER STEAM-ROAD CONDITIONS

BY LEWIS B. STILLWELL

TH ERE exists a growing conviction that electricity is

destined to supplant steam in traction work, not only

within the limits of our cities, not only in light and

frequent interurban service, but also upon trunk-line railways

in both freight and passenger transportation. The electric

motor has banished the horse and the steel wire cable from

our tramway service, and in suburban and short-haul interur-

ban service has realized possibilities of utility and convenience

which the steam locomotive is barely capable of suggesting.

The most conservative engineer will admit that the further

possibilities of a method of applying power to traction pur-

poses, which has accomplished these things, are worthy of

careful consideration even when the supremacy of that mar-

velous servant of man, the steam locomotive, is challenged.

General substitution of the electric motor engine and motor

car for the steam locomotive in handling freight and passenger

equipment obviously is a very long step—it should not and

cannot be taken in a day or a year. The variety of conditions

to be met; the magnitude of the interests involved, alike de-

mand that the new method if adopted at all shall be applied not

rashly, but conservatively and wisely—not by assuming that be-

cause it has attained a remarkable operative and financial suc-

cess upon the Manhattan Railway Company it should be

adopted at once by the New York Central Railway for oper-

ation of its entire system between New York and Buffalo, but

by competent study of the many factors that enter into the

problem as defined by the peculiar conditions and requirements

of each individual case. The limits of this communication pre-

clude any attempt to discuss this interesting and important

subject in detail, but it may be of interest to point out briefly

certain facts which show that the time for most earnest and

serious consideration of the possibilities of the electric motor in

heavy railway service has arrived. Among these are the fol-

lowing :

First—For three years alternating-current motors have oper-

ated both freight and passenger service upon the Valtellina line

in Italy, under conditions and upon a scale sufficient to permit

direct comparison of relative operative and financial results

attained as compared with those previously secured in steam

operation. The comparison demonstrates the decided superi-

ority of electricity in this case in which traffic approximating

200,000 ton-miles per day over a railway 66 miles in length, in

mountainous country having a severe climate, is handled with

entire success by tri-phase alternating-current motor equip-

ment.

Second—There are now available on the market two vari-

able-speed single-phase alternating-current motors of Ameri-

can design and at least two of European design, each of which

is guaranteed by a responsible manufacturer. These motors

are practically as efficient as the standard continuous-current

series-wound motor, which they resemble closely in speed

characteristics.

'I bird—Transmission of power by alternating current even

in northern climates is now effective and thoroughly prac-

ticable at potentials as high as 50,000 volts (plants using this

potential are in actual service), and at this voltage a line of

railway 300 miles in length can be supplied satisfactorily from

a single power house located approximately at its middle point.

Fourth—A pound of coal burned under the boiler in a

modern power house, if utilized by electric transmission and

motors, will haul a given load certainly not less than twice, and

as compared with average existing conditions of steam railway

service, probably not less than four times as far as it will if

burned in the fire-box of a steam locomotive.

Fifth—Experience lias demonstrated the economy resulting

from the employment of long trains, and in the effort to in-

crease length of train the weight of locomotives has been in-

creased steadily from year to year, the additional weight in

many cases implying the necessity of using heavier rails and

strengthening the entire permanent way at great expense.

Moreover, freight trains are now so long and heavy that the

cost of maintaining the rolling stock equipment has become

abnormal by reason of the great strains to which draw-heads,

couplers, and, in fact, the entire car, are subject. By tried

methods of electric traction, motor equipment may be dis-

tributed at intervals throughout the length of a train and all

controlled with ease and safety by the operator at the head of

the train. This method makes it easily possible to operate

trains of greater length than can be handled by steam, while

the maximum weights to which the permanent way is subjected

are greatly reduced by the elimination of the locomotive.

Sixth—In the operation of steam railways, wages of engi-

neers, firemen and round-house men constitute on the average

about one-third the cost per locomotive-mile. Judging from

the experience of our electrically operated elevated railways,

the adoption of electricity in general railway service will greatly

reduce the aggregate cost of this very important item of ex-

pense.

Seventh—The maintenance of the electric locomotive is

materially less than that of the steam locomotive, notwithstand-

ing the at present higher first cost of the former. This state-

ment rests upon experience and is very conservative. In the

operation of the Manhattan Railway the total cost of main-

tenance of rolling stock since electric traction has been adopted

has been materially reduced, notwithstanding the fact that two-

thirds of the cars are equipped with motors and control appa-

ratus, and notwithstanding the fact that the rate of acceleration

and of braking is now about three times what it was when

steam locomotives were employed. In the opinion of the

writer, the cost of maintenance of an electric locomotive per-

forming the work of a steam locomotive under average condi-

tions of trunk-line operation will be less than one-half the cost

of maintaining the steam locomotive.

Eighth—Electric locomotives can be kept in operation almost

continuously, consequently the number required for the oper-

ation of a railway is much less than the number of steam loco-

motives necessary to take care of the same service.

Ninth—Electric power supply being available at all points

along the line of the railway, passenger stations, freight sta-

tions and yards can be lighted and transfer cables, cranes, der-

ricks and tools operated at very low cost.

Tenth—The tri-phase alternating-current system as devel-
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oped by the Ganz Company, of Buda-Pest, presents possibilities

of economy in the operation of mountain divisions, (1) by

reason of its distinctive feature of recuperation, and (2) by

reduction in wear and tear of brake rigging and wheels, which

results from the fact that in running down grade the motor

equipment acts as a magnetic brake and absolutely prevents the

speed of the train exceeding the synchronous speed of thi

motors.

Eleventh—Automatic devices which instantly shut off the

power if the motorman for any reason removes his hand from

the control handle constitute a valuable safeguard to the travel-

ing public for which it is impracticable, apparently, to find an

equivalent in steam operation.

As regards objections to the use of electricity, aside from the

cost of necessary installation and equipment, there are but two

of importance, viz. : Interruption of service by failure of the

power supply, and danger to employees and the public from

the trolley and feeder circuits. As regards the former, the

fact that occasional interruptions of the power supply are

liable to occur should be recognized. It is safe to say, how-

ever, that the total delays to traffic which are liable to result

from this cause will be less than the total delays which now

result from the breakdown of engines and in cold weather from

their failure to make sufficient steam. In respect to the danger

from trolley and feeder circuits, if strictly first-class mechani-

cal and electrical construction is insisted upon and attained,

it can be practically eliminated.

In the foregoing I have not referred to the special advan-

tages of electricity which result from the elimination of smoke.

These advantages, as is generally realized, make it an ideal

motive power for railway operation within city limits. In tun-

nels and subway construction its use is recognized to be prac-

tically imperative, and the great work which several of the most

important railways in the country have recently undertaken in

the electrification of their city terminals has attracted universal

attention.

The adoption of electricity as motive power at terminals of

trunk lines creates in itself a reason for the general extension

of the use of this new motive power outside the city limits in

order to avoid the delay which necessarily results from chang-

ing engines at the city line.

In the case of railway companies which may be in position

to raise the necessary capital, decision of the question of adop-

tion or non-adoption of electricity upon any given railway sys-

tem or part thereof will be based primarily upon determination

of the aggregate value of the economies and other advantages

above referred to, balanced against the annual cost of the new

equipment required.

Accurate generalization is, of course, impracticable, but

under average conditions electricity will show a profit in the

operation of railways where the daily traffic exceeds 10,000 ton-

miles per mile of double-track line.

There are many places to-day where the intelligent substitu-

tion of electricity for steam would not only pay the entire cost

of the change of equipment, but would realize a very handsome

reduction in cost of operation. This is particularly true, of

course, on mountain divisions and on lines of dense traffic.

There are also many branches of our trunk-line systems where

great gain would result, not perhaps from reduction in cost of

operation, but from increase in revenue which would assuredly

follow more frequent and otherwise attractive service. It is

precisely in this field that our great railway systems can best

begin the use of electricity. Some of them have already done

so. Ear-sighted directors, managers and engineers of many

others are seriously considering the new motive power.

In closing, I would point out the great importance of

adopting promptly uniform standards of practice in the

electric equipment of railways in order that trouble and expense

may be avoided in the future. The advantages of a standard-

track gage are now universally recognized ; scarcely less im-

portant will be uniformity of frequency, number of phases em-

ployed and relative position of the overhead electrical con-

ductors and the track. Thanks to the transformer, uniformity

of potential on the trolley line is less imperative, although

highly desirable. It would seem that the American Society of

Civil Engineers and the Institute of Electrical Engineers might

co-operate with each other and with the manufacturers of

electrical apparatus in a systematic attempt to fix these stand-

arris.

THE DEVELOPMENT OF DIRECT-CONNECTED GENERATORS

BY LOUIS BELL, PH. D.

HE evolution of the direct-connected generating unit is

almost too recent to pass as history. During the early

years of electric railway development such a thing was

unheard of. The Corliss type of engine reigned supreme in

every station that made any pretense to economy of operation,

and the rotative speed of this type was, and for that matter

still is, far too low for economical direct driving save in very

large sizes. And such sizes were not in demand in the early

days of the art.

As every one remembers, the early electric cars were, many
of them, converted horse cars or cars built rigorously on the

old horse car lines. The game began with not over 15 hp of

motor capacity per car, and it took a good-sized road to de-

mand a maximum output of 150 or 200 kw. There was abso-

lutely no incentive for several years to stimulate the building

of anything save small belted machines. When electric trac-

tion began as a commercial proposition, and for several years

after, there was not a d. c. multipolar generator of any kind

in the country, if one excepts a few small machines designed

by Bradley, who was the American pioneer in modern multi-

polar construction.

The canonical power station of the beginnings of electric

traction was a structure equipped with one or two simple low-

speed Corliss engines with mighty fly-wheels belted to a line-

shaft with clutch pulleys. From these were driven two or

more bipolar 500-volt generators of 50 to 75-kw capacity each.

They were not bad generators, either, those old high-speed

machines, and some of them are doing good service vet. The

old Thomson-Houston D-62 machine and an Edison dynamo

of similar capacity were w.ell designed and robust machines,

considering that the armatures were still surface wound, and

that castings of first-class permeability were in those days

practically impossible to obtain.

The small output of these bipolar machines proved to be a

very serious inconvenience, and the amount of shafting, belt-

ing and space required had a serious effect on both first cost

and efficiency. No ingenuity can avoid losses when a score of

small machines has to be employed to give the output required.

About 1890, therefore, or very soon afterwards, there began to

be a vigorous call for larger generators and a very little con-

sideration showed the manufacturers that increase of output

required passing to multipolar construction. If the writer re-

members correctly, the largest bipolar railway generators

attempted were oi too-kw output and proved rather unsatis
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factory owing, probably, to high rating in the attempt to keep

down the expense.

The first of the multipolar railway generators, turned out

almost simultaneously by several makers, were 4-pole machines

of 75 to 100-kw capacity, at first with surface-wound armatures

of Gramme type. The passage from this crude construction,

due to fear of commutating difficulties, to multipolar drum

winding was rapid, although the generators were still belt

driven. Speeds were fairly high, say about 400 to 750 r. p. m.,

and the earlier generators gave some trouble from sparking.

This was gradually eliminated, but it was usual to find among

the various sizes turned out by any one maker certain which

were conspicuously better than the others in their performance.

The belted multipolar railway generators increased rapidly in

size as the electric roads grew and demanded more and more

power, and in 1892 a multipolar machine of about 500-kw

capacity, then the largest railway generator in the world, was

set up in Los Angeles by the Westinghouse Company. This

was, if memory serves the writer, a six-pole machine, and was

rope driven. It was certainly the first step toward the modern

big generator, although of too high speed to be directly con-

nected to any first-class engine then in current use in this

country.

It is somewhat difficult to analyze the causes which hindered

the earlier development of the direct-connected unit. Chief

among them was the question of cost. In the early days of

dynamo design the engineer was constantly hampered by the

difficulty of getting material of first-class permeability. To get

any considerable density of magnetization in the poles meant

a very uneconomical field winding, and a weak field meant an

uneconomical armature winding and difficulty from sparking.

These considerations blocked the way on large bipolar ma-

chines and hampered all the earlier multipolar designs. Con-

currently with these troubles ran a fear of slot-wound arma-

tures from the standpoint of commutation. A rather weak

field and a drum armature of the ironclad construction meant

sparking.

With improvement in the permeability of castings, and par-

ticularly with the introduction of steel castings for the fields, at

about the date last mentioned, came relief. It became pos-

sible to get a compact and powerful multipolar field and to

push the armature teeth economically to a point of saturation

that greatly facilitated the use of ironclad armatures. With

this construction, which produced sharply localized thermal

loss in the teeth, came extra need of armature ventilation, and

this condition once established made possible an increase of

current density in the copper. The result was the rather rapid

change in design that has made the modern generator pos-

sible. The long armature and massive field construction gave

way to light fields worked at high density and short armatures

of rather large diameter. With such construction it was not

a long step to sufficient increase in the number of poles to

permit direct connection to engines of moderate speed. Of

course, it is well known that direct connection of electric gen-

erators to steam engines had been long practiced here and

there. The old Edison "Jumbo" machines with all their dis-

advantages of design had been in some measure successful, and

had certainly done good service to the extent of preparing the

way for the ready acceptance of improved apparatus. But the

essential point was to secure direct connection to engines of

high economy, which meant here compound or triple expansion

machines of rather low rotative speed—say 80 to 120 r. p. m.

Abroad direct coupling to engines had been accomplished in

England by Willans and others, and the way had been cleared

in Germany by the construction of slow-speed direct-coupled

generators for electric lighting. So far as America is con-

cerned, the equipment of the Intramural Railway at the Chi-

cago Exposition in 1893 marks an epoch. The generators,

while not enormously larger in output than some of their pre-

decessors, were coupled directly to compound modern engines,

and in them the design had been so successfully worked out

that they were an instant and evident hit with every railway

man who saw them. That railway in fact was the beginning of

the modern period in electric traction, and the generators set-

tled once for all the question of direct coupling.

Beyond this point the main question was merely one of size.

It must not be supposed that this was a trivial matter because

it proved to be not difficult of settlement. With lowered speed

and augmented capacity the field frames of direct-coupled

dynamos became engineering structures instead of machine

parts. To support them against the mechanical and magnetic

stresses required what practically amounted to a girder con-

struction, in the earlier forms a modified plate girder, in the

later ones an approximation to a lattice girder. The commu-

tators and brush holder rings likewise grew to almost archi-

tectural dimensions, but all these details were quickly and

effectively worked out, and within a couple of years after the

Chicago exhibit the dynamo builder was ready to meet practi-

cally any demand that his customer might make. It is worthy

of comment, too, that in this period of very rapid growth in

the art there were remarkably few failures, and what of diffi-

culty there was could generallv be charged up to the engines

rather than to the electrical part of the equipment.

It must not be supposed for a moment that the railway gen-

erator of to-day differs from its ancestor a decade since merely

in magnitude. There has been steady progress in design, in

the direction of improved performance and cheapened con-

struction. Ten years ago comparatively little was known of

the fine art of commutation. In early days, the criterion at the

commutator was volts per bar, coupled with a general realiza-

tion that as the current per coil rose the practicable volts per

bar fell. The rise of alternating-current apparatus very soon

began to put emphasis on the phenomena in armature coils

and gave broad hints on the treatment of coils under commuta-

tion. A study of field distribution of magnetism let in addi-

tional light, and experimental data on commutator surface and

the action of brushes did the rest. The net result is that with

less costly and complicated commutators than of yore the ac-

tual performance has been very much improved, and serious

sparking now generally means gross lack of care. Some new

mechanical problems arose in the construction of large com-

mutators, but these were soon solved. It must not be sup-

posed, however, that the present-day engineer knows all about

commutation. Not yet, by long odds, and although himself

an earnest and sincere "rooter" for alternating currents, the

writer is strongly of the opinion that the issue can not be laid

aside, like free silver, as dead to the world. One can yet learn

a thing or two about commutation of relatively high-tension

currents, an art little encouraged here but practiced with con-

siderable success abroad.

It is quite possible that the introduction of alternating cur-

rent for railway motors may reach a point of development that

will put direct current permanently out of business, but it is

undeniable that with the methods now in vogue a rise of the

working voltage, even to a moderate extent, would greatly

facilitate the operation of long interurban lines, and for reach-

ing this end a little further study of commutation is desirable.

Another very important direction in which great advance
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has been made is in the matter of heating. Each year sees

ventilation carried successfully a step further, with the result

that not only do modern machines run on the whole much

cooler than the older types, but they are smaller and cheaper

for the same output. This line of improvement has really

been followed through every class of electrical apparatus with

most admirable results. There is good reason to think that the

limit is far from being reached yet. As the art of commutation

has advanced it has been possible to push the output further

and further without bad results, and in railway motors at least

there is something to be said for the merits of forced ventila-

tion.

The economics of this question as regards generators de-

serve to receive far more attention than has yet been given

them. There has been altogether too little realization of the fact

that so far as electrical efficiency is concerned there is a maxi-

mum beyond which it does not pay to go. Of course, in the

extreme case, everyone understands that to raise the efficiency

of a generator from 96 per cent to 97 per cent costs something,

but that is not the whole story. Take, for example, a 1000-kw

generator. The cost of its output the year round may amount

to, say, $100 per day. If, from the same structure, without

running at a materially higher temperature, one could obtain

50 per cent more output, the general charges of interest, de-

preciation, cost of power house structure to cover the machines

and even of attendance, would be materially less per kilowatt-

hour, and one could well afford to lose a part of this gain in

lessened efficiency for the sake of securing the rest. The same

considerations apply forcefully to transformers where one gen-

erally has to pay high for the last per cent of electrical effi-

ciency, and even to station equipment, which may cause one

to pay dear in fixed and maintenance charges for fancied

immunity from hypothetical accidents. The long and short

of the matter is that the total cost of energy per kw-hour, and

not the mere operative cost, is the true criterion of station effi-

ciency. Unhappily the costs of power are nearly always given

with the fixed charges of every kind eliminated, so that com-

parisons of station efficiency from the dollar-and-cent stand-

point are very difficult to make.

Right along this line the turbo-generator calls for considera-

tion. One of the things greatly to be desired for the sake

especially of the smaller stations is a d. c. turbo-generator for

railway service. One strong point of such machinery is its

good efficiency at low load factors, which generally exist in

stations for roads of moderate size. In very large stations,

where the load factor is generally high, and can be kept high

by regulation of the number of machines in service, efficiency

at half and quarter load is a matter of much less moment.

When d. c. turbo-generators of moderate size can be had and

prove thoroughly good, the station designer will have his task

much simplified. Some steps have been taken in this direc-

tion, but much remains to be done. Of turbo-generators at

large it can fairly be said that they must tend strongly to econ-

omy in the matter of fixed charges to an extent that offsets to

a very considerable extent any possible losses in steam effi-

ciency. But if direct current is to be the electrical product of

the station, one must at present use rotaries or motor genera-

tors, which not only raise the general expense but lower the

efficiency very materially. Hence this plea for d. c. turbo-

generators. If the direct current has got to go, as it surely

must if the alternating-current traction motor is perfected,

this question will become a dead issue ; but so long as trolley

systems are fed by direct current, direct-coupled turbo-genera-

tors will fill a long-felt want. Future improvements in direct-

connected units for direct current must be mainly along the

line of intensified output. As they exist to-day they are won-

derfully reliable machines, of high efficiency and excellent op-

erative qualities. They have advanced greatly in the ten years

passed, and although just now thrust into the background by

the huge alternators used in the big power transmission sta-

tions, can not yet be forgotten, laid aside, or denied the atten-

tion that leads to further improvement.

Electric traction is just at present in a stage of rapid evolu-

tion. The alternating street car motor is here for better or

worse, and heavy, high-speed railroading looms in the distance.

It is a time for watching developments, but we are not ready

to lay the d. c. generator on the shelf yet. Pushing its output

and improving the properties of the prime mover are the tasks

of the next few years. Turbines, high superheating in these

and other engines, and, perhaps, the internal explosion en-

gines, are the steps to be taken toward further improvement,

whether the direct-current generator holds its own or is pushed

to the wall by the final triumph of the hard-fighting alternat-

ing-current contingent.

\ RELIC OF BY-GONE AGES—HORSE CAR USED BETWEEN
BROOKLYN AND JAMAICA IN THE EARLY EIGHTIES



STREET RAILWAYS DURING THE LAST DECADE.

IN
this sketch of the development of the street railway indus-

try no attempt will be made to recount the history of the

American street railway prior to 1894. A short account of

street railway development from 1832 to 1894 appeared in the

tenth anniversary number of the Street Railway Journal,

and this, with the testimony presented by the pioneers them-

selves elsewhere in this issue, covers the origin and early

history of the electric street railway. There remains, there-

fore, only the pleasant task of sketching briefly the steps

by which the industry with its invested capital, in 1894, of

$1,300,000,000, has grown to man's estate, with a capital in-

vestment in 1904 of about three and a quarter billion dollars

and occupying an important place in the social and economic

welfare of the entire country.

It is somewhat of a peculiar coincidence that the evolution of

the electric railway should be so clearly marked into well-de-

fined stages by the opening and closing years of the two de-

cades which terminate with 1894 and with the present year.

The first commercial trolley railway was that installed by Van

Depoele at the Toronto Exposition of 1884, and the ten years

from 1884 to 1894 may properly be considered the era of the

city railway. In 1894 this form of road had about reached its

full development, and if it had not been for the introduction of

the three-phase system of power distribution electric railway

construction would undoubtedly have begun to wane. It was

in 1894 that three-phase system of power transmission was first

practically applied to railway work, rendering the economical

distribution of electricity, and with it the interurban railway,

possible.

As 1894 constituted the beginning of the "interurban decade,"

is it not possible that 1904 will mark the beginning of another

and equally as important an era in heavy traction service?

Coming events cast their shadows before, and the improve-

ments announced during the past twelve months in methods

of power generation and its more economical utilization at the

axle by means of single-phase motors portend, if we read the

indications aright, a still greater development than has hereto-

fore been experienced ; one, indeed, which may mean the con-

version of a considerable proportion of the present steam

railroad system of the country with its 283,000 miles of track.

This article must be devoted, however, to an account of what

has been accomplished, not to a foretaste of what is to come.

Laying aside then the pen of prophecy for the safer though

more prosaic one of history, an attempt will be made to sketch

briefly the street railway conditions in this country as they

existed a decade ago, and to refer to the most important events

of the succeeding ten years.

This year marked the date at which the pro-

motion stage of the electric railway as a

system was practically over and when

operating questions, especially that of de-

preciation, began to be considered. The

previous decade, which had opened with

the electric railway in an experimental

stage and with capitalists, city councils, and even street rail-

way managers, suspicious of the new motive power, had closed

under entirely different conditions. The initial mechanical

and electrical difficulties had been overcome; the traffic which

had been stimulated by the introduction of an improved motive

power, had risen by leaps and bounds; the old period of dis-

trust of the electric railway as a system had given place to an

enthusiasm almost as unreasonable, and depreciation caused

by natural causes and by advances in the art was forgotten for

the time by city councils, as well as by many promoters, capi-

talists and street railway companies. Those who had been in

the business for some time understood the conditions better

than the general public, most of whom supposed that there

was almost an unlimited amount of money to be made,

and was being made, in electric railway work. The

Railroad Commission of Massachusetts, whose foresight and

judgment have always commanded the highest respect, was

probably the first official body to call attention to the proper

state of affairs. In their report for 1893, published early in

1894, the Commissioners said that, "while it is too early as yet

to draw exact and final conclusions with regard to the financial

economy of electric power, it is desirable that false or exag-

gerated ideas, if such have gained a footing, should be set

aside." The Commissioners then pointed out that "the idea

which seems to have obtained some currency that the electric

railway system was a bonanza of rare and inexhaustible wealth

is clearly a delusion, and has doubtless proved to some a snare."

The Commissioners, in conclusion, urged the importance of

setting aside year by year some substantial portion of the earn-

ings as a fund for future contingencies.

In the meantime NewYorkCity had lagged behind the rest of

the country in electric railway construction, owing to local con-

ditions, which are described elsewhere in this issue in an in-

teresting article by Mr. Starrett. The Metropolitan Traction

Company, which then operated the lines in New York, had

just completed its cable railway on Broadway, but financial

considerations forbade the use of this motive power on any of

the crosstown streets or on many of the other longitudinal

thoroughfares of the city. The company, forbidden to use the

trolley system, was in a very serious quandary, as it was forced

to make some decision to provide an earning power for the

numerous systems which it had leased. A prize of $50,000 had

been offered by the company in December, 1893, for "a system

of street railroad propulsion which should be superior to the

cable and trolley." Over 3000 applications were received.

Many of the schemes proposed were ludicrous ; one inventor

suggested the supply of motive power by means of wind-mills

on top of the cars; another proposed to utilize the force ex-

erted by the rise and fall of the tides at Sandy Hook, while a

third made a proposition to run the street railways by harness-

ing the cars to balloons. In the meantime the company, dis-

couraged with the failure of this plan, as well as by the delay

of the Legislature in granting permission to the Railroad Com-
missioners to act as judges of the prize, withdrew its offer and

decided to install a conduit system. Arrangements were made

with the General Electric Company, and a short section on

Lenox Avenue was selected for the important trial, which has

since proved so successful.

One of the earliest three-phase transmission plants employed

to transmit power at high potential for railway work, if not the

first in the country, was put in operation in April. This was

at Taftville, Conn., where the greater part of the power was

used for mill service, but where a synchronous motor and rail-

way generator of about 250 kw was installed to supply power

to the Norwich street railways. This plant was constructed

under the supervision of Dr. Louis Bell. Simultaneously with
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this installation, the important of which could not have been

realized at that time, came the announcement that the Walker

Manufacturing Company had decided to engage in electrical

construction. This company, up to this time, had devoted its

energies entirely to the manufacture of cable railway and

power transmission apparatus, but soon became an active com-

petitor in the business of supplying motors and generators.

Three important types of railway appliances were brought

out during this year. One of these was the street railway air-

brake, made available by the development of the Genett air-

brake. In its original form the Genett compressor was driven

by means of an eccentric mounted on the axle. The second

important development of this kind during the year was the

first application of electric welding to rail joints. Mr. Mox-

ham, of the Lorain Steel Company, had discussed the possi-

bility of connecting rails in this way, but during 1894 the

Nassau Railway, of Brooklyn, which was then controlled by

the Johnsons, applied the system practically. The third im-

portant appliance in the production of the year was the Sperry

electric brake, which was used extensively on the People's

Traction line in Philadelphia. A motor car using anhydrous

ammonia gas as a motive power was also put in operation

during the year on the Twenty-Eighth and Twenty-Ninth

Street line in New York, and several new electric motors made

their appearance, among them the Card, the Curtis and the

Walker. In the latter a novel system of suspension was em-

ployed. The convention this "year was held at Atlanta, and

one of the papers was on "A Standard Form of Street Railway

Accounting," in which a proposed form was recommended.

„-sgC]
This year commenced with a disastrous strike

fJ^fc-': ->"'' "ii the I'.nio.klyn system, the greater part

Y W%& 1 ot' which had recently been ecpiipped with

the trolley. The police were found in-

capable of controlling the situation, and the

National Guard had to be called upon to

preserve order in the City of Churches. A
particularly unfortunate feature of the situation was the posi-

tion of Judge Gaynor, who had recently been elevated to the

bench on account of distinguished services in bringing political

rascals to justice. This justice ignored entirely the violence

perpetrated by the mob, and at the request of the unions

granted a writ calling upon the companies to run their cars on

schedule time, saying: "If they cannot get their labor to per-

form such duties at what they offer to give, then they must

pay more." The strike did not last long after the authorities

showed that they were prepared to maintain the reputation of

the city for law and order, and the cars were soon running

merrily as before, the ex-strikers falling over themselves in the

endeavor to regain their lost positions. Across the river in

New York interest was concentrated chiefly upon the demon-

strated success from an electrical standpoint of the conduit

system which had been installed by the Metropolitan Street

Railway Company during the previous, year; in fact, so de-

sirable did this form of motive power prove to be that in

August the Third Avenue Railway Company decided to put in

an experimental electric conduit line at the end of its Tenth

Avenue Division, and the Metropolitan Railway Companv, of

Washington, commenced the reconstruction of its cable lines to

electricity.

A survey of Chicago at this period discloses an equally in-

teresting and important departure from previous practice. The

Metropolitan West Side Elevated Railroad Companv had re-

cently completed the equipment of its line under the super-

vision of W. E. Baker, and commenced the operation of elec-

tric trains. This was the first continuous elevated railway put

in operation by electricity in the United States. The electri-

cal equipment consisted of 55 motor cars and 100 trail cars.

The equipment of the company's station was equally character-

istic of the foresight of the management, as it included two

1500-kw and two 800-kw generators, the former being the

largest size of generator then manufactured. The West Side

road was put in operation April 17, and the third rail was car-

ried on one side of the track and mounted on wooden insulators

which had been treated in paraffine.

In Boston the ceremony of removing the first spadeful of

earth for the subway was conducted on March 28, and in De-

troit Mr. Everett started on the construction of his Detroit

Electric Railway. The track was laid on continuous concrete

stringers, a somewhat novel form of construction at that time-

in the United States. Cast-welded joints, which had first been

exhibited at the Atlanta convention, began to come into more

general use, and double-truck cars became more popular. A
rotary snow-plow had been introduced in Rochester during

the previous winter, and was attracting considerable attention.

The Union Traction Company, of Philadelphia, was organized

to take over the People's Traction Company and the Electric

Traction Company; the Buffalo & Niagara Falls Electric Rail-

way was put in operation, and the Niagara Gorge Road was

being constructed. The Pennsylvania Railroad Company put

its Burlington & Mount Holly Branch in electrical operation

on June 3, and the Baltimore & Ohio Railroad had the first

of its 35-ton locomotives for drawing freight and passenger

trains in service on June 29.

The description of the work in this country cannot be con-

cluded without reference to two important events which oc-

curred in New England. One of these was the installation of

a three-phase transmission with double-current generators by

the Lowell & Suburban Street Railway Company. This is

said to have been the first three-phase transmission plant with

direct-current conversion installed exclusively for railway

work. The other was the commencement of the reconstruction

of the Nantasket Branch of the New York, New Haven &
Hartford Railroad Company. This was the first road to use a

figure 8 trolley wire.

Several important events occurred in London during the

year. The Central London Railway was put in operation in

July, and the Mersey Railway secured a bill through Parlia-

ment permitting it to substitute electricity for steam power on

its line between Liverpool and Birkenhead.

fn 1896 the energies of the railway com-

panies were devoted largely to the de-

velopment of plans which had been inau-

gurated the previous year. In May the

Nantasket Beach Branch of the New-

York, New Haven & Hartford Railroad

Company was put in operation, and the

increase in traffic was so large that electrical extensions were

immediately commenced. Heavy electric railroading became

popular and carried the day with even the conservative man-

agers of the Brooklyn Bridge. The Bridge transportation sys-

tem had for a long time been operated exclusively by the cable,

and was often referred to as an example of conditions under

which the cable was much more satisfactory and economical

than electric power ever could he; nevertheless, the advan-

tages of electricity could no longer be overlooked, and arrange-

ments were made under the specifications of the late C. C. Mar-

tin tor an electric service on the Bridge. Twenty motor ears,

each ecpiipped with lour nj'j-hp motors ami hand control, re-
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placed the steam shifting engines, and were put in operation on

Nov. 29. Two weeks previously, or on Nov. 16, Niagara power

was received in Buffalo over a long-distance transmission line

26 miles in length. The Buffalo Street Railway Company had

made arrangements to purchase this power as soon as it could

be delivered, and was one of the company's first customers in

Buffalo. Cast-welded joints, which had been introduced upon

a small scale during the previous year, were largely adopted,

and the Everett system of interurban roads around Cleveland

began to attract the attention of capitalists. The Lugano

three-phase railway was put in operation by Brown, Boveri &

Company.

The annual convention of the American Street Railway As-

sociation was held in St. Louis, where, at that time there was

a large number of different railway companies. St. Louis was

one of the first cities to adopt long double-truck cars, and the

inspection of these large cars by the railway men who attended

the convention stimulated their wide adoption in other parts

of the country.

By 1897 the underground conduit system

had won a recognized place as a means

of city transportation in New York City.

It was formally adopted as the standard

equipment for the longitudinal lines of

the Metropolitan Street Railway Company,

and the conversion of the Fourth, Sixth

and Eighth Avenue lines from horses to electricity was de-

cided upon. In Chicago, the principal feature of interest was

the adoption of the multiple-unit system by the South Side

Elevated Railway. This line had been constructed about the

time of the Chicago World's Fair, and had been using steam as

a motive power. The management had naturally given a great

deal of attention to the electrical conversion of the line, and

during the previous year had received estimates from practi-

cally all of the manufacturing companies. Plans for a loco-

motive system similar to that in use on the West Side were

tentatively prepared, but were abandoned in favor of the mul-

tiple-unit system, which had recently been devised by F. J.

Sprague, and which was put in operation under his super-

vision on the South Side Road on April 20 of the following

year.

A meeting of the street railway accountants of the country

was called in Cleveland on March 23 to organize an associa-

tion, which was satisfactorily concluded. One of the first sub-

jects taken up was that of a standard system of accounts. The

General Electric Company abandoned its former method of

motor nomenclature derived from the draw-bar pull, and

brought out a new motor, which was called the No. 52, and

which had a capacity of about midway between the GE 800

and GE 1000.

The commission sent out by the Glasgow municipality for a

trip in the United States during 1895 reported in favor of the

overhead system, and arrangements were begun for the elec-

trical equipment of the tramways in that city.

The commencement during the previous

year of electrical service on the Brooklyn

Bridge was but the stepping-stone to a

more important change, so far as con-

venient transportation for the residents of

Brooklyn were concerned. The convic-

tion forced itself on the minds of the city

authorities that isolated systems of this kind \y> miles or so in

length belonged to the past, so that it was not a great surprise

when the Brooklyn Rapid Transit Company offered to lease

the Brooklyn Bridge Railway, an offer which was accepted by

the city authorities. The formal use of the Brooklyn Bridge

by the Brooklyn Rapid Transit Company took place on Jan.

22, 1898. During this year also the historical West End Rail-

way was leased by the Boston Elevated Railway Company, and

the united system entered upon an era of improvement and

development which has done more for the citizens of Boston

than any event since the initial contract for electrical equip-

ment on the West End Railway was awarded.

Work on the transformation of the Broadway Road in New
York was commenced early in the year, the first step being the

installation of feeder conduits the entire length of the line.

The hydraulic power plant at Mechanicsville was also com-

pleted during the year. The use of storage batteries as station

auxiliaries became more general, and the Capitol Traction

Company, of Washington, whose power station had been de-

stroyed by fire late in 1897, decided to introduce electricity in

place of the cable.

During the year the war between the United States and

Spain broke out, and a number of electrical engineers went to

the front. Many of them joined the Volunteer Corps of En-

gineers, under the command of General Griffin, while others

took an active part in the naval or military operations. In

Great Britain the electrification of the systems in Glasgow and

Liverpool, both of which were owned by the municipality, was

concluded.

This was the year of the passage of the hastily

executed and crudely revised Ford fran-

chise bill, which taxed all the corporations

in New York State operating under public

franchises. The history of this bill is so

well known as not to require repetition, and

its constitutionality is still being contested

by several of the largest companies affected. Hurried through

as it was during the closing days of a busy session, it was found

to be so poorly drawn as to be practically invalid; doctored

up at an emergency call of the Legislature at which practically

no opportunity was given for those companies whose interests

were vitally affected to present evidence as to its results, the

bill passed into history as one of the most extraordinary acts

of tax legislation in modern times.

Outside of this bill there were many noteworthy events in

electrical history. Early in the year President Gould, of the

Manhattan Railway Company, made the important announce-

ment to the stockholders that the company had decided to in-

troduce electric traction. According to the president's circu-

lar, "the most conservative estimates made by experts show a

saving of 2\'
2 cents per car-mile on the entire car-mileage of

the elevated roads. As we are now running 4,000,000 car-miles

annually, the saving in operating expenses alone will be over

$1,000,000 a year, which, with other expenses possible, is suffi-

cient to pay 5 per cent on the $18,000,000 capital, which it is

proposed to put into the elevated roads, and 1 per cent addi-

tional on present capital." The circular also refers to the

probable increase in traffic, the ease with which cars can be

handled at terminal points, the running of open cars in sum-

mer, etc. This circular marked the culmination of a series of

efforts made by electrical inventors and manufacturers as far

back as 1883 to convert the directors of the Manhattan Railway

Company to change their system to electric traction. While

the company had permitted the operation of the "Hen Franklin"

and a Sprague equipment in the early days and had received

estimates galore for the electrical equipment of its line from

practically every electrical manufacturing company in the
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country, it had steadfastly refused to withdraw the puffing-

steam dummy. Although the company undoubtedly lost con-

siderable traffic which would have been secured through an

earlier decision to adopt electricity, it undoubtedly benefited by

securing much more modern and efficient machinery by post-

poning the inevitable moment until electrical apparatus had

been so standardized that radical changes in design were com-

paratively unlikely.

In addition to the elevated decision, New York City was the

center of electrical interest, owing to the rapid transit situation.

After many years of laborious work, the Rapid Transit Com-

missioners had finally succeeded in inducing a responsible

financial syndicate, in the person of the Metropolitan Street

Railway Company, to bid upon an underground subway. The

offer of the Metropolitan Company, which was sent to the

Rapid Transit Commissioners on March 27, proposed the con-

struction of a subway on which the local fare was to be 5 cents,

but for which an express fare of 10 cents was asked. Trans-

fers were offered to passengers to and from the surface cars

without additional charge, but local passengers were to pay 3

cents additional fare. The Metropolitan Company also re-

quired a perpetual franchise. The latter clause aroused some

public opposition, and on April 17 the Metropolitan Street

Railway Company withdrew its offer. This paved the way for

the McDonald contract, which was awarded during the follow-

ing year.

While these events were occurring in New Y
r

ork, attention

became directed to Michigan through the irrepressible Gov-

ernor Pingree. This gentleman, who had distinguished him-

self while Mayor of Detroit by a series of noisy, though futile,

attacks upon the local street railway system as a step toward

securing public favor, had been elected Governor of the State,

from which vantage point he carried on a campaign against the

railway interests, although in a somewhat different manner.

During the winter of 1898-99 he succeeded in getting through

the Legislature of Michigan a bill by which the city of De-

troit was authorized to purchase the street railways of the city

at an appraised valuation, and under this act three commis-

sioners were appointed to determine the purchase price. This

committee considered the subject in a more elaborate and com-

plete manner than has ever been applied before or since to a

street railway system in any American city. The pri:e finally

fixed upon as a fair valuation was $16,500,000, a sum which

was undoubtedly very much in excess of that which the fili-

busters in the city and State councils expected to pay. On

July 5, however, the Michigan Supreme Court decided that the

bill authorizing the appointment of the street railway com-

.
mission was unconstitutional, and the whole scheme fell

through.

Stimulated by the example of the Metropolitan Street Rail-

way Company, the Third Avenue Railroad Company, which

was then a separate corporation, had completed contracts for

the electrical equipment of its cable lines. The 125th Street

Crosstown line was put in operation Sept. 28, the section from

130th Street to Sixty-Fifth Street on Oct. 22, and the first

through car on the Third Avenue line was run from the Har-

lem River to the Post Office on November 24.

Other important events during the year were the organiza-

tion of the International Traction Company to consolidate the

street railways in Buffalo and Niagara Falls, the announce-

ment of the discovery of thermit in Germany by Dr. Gold-

schmidt and of the perfection of an electro-pneumatic system

of train control by the Wcstinghouse Electric & Manufacturing

Company.

During 1899 the Street Railway Journal published a

weekly supplement devoted to notices of current interest, and

entitled the "Weekly News Bulletin."

The extent of the street railway field had

now become so great that it became evi-

dent that a monthly paper could no longer

satisfactorily serve the field. The pub-

lishers of this paper, therefore, decided to

place it on a weekly basis, and the first

issue appeared Jan. 6, 1901. The events

of the succeeding four years have amply demonstrated the

wisdom of this decision.

On Jan. 15 John B. McDonald was awarded a contract

for the construction of a rapid transit subway system in New
York. This contract was transferred by Mr. McDonald, with

the approval of the Rapid Transit Commission, to a corporation

which had been organized by him to carry out the work, and

in which August Belmont was largely interested. On March

24 the first ground was broken for the subway. The event was

made the occasion of elaborate ceremonies in front of the City

Hall, in which the Mayor of New York, Mr. McDonald, Mr.

Belmont and several of the Rapid Transit Commissioners took

an active part.

The work has been vigorously prosecuted ever since, and at

the time of going to press the opening of the subway seems a

matter of only a few days.

During this preliminary work on the subway important

events were occurring rapidly in New York, which were des-

tined to affect vitally the surface transportation system. The

extensions and improvements which the Third Avenue Rail-

road Company had introduced during the previous two or

three years had been carried out with borrowed money, and an

attempt of the company to issue a mortgage on its property

had culminated during the first two or three months of the

year in a serious fall in the market value of its securities. While

the stock was selling at about 50, and while the speculators in

Wall Street were wondering whether it would drop to 25, the

announcement was made on March 20 that the control of the

property had been secured by the Metropolitan Street Railway

Company, and on March 21 Mr. YTeeland was elected presi-

dent of the company. The results so far as the completion of

a harmonious plan of surface transportation in New York was

concerned were far-reaching, and with this step all the surface

railways in Manhattan and Bronx boroughs, New York, were

brought under one management.

This was essentially a year for consolidations, among others

that of the St. Louis railways, the plan for which was an-

nounced by Brown Brothers on March 26, while the Connecti-

cut Railway & Lighting Company secured control of the

Bridgeport Railway and a number of other properties during

the year. The St. Louis consolidation was followed in that

city by an extended strike, which went into effect on May 8.

A number of persons were killed, and efforts were made to in-

duce the Governor to call out troops to suppress the riots, 1ml

for a long time without avail. The strike lasted about fifty

days, and was finally settled by the employees, or as many of

them as the railway companies would take back, going bark

to work.

A large part of the month of April was given up in Boston

to conducting a series of tests on different motor train control

systems to lie used on the elevated railway then nearing com-

pletion.

The Paris Exposition was held during T900 and was visited

by a great many Americans. The most interesting features of
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471 S. GRAND1 ST., N. Y. _

s( T1IK RIVET HAII.WAV JOUItNAt. [No.^ra, .Ml. 1

JOHN STEPHENSON CO.,

(LIMITED)

roew~ York.

TRAMWAY CARS

LIGHT, ELEGANT, DURABLE.

Every Description.

Best Materials.

Minimum Prices.

ORDERS QUICKLY FILLED. CAREFUL ATTENTION TO SHIPMENTS.

All Climates Suited.

F. W. DEVOE & CO.,
(Established 1852)

JLTOII ST., Cor. of WILLIAM, NEW YOF

COACH and CAR COLORS

SPECIAL SHADES MADE TO ORDER.

A*

FINE VARNISHES AND JAPANS
t oil COACHES \*D CAMS.

Wood Fillers, Wood Surfaoers, Wood Stains, Hard Oil Finish.'

PI2\E BRUSHES «...i^.v's55t.

.

ARTISTS' MATERIALS.
Tube Colors, Ai es, Drawing Papers.

ENGINEERS' COODS.
Mathematical Instruments, Theodolites, Transits, Cross

Section Papers.

WHITE LEAD. COLORS IN OIL. DISTEMPER COLORS.

PURE READY MIXED PAINTS.
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the Exposition from an electric railway standpoint were the

moving sidewalk and the electric locomotives and multiple-

unit systems. Preparatory to the Paris Exposition, a section

of the Paris Metropolitan Railway was put in operation. This

was the first complete subway railroad to be equipped with

electricity, as all of the electric underground roads in London

were tube lines. The first section of the Metropolitan system

was put in operation July 16. An International Tramway

Congress was held in connection with the Paris Exposition on

Sept. 10-13, m the Hall of Congresses, and was attended by

representatives from all parts of Europe. During the latter

part of the year the London Metropolitan DistrictUnderground

Railway, the Yerkes system, called for bids for the equipment

of 50 miles of underground line.

The success of the third rail as used by the

New York, New Haven & Hartford Rail-

road and on the elevated railways in Chi-

cago, and its demonstrated capacity for

heavy currents, lead to its adoption by the

Albany & Hudson Railway, which was

put in commercial operation during the

spring of this year. The third rail was not laid in the center

of the track, as on the Nantasket and New Berlin divisions of

the New York, New Haven & Hartford Railroad, but at the

side, according to the Chicago practice, and also that which

has been followed ever since. This Albany & Hudson was

probably the first independent interurban third-rad railway to

be put in service. The following May an extensive strike oc-

curred in Albany, and during the first few months of the year

the Broadway, Columbus and Lexington Avenue cable lines, in

New York City, were converted to electricity. The last cable

to be taken out, that between Houston Street and Thirty-Sixth

Street, was removed May 25, and complete electrical operation

was commenced. The Union Railroad Company, of Provi-

dence, announced the establishment of a pension system for

superannuated employees. A disastrous strike occurred in

Scranton during the latter part of the year.

On Dec. 12 the Pennsylvania Railroad Company announced

its intention of running its trains into New York through a

tunnel under the Hudson River, making an all-rail connection

by means of a series of tunnels under fhe East River with the

Long Island Railroad.

Several important events occurred in Europe during the

year; the Metropolitan and District Railways, of London, be-

ing unable to settle between themselves whether they would

use direct current or the polyphase system for the operation of

their underground lines, decided to leave the subject to an arbi-

trator. The polyphase side was advocated by Ganz & Com-
pany, and a number of American manufacturers testified in

favor of the direct-current system. The arbitration hearings

extended for the greater part of the year, and some of the most

noted spellbinders in the United Kingdom argued in favor of

one system or the other. The arbitrator finally decided in

favor of the direct-current system, and arrangements were

immediately made for carrying out the proposed equipment.

In the meantime the Studien Gesellschaft, which had been or-

ganized to carry on a series of high-speed electric motor tests

in Germany, secured the use of the line between Berlin and

Zossen, 20 miles in length, and the tests were carried on during

the late summer and fall, although no results were made public

until the following summer.

On Dec. 30 the first train on the Manhattan Elevated Rail-

way, in New York, to be operated by the new electrical equip-

ment, with the company's own power and over any consider-

able section of the road, was run on the Second Avenue

division.

This year opened with several important events.

One of these was the first official trip with the

new electric equipment on the Manhattan Ele-

vated Railway, in New York, which occurred

Jan. 9.

Early in January announcement was made

of the financial embarrassment of the Everett-

Moore syndicate, which up to this time had been one of the

most important syndicates in the country engaged in the con-

struction of electric railways. Its operations had been con-

fined principally to Ohio and South Michigan, and had been

quite successful, but ventures in independent telephone com-

panies were reported to have been the cause for the financial

trouble.

On Jan. 8 a serious accident occurred in the Park Avenue

Tunnel of the New York Central Railroad, by which one of

the trains had an end-on collision with another. At a special

meeting of the directors of the company, held on Jan. 15, to

consider means for avoiding future accidents of this character,

it was voted that the stockholders at the April meeting be re-

quested to pass upon the plan of increasing the capital $35,000,-

000 to introduce electric motive power in the tunnel. The

tunnel disaster elicited many suggestions for improvements in

tunnel operation, including a letter by George Westinghouse

calling attention to the value of using non-combustible cars.

The wisdom of this suggestion has been shown after four

years by the general adoption of fireproofing methods by the

underground and elevated railway lines, both in this country

and abroad.

On Feb. 4 announcement was made of the organization of a

holding company in New York to take over the Metropolitan

Street Railway Company of that city, at a guarantee of 7 per

cent on its outstanding capital stock. The official plan of this

lease was made public Feb. 14. When the organization of the

Interurban Street Railway Company, the leasing company, was

announced, it was found that the directors included a number

of the most prominent capitalists and representatives of busi-

ness interests in the city. On March 6 the Metropolitan Street

Railway Company established a pension fund for its superan-

nuated employees. This pension system went into force July 1.

The first of the year witnessed the inauguration of Tom. L.

Johnson as Mayor of Cleveland. Soon after his induction into

office the Mayor started a campaign against the street railways

in Cleveland, and attempted to secure important franchises in

that city for a new company, which was to charge a fare of

3 cents.

Mr. Yerkes, who had sold out his Chicago line, organized

the Underground Electric Railways Company, London, to take

over a number of the existing and proposed underground rail-

ways in London. In opposition to the Yerkes system of under-

ground railways in London, another consolidation of proposed

underground electric railways was formed in that city, known

as the "Morgan group," and an active fight developed in Par-

liament. On Oct. 21 it was announced that Mr. Yerkes had

secured control of the London United Tramways Company,

which interfered considerably with the plans of the Morgan

group of underground railway builders.

The London meeting of the International Tramways and

Light Railways Association, the first meeting ever conducted

in an English-speaking country, was held during the first four

days of July. There was a large attendance.

During the summer and fall there was an extensive strike
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ion

on the Hudson Valley Railway, during which the militia had

to be called out. This strike was declared on the morning of

Aug. 30, and extended until late in the following October.

At the Sept. 26 meeting of the American Institute of Elec-

trical Engineers, Mr. Lamme read a paper on the single-phase

motor, marking a new phase in the struggle against the limita-

tions imposed by a direct-current distribution. During the

close of the year the Philadelphia Rapid Transit Company

made public plans for the construction of a subway on Market

Street, and on Dec. 9 a bill authorizing the construction of a

subway on Washington Street, in Boston, was passed by a

referendum vote of the citizens. On Dec. 10 it was announced

that the directors of the Interborough Rapid Transit Company

and of the Manhattan Railway Company had provided a form

of lease which is to be signed by the two companies. The

ratification of this lease by the Manhattan stockholders took

place Jan. 16 of the following year.

We are now treating such recent events that

they need be discussed only briefly:—1903

opened with the Chicago situation in a

new stage. B. J. Arnold, who had been

engaged as an expert by the local trans-

portation committee of the Chicago City

Railway Company, rendered an elaborate

report on the situation in that city, making various recommen-
dations to relieve the transportation situation. In New York
City, where the street congestion was even worse, public atten-

tion became directed to the transportation problem through a

series of hearings held by the Railroad Commissioners on the

street railway facilities in the city. The Merchants' Associa-

tion offered a set of regulations, some of which were absurd,

but others of which had been vainly sought by the railway

company to relieve the congestion, particularly in the down-
town district. The managers of the surface system agreed to

co-operate with the Commissioners in any steps which they

might suggest for relieving a condition which had grown ex-

tremely onerous, and by the adoption of rules governing the

movement of vehicles in the streets considerable progress has
been made.

The personnel of the New York Central engineering com-
mission was announced the second week in January. It was
found to consist of two representatives of the New York Cen-
tral Railroad and three independent consulting engineers. The
Boston Elevated Railway Company on Jan. 19 announced
the establishment of a pension fund for aged employees who
had been in the service of the company for twenty-five years
or more. On March 14 Mayor Low drove the first spike in the

track of the New York subway. The most serious strike of
the year was that in Waterbury, and resulted in considerable
disorder and bloodshed.

The consolidation of the larger part of the street railway

companies in Newark, Jersey City and the Orange district was
completed early in the year under the title of the Public Service

Corporation of New Jersey. The official notice of the con-
solidation was contained in a report issued by the boards of

directors of interested companies, on April 13. The Mersey
Railroad was put in operation. The first public announce-
ment of the details of construction of the Curtis turbine was
made April 2, 1903. The census report of street railways,

which was taken in 1902, became available in June. The Bos-
ton & Worcester Street Railway, the longest interurban elec-

tric railway operating through cars in New England, was put
in operation July 1 between Boston and Worcester. On
Aug. 29 announcement was made that Thomas F. Ryan and

Pi

3
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his associates had purchased the holdings of Kuhn, Loeb &
Company in the Metropolitan Securities Company.

At the Saratoga convention the Westinghouse Electric &

Manufacturing Company made its first exhibit of the turret

system of electro-pneumatic control, and later in the year an-

nounced that it was ready to take contracts for single-phase

railway motor equipments. Almost simultaneously news came

from abroad of the development of the Eichberg-Winter mo-

No article on the development of the street

railway industry during the last ten years

would be complete without some statistics

as to its material growth. Figures of this

kind have been compiled and are pre-

sented herewith. For convenience in

making comparisons, they have been carried back as far as any

reliable statistics are available. The diagrams on page 594

TABLE SHOWING CAPITAL STOCK, FUNDED DEBT AND TOTAL CAPITAL LIABILITIES OF STREET RAILWAYS OF THE
UNITED STATES

1890 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903

Capital stock

Funded debt

Total capital liabilities ._

$
289,058,' 33

189,177,824

748,O14,20(i

522,125,505

$
784,813,781

590,590,391

$
816,131,691

033.079,178

S
904,109,230

698,830,423

$
991,012,762

782,903.471

1,066,190,400

836,808,673

.$

1,360,712,238

1/55,451,817

1,522,008,700

1 ,272,269,491

1 ,700*20,898

1,401,664,048

3,102,390 946478,235,957' 1,300,139,711 1,375,410,172 1,479,210,809 1,002,999,059 1,773,970,233 1,933,065,133 2,416,164,055 2,794,338.251

Statistics for 1890, from United Slates Census Report, and are for year ending July 1.

Statistics from 1891 to 1903 inclusive, compiled by the Street Railway Journal, and are for year ending December 81.

TABLE SHOWING INCREASE IN MILEAGE. CARS, ETC, BETWEEN
1890 AND 1902, FOR THE STREET RAILWAYS OF THE

UNI LED STATES

Length of line (miles).
No. of cars
No. of employees
No. of companies ....

Passengers carried. . .

.

Capital stock
Funded debt

1890 1902
Per Cent
i ncrease

Earnings from operations.

.

8,123 22,577 77 9
32,505 60,290 S5.5

70,764 133,641 88.9

706 987 39-8

4,809,554,438 '37-7

$289,058,133 [,3i5,572,96o 355-1
189,177,824 992,709,139 424.7

478,235,957 2,308,282,099 382.6
90,617,21

1

247,553,999 173-2

Compiled from United States Census Report.

Length of line

Number of ears

.

Number of i

Number of companies

. 1SD0

1902
,

. 18D0 .

1902
,

. 1S90

1902

. 1890

1902

8,123 miles

60,290 ears Increase SO?

70,764 employi

133,641 employi Increase SO?

706 romp;

987 impames Increase 40?

Passengers carried . .

1002

. 1890

1902

. 1890

190;>

. 1890

190i

Earnings from operation 1800

1902

lm 2.023,010,202 passengers carried

1,800,554,438 passengers carried Increase 13SS
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,
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000
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DIAGRAM SHOWING CAPITAL LIABILITIES OF STREET RAIL
WAY COMPANIES IN THE UNITED STATES

$189,177,824

709.139

$478,23

$2,308,282,090

$90,617,211

Increase I7i%

DIAGRAM SHOWING INCREASE IN MILEAGE, CARS, ETC., BETWEEN 1S90 AND 1902, FOI
THE STREET RAILWAYS IN THE UNITED STATES.

tor by the Union Electricitats Gesellschaft and the Finzi motor

by Dr. Finzi, of Italy. On Oct. 15 the Brooklyn Rapid Transit

Company announced the establishment of a merit system for

all of its employees.

During the latter part of November the New York Central

& Hudson River Railroad Company awarded contracts for the

electrical equipment of its New York terminal, making the larg-

est electrical contract given in the history of electric traction.

show respectively the distribution of

the capital liabilities of the street rail-

way enterprises in different sections

of the country for 1895, 1900 and

1903. A table showing the total capi-

tal stock, funded debt and capital lia-

bilities for these and for a number of

intervening years, is published on this

page. The lower series of diagrams

on page 594 shows graphically the

relative amount of street railway track in different sections

of the country, and the corresponding table appears on page

598. In both of these compilations the figures for 1890 and

previous years are from the Census Bulletin of 1890, which, in

addition to the statistics of the year, contained considerable

tabulated information in regard to previous years. The figures

for the following years—that is, from [891 to 1903—are from

American Street Railway Investments. No compilation was
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made of the figures for 1896, so this year appears blank in the

several tables.

The two diagrams published on this page showing miles of

track and number of cars, divided into the different motive

powers, illustrate in a most striking way the rapid adoption of

CO CO CO CO CO <o

Street Ry.Journal

DIAGRAM SHOWING MILES OF TRACK AND DIFFERENT MOTIVE
POWERS OF STREET RAILWAYS IN THE UNITED STATES
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NUMBER OF CARS, WITH DIFFERENT
IN USE ON STREET RAILWAYS IN THE

electricity. The upper line shows the total number of cars or

length of line for each year, and the increments into which

the height is divided give respectively, counting from the base

line, the cars or mileage under horse, cable, miscellaneous and

electric traction. A table giving the miles of track in operation

under the different systems appears on page 598. A compari-

son of the status of the industry in 1890 and in 1902 appears

on the opposite page.

The United States Census Bulletin for 1890, which was

issued at the time that electricity was coming to be recognized

as the motive power of the future, contained a tabulation of the

dates at which the electric lines which were then running were

put in operation. This is reproduced below.

DATE OF OPENING OF EARLY ELECTRIC RAILWAYS IN THE
UNITED STATES IN OPERATION IN 1890

(UNITED STATES CENSUS BULLETIN OF 1890)

Aug. I,

Oct.

April 7,

May

July I,

Aug. 8,

Jan. i,

Jan. 3.

Jan. 14,

Feb. 2,

Mar. i.

Mar. 5,

Mar. 27,

April

April 1,

May 1.

July 4.

Aug.

Aug. 12,

Aug. 15,

Aug.

Sept.

Sept.

Sept. 2,

Oct. 16,

Oct. T7.

Nov. 1,

Nov. 3,

Nov. 7,

Nov. 27,

Nov. 29,

Dec.

Dec. 12.

Dec. 15.

Dec. 19.

1886—Appleton Electric Street Railway Company, Apple-

ton, Wis.
" —Highland Park Railway Company, Detroit, Mich.

1887—Gratiot Electric Railway Company, Port Huron,

Mich.
" —East Detroit & Grossepoint Railway Company, De-

troit, Mich.
" —Lima Street Railway Motor & Power Company,

Lima, Ohio.
" —Mansfield Electric Street Railway Company, Mans-

field, Ohio.

" —Sea Shore Electric Railway Company, Asbury Park,

N. J.

1888—Jamaica & Brooklyn Road Company, Brooklyn,

N. Y.
" —Ithaca Street Railway Company, Ithaca, N. Y.

" —Pennsylvania Motor Company, Easton, Pa.

" —Richmond Union Passenger Railway Co., Richmond,

Va.
" —Asheville Street Railway Company, Asheville, N.

C.

" —Wilmington City Railway Company, Wilmington,

Del.

" —Wheeling Railway Company, Wheeling, W. Va.
" —Suburban Rapid Transit Street Railway Company,

Pittsburg, Pa
" —Wilkesbarre & Suburban Street Railway Company,

Wilkesbarre, Pa.

" —Derby Street Railway Company, Birmingham, Conn.
" —Lynn & Boston Railway Company, Boston, Mass.
" —Lafayette Street Railway Company, Lafayette, Ind.

" —Davenport Central Railway Company, Davenport,

la.

" —East Harrisburg Passenger Railway Company, Har-

risburg, Pa.

" —Pittsburg, Knoxville & St. Clair Street Railway

Company, Pittsburg, Pa.

" —Binghamton Street Railway Company, Binghamton,

N. Y.
" —Hartford & Wethersfield Horse Railway Company,

Hartford, Conn.
" —Sault Ste. Marie Street Railway Company, Sault

Ste. Marie, Mich.
" —Danville Street Car Company, Danville, Va.
" —Eckington & Soldiers' Home Railway Co., Washing-

ton, D. C.

" —East Side Street Railway Company, Brockton, Mass.
" —Akron Street Railway Company, Akron, Ohio.

" —Omaha & Council Bluffs Railway & Bridge Com-
pany, Council Bluffs, la.

" —East Reading Railway Company, Reading, Pa.

" —Third Ward Railway Company, Syracuse, N. Y.
'"' —Peoples' Street Railway Company, Scranton, Pa.

" —Steubenville Street Railway Company, Steubenville,

Ohio.
" —Huntington Electric Light & Street Railway Com-

pany, Huntington, W. Va.
" —East Cleveland Railway Company, Cleveland, Ohio.



THE NEW YORK RAPID TRANSIT SUBWAY
THE STEAM GENERATING AND ENGINE EQUIPMENT OF

THE POWER PLANT

BY JOHN VAN VLECK

EARLY in the year 1901, when

the engineers of the Rapid

Transit Subway Construction

Company first gave consider-

ation to the matter of select-

ing a site for the power house

that was to be needed for

the operation of the subway

trains, it became apparent

that the extent of land re-

quired would largely depend

on the general design of the

power house. Consideration

was given to all the various plans and arrangements employed

by other engineers for power house construction, and studies

were made of the designs of all the large power houses already

constructed and in process of construction in this and foreign

countries. In the case of certain

designs the saving of space had

apparently been an essential fea-

ture, while in others a more ex-

tensive employment of area had

been adopted. A careful review

of the advantages and disadvan-

tages of the various plans was

made, with special attention to the

matter of constructing a plant in

which interruption of service

would be reduced to a minimum.

As a result, the engineers rec-

ommended to the company a

somewhat extended arrangement

of plant, similar, for instance, to

that of the Seventy-Fourth Street

power plant of the Manhattan

Elevated Railroad in New York

City. This type of power plant

was therefore adopted—in which

a single row of large engines and

generators was placed in an oper-

ating room located alongside a boiler house. It was then consid-

ered that provision should be made for generating at least 60,000

kw electrical energy, representing approximately 100,000 hp at

the engines, and with this determined, it was possible to select

a suitable building site for the power plant, to be located as

nearly as possible to the electrical center of the distributing

system, and yet near the water front for condensing purposes.

The work of locating such a site of the area needed included

a most extensive and arduous search on the part of those

deputed to effect the purchase. The questions of titles, founda-

tion conditions, water facilities and many other matters had to

be taken into account, and it was not until the present site was

inspected that any purchasable land was found which satisfied

all the requirements.

This property was bounded by West Fifty-Eighth Street,

Eleventh Avenue, West Fifty-Ninth Street and the bulkhead

line of the North River, with a certain area excepted in favor

of the city for the bed of Twelfth Avenue. East of Twelfth

Avenue the property included the entire city block, 800 ft. x

200 ft. On the purchase of this property steps were taken to

prepare plans for the power house structure, and in addition

to this, the matter of constructing a new pier at the foot of

West Fifty-Eighth Street was taken up along with the con-

struction of underground condensing water conduits with an

underground coal-conveying passage, which resulted in con-

summating a lease with the Department of Docks and Ferries

for the construction of a pier 700 ft. long and 60 ft. wide, at

the foot of West Fifty-Eighth Street.

The work of preparing the detail plans of the power house

structure was, in the main, completed early in 1902, which re-

sulted in the present plan, which may be briefly described as

follows: The structure is divided into two main parts, an

operating room and a boiler house, with a partition wall be-

tween the two sections. The face of the structure on Eleventh

Avenue is 200 ft. wide, of which width the boiler house occu-

pies 83 ft. and the operating room 117 ft. The operating room

occupies the Fifty-Ninth Street, or northerly side of the struc-

EXTERIOR VIEW OF THE POWER PLANT DURING CONSTRUCTION, SHOWING STEEL WORK

ture, while the boiler house is located on the Fifty-Eighth

Street, or southerly side. The designers were enabled to em-

ploy a contour of roof and wall section for the northerly side

that was identical with the roof and wall contour of the south-

erly side, so that the building, when viewed from either end,

presents a symmetrical appearance, with both sides of the

building alike in form and design. The operating room section

is practically symmetrical with respect to its center; it consists

of a central area, with a truss roof over same, and galleries

along both sides. The galleries along the northerly side are

primarily for the electrical apparatus, while those along the

southerly side are given up chiefly to the steam pipe equip-

ment. The boiler room section is also practically symmetrical

with respect to its center.

A sectional scheme of the power house arrangement was de-
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termined upon, by which the structure was originally to consist

of five generating sections, each similar to the others in all its

mechanical details, but at a later date a sixth section was added,

with a space remaining on the westerly end of the block for a

seventh section. Each section embraces one chimney, along

with the following generating equipment: twelve boilers, hav-

ing each 6000 sq. ft. of heating surface ; two engines, each

direct connected to a 5000-kw alternator; two condensing

equipments; two boiler feed pumps; two smoke flue systems;

along with this is included the detail apparatus necessary to

make each section complete in itself, the only variation being

the turbine plant afterward referred to. In addition to the

space occupied by the before-mentioned sections, an area was

set aside, at the Eleventh Avenue end of the structure, for the

passage of the railway spur from the New York Central tracks.

The total length of the original five-section power house was

515 ft. g
J/
2 ins., but the additional section, afterward added,

makes the over-all length of the structure 693 ft. 9^4 ins. In

the fourth section it was decided to omit a regular engine with

its 5000-kw generator, and in its place substitute a 5000-kw

lighting and exciter outfit, this comprising in part the turbine

plant. Arrangements were made, however, so that this outfit

can afterward, if desired, be replaced by a regular 5000-kw

traction generator.

The plan of the power house included a method of support-

ing the chimneys on steel columns instead of erecting them

through the building, which modification allowed for the dis-

posal of boilers in spaces which would otherwise be occupied

by the chimney bases. By this arrangement it was possible to

place all the boilers on one floor level. The economizers were

placed above the boilers instead of behind them, which made a

material saving in the width of the boiler room. This saving

resulted in the before-mentioned gallery construction at the

side of the operating room, which is closed off from both boiler

and engine rooms, for the reception of the main pipe system

and for a pumping equipment below it.

The advantages of the plan can be enumerated briefly as fol-

lows : The main engines, combined with their alternators, lie

in a single row along the center line of the operating room,

with the steam or operating end of each engine facing toward

the boiler house, and the opposite end toward the electrical

switching and controlling apparatus arranged along the out-

side wall. Within the area, between the boiler house and op-

erating room, there is placed, for each engine, its respective

complement of pumping apparatus, all controlled by and under

the operating jurisdiction of the engineer of that engine. Each

engineer has thus full control of the pumping machinery re-

quired for his unit. Symmetrically arranged with respect to

the center line of each engine, are the six boilers in the boiler

room, and the piping from these six boilers forms a short con-

nection between the nozzles on the boilers and the- throttles on

the engines. The arrangement of piping is alike for each en-

gine, which results in a piping system of maximum simplicity,

which can be controlled, in the event of difficulty, with a degree

of certainty not possible with a more complicated system. As

described later, the main parts of the steam pipe system, lo-

cated inside the area between the boiler house and operating

room, can be controlled from outside this area. The main

valves so placed are assembled at a point, for each main engine,

immediately back of it, greatly facilitating surety and speed of

action. The placing of the main features of the steam pipe

system within the area in question prevents the leakage of

steam into the boiler house or into the operating room, in case

ol difficulty in Ibis locality, and in addition, the heal radiated

from the piping contained within the area cannot escape, to

elevate the temperature of either the boiler or operating room.

The single tier of boilers makes it possible to secure a high

and well ventilated boiler room with ventilation into a story

constructed above it, aside from the ventilation afforded by the

windows themselves. The boiler room will therefore be well

lighted and cool in warm weather and all difficulties from

escaping steam will be minimized. In this respect the boiler

room will be superior to corresponding rooms in plants of

older construction, where they are often low, dark and some-

times extremely hot during the summer season. The placing of

the economizers, with their auxiliary smoke flue connections, in

the economizer room, all symmetrically arranged with respect

to each chimney, removes from the boiler room an element of

disturbance and make it possible to pass directly from the boiler

house to the operating room at convenient points along the

length of the power house structure. The location of each

chimney, in the center of the boiler house between sets of six

boilers, divides the coal bunker construction into separate

pockets by which trouble from spontaneous combustion can be

localized, and, as described later, the divided coal bunkers can

provide for the storage of different grades of coal. The unit

basis on which the economizer and flue system is constructed

will allow making repairs to any one section without shutting

other portions not connected directly to the section needing

repair.

THE FOUNDATION WORK
The rock on which the power house is built is of the mica-

ceous schist and bastard granite formation universal on Man-
hattan Island. Its surface was found to be very irregular,

varying from a level of 12 ft. above to 40 ft. below mean high

tide. The general inclination of the rock surface was down-
ward from east to west, and it was covered with some sand and

earth, but mainly by a fill of city refuse up to a level of about

4 ft. above mean high tide. The excavation to the rock surface,

where the depth of the latter did not exceed about 45 ft. below

the surface of the street, was made in the usual way with

shovels, teams, scrapers and wagons, the excavated material

being loaded on barges and dumped at sea.

At the east, or shore end of the lot, the rock was excavated to a

uniform depth required for the column and wall footing courses,

and at the river end, where its surface dipped rapidly, the gen-

eral excavation was carried down through the earth to a maxi-

mum depth in some cases of 40 ft. below mean high tide. Here
the excavation was made in sections, enclosed by 6-in. sheet

piles driven closely by steam hammers. The pits were drained

without serious difficulty by centrifugal pumps. The surface

of the rock was everywhere cleaned and dressed off to sound

material, but not always leveled. A concrete mixing plant was

established near the river end of the lot, and economy of trans-

portation was effected by sending the concrete up to the east

end of the lot on the cars which were used to bring the exca-

vated material down to the river front. The concrete used in

the work was composed, by measure, of one part Portland

cement, two parts sand and five parts of broken stone. In some

cases rubble concrete was employed for filling, this including

proper size stones suitably embedded. The cement was Ameri-

can Portland cement, and had to pass the rigid inspection and

examination required of the cement used in the subway. The
floor of the power house, between the column bases, is a con-

tinuous mass of concrete, nowhere less than 2 ft. thick. The

massive concrete foundations for the main engines and gen-

erators contain each 1400 yards iff concrete above mean high

water level, and in smnc cases twice as much concrete is used





October 8, 1904.] STREET RAILWAY JOURNAL. 605

below that level. The total amount of concrete in the founda-

tions of the finished power house is roughly 80,000 yards.

Water for condensing purposes is drawn from the river, and

discharged into it, through two monolithic concrete tunnels,

through West Fifty-Eighth Street, parallel to the axis of the

building. The intake conduit has an oval interior, 10 ft. x % l/2
ft. in size, and a rectangular exterior cross-section; the outflow

tunnel has a horseshoe shape cross-section and is built on top

of the intake tunnel. These tunnels are built throughout in

open trench, which, at the shore end, was excavated in solid

rock. At the river end the excavation was almost entirely

through the mud, and was made in a coffer-dam composed of

sheet piles. At the extreme river end the rock was so deep that

the concrete could not be carried down to its surface, and the

tunnel section was built on a foundation of piles driven to the

rock and cut off 19^/2 ft. below mean high tide. This section of

the tunnel was built in a 65-ft. x 48-ft. floating caisson 24 ft.

deep. The concrete was rammed in it around the mold, and

the sides were braced as it sunk. After the tunnel sections

were completed the caisson was sunk, by water ballast, to a

bearing on the pile foundation. Adjacent to the condensing

water conduits is the rectangular concrete tunnel for the under-

ground coal conveyor between the shore end of the pier and

the power house.

POWER-HOUSE SUPERSTRUCTURE

The design of the face work of the power house received the

personal attention of the directors of the company, and its

character and the class of materials to be employed were care-

fully considered. The influence of the design on the future

value of the property and the condition of the environment in

general were studied, together with the factors relating to

future ownership of the plant by the city. Several plans were

considered looking to the construction of a power house of

massive and simple design, but it was finally decided to adopt

an ornate style of treatment, by which the structure would be

rendered architecturally attractive and in harmony with the

recent tendencies of municpal and city improvements from an

architectural standpoint. At the initial stage of the power

house design, Stanford White, of the firm of McKim, Mead &
White, of New York, volunteed his services to the company as

an adviser on the matter of the design of the face work, and

as his offer was accepted, his connection with the work has re-

sulted in the development of the present exterior design and

the selection of the materials used.

The structure faces properly on Eleventh Avenue, and the

Eleventh Avenue facade is the most elaborately treated, but

the scheme of the main facade is carried along both the Fifty-

Eighth Street and Fifty-Ninth Street fronts. The westerly

end of the structure, facing the river, may ultimately be re-

moved, in case the power house is extended to the Twelfth

Avenue building line, for the reception of two additional gen-

erator equipments, and for this reason this wall is designed

plainly of less costly material. The general style of the face

work is what may be called French renaissance, and the color

scheme has therefore been made rather light in character. The

base of the exterior walls has been finished with cut granite

up to the water table, above which the walls are faced with a

light colored buff, pressed brick. This brick has been enriched

by the use of similarly colored terra-cotta, which appears in

the pilasters, about the windows and in the several entablatures,

and in the cornice and parapet work. The Eleventh Avenue

facade is further enriched by marble medallions, framed with

terra-cotta, and by a title panel directly over the front of the

structure.

All window frame and sash for the walls is constructed of

cast iron, and all the windows are glazed with wire glass for

protection against fire. The window frame and sash in the

upper monitor construction is covered with copper, and all the

exposed gutters, bulkhead coverings, flashings and trims for

the roof are of sheet copper. The flat portions of the roof are

constructed of concrete, reinforced with expanded metal, with

suitable water-proofing laid over it. The sloping sides of the

roof are constructed with terra-cotta blocks laid on T-bar

purlins. The terra-cotta blocks are protected by water-proof-

ing, and over the water-proofing there are laid Spanish roll

tiles which are enameled green on the exposed surface. The

sloping sides of the roof, directly over the operating room, are

constructed of heavy glass, suitably supported on steel bars

with copper trim work. Copper condensation gutters are pro-

vided, and under each section of glass is erected a wire screen.

Permanent ladders are constructed on the roof to render every

portion of it readily accessible.

The main doorways leading into the structure are trimmed

with cut granite, and the entrance lobby at the northeast cor-

ner is finished with a marble wainscoting. The exposed wall

face of the operating room is faced with a light cream-colored,

pressed brick, with an enameled brick wainscoting 8 ft. high,

extending around the entire operating area; the wainscoting

is white, except for a brown border and base. The offices, the

toilets and locker rooms are finished and fitted with marble and

other materials in harmony with the general character of the

building. The masonry floor construction consists of concrete,

reinforced with expanded metal, and except where iron or

other floor plates are used, or where tile or special flooring is

laid, the floor is covered with a cement granolithic finish.

The value of a generous supply of stairways was appreciated

and all parts of the structure are made readily accessible, espe-

cially the boiler house section ; the extent to which stairways

have been provided throughout can be seen by reference to the

general floor plans. The main stairways are of ornate design,

with marble and other trim work, and the railings of the main

gallery construction are likewise ornate, to correspond with the

stairways. All the exterior windows, doors and trim are of

cast or wrought iron, and all interior carpenter work is cov-

ered with Kalomein iron protection, so that the building, in its

strictest sense, will contain nothing in the way of combustible

material.

CHIMNEYS

The twelve-unit power house as now extended will have six

chimneys, spaced 108 ft. apart on the center line of the boiler

room. Each chimney is 15 ft. inside diameter at the top, and

the top of each chimney is located 225 ft. above the grate bars.

Each chimney will serve the twelve boilers which form the

section of which it is the center. To provide for overload

capacity which may be demanded by future conditions, a forced

draft system is provided for, as will be described later.

As stated elsewhere, the chimneys are all supported on the

steel structure of the building on a platform which is placed

at an elevation of 76 ft. above the basement floor and 63 ft.

above the grates. The supporting platforms are, in each case,

carried on six of the building columns, and each platform is

composed of single-web plate girders, well braced and sur-

mounted by a grillage of 20-in. beams. The grillage is filled

solidly with concrete and flushed smooth on top to receive the

brick work of the chimney.

The top of each chimney is 162 ft. above the top of the sup-

porting platform, and each weighs 1200 tons. The octagonal

base is of red brick, this being carried to a height of 32 ft. 6 ins.,
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at which point the circular section of radial hrick begins. The

outside diameter of the round shaft at its bottom starting point

is 21 ft. n$i ins., and it tapers to an outside diameter, at the

top, of 16 ft. S/i ins -- tne sides thus having a batter of about

2y2 ins. in 10 ft. This large batter was preferred in order to

obtain as much stability as possible in connection with the

method of supporting the chimney. The thickness of the radial

brick work at the bottom is 24 ins., decreasing in eight vertical

sections, to a thickness of 8^ ins. at the top. Above the roof

of the boiler house the exposed face brick on the chimney is

of a light gray color, corresponding in color to the facades of

the building.

The octagonal base of the chimney is of hard-burned red

brick 3 ft. in thickness between the side of the octagon and the

interior circular section. The brick work is started from the

top of the grillage platform within a steel channel curb. 3 ft. in

depth, through which two lines of steel rods are run in each

by 6 ins. at all points, is provided in connection with the roof

framing. This is covered by a hood flashed into the brick

work, so that the roof has no connection with or bearing upon

the chimney.

At a point about 4 ft. 6 ins. below the cap of the chimney,

the brick work is corbeled out for several courses, forming a

ledge ; around the outside of this ledge is placed a wrought-

iron railing, thus forming a walkway around the circumfer-

ence of the chimney top. The cap is of cast iron, surmounted

by eight 3-in. x i-in. wrought-iron ribs, forming an ornamental

cage over the outlet, with pointed ends gathered together at

the center. Galvanized iron ladder rungs are built in the brick

work for ladders both inside and outside the shaft. The orna-

mental cage, constructed over the top of each chimney, sup-

ports, in turn, a system of vertical lightning rods, all tipped

with platinum points about 18 ins. long. The vertical lightning-

rods are connected to two lightning cables of stranded copper

THE TRAVELING HOISTING TOWER UPON THE COAL UNLOADING PIER, FOR HANDLING COAL TO THE CONVEYOR SYSTEM

direction, thus binding together the first 3 ft. of brick work.

At a level, 3 ft. above the bottom of the brick work, a layer of

water-proofing is placed over the interior area, and same is

covered with two courses of brick, upon which are built

diagonal brick walls, 4 ins. thick, 12 ins. apart and about 18 ins.

in height. These walls are themselves perforated at intervals,

and the whole is covered with hard-burned terra-cotta blocks,

thus forming a cellular air space, which communicates with the

interior air and serves as an insulation against heat for the

steel work beneath. A single layer of fire brick completes this

flooring of the interior area, which is flush with the bottom of

the flue openings at the sides of the chimney.

There are two flue openings in the base of the chimney,

placed diametrically opposite; each opening is 6 ft. wide x 17

ft. high. The openings are lined with fire brick, which joins

the fire-brick lining of the interior of the shaft, this latter being

bonded to the red brick walls. The usual baffle wall is pro-

vided of fire brick, 13 ins. thick, extending diagonally across

the chimney to a point 4 ft. above the tops of the Hue openings.

Where the chimney passes through the roof of the boiler

house, a steel plate and angle curb, which clears (he chimney

running down the chimney, each having a section of 300,000

circ. mils.

The chimneys were built by the Alphons Custodis Chimney

Construction Company, and, except for the octagonal red brick-

base, are constructed of the radial perforated bricks manufac-

tured by that company.

COAL UNLOADING PIER

Exceptional facilities have been provided for the unloading

of coal from vessels or barges which can be brought to the

northerly side of the pier at the foot of West Fifty-Eighth

Street. The pier was specially built by the Department oi

Docks and Ferries, and is 700 ft. long and 60 ft. w ide. The

outer end, for a distance of 220 ft., is utilized by the Union

Stock & Market Company, and the balance is reserved for use

by the power house, except for a driveway along the southerly

side. The section used by the power house has been built with

special piling, and is provided with a deck designed to receive

two or more coal unloading towers.

The pier construction included a special river wall across

Fifty-Eighth Street, at the bulkhead line, through which the

condensing water w ill be taken from, and returned to, the river,
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Immediately outside of the river wall and beneath the deck of

the pier, there is a system of screens through which all the in-

take water is passed; on each side where the water enters the

screen chamber, a heavy steel grillage is arranged, and inside

this there is a system of fine screens arranged so that the sev-

eral screens can be raised, by a special machine, for the purpose

of cleaning. The advantages of a well designed screening out-

fit has been appreciated, and considerable care has been exer-

cised to make it as reliable and effective as possible.

At each side of the center of the pier, just below the deck,

there are two discharge water conduits constructed of heavy

timber to conduct the warm water from the condensers away

from the cold water intakes at the screens. Two water con-

duits are employed within the pier construction in order that

one may be repaired or renewed while using the other ; in fact,

having gable bottoms and side dumping doors. Each car has

two four-wheel pivoted trucks with springs. Motive power is

supplied by an electric storage battery locomotive. The cars

deliver the ashes at the pier to a Robins elevating belt con-

veyor which fills the ash bunker. This will contain 1000 tons,

and is built of steel, with a Berquist suspension bottom lined

with concrete. For delivering stored ashes to barges, a collect-

ing belt extends longitudinally under the ash pocket, being fed

by eight gates. It delivers ashes to a loading belt conveyor,

the outboard end of which is hinged so as to vary the height

of delivery and to fold up inside the wharf line when not in use.

The coal-handling system in question was considered desir-

able because any serious interruption of service would be of

short duration, as any belt, or part of the belt mechanism,

could quickly be repaired or replaced. The system also pos-

VIEW OF THE AUTOMATIC UNLOADING MECHANISM IN THE DISTRIBUTING BELT CONVEYOR ABOVE THE COAL
POCKETS, NEAR BASE OF CHIMNEY

the entire pier is constructed with the view of renewal with-

out interference in the operation for which it was provided.

COAL AND ASH-HANDLING EQUIPMENT

The coal-handling equipment includes a movable electric

hoisting tower with crushing and weighing apparatus ; a sys-

tem of horizontal belt conveyors, with 30-in. belts, to carry the

crushed and weighed coal along the pier, thence by an under-

ground tunnel to the southwest corner of the power house to

a system of 30 in. Robins elevating belt conveyors, to elevate

the coal to the top of the boiler house, and a system of 20-in.

belt conveyors to distribute the coal horizontally over the coal

bunkers. These conveyors have automatic self-reversing trip-

pers which distribute the coal evenly in the bunkers. For

handling different grades of coal a system of chain and plate

conveyors is arranged underneath the coal bunkers for deliver-

ing the coal from the particular bunker to the downtake hop-

pers in front of the boilers.

The equipment for removing the ashes from the boiler room

basement and for storing and delivering the ashes to barges,

includes a system of tracks of 24-in. gage, extending under the

ash hopper gates in the boiler house cellar and extending to an

elevated storage bunker at the water front, and with this track

system are provided twenty-four steel cars of 2 tons capacity,

sessed advantages with respect to the automatic even distribu-

tion of coal in the bunkers, by means of the self-reversing trip-

pers; these derive their power from the conveying belts. Each
conveyor has a rotary cleaning brush to cleanse the belt before

it reaches the driving pulley, and they are all driven by induc-

tion motors.

COAL-HOISTING TOWER
The tower frame and boom are of steel. The tower rolls on

two rails along the pier and is self-propelling. The lift is un-

usually short, for the reason that the weighing apparatus is re-

moved horizontally to one side in a separate house instead of

lying vertically below the crusher. This arrangement reduces,

by 40 per cent, the lift of the bucket, which is of the clam-shell

type of 44 cu. ft. capacity. The motive power for operating the

bucket is perhaps the most massive and powerful ever installed

for such service. The main hoist is directly connected to a

200-hp motor, with the Ward-Leonard system of control. The
trolley for hauling the bucket along the boom is also direct

coupled to a multipolar motor.

The receiving hopper has a large throat, with a device in it

which sorts out coal small enough for the stokers and by-passes

it around the crusher. The crusher is of the two-roll type, with

relieving springs, and is operated by the motor, which is also
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used for propelling the tower. The coal is weighed in duplex

2-ton hoppers, hung in beam and level scales. The boom can

be housed by an electric winch to permit the tower to operate

over vessels with masts and rigging, if it should ever become

necessary to bring coal in deep-water carriers instead of by

the usual mastless harbor barges.

Special attention has been given to providing for the comfort

and safety of the coal-tower operators. The cabs have bay

window fronts, to enable the men to have an unobstructed

view of the bucket at all times without peering through slots

in the floor. Walks and hand lines are provided on both sides

of the boom for easy and safe inspection.

STORAGE BATTERY LOCOMOTIVE

This type of motive power was selected in preference to a

trolley locomotive for moving the ash cars, owing to the rapid

destruction of overhead lines and rail bonds, caused by the

action of ashes and water. The locomotive consists of two

units, each of which has four driving wheels, and carries its

own motor and battery. The use of two units allows the loco-

motive to round curves with very small overhangs as com-

pared with a single-body locomotive; curves of 12-ft. radius,

of the 24-in. gage, can be turned with ease. The gross weight

of the locomotive is about 5 tons, all of which is available for

traction.

The motors are of the highest grade vehicle type, operated

by a controller on one unit in such a manner that at no time

is it necessary to introduce external resistance in the circuit,

which gives maximum economy to the consumption of battery

energy. They are set well up over the frames, entirely spring-

supported, at a point well up out of wind and dust, and where

they may be readily inspected by opening the side doors which

protect them.

The batteries have Manchester positive plates and chloride

negatives made by the Electric Storage Battery Company.

They are set up in a new form to prevent electrical leakage be-

tween adjacent cells. The cells are supported and separated

by point contact insulators which give large ventilating and

drainage areas. The controller cannot be reversed when the

circuit is closed, and when the controller is "off," the batteries

are correctly poled for charging. The locomotive is so de-

signed that when coupled to a load which will cause overdrafts

on the battery, the drivers will slip.

COAL DOWNTAKES

The coal from the coal bunkers is allowed to flow down into

the boiler room through two rows of downtakes, one on each

side of the central gangway or firing space. Each bunker has

eight cast-iron outlets, four on each side, and to these outlets

are bolted gate valves for shutting off the coal from the corre-

sponding downtakes. From these gates the downtakes lead to

hoppers which are on the economizer floor, and from these

hoppers the lower sets of downtakes are carried to the boilers.

just above the hoppers, on the economizer floor, the coal

downtakes are provided with two valves to feed the coal, either

into the coal downtakes to the boilers or into a distributing

flight conveyor alongside of it. These conveyors, one corre-

sponding with each row of downtakes, permits the feeding of

coal from any bunker or bunkers to all the boilers when de-

sired. They are the ordinary type of flight conveyor, capable

of running in cither direction, and provided with gates in the

bottom of the trough for feeding info the several above-

mentioned coal downtakes. In order to eliminate the stresses

that would develop in a conveyor of the full length of the

building, the conveyors are of half the entire length of the

building, with electric-driving engines in the center of each

continuous line. The installation of this conveyor system,

in connection with the coal downtakes, makes it possible to

carry a high-grade coal in some of the bunkers for use during

periods of heavy load, and a cheaper grade in other bunkers

for periods of light load.

To provide means of shutting off the coal supply to each

boiler, a small hopper is placed just over each boiler, and the

downtake feeding into it, is provided with a gate at its lower

end. Two vertical downtakes drop from the boiler hopper to

the boiler room floor or to the stokers, as the case may be, and

they are hinged just below the boiler hopper to allow of their

being drawn up out of the way when necessary to inspect the

boiler tubes.

Wherever the direction of the flow of the coal is changed,

poke holes are provided in the downtakes to enable the firemen

to break any arching tendency of the coal in the downtakes.

All parts of the downtakes are of cast iron except the vertical

parts in front of the boilers, which are of wrought-iron pipe,

the frequency of their being swung up to expose the tubes mak-
ing lightness desirable. These vertical downtakes are 10 ins.

VIEW ON WATER-TENDERS' GALLERY IN THE BOILER ROOM,
SHOWING DOUBLE ROW OF BOILERS

in inside diameter, while all others are 14 ins. in inside diam-

eter. The coal downtakes were furnished and erected by the

Thomas Reese, Jr., Company.

BOILERS

The main boiler room is designed to receive seventy-two

safety water-tube three-drum boilers, each having 6008 sq. ft.

of effective heating surface, by which the aggregate heating-

surface of the boiler room will be 432,576 sq. ft. Sixty boilers

have been ordered and are now being erected by the Babcock

& Wilcox Company, of New York.

The boilers are designed for a working steam pressure of

225 lbs. per square inch, and for a hydraulic test pressure of

300 lbs. per square inch. Each boiler is provided with twenty-

one vertical water-tube sections, and each section is fourteen

tubes high. The tubes are of lap-welded charcoal iron, 4 ins.

in diameter and 18 ft. long. The drums are 42 ins. in diameter

and 23 ft. 10 ins. long. All drum parts are of open-hearth steel

;

the shell plates are 9-16 in. thick, and the drum-head plates

11-16 in., and in this respect the thickness of material employed

is slightly in excess of standard practice. Another advance on

standard practice is in the riveting of the circular seams, these

being lap-jointed and double-riveted. All longitudinal seams

arc double butt-strapped and secured by six rows of rivets.

Manholes are only provided for the front heads, and each front



6io STREET RAILWAY JOURNAL [Vol. XXIV. No. 15.

head is provided with a special heavy bronze pad for making

connection to the stop and feed-water check valve.

The settings of the boilers embody several special features

which are new in boiler erection. The boilers are erected in

pairs, or batteries, and between each battery is a walkway 5 ft.

wide. They are set higher up from the floor than in standard

practice. This feature provides a higher combustion chamber,

for either hand-fired grates or automatic stokers ; and for in-

clined grate stokers the fire is carried well up above the sup-

porting girders under the side walls, so that these girders will

not be heated by proximity to the fire.

For the coping needed for the top edge of the boiler side

walls, there is provided a pair of 12-in. channels, which form

a part of the structural steel of the building, and each outside

wall is carried up to the under side of these channels. This

prevents the loosening up of the upper row of bricks which

usually occurs in ordinary brick settings. The buckstays for

the outside walls are upright 6-in. channels, which also form a

part of the frame work of the building, and in this respect the

buckstays differ from the independent buckstays usually pro-

vided.

A beam construction is carried over the top of the boilers,

certain beams being used to support the upright steam main

and others to support a steel flooring. This flooring, of re-

movable steel plates, embodies a new and desirable feature for

the reason that an unobstructed floor is provided. The work-

men can thus pass over it without risk when obliged to move

about over the drum coverings, which are usually obstructed

by piping and other fixtures. For further protection a hand

rail is provided around the top of each boiler; then again,

stairways, ladders and cross-over walks render the tops of the

boilers especially accessible. Beneath the steel flooring it is

proposed to fill in the space over the brick boiler-drum cover-

ing with insulating material, which will be an extra measure

against the waste of heat from the boiler plant.

As regards the masonry setting, practically the entire inside

surface of the setting that is exposed to hot gases is lined with

a high-grade of fire brick. The back of the setting, where the

rear cleaning is done, is provided with a sliding floor plate

which is used when the upper tubes are being cleaned. This

space is provided with a door at the floor line and an addi-

tional door at a higher level for light and ventilation when

cleaning. Over the tubes arrangements have been made for

the reception of superheating apparatus without changing the

brick work.

Where the brick walls are carried out, at each side of the

building columns at the front, cast-iron plates are erected to a

height of 8 ft. on each side of the column. An air space is

provided between each cast-iron plate and the column, which

is accessible for cleaning from the boiler front, the object of

the plates and air spaces being to prevent the transmission of

heat to the steel columns.

An additional feature of the boiler setting consists in the

employment of a soot hopper back of each bridge wall, by

which the deposit back of the wall can be discharged into ash

cars in the basement. The main ash hoppers are constructed

of y2 -'m. steel plate, the design being a double inverted pyramid

with an ash gate at each inverted apex. The hoppers are well

provided with stiffening angles and tees, and the capacity of

each is about 80 cu. ft.

The cross-over pipe which connects the three drums is spe-

cially constructed to receive four 4-in. safety valves in addi-

tion to the main 9-in. angle valve. This cross-over pipe is of

the extra heavy proportions employed in the high-pressure

steam work of the plant, and where the bottom flanges bolt fast

to the pads on the boiler drums, there are bronze ball and

socket rings, which are ground steam-tight to take up any lack

of alignment of the top surfaces of the boiler pads.

In front of all the boilers is a continuous platform of open-

work cast-iron plates, laid on steel beams, the level of the

platform being 8 ft. above the main floor ; these platforms are

connected across the firing area, opposite the walk between the

batteries, and at these points this platform is carried between

the boiler settings. At the rear of the northerly row of boilers

the platform runs along the partition wall between the boiler

house and operating room ; at intervals, doorways are provided

which open into the pump area. The level of the platform is

even with that of the main operating room floor, so that it may

be freely used by the water tenders and by the operating engi-

neers without being obstructed by the firemen or their tools.

The platform in front of the boilers will also be used for clean-

ing purposes and, in this respect, it will do away with the un-

sightly and objectionable scaffolds usually employed for this

work. The water tenders will also be brought nearer to the

VIEW IN THE PIPE AREA OF THE STEAM PIPING CONNEC-
TION TO A MAIN ENGINE

water columns than when operating on the main floor. The

feed-water valves will be regulated from the platform, as well

as the speed of the boiler-feed pumps.

Following European practice, each boiler is provided with

two water columns, one on each outside drum, and each boiler

will have one steam gage above the platform for the water

tenders and one below the platform for the firemen. The stop

and check valves on each boiler drum have been made spe-

cially heavy for the requirements of this power house, and this

special increase of weight has been applied to all the several

minor boiler fittings.

Hand-fired grates of the shaking pattern have been ordered

from the Gibson Iron Works, for thirty-six boilers, and for

each of these grates a special lower front has been constructed.

These fronts are of sheet steel, and the coal passes down to the

floor through two steel buckstays which have been enlarged

for the purpose. There are three firing doors, and the sill of

each door is 36 ins. above the floor. The grate area' of the

hand-fired grates is 100 sq. ft., being 8 ft. deep x 12 ft. 6 ins.

wide.

For the balance of the boiler plant which will receive coal

from the soft coal bunkers located between the third and fifth

chimneys, there has been ordered Roney automatic stokers, as
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it is proposed to employ bituminous coal for this section of the"
1

power house. These stokers embody several recent improve-

ments.

It is proposed to apply superheaters to the entire boiler plant,

but it was considered prudent first to make a trial of the two

well-known makes of superheaters in this country. An order

was placed with the Babcock & Wilcox Company for eight

Rosenthal superheaters, each having 767 sq. ft. of heating sur-

face, for eight boilers, and another was placed with the Foster

Engineering Company for four special superheaters, on the

In addition to making provisions for the air to escape from

the upper part of the boiler room, arrangements have been

provided for allowing the air to enter it at the bottom. This

inflow of air will take place through the southerly row of base-

ment windows, which extend above the boiler room floor, and

through the wrought-iron open-work floor construction ex-

tending along in the rear of the northerly row of boilers.

A noteworthy feature of the boiler room is the 10-tori hand-

power crane, which travels along in the central aisle through

the entire length of the structure. This crane is used for erec-

VIEW SHOWING ARRANGEMENT OF PIPING CONNECTIONS FROM ONE BOILER GROUP TO A MAIN ENGINE, AND ALSO
INTERCONNECTING COMPENSATING TIE LINE HEADERS IN THE PIPE AREA (SECOND LEVEL)

Schwoerer system, each having 900 sq. ft. of heating surface.

It is proposed to make an extended trial of both makes of super-

heater before equipping the entire plant. The pipe connections

at the top of each boiler are arranged so that either make of

superheater can be employed.

As before stated, the boiler room ceiling has been made

especially high and, in this respect, the room differs from most

power houses of similar size. The distance from the floor to

the ceiling is 35 ft., and from the floor plates over the boilers

to the ceiling is [3 ft. Over each boiler is an opening to the

economizer floor above, covered with an iron grating. The

height of the room, ..s well as the feature of these openings

and the stairway wells, and with (lie large extent of window

opening in the south wall, will make the room light and espe-

cially well ventilated. Under these conditions the intense heat

usually encountered over boilers will largely be obviated.

tion and for heavy repair, and its use has greatly assisted the

speedy assembling of the boiler plant.

BLOWERS AND AIR DUCTS
In order to burn the finer grades of anthracite coal in suffi-

cient quantities to obtain boiler rating with the hand-fired

grates, and in order to secure a large excess over boiler rating"

with both the larger grades of anthracite and bituminous coals,

on the hand-fired grates and the automatic stokers, respectively,

a system of blowers and air ducts has been provided in the

basement under the boilers. The air-duct system is designed

so that one blower is provided for every three boilers, with

arrangements for supplying all six boilers from one blower.

A partial equipment of twelve blowers is being supplied by

the B. F. Sturtevant Company. The blowers aie II ft. high

above the floor and K ft. 6 ins. wide at the floor line. Each

blower is direct connected to a two-crank 7'_.-in. x 13-
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6y2 -m. upright, compound, steam engine of the self-enclosed

type. Each blower is to provide a sufficient amount of air to

burn 10,000 lbs. of combustible per hour with 2-in. water pres-

sure in the ash pits.

SMOKE FLUES AND ECONOMIZERS
The smoke-flue and economizer construction throughout the

building is of uniform design, or in other words, the smoke-

flue and economizer system for one chimney is identical with

that for every other chimney. In each case the system is sym-

metrically arranged about its respective chimney, as can be

seen by reference to the accompanying plans.

The twelve boilers for each chimney are each provided with

two round smoke uptakes, which carry the products of com-

bustion upward to the main smoke-flue system on the econo-

mizer floor. A main smoke flue is provided for each group of

three boilers, and each pair of main smoke flues join together

on the center line of the chimney, where in each case one com-

mon flue carries the gases into the side of the chimney. The
two common flues last mentioned enter at opposite sides of

the chimney. The main flues are arranged and fitted with

dampers, so that the gases can pass directly to the chimney,

or they may be diverted through the economizers and thence

reach the chimney.

The uptakes from each boiler are constructed of y&-m. plate,

and each is lined with radial hollow brick 4 ins. thick. The
dampers which are provided operate on shafts turning in roller

bearings. The uptakes rest on iron beams at the bottom, and

at the top where they join the main flue, means are provided

to take up expansion and contraction.

The main flue, which rests on the economizer floor, is what

might be called a steel box; the bottom is lined with brick laid

flat, and the sides with brick walls 8 ins. thick, and the top is

formed of brick arches sprung between.

The accompanying plan shows the main smoke-flue system in

combination with an economizer system, which will be in-

stalled on the basis of one economizer for each set of three

boilers. The installation of economizers is to be made upon

an experimental basis, in order to determine if the economy-

effected warrants the investment. All the economizers are

symmetrically arranged, and they will all be similar as to their

design and proportions.

STEAM PIPING

The sectional plan on which the power house is designed has

made a uniform and simple arrangement of steam piping possi-

ble with the piping for each section, except that of the turbine

bay, identical with that for every other section. Starting with

the group of six boilers for one main engine, the steam piping

is interestingly arranged as follows:

A cross-over pipe is erected on each boiler, this to be pro-

vided with four 4-in. safety valves and with a 9-in. outlet in

the center ; in the delivery from each boiler a quick closing

9-in. valve ot*Allis-Chalmers design is provided, which can be

closed from the boiler room floor by hand or from a distant

point, individually or in groups of six. By a combination of

valves and fitting the steam may be passed through the super-

heater. Risers with 9-in. wrought-iron goose necks thence

connect each boiler to the steam main, where 9-in. angle valves

are inserted in each boiler connection. These valves can be

closed from the floor over the boilers, and, as shown in the

plans, are grouped three over one set of three boilers and three

over the opposite set.

The main from the six boilers is carried directly across the

toiler house in a straight line to a point in the pipe area, where

it rises to the two 14-in. steam downtakes to the engine throt-
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ties. At this point the steam can also be led downward to a

manifold to which the' compensating tie lines are connected.

These compensating lines are run lengthwise through the

power house for the purpose of joining the systems together,

as desired. The two downtakes to the engine throttles drop to

the basement, where each, through a goose neck, delivers into

a receiver and separating tank, and from the tank through a

second goose neck into the corresponding throttle.

A quick-closing valve appears at the point where the 17-in.

pipe divides into the two 14-in. downtakes, and a similar valve

is provided at the point where the main connects to the mani-

fold. The first valve will close the steam to the engine and the

second will command the flow of steam to and from the mani-

fold. These valves can be operated by hand from a platform

located on the wall inside the engine room, or they can be

closed from a distant point by hydraulic apparatus. In the

event of accident the piping to any engine can be quickly cut

THE ARRANGEMENT OF BAROMETRIC CONDENSERS USED
UPON THE ENGINES, SHOWING PIPING CONNECTIONS

out or that system of piping can quickly be disconnected from

the compensating system.

The pipe area containing, as mentioned, the various valves

described, together with the manifolds and compensating pipes,

is divided by means of cross walls into sections corresponding

to each pair of main engines. Each section is thus separated

from those adjoining, so that any escape of steam in one sec-

tion can be localized, and by means of the quick-closing valves

the piping for the corresponding pair of main engines can lie

disconnected from the rest of the power house, in the event of

accident.

The important details of the main steam-pipe system are

probably apparent from the drawings. In the first place the im-

portant elements of the system, like, for instance, the heavier

valves, the manifolds, the compensating pipes, are all con-

tained within the pipe area and do not appear, therefore, in

either the boiler or engine room. All the radiated heat passes

upward through this area, so that the temperature of both the

boiler and engine rooms should be much lower than otherwise.

STREET RAILWAY JOURNAL.
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The uniform arrangement of piping makes it much 1.11 re easily

understood, and in the event of difficulty much less confusion

or loss of time will result in handling the connections than if

a complicated system were employed.

All cast iron used in the fittings is called air-furnace iron,

which is a semi-steel and tougher than ordinary iron. All

fittings are heavier in their proportions than ordinary practice,

and all are of special design. All line and bent pipe is of wrought

iron, and the flanges are loose and made of wrought steel,

which was rolled by Krupp, of Essen, Germany. The shell of

the pipe is bent over the face of the flange, according to the

matter for expansion and contraction required for superheated

steam.

FEED-WATER PIPING

The feed-water will enter the building at three points, the

largest water service being 12 ins. in diameter, which enters

the structure at its southeast corner. The water first passes

through fish traps and thence through meters, and from them

to the main reservoir tanks, arranged along the center of the

boiler house basement, flowing into each tank by means of an

automatic float valve. The water will be partly heated in these

reservoir tanks by means of hot water discharged from the

PLAN OF ONE OF THE MAIN 11.000-HP GENERATING UNITS, SHOWING ARRANGEMENT OF THE STEAM PIPING THROUGHOUT

special Walworth practice. All the joints in the main steam

line above ins. in size are ground joints, metal to metal,

no gaskets being used.

Unlike the flanges ordinarily used in this country, special

extra strong proportions have been adopted, and it may he said

that all flanges and bolts used in same are 50 per cent heavier

than the so-called extra heavy proportions used in this country.

Before the design of the valves was attempted, information

was obtained from abroad with respect to the qualifications

needed in valve construction for superheated steam, and certain

departures were made in the design and materials used for the

valves in question. Special attention was also given to the

high-pressure steam traps— in this way heat represented in the

drainage from the high-pressure steam is, for the most

part, returned to the boilers. From the reservoir tanks the

water is conducted to the feed-water pumps, by which it is dis-

charged through the auxiliary exhaust steam feed-water heat-

ers directly to the boilers, or through the economizer system to

he further heated by the waste gasses from the boilers.

Like the steam-pipe system, the feed-water piping is laid out

on the sectional plan, the piping for the several sections being

identical, except for the connections from the street service to

the reservoir tank. The feed-water piping is constructed

wholly of cast iron, except the piping above the floor line to
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the boilers, which is of extra heavy semi-annealed brass with

extra heavy cast-iron fittings. The installation of the piping-

systems, ljoth steam and water, were made by the Walworth

Manufacturing Company, Boston.

ENGINE AND TURBINE EQUIPMENT

The engine and turbine equipment under contract embraces

nine 8000-hp to 11,000-hp main engines, directed connected to

5000-kw generators; three steam turbines, direct connected to

1875-kw lighting generators, and two 400-hp

engines, direct connected to 250-kw exciter

generators. The main engines are being con-

structed and erected by the Allis-Chalmers

Company, of Milwaukee; the steam turbines

by the Westinghouse Machine Company, of

Pittsburg, and the exciter engines by West-

inghouse, Church. Kerr & Company, of New-

York.

The contract for the main engines was

awarded Sept. 1, 1901, prior to which date the

question of employing steam turbines had re-

ceived careful consideration. An investigation

was made of the status of the steam turbine in

bine equipment for the plant in question requiring successful

operation on the opening of the road beyond all question of

doubt.

The recent improvements, however, which have taken place

in steam turbine design have indicated the possible desirability

of turbines for the future increase to the generating equipment,

and arrangements have accordingly been made in the westerly

108-ft. extension of the structure to provide for the installation

SIDE ELEVATION OF ONE OF THE MAIN GENERATING UNITS, TO SHOW ARRANGEMENT AND DETAILS OF CYLINDERS

this and foreign countries, and it was found that aside from the

construction of certain 3500-kw Parsons turbine-generators

pending at the works of Brown, Boveri & Company, at Baden,

Switzerland, nothing was then being done in the way of an

actual construction of a turbo-generator of the capacity needed

for the Rapid Transit Subway power house, nor were the re-

sults obtained from the use of smaller turbines considered to

be of a character which would justify the purchase of a tur-

of steam turbines, if desired, of 8000-kw or 9000-kw generating

capacity.

MAIN ENGINES

The main engines are similar in type to those installed by

the Allis-Chalmers Company in Seventy-Fourth Street power

house of the Manhattan division of the Interborough Rapid

Transit Company, in that each consists of two component com-

pound engines, both connected to a common shaft, with the
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generators placed between the two component engines. The

principal details of the engine are shown in an accompanying

drawing. This type of engine is now well known and will not

be described in detail, but as a comparison of various dimen-

sions and features of the Manhattan and Rapid Transit Sub-

THE STEAM CYLINDERS OF THE CONDENSER CIRCULATING
PUMPS, EXTENDING ABOVE THE MAIN OPERATING FLOOR

way engines may be .of interest, the accompanying

is submitted:

tabulation

Diameter of high pressure cylinders, inches
41 " ljw pressure 11 "

Stroke, inches _

Speed, revolutions per minute
Steam pressure at throttle, pounds
I ndicated horse power at best efficiency-.
Diameter of L. P. piston rods, inches

"H. P. " '

lt 11 crank pin, inches
Length of crank pin, inches

Type of L. P. valves
,

" H. P. "
Diameter of shaft in journals, inches
Length of journals, inches
Diameter of shaft in hub of revolving element ,

Manhattan

44 inches
88' "

60 "

75 R . P. M.
150 lbs.

7,500
8 inches
8 "

18 "

18 "

Double Ported,
Corliss

34 inches
60 "

37 1-lti
"

Rapid Transit
Subway

42 inches
86 "

60 "

75 R. P. M.
175 lbs.

7,500
10 inches
10 "

20 "

18 "

Single Ported,
Corliss

Poppet type
34 inches
60 "

37 1-16 inches

The guarantees under which the main engines are being

furnished and which will govern their acceptance by the pur-

chaser are in substance as follows

:

First—The engine will be capable of operating continuously

when indicating 11,000 hp without producing abnormal wear,

jar, noise or other objectionable results.

Second—It will be suitably proportioned to withstand in a

serviceable manner all sudden fluctuations of load as are

usual and incidental to the generation of electrical energy for

railway purposes.

Third—It will be capable of operating with an atmos-

pheric exhaust producing 2 lbs. back pressure at the low-pres-

sure cylinders, and when so operating the engines will fulfil all

the operating requirements, except as to economy and capacity.

Fourth—It will be proportioned so that when occasion shall

require it, it can be operated with a steam pressure at the throt-

tles of 200 lbs. above atmospheric pressure, and when so

operating the engine will fulfil all the guaranteed operating

requirements.

Fifth—The engine will operate successfully with a steam

pressure at the throttle of 175 lbs. above atmosphere, should

the temperature of the steam be maintained at the throttle at

from 450 to 500 degs. F., in lieu of its normal temperature at

saturation, and should the engine be so operated, then no undue

strains, wear or excessive use of oil will be occasioned thereby.

Sixth—The engine will not require more than I2}4 lbs.

of dry steam per indicated horse-power per hour when indi-

cating 7500 hp at 75 revolutions per minute, with a vacuum of

26 ins. at the low-pressure cylinders, with a steam pressure at

the throttle of 175 lbs. and with saturated steam at the normal

temperature due to its pressure. The guarantee includes all

of the steam used by the engine, and by the jackets or re-

heater.

The new features contained within the engine construction

are principally : First, the novel construction of the high-pres-

sure cylinders, by which only a small strain is transmitted

through the valve chamber between the cylinder and the slide

surface casting. This is accomplished by employing heavy

bolts which clamp the shell of the cylinder casting to the slide

surface casting, said bolts being carried past and outside the

valve chamber. Second, the use of poppet valves, which are

operated in a very simple manner from the wrist plate on the

side of the cylinder, the connections from the valves to the

VIEW BENEATH FLOOR, SHOWING LOWER PORTION OF CIR-

CULATING PUMPS, AND ALSO A BOILER—FEED PUMP IN
FOREGROUND

wrist plate and the connections from the wrist plate to the

eccentric being similar to the parts usually employed for the

operation of Corliss valves.

Unlike the Manhattan engines, the main steam pipes are

carried to the high-pressure cylinders under the floor and not

above it. Another modification consists in the use of the ad-

justable strap for the crank-pin boxes instead of the marine

style of construction at the crank-pin end of the connecting rod.

The weight of the revolving field is about 335,000 lbs., which

gives a fly-wheel effect of about 350,000 lbs. at a radius of gyra-

tion of 11 ft., and with this fly-wheel inertia the engine is de-

signed so that any point on the revolving element shall not, in

operation, lag behind or forge ahead of the position that it

would have if the speed were absolutely uniform, by an amount

greater than one-eighth of a natural degree.

TURBO-GENERATORS

Arrangements have been made for the erection of four

Westinghouse-Parsons turbo-generators, although only three
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have been ordered. They are of the multiple-expan-

sion parallel-flow type, consisting of two turbines ar-

ranged in tandem-compound. When operating at full

load, each of the two turbines, comprising one unit, will

develop approximately equal power in each for direct connec-

tion to an alternator giving 7200 alternations per minutes at

11,000 volts and at a speed of 1200 revolutions per minute.

Each unit will have a normal output of 1700 ehp, with a steam

pressure of 175 lbs. at the throttle and a vacuum in the exhaust

pipe of 27 ins. measured by a mercury column and referred to

a barometric pressure of 30 ins. The turbine is guaranteed to

operate satisfactorily with steam superheated to 450 degs. F.

The economy guaranteed under the foregoing conditions as to

initial and terminal pressure and speed, but with saturated

steam, is as follows: Full load of 1250 kw—15.7 lbs. of steam

per electrical horse-power-hour. Three-quarters load, 937^
kw— 16.6 lbs. per electrical horse-power-hour. One-half load,

625 kw— 18.3 lbs. One-quarter load, 312^ kw—23.2 lbs. When
operating under the conditions of speed and steam pressure

mentioned, but with pressure in the exhaust pipe of 27 ins.

vacuum by mercury column (referred to 30 ins. barometer),

with steam at the throttle superheated 75 degs. F. above the

temperature of saturated steam at that pressure, the guaran-

teed steam consumption is as follows: Full load, 1250 kw

—

13.8 lbs. per electrical horse-power-hour. Three-quarter load,

937^ kw—14.6 lbs. One-half load, 625 kw— 16.2 lbs. One-

quarter load, 312^ kw—20 g ibs .

EXCITER ENGINES

The two exciter engines are each direct connected to a 250-

kw direct-current Westinghouse generator. Each engine is a

vertical quarter-crank compound engine with a 17-in. high-

pressure cylinder and a 27-in. low-pressure cylinder with a

common 24-in. stroke. The engines will be non-condensing,

for the reason that extreme reliability is desired at the expense

of some economy. They will operate at best efficiency when

indicating 400 hp at a speed of 150 revolutions per minute with

a steam pressure of 175 lbs. at the throttle. Each engine will

have a maximum capacity of 600 ihp.

CONDENSING EQUIPMENT

In selecting condensing apparatus for a power house of the

magnitude of the one in question, a most careful consideration

of the design and efficiency seemed warranted. It was appre-

ciated that the value of the vacuum to the engines is equal to

at least one-third of their total power, and it is evident that

the condensers and their appurtenances should be economical

as well as reliable from an operative point of view.

Each engine unit is supplied with its own condenser equip-

ment, consisting of two Alberger barometric condensing cham-

bers, each of which is attached as closely as possible to its re-

spective low-pressure cylinder. For every engine also is pro-

vided an Alberger vertical Corliss circulating pump along with

a vacuum pump, and for the sake of flexibility the pumps are

cross-connected with those of other engines and can be used

interchangeablv. The equipment will be seen from the follow-

ing description to combine many features that have proved by

long experience to be of great value to a power house of this

kind.

The barometric condenser is characterized by a condensing

chamber having a tail pipe that contains a barometric column

of water, the function of the column being to allow the water

which has produced condensation in the condenser to flow by

gravity into the hot well against the pressure of the atmos-

phere without allowing air to enter. The condensing water

passes an opening at the upper right hand side and, passing
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downward, is finally divided by the spray cone and brought

into intimate contact with the exhaust steam to be condensed,

which latter enters the condensing chamber at the opposite

side and fills the entire interior.

The circulation pumps are vertical, cross-compound, Corliss

pumping engines with outside packed plungers. Their founda-

tions are upon the basement floor level, and the steam cylinders

extend above the engine room floor, so that the starting valves

and control of speed is therefore entirely under the supervision

of the enginer. Each pump has a normal capacity of 10,000,000

gallons of water per day, so that the total pumping capacity

of all the pumps in the station is 120,000,000 gallons per day.

While the head against which these pumps will be required to

work, when assisted by the vacuum in the condenser, is much

less than the total lift from low tide water to the entrance into

the condensing chambers, still they are so designed as to be

ready to deliver the full quantity to the full height, if for any

THE OIL-FILTERING TANKS OF THE AUTOMATIC LUBRICATING
OIL-HANDLING SYSTEM, FROM WHICH THE FILTERED
OIL IS DELIVERED TO THE ELEVATED STORAGE TANKS

reason the assistance of the vacuum should be lost or not avail-

able at times of starting up.

The high-pressure steam cylinder is 10 ins. in diameter and

the low-pressure is 20 ins. The two double-acting water

plungers are each 20 ins. in diameter, and the stroke is 30 ins.

for all. The water ends are composition fitted for salt water,

and have valve decks and plungers entirely of that material.

The dry vacuum pumps are of the vertical form, and each is

located alongside of the corresponding circulating pump. The

steam cylinders also project above the engine room floor. The

vacuum cylinder is located immediately below the steam cylin-

der and has a valve that is mechanically operated by an eccen-

tric on the shaft. These pumps are of the close-clearance type

and, while controlled by a Corliss governor, can lie changed in

speed while running, to any determined rate.

The three turbines which will be used for lighting equip-

ment of the subway will each exhaust into an Alberger counter-

current surface condenser. The characteristic feature of these

condensers is that the exhaust steam enters the shell at the

bottom, while the circulating water enters at the top, the water

passing through the upper nest of the tubes, then through the

lower ones. In this way the water of condensation is brought

into contact with the incoming exhaust steam before leaving

STREET RAILWAY JOURNAL.
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the condenser, and is heated np to practically the temperature

of the steam, thus rendering primary heaters superfluous. The

air remaining after condensation of the steam passes upward

and is cooled by the upper tubes before passing to the vacuum

pump. The water of condensation is removed by a simple

duplex pump which runs according to the amount of water

formed, and discharges directly to the feed tanks. As the high-

est possible degree of vacuum is of great importance to the

economy of the turbines, a dry vacuum pump with compounded

vacuum cylinders is used. These cylinders are driven by a

Corliss engine and placed in a horizontal position upon a sub-

stantial bed plate. They are of a capacity to produce 29 ins.

THE MACHINE SHOP, SHOWING EQUIPMENT OF MACHINE
MAKING REPAIRS TO MACHINERY

of vacuum when load and temperatures of cooling water allow

it, and under contract requirement are to maintain 28 ins.

EXHAUST PIPING

From each atmospheric exhaust valve, which is direct con-

nected to the condensing chamber at each low-pressure cylin-

der, is run downward a 30-in. riveted-steel exhaust pipe. At a

point just under the engine room floor the exhaust pipe is car-

ried horizontally around the engine foundations, the two from

each pair of engines uniting in a 40-in. riser to the roof. This

riser is between the pair of engines and back of the high-pres-

sure cylinder, thus passing through the so-called pipe area,

where it also receives exhaust steam from the pump auxil-

iaries. At the roof the 40-in. riser is run into a 48-in. stand-

pipe, which is capped with an exhaust head, with the top 35 ft.

above the roof.

All the exhaust piping 30 ins. in diameter and over is longi-

tudinally riveted steel, with cast-iron flanges riveted on to it.

Expansion joints are provided where necessary to relieve the

piping from the strains due to expansion and contraction, and

where the joints are located near the engine and generator

they are of the corrugated copper Wainwright pattern. The

expansion joints in the 40-in. risers above the pipe area are

ordinarily packed slip joints.

The exhaust piping from the auxiliaries is carried directly up

into the pipe area, where it is connected with a feed-water

beater, with connections for by-passing the latter. Beyond the

heater it joins the 40-in. riser to the roof. The feed-water

heaters are three-pass vertical, water-tube heaters, designed for

a working water pressure of 225 lbs. per square inch, and are

made by the Wheeler Condenser & Engineering Company.

OIL SYSTEM

For the lubrication of the engines an extensive oil-dis-

tributing and filtering system is provided. Filtered oil will be

supplied under pressure from elevated storage

tanks, with a piping system leading by

branches to all the various journals. The

piping to the engines is constructed on a du-

plicate, or crib, system, by which the supply

of oil cannot be interrupted by a break in any

one pipe. The oil on leaving the engines is

conducted to the filtering tanks, and a pump-

ing equipment then redelivers the oil to the

elevated storage tanks.

All piping carrying filtered oil is of brass,

and fittings are inserted at proper pipes to

facilitate cleaning. The immediate installa-

tion includes two oil filtering tanks at the

easterly end of the power house, but the com-

pleted plant contemplates the addition of two

extra filtering tanks at the westerly end of

the structure. Each filtering tank is 24 ft.

long, 8 ft. wide and 5 ft. high. The oil first

passes through a system of six-bag trays, ar-

ranged in multiple, each tray having sixty

filtering bags placed on cartridges, making

360 cartridges in all. The oil then passes to

an end compartment and finally through five

separating compartments, in which the oil is

heated or cooled by steam or water coils.

CRANES AND SHOP EQUIPMENT
The power house is provided with the fol-

lowing traveling cranes : For the operating

room—one 60-ton electric traveling crane

and one 30-ton electric traveling crane. For the area

over the oil switches—one 10-ton hand-operated crane. For

the center aisle of the boiler room—one 10-ton hand-operated

crane. The electric cranes have been supplied by the Shaw

Electric Crane Company, and the hand-operated cranes by the

Cleveland Crane & Car Company. The span of both of the

electric cranes is 74 ft. 4 ins., and both cranes operate over the

entire length of the structure. The 60-ton crane has two trol-

leys, each with a lifting capacity, for regular load, of 50 tons.

Each trolley is also provided with an auxiliary hoist of 10 tons

capacity. The 30-ton crane is provided with one trolley, having

a lifting capacity, for regular load, of 25 tons, together with

auxiliary hoist of 5 tons.

The power house is provided with an extensive tool equip-

ment for a repair and machine shop, which is located on the

main gallery at the northerly side of the operating room. The

equipment includes the following machine tools: One 30-in.

planer, one 20-in. shaper, one two-spindle sensitive drill, one

iy2 -'m. bolt cutter, one 26-in. drill press, one Universal milling

machine, three engine lathes, 16-in., 20-in. and 32-in., one 60-

m. radial drill, and one 61-in. vertical boring mill.

TOOLS FOR
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THE ELECTRIC GENERATING EQUIPMENT AND POWER
DISTRIBUTION SYSTEM OF THE NEW YORK

RAPID TRANSIT SUBWAY

BY L. B. STILLWELL

THE system of electrical supply

chosen for the Rapid Transit

subway comprises alternating-

current generation and distribu-

tion and direct-current opera-

tion of motor cars. Four years

ago, when the engineering plans

were under consideration, the

single-phase alternating-current

railway motor was not even in

an embryonic state, and not-

withstanding the marked prog-

ress recently made in its devel-

opment, it can scarcely yet lie considered to have reached a

stage that would warrant any modifications in the plans

adopted, even were such modifications easily possible at the

present time. The comparatively limited headroom available

in the subway prohibited the use of an overhead system of con-

ductors, and this limitation, in conjunction with the obvious

desirability of providing a system permitting interchangeable

operation with the lines of the Manhattan Railway system,

practically excluded tri-phase traction systems and led directly

to the adoption of the third-rail direct-current system.

It being considered impracticable to predict with entire cer-

tainty the ultimate traffic conditions to be met, the generator

plant has been designed to take care of all probable traffic de-

mands expected to arise within a year or two of the beginning

of operation of the system, while the plans permit convenient

and symmetrical increase to meet the requirements of addi-

tional demand which may develop. Express trains in rush

hours will comprise five motor cars and three trail cars; the

first, third, fifth, sixth and eighth will be motor cars. An
eight-car multiple-unit train can be reduced therefore to a six-

car train by uncoupling three cars from the rear end, or to a

three-car train by uncoupling five cars from either end. In

each case a motor car will remain at the head and at the end

of the reduced train. The normal local train will consist of

five cars, the first, third and fifth cars being motor cars. The

weight of each motor car with maximum live load is 88,000

lbs. and the weight of each trail car 66,000 lbs.

The plans adopted provide electric ecpiipment at the out-

start capable of an acceleration with maximum load at a rate

of 1.25 miles per hour per second and of operating express

trains at an average speed approximating 25 miles per hour,

while the control svstem and motor units have been so chosen

that higher speeds up to a limit of about 30 miles per hour can

be attained by increasing the number of motor cars, providing

experience in operation demonstrates that such higher speeds

can be obtained with safety.

The speed of local trains between City Hall and Ninety-

Sixth Street will average about 15 miles an hour, while north of

City Hall, on both the west side and east side branches, their

speed will average about 18 miles an hour, owing to the greater

average distance between local stations.

As a result of careful consideration of various plans, the

company's engineers recommended that all the power required

for the operation of the system be generated in a single power

house in the form of three-phase alternating current at 11,000

volts, this current to be generated at a frequency of 25 cycles

per second, and to be delivered through three-conductor cables

to transformers and converters in sub-stations suitably located

with reference to the track system, the current there to be

transformed and converted to direct current for delivery to the

third-rail conductor at a potential of 625 volts.

Calculations based upon contemplated schedules require for

traction purposes and for heating and lighting cars a maxi-

mum delivery of about 45,000 kw at the third rail. Allowing

for losses in the distributing cables, in transformers and con-

verters, this implies a total generating capacity of approxi-

mately 50,000 kw, and having in view the possibility of future

extensions of the system it was decided to design and construct

the power house building for the ultimate reception of eleven

5000-kw units for traction current in addition to the lighting

sets. Each 5000-kw unit is capable of delivering during rush

ONE OF THE 5000-KW MAIN ALTERNATORS IN THE POWER
PLANT

hours an output of 7500 kw, or approximately 10,000 ehp, and,

setting aside one unit as a reserve, the contemplated ultimate

maximum output of the power plant therefore is 75,000 kw, or

approximately 100,coo ehp.

The power house is fully described in another article in this

issue, but it is not inappropriate to refer briefly in this place

to certain considerations governing the selection of the gen-

erating unit, and the use of engines rather than steam tur-

bines.

The 5000-kw generating unit was chosen because it is prac-

tically as large a unit of the direct-connected type as can be

constructed by the engine builders unless more than two hear-

ings he used—an alternative deemed inadvisable by the engi-

neers of the company. The adoption of a smaller unit would

be less economical of floor space and would tend to produce

extreme complication in so hn;e an installation and, in view

of the rapid changes in load, which in urban railway service ol

this character occur in the morning and again late in the after-
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noon, would be extremely difficult to operate. The experience

of the Manhattan plant has shown, as was anticipated in the

installation of less output than this, the alternators must be

put in service at intervals of twenty minutes to meet the load

upon the station while it is rising to the maximum attained dur-

ing rush hours.

After careful consideration of the possible use of steam

turbines as prime movers to drive the alternators, the com-

pany's engineers decided in favor of reciprocating engines.

This decision was made three years ago and, while the steam

turbine since that time has made material progress, those re-

struction results in narrowing the engine and reducing the en-

gine shafts between bearings.

Construction of the revolving parts of the alternators is such

as to secure very great strength and consequent ability to re-

sist the tendency to burst and fly apart in case of temporary

abnormal speed through accident of any kind. The hub of the

revolving field is of cast steel, and the rim is carried, not by the

usual spokes, but by two wedges of rolled steel. The con-

struction of the revolving field is illustrated in the cuts on this

and the opposite page. The angular velocity of the revolving

field is remarkably uniform. This result is due primarily to

SIDE AND END ELEVATIONS OF THE 5000-KW ALTERNATOR AT THE POWER PLANT

sponsible for the decision are confirmed in their opinion that

it was wise.

THE ALTERNATORS

The alternators closely resemble those installed by the Man-

hattan Railway Company (now the Manhattan division of the

Interborough Rapid Transit Company) in its plant on the East

River, between Seventy-Fourth and Seventy-Fifth Streets.

They differ, however, in having the stationary armature di-

vided into seven castings instead of six, and in respect to details

of the armature winding. They are three-phase machines,

delivering 25-cycle alternating current at an effective poten-

tial of 11,0000 volts. They are 42 ft. in height, the diameter of

the revolving part is 32 ft., its weight 332,000 lbs., and the

aggregate weight of the machine 889,000 lbs. The design of

the engine-dynamo unit eliminates the auxiliary fly-wheel gen-

erally used in the construction of large direct-connected units

prior to the erection of the Manhattan plant, the weight and

dimensions of the revolving alternator field being such with

reference to the turning moment of the engine as to secure

close uniformity of rotation, while at the same time this con-

the fact that the turning moment of the four-cylinder engine is

far more uniform than is the case, for example, with an ordi-

nary two-cylinder engine. The large fly-wheel capacity of the

rotating element of the machine also contributes materially to

secure uniformity of rotation.

The alternators have forty field poles and operate at 75

r. p. m. The field magnets constitute the periphery of the

revolving field, the poles and rim of the field being built up by

steel plates which are dovetailed to the driving spider. The

heavy steel end plates are bolted together, the laminations

breaking joints in the middle of the pole. The field coils are

secured by copper wedges, which are subjected to shearing

strains only. In the body of the poles, at intervals of ap-

proximately 3 ins., ventilating spaces are provided, these spaces

registering with corresponding air ducts in the external arma-

ture. The field winding consists of copper strap on edge, one

layer deep, with fibrous material cemented in place between

turns, the edges of the strap being exposed.

The armature is stationary and exterior to the field. Tt

consists of a laminated ring with slots on its inner surface and
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supported by a massive external cast-iron frame. The arma-

ture, as has been noted, comprises seven segments, the topmost

segment being in the form of a small keystone. This may be

removed readily, affording access to any field coil, which in this

ivay may be easily removed and replaced. The armature

winding consists of U-shaped copper bars in partially closed

slots. There are four bars per slot and three slots per phase

per pole. The bars in any slot may be removed from the

armature without removing the frame. The alternators, of

course, are separately excited, the potential of the exciting cur-

rent used being 250 volts.

As regards regulation, the manufacturer's guarantee is that

at 100 per cent power factor if full rated load be thrown off

the electromotive force will rise 6 per cent with constant speed

KEY
A >

« Laminated field magnets

Cast iron ri ug

Rolled steel web
Laminated armature cure

Cast iron armature frame

Steel hub

excite the alternators. The five direct-current dynamos are

connected to the organization of switching apparatus in such

a way that each unit may be connected at will either to the ex-

citing circuits or to the circuits through which auxiliary mo-

tors are supplied.

SWITCHING APPARATUS

Where the power to be controlled is so great, the potential

so high, and the speed requirements in respect to synchronous

operation so exacting, it is obvious that the perfection of con-

trol attained in some of our modern plants is not their least

characteristic. The switch used for the 11,000-volt circuits is

so constructed that the circuits are made and broken under

oil, the switch being electrically operated. Two complete and

independent sets of bus bars are used, and the connections are

Suction IS. IS.

SIDE ELEVATION AND CROSS SECTION OF THE REVOLVING FIELD OF THE MAIN ALTERNATOR

and constant excitation. The guarantee as to efficiency is as

follows : On non-inductive load, the alternators will have an

efficiency of not less than 90.5 per cent at one-quarter load;

94.75 per cent at one-half load
; 96.25 per cent at three-quarters

load
; 97 per cent at full load, and 97.25 per cent at one and

one-quarter load. These figures refer, of course, to electrical

efficiency, and do not include windage and bearing friction.

The machines arc designed to operate under their rated full

load with rise of temperature not exceeding 35 degs. C. after

twenty-four hours.

EXCITERS

To supply exciting current for the fields of the alternators

and to operate motors driving auxiliary apparatus, five 250-kw

direct-current dynamos are provided. These deliver their cur-

rent at a potential of 250 volts. Two of them are driven by

400-hp engines of the marine type, to which they arc direct-

connected, while the remaining three units arc direct-con-

nected to 365-hp three-phase induction motors operating at 400

volts. A storage battery capable of furnishing 3000 amps, for

one hour is used in co-operation with the dynamos provided to

such that each alternator and each feeder may be connected to

either of these sets of bus bars at the will of the operator.

From alternators to bus bars the current passes, first, through

the alternator switch, and then alternatively through one or

the other of two selector switches which are connected, re-

spectively, to the two sets of bus bars.

Provision is made for an ultimate total of twelve sub-sta-

tions, to each of which as many as eight feeders may be in-

stalled if the development of the company's business should

require that number. But eight sub-stations are required at

present, and to some of these not more than three feeders each

are necessary. The aggregate number of feeders installed for

the initial operation of the subway system is thirty-four.

Each feeder circuit is provided with a type H oil switch ar-

ranged to be opened and closed at will by the operator, and

also to open automatically in the case of abnormal flow of

current through the feeder. The feeders are arranged in

groups, each group being supplied from a set of auxiliary bus

bars, which in turn receives its supply from one or the other

of the two sets of main bus barS; means for selection being
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Cables to Substations

Alternator

GENERAL DIAGRAM OF 11,000-VOLT CIRCUITS IN MAIN POWER STATION

provided as in the case of the alternator circuits by a pair of

selector switches, in this case designated as group switches.

The diagram above illustrates the essential features of the

organization and connections of the 11,000-volt circuits in the

power house.

Any and every switch can he opened or closed at will by the

operator standing at the control board described. The alter-

nator switches are provided also with automatic overload and

reversed current relays, and the feeder switches, as above men-

tioned, are provided with automatic overload relays. These

overload relays have a time attachment which can be set to

open the switch at the expiration of a predetermined time

ranging from .3 of a second to 5 seconds.

The type H-oil switch is operated by an electric motor

through the intervention of a mechanism comprising powerful

springs which open and close the switch with great speed.

This switch when opened introduces in each of the three sides

of the circuit two breaks which are in series with each other.

Each side of the circuit is separated from the others by its

location in an enclosed compartment, the walls of which are

brick and soapstone. The general construction of the switch

is illustrated on the opposite page.

Like all current-carrying parts of the switches, the bus bars

are enclosed in separate compartments. These are constructed

of brick, small doors for inspection ami maintenance being

provided opposite all points where the bus bars are supported

upon insulators. The upper view on page 624 represents a

part of tlie litis bar and switch compartments.
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The oil switches and group bus bars are located upon the

main floor and extend along the Fifty-Ninth Street wall of the

engine room, a distance of about 600 ft. The main bus bars

are arranged in two lines of brick compartments, which are

placed below the engine room floor. These bus bars are ar-

ranged vertically and are placed directly beneath the rows of

oil switches located upon the main floor of the power house.

Above these rows of oil switches and the group bus bars, gal-

leries are constructed which extend the entire length of the

power house, and upon the first of these galleries at a point

opposite the middle of the power house are located the control

board and instrument board, by means of which the operator

in charge regulates and directs the entire output of the plant.

THE ARRANGEMENT OF OIL SWITCHES AT THE MAI N
POWER STATION

THE CONTROL BOARD

The control board is illustrated on the opposite page.

Every alternator switch, every selector switch, every group

switch, and every feeder switch upon the main floor is here

represented by a small switch. The small switch is connected

into a control circuit which receives its supply of energy at

1 10 volts from a small motor-generator set and storage bat-

tery. The motors which actuate the large oil switches upon

the main floor are driven by this no-volt control current, and

thus in the hands of the operator the control switches make or

break the relatively feeble control currents, which, in turn,

close or open the switches in the main power circuits. The

control switches are systematically assembled upon the con-

trol bench board in conjunction with dummy bus bars and

other apparent (but not real) metallic connections, the whole

constituting at all times a correct diagram of the existing con-

nections of the main power circuits. Every time the operator

changes a connection by opening or closing one of the main

switches, he necessarily changes his diagram so that it repre-

sents the new conditions established by opening or closing the

main switch. In connection with each control switch two

small bull's-eye lamps are used, one red, to indicate that the

corresponding main switch is closed, the other green, to indi-

cate that it is open. These lamps are lighted when the moving

part of the main switch reaches approximately the end of its

travel. If for anv reason, therefore, the movement of the con-

trol switch should fail to actuate the main switch, the indicator

lamp will not be lighted.

The control board is divided into two parts—one for the

connections of the alternators to the bus liars and the other for

the connection of feeders to bus bars. The illustrations on

accompanying pages show in plain yiew the essential features

of the control boards.

THE INSTRUMENT BOARD

A front view of the instrument board is also shown on page

622. This board contains all indicating instruments for alter-

nators and feeders. It also carries standardizing instruments

and a clock. Tn the illustration the alternator panels are shown

at the left and the feeder panels at the right. For the alternator

panels, instruments of the vertical edgewise type are used.

Each vertical row comprises the measuring instruments for an

alternator. Beginning at the top and enumerating them in

order these instruments are: Three ammeters, one for each

phase, a voltmeter, an indicating wattmeter, a power factor in

dicator and a Held ammeter, The round dial instrument shown
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VIEW OF PART OF THE BUS-BAR COMPARTMENTS, BELOW THE SWITCHBOARD GALLERY

at the bottom of each row of instruments is a three-phase re-

cording wattmeter.

A panel located near the center of the board between alter-

nator panels and feeder panels carries standard instruments

used for convenient calibration of the alternator and feeder in-

struments. Provision is made on the back of the board for

convenient connection of the standard instruments in series

with the instruments to be compared. The panel which carries

the standard instruments also carries ammeters used to meas-

ure current to the auxiliary circuits in the power house.

For the feeder board, instruments of

the round dial pattern are used, and for

each feeder a single instrument is pro-

vided, viz., an ammeter. Each vertical

row comprises the ammeters belonging to

the feeders which supply a given sub-

station, and from left to right these are

in order sub-stations Nos. 11, 12, 13, 14,

15, 16, 17 and 18; blank spaces are left

for four additional sub-stations. Each

horizontal row comprises the ammeter

belonging to feeders which are supplied

through a given group switch.

This arrangement in vertical and hori-

zontal lines, indicating respectively feed-

ers to given sub-stations and feeders

connected to the several group switches,

is intended to facilitate the work of the

operator. A glance down a vertical row

without stopping to read the scales of the

instruments will tell him whether the

feeders are dividing with approximate

equality the load to a given sub-station.

Feeders to different sub-stations usually

carrv different loads and, arenerallv

speaking, a glance along a horizontal row will convey no in-

formation of especial importance. If, however, for any reason

the operator should desire to know the approximate aggregate

load upon a group of feeders this systematic arrangement of

the instruments is of use.

CABLES, DUCTS AND CONDUIT SYSTEM FOR DISTRIBUTION

From alternators to alternator switches the 11,000-volt alter-

nating currents are conveyed through single conductor cables,

insulated by oil cambric, the thickness of the wall being 12-32

of an inch. These conductors are installed in vitrified clay

>

4ft,

PHE TYPE OF THREE-CONDUCTOR NO. 000 CABLE USED FOR THE 11,000-VOLT

ALTERNATINC-CURRENT DISTRIBUTION
i
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DUCT LINE ACROSS FIFTY-EIGHTH STREET—THIRTY-TWO
DUCTS

ducts. From dynamo switches to bus bars and from bus bars

to group and feeder switches, vulcanized rubber insulation

containing 30 per cent pure Para rubber is employed. The

thickness of insulating wall is 9-32-in. and the conductors are

supported upon porcelain insulators.

From the power house to the subway at Fifty-Eighth Street

and Broadway two lines of conduit, each comprising thirty-two

CABLE DUCTS UNDER A PASSENGER STATION PLATFORM-
SIXTY-FOUR DUCTS

one side of the subway, beneath the platform of a passenger

station. From City Hall to Ninety-Sixth Street (except

through the Park Avenue Tunnel) sixty-four ducts are pro-

vided on each side of the subway. North of Ninety-Sixth

Street sixty-four ducts are provided for the west side lines and

an equal number for the east side lines. Between passenger

stations these ducts help to form the side walls of the subway,

ARRANGEMENT OF DUCTS ALONG
INSIDE WALL OF TUNNEL— VIEWS OF THE CABLE MANHOLES IN THE SIDE WALL OF THE TUNNEL, SHOWING ROLLING
SIXTY-FOUR DUCTS SHUTTER DOORS FOR READY ACCESS

ducts, have been constructed by the company. These conduits

are located on opposite sides of the street. The arrangement of

ducts is 8 x 4, as shown in the section above.

The location and arrangement of ducts along the line of the

subway are also illustrated in the two diagrams herewith, which
r,how respectively a section of ducts on one side of the

subway, between passenger stations and a section of ducts and

and are arranged thirty-two ducts high and two ducts wide.

Beneath the platform of passenger stations the arrangement is

somewhat varied because of local obstructions, such as pipes,

sewers, etc., of which it was necessary to take account in the

construction of the stations.

The necessity of passing the cables from the 32 x 2 arrange-

ment of ducts along the ?ide of the tunnel to 8 x 8 and 16 x 4
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EXTERIOR OF SUB-STATION NO. 18

arrangements of ducts beneath the passenger platforms in-

volves serious difficulties in the proper support and protection

of cables in manholes at the ends of the station platforms. In

order to minimize the risk of interruption of

service due to possible damage to a consider-

able number of cables in one of these man-

holes, resulting from short circuit in a single

cable, all cables except at the joints are cov-

ered with two layers of asbestos aggregating a

full '

-4 - i 1 1 . in thickness. This asbestos is spe-

cially prepared and is applied by wrapping the

cable with two strips each 3 ins. in width, the

outer strip covering the line of junction be-

tween adjacent spirals of the inner strip, the

whole when in place being impregnated with a

solution of silicate of soda. The joints them-

selves are covered with two layers of asbestos

held in place by steel tape applied spirally. To

distribute the strains upon the cables in man-

holes, radial supports of various curvatures,

and made of malleable cast iron, are used.

The photograph on page 625 illustrates the

arrangement of cables in one of these man-

holes.

In order to further diminish the risk of in-

terruption of the service due to failure of

power supply, each sub-station south of

Ninety-Sixth Street receives its alternating

current from the power house through cables

carried on opposite sides of the subway. To

protect the lead sheaths of the cables against

damage by electrolysis, rubber insulating

pieces 1-6 of an inch in thickness are placed

between the sheaths and the iron bracket sup-

ports in the manholes.

HIGH-TENSION CABLES

The cables used for conveying energy from the power house

to the several sub-stations aggregate approximately 150 miles

in length. The cable used for this purpose comprises three

stranded copper conductors, each of which contains nineteen

wires, and the diameter of the stranded conductor thus formed

is 2-5 of an inch. Paper insulation is employed and the triple

cable is enclosed in a lead sheath 9-64 of an inch thick. Each

conductor is separated from its neighbors and from the lead

sheath by insulation of treated paper 7-16 of an inch in thick-

ness. The outside diameter of the cables is 2^ ins., and the

weight lbs. per lineal foot. In the factories the cable as

manufactured was cut into lengths corresponding to the dis-

tance between manholes, and each length subjected to severe

tests, including application to the insulation of an alternating

current potential of 30,000 volts for a period of thirty minutes.

These cables were installed under the supervision of the Inter-

borough Company's engineers, and after jointing, each com-

plete cable from power house to sub-station was tested by ap-

plying an alternating potential of 30,000 volts for thirty

minutes between each conductor and its neighbors, and be-

tween each conductor and the lead sheath.

SUB-STATIONS

The tri-phase alternating current generated at the power

house is conveyed through the high-potential cable system to

eight sub-stations containing the necessary transforming and

converting machinery. These sub-stations are designed and

located as follows

:

Sub-station No. 11—31-33 City Hall Place.

Sub-station No. 12—108-110 East Nineteenth Street.

Sub-station No. 13—225-227 West Fifty-Third Street.

Sub-station No. 14—264-266 West Ninety-Sixth Street.

EXTERIOR VIEW OF SUB-STATION NO. 11, SHOWING ARTISTIC
ARCHITECTURAL TREATMENT
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GENERAL INTERIOR VIEW OF SUB-STATION NO. 11, SHOWING ARRANGEMENT
SWITCHBOARD GALLERY, ETC.

OF TRANSFORMERS. ROTARTFS.

Sub-station No. 15—606-608 West 143d Street.

Sub-station No. 16

—

73-77 West 132CI Street.

Sub-station No. 17—Hillside Avenue, 301 ft. west of Eleventh

Avenue.
Sub-station No. 18—South side of Fox Street (Simpson Street),

60 ft. north of Westchester Avenue.

The converter unit selected to receive the alternating cur-

rent and deliver direct current to the track, etc., has an output

of 1500 kw with ability to carry 50 per cent overload for three

hours. The average area of a city lot is 25 ft. x 100 ft., and a

sub-station site comprising two adjacent lots of this approxi-

mate size permits the installation of a maximum of eight 1500-

kw converters with necessary transformers, switchboard and

other auxiliary apparatus. In designing the sub-stations, a

type of building with a central air-well was selected. The

typical organization of apparatus is illustrated in the ground

plan and vertical section on this and the next page, and provides,

as shown, for two lines of converters, the three transformers

which supply each converter being located between it and the

LONGITUDINAL SECTION OF SUB-STATION NO. 14, TO SHOW BUILDING DETAILS AND ARRANGEMENT OF APPARATUS
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CROSS SECTION OF SUB-STATION NO. 14

the tri-phase cables into direct current adapted to operate the

motors with which the rolling stock is equipped. This appa-

ratus comprises transformers, converters and certain minor

auxiliaries. The transformers, which are arranged in groups

of three, receive the tri-phase alternating current at a poten-

tial approximating 10,500 volts, and deliver equivalent energy

(less the loss of about 2 per cent in the transformation)

to the converters at a potential of about 390 volts. The con-

verters receiving this energy from their respective groups of

transformers in turn deliver it (less a loss approximating 4 per

cent at full load) in the form of direct current at a potential of

625 volts to the bus-bars of the direct-current switchboards,

from which it is conveyed by insulated cables to the contact

rails. A general view of the interior of one of the sub-stations

is given on page 627.

The illustration on page 630 is from a photograph taken on

one of the switchboard galleries. In the sub-stations, as in

the power house, the high-potential alternating-current circuits

are opened and closed by oil switches, which are electrically

operated by motors, these in turn being controlled by no-volt

direct-current circuits. Diagrammatic bench boards are used, as

at the power house, but in the substations they are, of course,

relatively small and free from complication.

The instrument board is supported by iron columns and is

carried at a sufficient height above the bench board to enable

CONVERTER FLOOR PLAN AND PLAN OF SWITCHBOARD GALLERY-SUB-STATION NO. 14

adjacent side wall. The switchboard is located at the rear of

the station. The central shaft affords excellent light and ven-

tilation for the operating room. The steel work of the sub-

stations is designed with a view to the addition of two storage-

battery floors, should it be decided at some future time that the

addition of such an auxiliary is advisable.

The necessary equipment of the sub-stations implies sites

approximately 50 ft. x 100 ft. in dimensions, and sub-stations

Nos. 14, 15, 17 and 18 are practically all this size. Sub-sta-

tions Nos. 11 and 16 are 100 ft. in length, but the lots acquired

in these instances being of unusual width, these sub-stations

are approximately 60 ft. wide. Sub-station No. 12, on account

of wide limited ground space, is but 48 ft. and 92 ft. long. In

each of the sub-stations, except No. 13, foundations are pro-

vided for eight converters; sub-station No. 13 contains founda-

tions for the ultimate installation of ten converters.

The function of the electrical apparatus in sub-stations, as auxiliary sub-station equipment, comprising MOTOR-
has been stated, is the conversion of the high-potential alter- generator set for SUPPLYING ALTERNATING CURRENT
nating-current energy delivered from the power house through rotar^y^s^ta^ter^set^^^^^

AND A motor-generator
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TWO GROUPS OF SUB-STATION STEP-DOWN
TRANSFORMERS

THE STANDARD SUB-STATION ROTARY-CONVERTER—1500 K\V CAPACITY

the operator, while facing the bench board and the instru-

ments, to look out over the floor of the sub-station without

turning his head. The switches of the direct-current circuits

are hand operated and are located upon boards at the right and

left of the control board.

A novel and important feature introduced (it is believed for

the first time) in these sub-stations is the location in separate

brick compartments of the automatic circuit breakers in the

direct-current feeder circuits. These circuit-breaker compart-

ments are shown in the lower photograph on page 630, and are

in a line facing the boards which carry the direct feeder

switches, each circuit breaker being located in a compartment

directly opposite the panel which carries the switch belonging"

to the corresponding circuit. This plan will effectually prevent

damage to other parts of the switchboard equipment when cir-

cuit breakers open automatically under conditions of short-cir-

cuit. It also tends to eliminate risk to the operator, and, there-

fore, to increase his confidence and accuracy in manipulating

the hand-operated switches.

The three conductor cables which convey tri-phase currents

from the power house are carried through tile ducts from the

manholes located in the street directly in front of each sub-

station to the back of the station where the end of the cable is

connected directly beneath its oil switch. The three con-

ductors, now well separated, extend vertically to the fixed ter-

STANDARD SUB-STATION SWITCHBOARD FOR
OPERATION OF THE MOTOR-GENERATORS AND
BATTERIES FOR THE CONTROL CIRCUITS

THE SUB-STATION SWITCHBOARD FOR THE ALTERNATING-
CURRENT BLOCK-SIGNAL MOTOR-GENERATOR AND CIRCUITS

minals of the switch. In each sub-station but one set of high-

potential alternating-current bus-bars is installed, and between

each incoming cable and these bus-bars is connected an oil

switch. In like manner, between each converter unit and the

bus-bars an oil switch is connected into the high-potential cir-

cuit. The bus-bars are so arranged that they may be divided

into any number of sections not exceeding the number of con-

verter units, by means of movable links which, in their normal

condition, constitute a part of the bus-bars.

Each of the oil switches between incoming circuits and bus-
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THE OPERATING SWITCHBOARD IN GALLERY- SUB STATION NO. 11—SHOWING UNOBSTRUCTED VIEW ACROSS CONVERTER
FLOOR BELOW

bars is arranged for automatic operation, and is equipped with

a reversed current relay, which, in the case of a short-circuit

in its alternating-current feeder cable opens the switch and so

disconnects the cable from the sub-station without interference

with the operation of the other cables

or the converting machinery.

DIRECT-CURRENT DISTRIBUTION
FROM SUB-STATIONS

The organization of electrical con-

ductors provided to convey direct

current from the sub-stations to the

moving trains can be described most

conveniently by beginning with the

contact, or so-called third rail. South

of Ninety-Sixth Street the average

distance between sub-stations ap-

proximates 12,000 ft., and north of

Ninety-Sixth Street the average dis-

tance is about 15,000 ft. Each track,

of course, is provided with a contact

rail. There are four tracks, and con-

sequently four contact rails, from

City Hall to Ninety-Sixth Street,

three from Ninety-Sixth Street to

145th Street on the West Side, two

from 145th Street to Dyckman Street,

and three from Dyckman Street to

the northern terminal of the West

Side extension of the system. From

Ninety-Sixth Street, the East Side

has two tracks and two contact rails

to Mott Avenue, and from that point

to the terminal at i82d Street three

tracks and three contact rails. Contact rails south of

Reade Street are supplied from sub-station No. 11;

from Reade Street to Nineteenth Street they are sup-

plied from sub-stations Nos. 11 and 12; from Nineteenth

VIEW AT REAR OF OPERATING BOARD IN SWITCHBOARD GALLERY—SUB-STATION
NO. 11-SHOWING COMPARTMENTS FOR THE DIRECT- CURRENT CIRCUIT BREAKERS
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Street they are supplied from sub-stations Nos. 12 and 13;

from the point last named to Ninety-Sixth Street they are sup-

plied from sub-stations Nos. 13 and 14; from Ninety-Sixth

Street to 143d Street, on the West Side, they are supplied from

sub-stations Nos. 14 and 15; from 143d Street to Dyckman

Street they are supplied from sub-stations Nos. 15 and 17, and

from that point to the terminal they are supplied from sub-

station No. 17. On the East Side branch contact rails from

Ninety-Sixth Street to i32d Street are supplied from sub-sta-

tions Nos. 14 and 16; from i32d to 165th Streets they are sup-

plied from sub-stations Nos. 16 and 18, and from 165th Street

to i82d Street they are supplied from sub-station No. 18.

LIGHTING SYSTEM FOR PASSENGER STATIONS AND TUNNEL

In the initial preparation of plans and more than a year be-

THE SWITCHES CONNECTING THE FEEDERS TO THE CONTACT
RAIL, AND THEIR PROTECTING BOXES

THE SYSTEM OF RUNNING DIRECT-CURRENT FEEDERS FROM
MANHOLES TO CONTACT-RAIL IN THE TUNNEL

fore the accident which occurred in the subway system of

Paris in August, 1903, the engineers of the Interborough Com-

pany realized the importance of maintaining lights in the sub-

way independent of any temporary interruption of the power

used for lighting the cars, and, in preparing their plans, they

provided for lighting the subway throughout its length from a

source independent of the main power supply. For this pur-

pose three 1250-kw alternators direct driven by steam turbines

are installed in the power house, from which point a system of

primary cables, transformers and secondary conductors con-

vey current to the incandescent lamps used solely to light the

do on o^
1 Q_5>

0=9

000 o o o

ARRANGEMENT OF DIRECT-CURRENT FEEDER CONNECTIONS IN FEEDING TWO SECTIONS OF CONTACT RAIL

ARRANGEMENT OF NEGATIVE RETURN-CIRCUIT FEEDERS
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subway. The alternators are of the three-phase type, making

1200 r. p. m. and delivering current at a frequency of 60 cycles

per second at a potential of 11,000 volts. In the boiler plant

and system of steam piping installed in connection with these

turbine-driven units, provision is made for separation of the

steam supply from the general supply for the 5000-kw units

and for furnishing the steam for the turbine units through

either of two alternative lines of pipe.

The 1 1,000-volt primary current is conveyed through paper

insulated lead-sheathed cables to transformers located in fire-

proof compartments adjacent to the platforms of the passenger

stations. These transformers deliver current to two separate

systems of secondary wiring, one of which is supplied at a

potential of 120 volts and the other at 600 volts.

The general lighting of the passenger station platforms is

effected by incandescent lamps supplied from the 120-volt sec-

ondary wiring circuits, while the lighting of the subway sec-

tions between adjacent stations is accomplished by incandes-

cent lamps connected in series groups of five each, and con-

nected to the 600-volt lighting circuits. Recognizing the fact

TYPE OF FISH-PLATE CONNECTION USED AT CONTACT
RAIL JOINTS

that in view of the precautions taken it is probable that inter-

ruptions of the alternating-current lighting service will be in-

frequent, the possibility of such interruptions is nevertheless

provided for by installing upon the stairways leading to pas-

senger station platforms, at the ticket booths and over the

tracks in front of the platforms, a number of lamps which are

connected to the contact rail circuit. This will provide light

sufficient to enable passengers to see stairways and the edges of

the station platforms in case of temporary failure of the general

lighting system.

The general illumination of the passenger stations is effected

by means of 32-cp incandescent lamps placed in recessed domes

in the ceiling. These are reinforced by 14-cp and 32-cp lamps

carried by brackets of ornate design where the construction of

the station does not conveniently permit the use of ceiling

lamps. The lamps are enclosed in sand-blasted

glass globes, and excellent distribution is se-

cured by the use of reflectors.

In lighting the subway between passenger

stations it is desirable, on the one hand,

TYPE OF PROTECTING COVERING USED OVER
CONTACT RAIL

to provide sufficient light for track inspection and to

permit employees passing along the subway to see their

way clearly and avoid obstructions
;

but, on the other

hand, the lighting must not be so brilliant as to interfere with

easy sight and recognition of the red, yellow and green signal

lamps of the block-signal system. It is necessary also that

the lights for general illumination be so placed that their rays

shall not fall directly upon the eyes of approaching motormen

at the head of trains nor annoy passengers who may be read-

ing their papers inside the cars. The conditions imposed by

these considerations are met in the four-track sections of the

subway by placing a row of incandescent lamps between the

north-bound local and express tracks and a similar row between

the south-bound local and express tracks. The lamps are car-

ried upon brackets supported upon the iron columns of the sub-

way structure, successive lamps in each row being 60 ft. apart.

They are located a few inches above the tops of the car win-

dows and with reference to the direction of approaching trains

the lamps in each row are carried upon the far side of the iron

columns, by which expedient the eyes of the approaching

motormen are sufficiently protected against their direct rays.

POWER-HOUSE LIGHTING

For the general illumination of the engine room, clusters of

Nernst lamps are supported from the roof trusses, and a row

of single lamps of the same type is carried on the lower gallery

about 25 ft. from the floor. This is the first power house in

America to be illuminated by these lamps. The quality of the

VIEW OF MOTOR-CAR TRUCK AND CONTACT RAIL, SHOWING
TYPE OF CONTACT SHOE USED
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light is unsurpassed and the general effect of the illumination

most satisfactory and agreeable to the eye. In addition to the

Nernst lamps, 16-cp incandescent lamps are placed upon the

engines and along the galleries in places not conveniently

reached by the general illumination. The basement also is

lighted by incandescent lamps.

For the boiler room a row of Nernst lamps in front of the bat-

teries of boilers is provided,

and, in addition to these, in-

candescent lamps are used in

the passageways around the

boilers, at gages and at water

columns. The basement of

the boiler room, the pump

room, the economizer floor,

coal bunkers and coal con-

veyors are lighted by incan-

descent lamps, while arc

lamps are used around the

coal tower and dock. The

lights on the engines and

those at gage glasses and

water columns and at the

pumps are supplied by direct

current from the 250-volt cir-

cuits. All other incandescent

lamps and the Nernst lamps

are supplied through trans-

formers from the 60-cycle

lighting system.

EMERGENCY SIGNAL SYSTEM

In the booth of each ticket

seller and at every manhole along the west side of the

subway and its branches is placed a glass-covered box

of the kind generally used in large American cities for

fire-alarm purposes. In case of accident in the sub-

way which may render it desirable to cut off power from the

contact rails, this result can be accomplished by breaking the

glass front of the emergency box and pulling the hook pro-

general superintendent, instantly intimating the number of the

box which has been pulled. Automatic recording devices in

train despatchers' offices and in the office of the general super-

intendent also note the number of the box pulled.

CONTRACTORS

The contractors for the equipment in the electrical depart-

ment, including that in power plant and sub-stations for gen-

METHOD OF DOUBLE BONDING USED AT JOINTS IN THE
CONTACT RAIL

vided. Special emergency circuits are so arranged that pulling

the hook will instantly open all the circuit breakers at adjacent

sub-stations through which the contact rails in the section

affected receive their supply of power. It will also instantly

report the location of the trouble, annunciator gongs being lo-

cated in the sub-stations from which power is supplied to the

section, in the train despatchers' offices and in the office of the

VIEW OF RUNNING AND CONTACT RAILS IN THE TUNNEL, SHOW ING SPECIAL TYPE OF
END INCLINE USED UPON CONTACT RAILS

oration, transmission, conversion and distribution of power, for

the feeder and third-rail construction, for the electrical-car

equipment, and for the subway, station and power plant light-

ing system, are as follows :

American Steel & Wire Company, cable.

Bajohr, Carl, lightning rods.

Broderick & Company, contact shoes.

Cambria Steel Company, contact rail.

Columbia Machine Works & Malleable Iron Company, contact

shoes.

Consolidated Car Heating Company, car heaters.

D. & W. Fuse Company, fuse boxes and fuses.

Electric Storage Battery Company, storage battery plant.

General Electric Company, motors, power house and'sub-station

switchboards, control apparatus, cable.

General Incandescent Arc Light Company, passenger station

switchboards.

India Rubber & Gutta Percha Insulating Company, cables.

Keasby & Mattison Company, asbestos.

Malleable Iron Fittings Company, third-rail and other castings.

Mayer & England Company, rail bonds.

Mitchell Vance Company, passenger station electric light fixtures.

National Conduit & Cable Company, cables.

National Electric Company, air compressors.

Nernst Lamp Company, power station lighting.

Okonite Company, cables.

Prometheus Electric Company, passenger station heaters.

J. A. Roebling's Sons Company, cables.

Reconstructed Granite Company, third-rail insulators.

Standard Underground Cable Company, cables.

Tucker Electrical Construction Company, wiring for tunnel and

passenger station lights.

Westinghouse Electric & Manufacturing Company, alternators,

exciters, transformers, motors, converters, blower outfits.

Westing-house Machine Company, turbo alternators.



-

634 STREET RAILWAY JOURNAL. [Vol. XXIV. No. 15.

THE NEW STEEL CARS FOR THE SUBWAY DIVISION OF THE
NEW YORK INTERBOROUGH RAPID TRANSIT COMPANY

THE history of the development of the designs for the

rolling stock equipment of the new subway system in

New York City is one of great interest for the many

difficulties introduced by the radical nature of the limiting con-

ditions and service requirements. Probably no corps of rail-

way engineers was ever before confronted with a problem of

so great magnitude and involving so many difficulties, in the

selection of a car equipment, not only on account of the pe-

culiarly special nature of the designs, but also the short length

of time given in which to prepare the plans. But the deter-

mination of the builders of the road to improve upon the best

example, it may be stated that an express train of eight cars

in the subway, to conform to the schedule speed adopted, will

require a nominal capacity of motors on the train of 2000 hp,

in starting from a station stop, with an average accelerating

current at 570 volts, of 325 amps. This rate of energy absorp-

tion, which corresponds to 2500 hp, is not far from double that

taken. by the heaviest steam trains on trunk line railroads when

starting from stations at the maximum rate of acceleration pos-

sible with the most powerful modern locomotives.

Such exacting schedule conditions as those mentioned neces-

sitated the design of cars, trucks, etc., of equivalent strength

to that found in steam railroad car and locomotive construc-

tion, so that, while it was essential to keep down the weight of

the train and individual cars to a minimum owing to the frc-

THE NEW DESIGN OF STEEL CAR FOR THE INTERBUROUGH SUBWAY SYSTEM, INVOLVING THE ENTIRE ELIMINATION OF
THE ELEMENT OF WOOD IN CONSTRUCTION

practice previously known in electrical railroading and to pro-

vide an equipment unequaled on any interurban line, is no-

where better illustrated than in the careful study given to the

types of cars and trucks used on other lines before a selection

was made of those to be employed on the subway.

All of the existing rapid transit railways in this country

and many of those abroad were visited, and the different pat-

terns of cars in use were considered in this investigation, which

included a study of the relative advantages of long and short

cars, single and multiple-side-entrance cars, end-entrance cars

and all of the other varieties which have been adopted for rapid

transit service abroad and at home.

The service requirements of the New York subway intro-

duced a number of unprecedented conditions and limitations as

to car clearance, and required a complete redesign of all the

existing models. The general considerations to be met in-

cluded the following":

Limited subway heights and clearances on curves.

High-schedule speeds with frequent stops.

Maximum carrying capacity for the cars, especially at times

of rush hours, morning and evening.

Maximum strength combined with smallest permissible

weight.

Adoption of all precautions calculated to reduce possibility

of damage from either the electric circuit or from collisions.

The clearance and length of the local station platforms lim-

ited the length of trains, and tunnel clearances the length and

width of the cars.

The speeds called for by the contract with the city intro-

duced motive power requirements which were unprecedented

in any existing railway service, either steam or electric, and

demanded a minimum weight consistent with safety. As an

quent stops, it was equally as essential to provide the strongest

and most substantial type of car construction throughout. A
happy solution of the problem seemed to lay in the use of steel

car construction, but the limitations of car building- facilities

prevented a sufficiently early production in steel at first.

Owing to the two essentials of lightest weight consistent

with strength, however, which were embodied in their con-

END VIEW OF THE STEEL CAR
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struction, it can safely be asserted that the car construction

finally adopted for use in the subway represents the highest

type of the car building art as it exists to-day, and that all

available appliances for securing strength and durability in

the cars and immunity from accidents have been introduced.

After having ascertained the general type of cars which

would be best adapted for the subway service, and before plac-

ing orders, it was decided to build sample cars embodying the

approved principles of design. From these the management

believed that the details of construction could be more per-

fectly determined than in any other way. Consequently, in the

early part of 1902, two sample cars were built and equipped

with a variety of appliances and furnishings so that the final

type could be intelligently selected. From the tests conducted

on these cars, the final type of car which is described in detail

below was evolved.

In view of the peculiar traffic conditions existing in New
York City and the restricted siding and yard room available in

the subway, it was decided that one standard type nf car for

all classes of service would introduce the most flexible oper-

ating conditions, and for this reason would best suit the public

demands at different seasons of the year and hours of the clay.

In order, further, to provide cars, each of which would be as

GEORGE GIBBS

INTERIOR OF THE NEW STEEL CAR, SHOWING ALUMINUM
SEAT CONSTRUCTION

safe as the others, it was essential that there should be no dif-

ference in constructional strength between the motor cars and

the trail cars. All cars were therefore made of one type, and

can be used interchangeably for either motor or trail-car

service.

As the multiple-unit system of train operation is used, trains

will be made up as required for either express or local service

by varying the number and proportion of motor and trail cars.

Thus, the eight-car express trains, which will be the standard

length of an express train, will be made up of five motor cars

and three trail cars, the motor

cars being either cars 1, 3, 5, 6

and 8, or else numbers 1, 3, 4,

6 and 8. The five-car local

trains will be made up of

three motor cars and two

trail cars, the motor cars be-

ing 1, 3 and 5 ; while the

three-car trains will be equip-

ped with a motor car at each

end.

The motor cars will each be

equipped with two propelling

motors, both of which are car-

ried on the same truck; that is, each motor car has a motor

truck at one end carrying two motors, one geared to each axle,

while the truck at the other end of the car is a "trailer" and

carries no motive power.

THE WOODEN CARS
After the design had been worked out, a great deal of diffi-

culty was encountered in securing satisfactory contracts for

proper deliveries, on account of the congested condition of the

car building works in the country at that time. Contracts were

finally closed, however, in

December, 1902, for 500

cars, and orders were dis-

tributed between four car-

building firms. Of these

cars, some 200, as fast as de-

livered, were placed in oper-

ation on the Second Avenue

line of the elevated railway

division of the company, in

order that they might be

thoroughly tested during the

winter of 1903-4.

The first shipment of these

cars was received by the

company in August, 1903, at

which time a complete de-

scription of the construction

and principal details of

equipment was given in the

Street Railway Journal

(page 264, Aug. 22, 1903).

For details of this wooden

car construction, reference

may be had to the above-

mentioned article. Some of

the leading distinctive fea-

tures of the wooden cars

may, however, be here enu-

merated as follows

:

(1) The length is 51 ft.,

and provides seating capacity for fifty-two passengers. This

length is about 4 ft. more than those of the existing Manhattan

Elevated Railroad cars, and enables a five-car local train, seat-

ing 260 people, to load at the local station platforms.

(2) The slope of the car outside, above the window sill,

which was made necessary in order to obtain a wide and

long car on account of the limiting curve clearances in

the subway.

(7,) The enclosed vestibule platforms with sliding doors in-

stead of the usual gates. The enclosed platforms will con-

1NTERIOR FINISH AND METAL
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tribute greatly to the comfort and safety of passengers under

subway conditions.

(4) The anti-telescoping car bulkheads and platform posts.

This construction is similar to that in use on Pullman cars, and

has been demonstrated in steam railroad service to be an im-

portant safety provision against the disastrous results of col-

lisions.

(5) The steel underframing of the car, which provides a

VIEW OF THE FRAMEWORK OF THE CAR WITH THE GIRDER SJ DE-PLATES iN PLACE

rigid and durable bed structure for transmitting the heavy mo-

tive power stresses.

(6) The numerous protective devices against defects in the

electrical apparatus.

(7) Windows, having stationary lower sash, to guard

against drafts.

(8) Emergency brake valve on truck, operating in connec-

tion with the block-signal system.

(9) Emergency brake valve in connection with master con-

troller.

(10) Copper sheathing on outside of car.

Some features of interest and of novelty in electric car con-

struction were introduced in the form of wooden frame mem-

bers, reinforced heavily by structural steel shapes. The side

sills are of 6-in. channels, which are enclosed on both sides by

white oak timbers, and the center sills are 5-in. I-beams, faced

<>n both sides with Southern pine. The .car-body end sills are

also of steel shapes, securely attached to the side sills by steel

castings and forgings, the end-sill channel being faced with a

white-oak filler, mortised to receive the car-body end posts,

and braced at each end by gusset plates. The body bolster is

made up of two rolled-steel plates bolted together at their ends

and supported by a steel-draw casting, the ends of which form

a support for the center sills. The flooring inside the car is

double and of maple, with asbestos fire-felt between the layers,

and is protected below by steel plates and "transite" (asbestos)

board.

The side framing of the car is of white ash, doubly braced

and heavily trussed. There are seven composite wrought-iron

carlines forged in shape for the roof, each sandwiched between

two white ash carlines, and with white ash intermediate car-

lines. The platform posts are of compound construction, with

anti-telescoping posts of steel bar sandwiched between white

ash posts at corners and centers of vcstibuled platforms. These

posts are securely bolted to the steel longitudinal sills, the steel

anti-telescoping plate below the floor, and to the hood of the

bow, which serves to reinforce it. This bow, it might be men-

tioned in this connection, is a heavy steel angle in one piece,

reaching from plate to plate, and extending back into the car

6 ft. on each side. By this construction it is believed that the

car framing is practically indestructible. In case of accident,

if one platform should ride over another, 8 sq. ins. of metal

would have to be sheared off the posts before the main body of

the car would be reached, which

would afford an effective means of

protection.

The precautions to secure safety

from fire consist generally in the per-

fected arrangement and installation

of the electrical apparatus and the

wiring. For the lighting circuits a

flexible steel conduit is used, and a

special junction box. On the side and

upper roofs, over these conduits for

the lighting circuits, a strip of sheet

iron is securely nailed to the roof

boards before the canvas is applied.

The w ires under the floor are carried

in ducts of asbestos compound (elec-

trobestos) molded into suitable forms.

Special precautions have been

taken with the insulation of the

wires, the specifications calling for,

first, a layer of paper
;
next, a layer

i layer of cotton saturated with a

weather-proof compound, and outside of this a layer of

asbestos. The hangers supporting the rheostats under the car

body are insulated with wooden blocks, treated by a special

of rubber, and then

VIEW OF THE UNDERFRAME UNIT FOR THE STEEL CAR, TO
SHOW SIMPLICITY AND LIGHTNESS MADE POSSIBLE BY
SIDE FRAME GIRDER CONSTRUCTION

process, being dried out in an oven and then soaked in an in-

sulating compound, and covered with %-in. "transite" board.

Tin- rheostat boxes themselves are also insulated from the

angle iron supporting them. Where the wires pass through
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the flooring they are hermetically sealed to prevent the admis-

sion of dust and dirt.

At the forward end, or what is known as the No. 1 end, of

each motor car, all the wires are carried to a slate switchboard

in the motorman's cab. This board is 44 ins. x 27 ins., and is

mounted directly back of the motorman. The window space

occupied by the board is ceiled up with mahogany panels, and

the space back of it is boxed in and provided with a door of

steel plate, forming a box, the cover, top, bottom and sides of

which are lined with electrobestos y2 in. thick. All of the

switches and fuses, except the main trolley fuse and bus-line

fuse, which are encased and placed under the car, are carried

on this switchboard. Where the wires are carried through the

floor or any partition, a steel chute, lined with electrobestos, is

used to protect the wires against mechanical injury. It will

be noted from the above, that no power wiring, switches or

fuses are placed in the car itself, all such devices being outside

in special steel insulated compartments.

THE STEEL CARS

At the time of 'placing the first contract for the rolling stock

of the subway, the question of using an all-steel car was care-

fully considered by the management. Such a type of car. in

many respects, presented desirable features for subway work

as representing the ultimate of absolute incombustibility. Cer-

tain practical reasons, however, prevented the adoption of an

all-steel car in the spring of 1902, when it became necessary

to place the orders mentioned above for the first 500 cars.

Principal among these reasons was the fact that no cars of

this kind had ever been constructed, and as the car building

works of the country were in a very congested condition, all of

Side Plates and Corrugated Flooring in Place

THREE STAGES IN CONSTRl

energies at that time to the production of a wooden car with

sufficient metal for strength and protection from accident, i. e.,

a stronger, safer and better constructed car than had hereto-

fore been put in use on any electric railway in the world. These

properties, it is believed, are embodied in the car which has

just been described.

The plan of an all-metal car, however, was not abandoned,

The Skeleton Framework of the Car

Framework Completed and Monolithic Floor Laid

CTION OF THE STEEL CAR

the larger companies declined to consider any standard speci-

fications, even for a short-time delivery
;
while, for cars in-

volving the extensive use of metal, the question was impossible

of immediate solution. Again, there were a number of very

serious mechanical difficulties to be studied and overcome in

the construction of such a car, such as avoidance of excessive

weight—a serious clement in a rapid transit service—insulation

from the extremes of heat and cold, and the prevention of un-

due noise in operation. It was decided, therefore, to bend all

and, although none was in use in passenger service anywhere,

George Gibbs, the consulting engineer of the company, took

immediate steps to design a car of this type and conduct the

necessary tests to determine whether it would be suitable for

railway service. None of the car building companies were

willing to undertake the work, but the courteous co-operation

nl the Pennsylvania Railroad Company was secured in placing

its manufacturing facilities at Altoona al the disposal of the

Interborough Rapid Transit Company. Plans were prepared
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HALF SECTION OF THE STEEL FRAMING TO SHOW ARRANGE-
MENT OF THE ANGLE BRACES BY WHICH THE FLOOR LOAD
IS TRANSFERRED TO THE GIRDER SIDE FRAME

for construction as quickly as the novel character permitted,

and after about fourteen months of work a sample type was

completed in December, 1903.

The sample car naturally embodied some faults which only

experience could correct, the principal one being that the car

was not only too heavy for use on the elevated lines of the

company, but attained an undesirable weight for subway opera-

tion. From this original design, however, Mr. Gibbs has

worked out a second one, containing many radical departures,

and a contract was given to the American Car & Foundry

Company, by the Interborough Company,, for 200 of these all-

steel cars. Deliveries under this contract have already been

given thorough test, and the car appeared to meet expectations

so admirably that a supplementary order has been placed with

the American Car & Foundry Company, the builders of the first

lot, for an additional 100 cars. Tt may be said that the result

of careful designing has been to produce a new type of railway

passenger car of absolutely lire-proof qualities, and one which

weighs practically the same as the old wooden car; further,
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the car has admirable riding qualities, is durable in construc-

tion, and as may be judged from the views on page 634, sightly

in appearance.

SPECIFICATIONS

The general dimensions of the all-steel car differ only

slightly from those of the wooden cars, and also that of the

Manhattan Railway cars

:

Wooden All Sleel Manhat-
Cars Cars tan Cars

ft. ins. ft. ins. ft. ins.

Length over body corner posts 42 7 41 39 IO

Length over butters 51 2 51 2 47 I

Length over draw-bars 51 5 51 5 47 4
8 8 6% 8 6

8 10 8 7 8 7

8 n# 9 Vz 8 9
8 10% 8 VA 8 7 7A
8 8 8 8 8 9A

Height from under side of sill to top of

7 3's 7 1 7

Height of body from under side of center
8 9

7A 8 9H 9 5'A
Height of truck from rail to top of truck
center plate (car light) 2 S 2 8 2 5A

Height from top of rail to under side of
side sill at truck center (car light) .... 3 i lA 3 2's 3 3A

Height from top of rail to top of roof
12 U 12 1

2

io'/2

The details of construction finally decided upon and specified

for the steel cars involves some very interesting departures

from usual methods of car construction, and the many radically

new features warrant a careful study by all interested in heavy

electric railroad service. The desire of eliminating the ele-

ment of wood as far as possible, in order to secure absolutely

incombustible construction, led to the incorporation of many

novel ideas, such as, in addition to the metal frame work, the

use of plastic flooring, metal door and window framing, metal

interior trim throughout, etc. Even the types of seat and

cushion construction used, present examples of the extreme to

which this desire has been carried.

It early became evident, especially from the experience

gained in the construction of the experimental car, that in

order to carry the car and live load, a radical departure from

usual methods of supporting the car body, namely, by the cen-

ter and side sills with the usual under-trussing, would be neces-

sary. Any attempt at carrying the weight of the car by the sill

members would have required very heavy construction of un-

der-framing, as has been the general experience in modern

steel freight and gondola-car construction. Eventually the idea

of carrying the weight of the car by the side framing, which

is being very largely introduced into modern heavy steel-car

construction, was made use of, with the result that in the sub-

way steel car the side-framing sections of each car are made

to serve as plate girders, from which the floor load of the car is

carried. The novelty embodied in this principle makes a care-

ful description of its application in this case—the first of the

kind which has been attempted in passenger-car construction

—

of more than usual interest. Its application to this form of

car construction is the invention of Mr. Gibbs, by whom it has

been patented.

FRAMING

The principal features nf the new construction are well illus-

trated in the accompanying drawings and photographs. The

framing detail drawing illustrates the arrangement of the sills

as related to the side framing, and shows the special diagonal

struts or girders, long and short, which are used, not only to

tie the two together, but also to transfer to the side-frame

girders the floor load. As may be noted, the center sills consist

of two 6-in. I-beams, while the side sills are 5-in. x 3-in. steel

angles ; each of these sill members extends in one piece from

platform end sill to platform end sill. This under-frame con-

struction is in reality very light, and would in itself be far from

sufficient to carry even the weight of a car of this size ; in fact,

the frame work of the car alone is not self-supporting.

The actual load-carrying member of the car is to be seen in

the section of the side framing beneath the special belt rail.

This member, as built up, serves to form a plate girder 36 ins.

in height, the lower member of which is the 3-in. x 5-in. angle

side sill, and the upper member of which is the special 3^4-in.

x 4-in. bulb angle, which serves as the belt rail. The web is of

J^-in. steel plate, having been applied in lengths corresponding

to the distances between the single side posts of the car; here

the plates are joined with butt-strap joints, heavily riveted to

the single posts. The plates are also similarly riveted to the

double posts, as indicated. This forms a girder of such un-

usual strength that no truss rods beneath the car are required

for keeping the car in alignment, and it is used to carry the

entire floor load of the car, transferring the same to the trucks

through the special body bolsters. The novel idea of placing

the upper truss member outside and making it serve also as the

window belt rail enables the upper frame posts to be made

continuous from the lower side sills to the top plate.

UNDERFRAMING
The underframing construction of the car was, of course,

greatly simplified by the absence of steps, the station platforms

in the subway having been arranged, in conformity to elevated

railway practice, on levels with the car floors. This permitted

the side sills to extend to the end sills, which are located adja-

cent to the buffer beams. Thus in reality no special construc-

tion was necessary in the underframing for the platform, which

extends as a solid member throughout the length of the car.

The car-body end sill is formed of a 6-in. x 3^-in. steel angle,

bent to radius of 5^2 ft., to conform to the shape of the buffer.

It is secured to the side and center sills of the underframe by

special cast-steel brackets, as shown in the drawings, and in

addition by a heavy steel anti-telescoping plate, which is

strongly riveted to the under sides of the sill members, pro-

ducing an immensely strong frame-end construction.

A construction corresponding to that of a body-end sill is ap-

plied in the form of two 4-in. channels, fitted in between the

longitudinal sills, and heavily riveted by means of corner

brackets of 3-in. x 3-in. angles, as shown in the drawings.

These members carry the end bulkheads of the car between the

platform and interior. They are faced on top with a fire-

proof ash member, to which the malleable iron threshold plate

is fastened. Cross members of steel angles are also riveted be-

tween the longitudinal sills at various spacings to correspond

with usual needle-beam construction of wooden cars ; these,

besides stiffening the underframe, assist in carrying the floor.

The buffer beam is of white oak bolted to the platform end sill

and faced with a ^8-in. steel plate, as shown in the draft rig-

ging drawing.

Other important features of the steel framing construction

are to be seen in additional drawings. The methods of fasten-

ing provided for mounting the body-end posts and vestibule

posts in the underframing are novel. The vestibule posts are

set in and riveted fast to the special cast-steel pocket castings

which serve to join the side and end sills of the underframe,

as above referred to. The body-end posts are similarly secured

in place hv pressed-steel brackets, which, when riveted up,

furnish enormously strong construction. The tieing of
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these posts to the roof framing is similarly provided for,

as shown.

The hody bolster is made up of two rolled-steel plates, each

•)4 in. x 9 ins., shaped as shown in the detailed drawing of the

draft-rigging system. The top and bottom members are ma-

chined on their outer ends, so as to fit perfectly, and are bolted

together at their ends and to the side steel of the car, as shown

;

a filler casting is used in joining the ends to the side sill of the

car. The filler casting

between the top and

bottom members of the

bolsters is of malleable

iron, which is planed on

top, bottom and end

surfaces so as to per-

fectly fit the bolster.

This casting is bolted

to the bolster, as shown,

the four vertical bolts

used being also made

use of to secure the

center-bearing plate to

the lower side of the

bolster frame. The body

bolster, filler casting

and center plate arc

drilled for a 2 3-32-in.

king bolt. The side and

center bearings pro-

vided are of types

which are in general

use, the side bearings

being spaced with cen-

ters 28^2 ins. from the

king bolt.

SIDE AND ROOF
FRAMING

The drawings given

of the car framing show

the principal features

of the side and end

framing of the car and

its roof construction. The window posts, which form a part of

the side-plate girder construction, previously referred to, extend

up and are riveted to the steel angle side plates, which extend

from end bow to end bow. The body-corner posts and the ves-

tibule posts are also rigidly connected to the side plates by spe-

cial steel castings, thus forming a rigid base for the roof frame.

Idle roof frame details are well illustrated in an accompany-

ing photograph, in addition to the drawings. The roof is built

up in a unit of a series of malleable iron carlines, each attached

to the side plate above a window post, and all tied together by

the longitudinal purlins to which they are riveted by special

angle brackets. All carlines and purlins are faced w ith furrings

of fire-proof ash, and also similar blocks are bolted to the side

plates, upon which the roof covering of fire-proof composite

board and the head-linings are fastened. Special forged

brackets are also provided on each carline to carry the cleres-

tory eaves molding, while the deck plate and sills are of fire-

proof ash pieces.

DRAFT DIGGING

The draft rigging for the steel cars involves interesting fea-

tures, as shown in the accompanying drawing. The arrange-

ment of apparatus provides for new improved type of auto-

matic coupler, built by the W. T. Van Dorn Company, which is

the standard of the Interborough Company. The coupler head

is attached to the draw-bar through the Van Dorn standard

type of spring buffer casting, to the top of which is riveted the

main draw-bar, 8 ins. x i
l/2 ins. in section. Limitations of con-

struction prevented this main draw-bar being carried through

to the king bolt, so that a special form of auxiliary bolster con-

struction was necessary to permit the desired radial movement

VIEW TAKEN FROM PIT BENEATH ONE OF TliJi STEEL CARS, SHOWING ARRANGEMENT OF APPARATUS

or swing for the coupler. An auxiliary draw-bar, 8 ins. x 2 ins.

in section, is carried from the opening in the main body bolster

filler casting forward a distance of 19 ins., where it ends in a

special type of auxiliary bolster, bolted in between the center

sills, as shown. This auxiliary draw-bar is forged in clevis

shape, into which the end of the main draw-bar is secured by

an auxiliary king bolt, 2^ ins. in diameter.

This provides a main draw-liar radius of 6 ft. 1 in., while

a transverse swing movement of the coupler of 36 ins. is there-

by secured. The weight of the main draw-liar is carried by a

special sector plate above the spring buffer casting, which as-

sists in taking care of the buffing strains from the draft rig-

ging. The main sector plate upon which the draw-head itself

slides, is built up of a 4-in. angle, curved to correspond with

the movement of the draw-head, as shown. This drawing also

shows the arrangement of the safety chain and anchor rods,

and also the spring buffer devices upon the anchor rods by

which shocks upon the chains will be transferred to the sills.

The safety chains are built up of 27g-in. links of 7y-in. round

iron.

TRUCKS

The trucks which will be used for the steel cars arc identical
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DETAILS OF THE PLATFORM CONSTRUCTION AND ARRANGEMENT OF DRAFT RIGGING, SHOWING ALSO THE TYPE OF

BODY BOLSTER CONSTRUCTION USED
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with those previously ordered for use under the wooden ears.

The type of truck adopted was illustrated and described in the

Aug. 15, 1903, issue of the Street Railway Journal, in which

article the types of wheels and axles to be used were referred

1o. As may be seen from the accompanying photograph, the

truck resembles in general design the usual standard designs

which have been used successfully in heavy high-speed electric

railroading. It embraces the many Master Car Builders' stand-

ards, which tend toward conformity to the' latest steam rail-

road practice, while the latest improvements as dictated by

electric railway practice are incorporated. A special design of

truck bolster and spring

plank was worked out to

give the necessary space for

motors.

The trucks were built to

the designs of Mr. Gibbs

and Mr. Thompson, of the

Interborough Company, by

the Baldwin Locomotive

Works, Philadelphia, the

motor trucks being designed

in part for the Westing-

house No. 86 railway mo-

tors, and the remainder for

the General Electric No. 69

railway motors. They are

all arranged for nose sus-

pension. The wheels and

axles were furnished by the

Standard Steel Works, the wheels being of the steel-tired type,

with 2^-in. steel tires held in place by retaining rings.- The

bearings are of Damascus bronze, while the brake-shoes are

the "Diamond S" type, made by the American Brake Shoe &
Foundry Company. The following specifications for both the

motor and the trail trucks indicate their general dimensions

and important features

:

MOTOR TRUCKS
Gage of track 4 ft. 8Y2 ins.

Distance between backs of wheel flanges 4 ft. 5-3-4 ins.

Height of truck center plate above rail, car body loaded

with 15,000 lbs 30 ins.

Height of truck side bearings above rail, car body loaded

with 15,000 lbs 34 ins.

Wheel base 6 ft. 8 ins.

Weight of truck without motors 12,500 !bs.

Weight on center plate with car body loaded . . . .About 27,000 lbs.

Side frames, wrought-iron forged 2*4 ins. x 4 ins.

End frames, steel channel 5 ins.— 11.5 lbs. per ft.

Pedestals, wrought-iron forged

Center transom, steel channel 10 ins.—30 lbs. per ft.

Truck bolster, cast steel

Equalizing bars, wrought iron 1 Y\ ins - x 6*4 ins.

Center plate, cast steel

Spring plank, wrought iron 1 in. x 3 ins.

Bolster springs, double coil, outside dimensions. 4^ ins. x yY2 ins.

Equalizing spring, duplicate elliptic, length .30 ins.

Brakes, inside hung
Wheels, cast-steel spoke center, steel tired, diameter 3334 ins.

Tires, tread M. C. B. standard 254 ins. x 5% ins.

Axles, diameter at center 6^2 ins.

Axles, diameter at gear seat 7 13-16 ins.

Axles, diameter at wheel seat 7H ins-

Journals 5 ins- x 9 ins.

Journal boxes, M. C. B. type, of malleable iron, bearings,

M. C. B. type

Motor equipment, designed for two Westinghouse No. 86 motors. . .

Suspension, nose types

TRUCK TRAILERS

Height of center plate above rail, car body loaded 30 ins.

Height of side bearings above rail, car body loaded 30 ins.

Wheel base 5 ft- 6 ins.

1 Yz 111s. x 3 ins.Side and end frames, wrought iron

Pedestals, wrought iron

Center transom, wrought iron

Truck bolster, wood and iron 9-ins. x 12 ins.

Center plate, cast steel

Equalizing bars, wrought iron 1 in. x 5 ins.

Spring plank, white oak '. 2Y2 ins. 12 ins.

Bolster springs to be triple elliptic, width over bands. ... 11*4 ins.

Length of bands to be .-. 33.34 >ns.

Length between centers 32 ins.

Equalizing springs, double coil, diameter 6 ins x 354 ins.

Wheels, spoke center, steel tired, diameter 3 ins.

Tires, tread M. C. B. standard 2Y2 ins. x sY\ ins.

Axles, diameter at center 4^ ins.

THE TYPE OF TRUCK USED UNDER THE SUBWAY CARS

Axles, diameter at wheel seat 534 ins.

Journals, with end ^collars, bearings. .4Y ins. diameter x8 ins. long-

Journal boxes, M. C. B. type, of malleable iron, beraings,

M. C. B. type .*

FLOORING
Another drawing shows the method of flooring construction

which is used. The entire underfranting is covered with a

sheathing of No. 22 galvanized corrugated sheet iron, which is

laid across the longitudinal sills and secured to the floor angles,

which are especially arranged for this purpose by rivets and

special clips of i-in. band iron, as shown in the drawing. This

corrugated sheathing serves as a base upon which the "Mono-

lith" flooring is laid. The Monolith flooring is a cement-like

material, made up in the following proportions:

5J4 gallons monolith.

34 lb. raw sienna.

1-5 lb. burnt umber.

1

j lb. Tuscan red.

3734 lbs. Monolith cement.

These constituents are mixed with a sufficient quantity of

hardwood sawdust to give the material the consistency of mor-

tar, and it is spread evenly upon the corrugated flooring and

finished smooth on top. The special clips used in riveting the

flooring assist in securing the monolith to the corrugated metal

and holding it in place.

When finished, hardwood strips are laid upon the floor along

the aisles of the car to provide the necessary wearing surface.

Tt was found that these strips could be easily fastened to the

Monolith cement by wood screws after first boring small lead-

ing holes, without cracking it. The floors of the platform are

of j4-in- steel plate riveted to the platform frame. They arc

covered with pebbled rubber matting, which is cemented upon

the steel plate. Special threshold metal treads arc provided at

the passageways between car and platform. Those at the side

and end vestibule door openings are the well-known safety
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freads of the American Mason Safety Tread Company, Bos-

ton, Mass.

FINISH

The outside finish of the car is applied by the steel plate of

the side-frame girder construction, upon which the paint finish

of Tuscan red is applied. Similar sheathing of special rolled

steel plate is applied to the car ends and platform framing, pre-

senting a smoothly finished surface, which is exceedingly at-

tractive. The window posts are covered with extruded metal,

of which the inside and outside window stops and also the

eaves molding are formed, as shown in the following engrav-

ings of window construction. The roof covering is of fire-

proofed composite board, fastened to the roof framing and

furring, as above stated, and, after receiving a heavy coat of
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white lead, is covered with No. 6 cotton duck. The fire-proofed

board, which is used for the roof sheathing, as well as for

sheathing the sides of the car within the outside plate finish,

is the well-known "transite" (asbestos) board, made by the

H. W. Johns-Manville Company, New York. It is applied in the

74-in. thickness, and is heavily painted with Sterling varnish.

The window construction is well shown in accompanying

detail drawings, and is worthy of careful study on account of

the interesting method of almost exclusive use of metal. The

side windows have double sash, as shown, of mahogany, the

lower being stationary and the upper arranged to drop. Alumi-

num ratchet racks are provided, in which the "window locks

The style of deck construction, arrangement of deck win-

dows and finish inside are shown in a transverse drawing of

the roof. This shows also the arrangement of hand rail, which

is of Ij^-in. aluminum tubing, for carrying the hand straps.

This rail is carried upon aluminum brackets fastened to the

deck, as shown, and is equipped with thirty-eight hand straps.

In accordance with the latest practice in lighting, three rows of

lamps are used, one of six lamps under the upper roof, and the

others, each having ten lamps, under the side roofs, as shown

;

this drawing also indicates the arrangements of wiring mold-

ing for the light wiring. These moldings are also of aluminum,

thus blending with the general interior finish of the car. The

THE SPECIAL DESIGN OF DOOR-OPERATING MECHANISM FOR OPENING AND CLOSING THE SIDE DOORS FROM OUTSIDE OF
THE END DOORS

may be caught in any position ; the ratchet provision allows the

upper sash to be closed without manipulation of the window

catch or lock, while in lowering, the catch must be opened.

The arrangement of sash, stops and curtain fixtures and run-

ways are well shown in the drawings. Also details of the com-

pleted post construction and the application of the "transite"

wainscoting appear in the lower half.

The interior finish of the car corresponds to the general con-

struction in the use of metal, sheet aluminum having been

adopted. The wainscoting surface between longitudinal seats,

all the end interior panels and the window panels are covered

with No. 14 gage sheet aluminur.., jeing fastened in place over

the inner sheathings of the "transite" (asbestos) board by

nickel-plated round-head screws ; the headlinings are also simi-

larly faced with No. 14 sheet aluminum. All moldings used

throughout the car for finished are of aluminum, pressed to

shape, as shown in the drawings. The result is a very light and

cheerful interior appearance, and from a practical standpoint,

it is a finish that will remain bright and clean with a minimum

of deterioration.

deck sashes are operated by an approved mechanical operating

device by which various degrees of opening may be obtained

with facility.

PLATFORM DETAILS

A large detail drawing is reproduced to show the interesting

details of platform construction upon these cars. The plat-

forms, vestibules and door mechanisms embody the improve-

ments which were originated and patented by Mr. Gibbs. As may
be noted, the platforms themselves are not equipped with gates,

but with doors arranged to slide into pockets in the side fram-

ing, thereby giving up the entire platform to the passengers.

These doors are closed and opened by an overhead lever sys-

tem. The sliding doors of the motor cars may be partly opened

and secured in that position by a bar, and thus serve as an arm

rest for the motorman when used as the motorman's com-

partment.

The detail drawing shows the method of hanging the sliding

side doors. They are supported upon brass sheaves when anti-

friction rollers which run upon Coburn door tracks. They

slide back into a compartment in the side framing, which is en-
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VIEWS OF THE MOTORMAN'S CONTROL APPARATUS AND THE CAR SWITCHBOARD
LOCATED UPON THE PLATFORM

closed by the first outside window and an inside window for protection to passengers.

Rubber door steps of tubular shape are provided to cushion the shock of closing the door

and, furthermore, to prevent catching of clothing of passengers when the door is closed.

The end doors between vestibules and bodies of cars are of the double type, hung on

nickel-plated sheaves with hard fibre anti-friction rollers, and also provided with the

Coburn patent steel tracks enclosed over the doors. These doors are provided with

rubber stop cushions, and like the side doors, with anti-rattlers consisting of rubber rolls.

This construction is well illustrated in the drawings. These end doors are also provided

with horizontal curtains, for use when the vestibule is occupied by the motorman ; the

curtains are automatically raised or lowered as the door is opened or closed, to shut the

light away from the motorman. Another interesting attachment is the improved handle

on the sliding door. This door is made to latch so that it cannot slide open with the

swaying of the car, but the handle is so constructed that when pressure is applied upon

it to open the door the same movement will unlatch it.

The details of the Gibbs side vestibule door operating device are shown in a separate

HALF CROSS-SECTION OF CAR ROOF, SHOWING CONSTRUCTION AND
INTERIOR FINISH
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drawing. The handle outside the vestihule is arranged

to operate like those upon the present elevated cars;

it serves to give movement to the mechanism within

through the bell crank above, from which another bell crank

is operated, as shown. The movement of the cross-wise door-

opening arm is provided with an interesting shifting anti-

friction pivot, to facilitate the opening. The door itself is pro-

vided with a spring latch to hold it shut, which, however, is

automatically unlatched by the opening arm in the movement

of opening the door. These door opening mechanisms, as well

as the pantagraph safety gates, were built for these cars by

the Pitt Car Gate Company, New' York.

MOTORMAN'S CAB

A novel feature in the construction of these cars is the pro-

vision for the motorman's compartment and vestibule, which

differs essentially from anything used heretofore. The cab is

handles, fuses and other apparatus. The switchboard proper

consists of a slab of slate, 1^4 ins. thick and 17 ins. x 65 ins. in

size. Its equipment embraces all the fuses and switches for

the lighting and heater circuits, the switch controlling the

Christensen air compressor, the main power-circuit switch

(single pole), the limit magnet for the type M control system,

and a 10-point control cut-out switch for disconnecting the

control system upon the car.

INSIDE DETAILS

The concluding drawings illustrate the methods of construc-

tion adopted by the longitudinal and cross seats. As before

stated, the frames of these seats will all be of metal, thus mak-

ing the equipment the extreme of non-combustibility. The

styles of cushions used correspond to those in general use, and

the seating arrangements are similar to the elevated cars, but

as the subway coaches are longer, two additional seats are

DETAILS OF THE SPECIAL ALL-METAL CONSTRUCTION FOR THE CENTER CROSS-SEATS OF I HE CAR

arranged to be located on the platform, so that no space within

the car is required ; at the same time the entire platform space

is available for ingress and egress except that on the front

platform of the first car, when occupied by the motorman, on

which the passengers would not be allowed in any case. The

side of the cab is formed by a door, which can be placed in any

one of three positions. When in its mid position, it encloses

a part of the platform so as to furnish a cab for the motorman

at one side, but when swung parallel to the end sills it encloses

the entire end of the platform, and this would be its position on

the rear platform of the rear car. The third position is when

it is swung around to an arc of 180 degs., when it can be locked

in position against the corner vestibule post enclosing the mas-

ter controller. This would be its position on all platforms,

except on the front of the front car or the rear of the rear car

of the train.

A novel arrangement of car switchboard has been provided

for, for the control of all electrical circuits upon each car. The

details of construction and arrangement of apparatus upon one

of these boards are shown by an accompanying photograph.

It is located in one of the end panels of the car, the compart-

ment door opening out toward the platform. The door is of

concaved outline, to provide sufficient room for the switch

gained on each end. The seats are all finished in canvas-

backed, fire-proofed rattan. Stationary cross-wise seats are

provided after the Manhattan pattern at the center of the car.

The longitudinal seats are 17^4 ins. deep. The space between

the longitudinal seats is 4 ft. 5 ins., giving a much greater

clearance than the Manhattan type.

The windows, in having two sashes—the lower one being

stationary, while the upper one is a drop sash—are in reverse

of the ordinary practice, but this is desirable in subway opera-

tion to insure safety to the passengers. The side windows in

the body of the car, also the end windows and end doors, are

provided with roll shades with pinch-handle fixtures. The floor

covering of hard maple strips, securely fastened to the floor

with oval-head brass screws, provides a dry, clean floor for all

conditions of weather.

EQUIPMENT
As noted in former articles upon the rolling stock equip-

ment of the Interborough Company, the motor-control system

which has been adopted is the Sprague-General Electric type

described in the March 14, 1903, issue of this journal. The

Christensen air compressor has been adopted as standard for

the subway cars, while the Westinghouse system of air brakes

is used.
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THE BLOCK SIGNAL AND INTERLOCKING SYSTEMS OF THE
SUBWAY DIVISION OF THE INTERBOROUGH

RAPID TRANSIT COMPANY

EARLY in the development of plans for the subway rapid

transit system in New York City, it was foreseen that

the efficiency of operation of a road with so heavy a

traffic as is expected would depend largely upon the complete-

ness, of the block signaling and interlocking systems which

should be adopted for facilitating the spacing of trains and the

protection of train movements. The consideration of provision

of signals at once appeared to lie rivaled in importance only by

that of the provision of the proper motive power. Not only

for the safety of passengers, but also for facilitating the opera-

tion under such heavy and exacting schedules, it was decided

t<> install the most complete and effective signaling system

which was to lie had.

Early in 1901, a careful study of available systems of signal-

<tZD:

matic block and interlocking system promised the most satis-

factory results if used under such exacting and severe condi-

tions of operation as are to be experienced in the subway. The

electro-pneumatic system has been thoroughly tested and tried,

and found reliable under all conditions of weather and service.

By it power can be readily conducted in small pipes in any

quantity and to any distance, and utilized in compact apparatus

in the most restricted spaces. The movements can be made

with the greatest promptness and certainty, and interconnected

for the most complicated situations to provide absolute safety

of train movement.

One of the most important features of the considerations in

favor of the electro-pneumatic system is, moreover, that all

essential details of the system have been worked out in years

of practical operation on the important trunk lines of steam

railroads, so that its reliability and efficiency were beyond ques-

tion. It has rendered perfect service under some of the most

difficult conditions that are to be found in railroad operation;

—:<q
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DIAGRAM (IF THE THREE PRINCIPAL METHODS OF BLOCK SIGNALING, INDICATING THE USE OF OVERLAPS

ing and interlocking signaling was instituted in order to de-

velop a system for the subway which should be especially

adapted to the conditions of operation and fulfil the particular

requirements met in the subway. The problem involved three

prime considerations

:

First, safety and reliability.

Second, greater capacity of the line consistent with safety

and reliability.

Third, facility of operation under necessarily restricted yard

and track conditions.

In order to obtain the above desiderata, with special refer-

ence to the question of safety of train movement, it was de-

cided to install a complete automatic block-signaling system

for the high-speed express lines in the subway, block operation

for all obscure points on the low-speed routes, and to operate

all switches, both for line movement and in yards, by power

from central points, through interlocking plants. This neces-

sarily involved the interconnection of the block and switch

movements at many locations and made the adoption of the

most flexible and compact plans essential.

The study of modern signaling and methods of protecting

train movements indicated that the Westinghouse electro-pneu-

at such terminals as those at Jersey City, Philadelphia and

Pittsburg, upon the Pennsylvania Railroad, at the terminal

stations in Boston, Mass., and elsewhere, this system has oper-

ated successfully for many years in most complicated track and

switching conditions that can be imagined.

This system has also been applied to heavy electric railway

service with marked success. It has been in use upon the Bos-

ton Elevated Railway system since its opening to the public,

this being the first electric railway system to adopt a complete

system of block signaling. In a more recent installation of

block signaling which has been made upon the North Shore

Road, an important third-rail electric system terminating at

San Francisco, Cal., a system of electrically operated signals

has been installed and has been in operation for nearly a year,

which embodies the essential features of track circuits and

signal control involved in the electro-pneumatic system.

TRAFFIC CONDITIONS

The New York subway operation as proposed contemplated

traffic of unprecedented density and consequent magnitude of

propulsion currents employed, and experience with existing

track-circuit control systems led to the conclusion that some

modification in apparatus was essential to prevent derange--
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ment, which might occasion traffic delays. On account of this

consideration, and others, the application of the signaling sys-

tem to the subway conditions has evolved an elaboration of de-

tail not before attempted upon any railway line of similar

length, and it is believed that the contract for this installation

is the largest single order ever given to a signal manufacturing-

company.

As elsewhere noted, the proposed operation contemplates

two tracks loaded with local trains at one-minute intervals,

and two tracks with eight-car express

trains at two-minute intervals, the

latter class of trains requiring at

times as much as 2000 hp for each

train in motion. It is readily seen,

then, that combinations of trains in

motion may at certain times occur

which will throw enormous demands

for power upon a given section of the

road. The electricity conveying this

power flows back through the track

rails to the power station, and in so

doing is subject to a "drop" or loss in

the rails which varies in amount ac-

cording to the power demands. This

causes disturbances in the signal-

track circuit in proportion to the

amount of "drop," and it was believed

that under the extreme condition

above mentioned the ordinary form

of track circuit might prove unre-

liable and cause delay in traffic.

A solution of the difficulty was

suggested, consisting in the employ-

ment of a current in the signal-track

circuit which would have such char-

acteristic differences from that used

to propel the trains as would operate

selectively upon an apparatus which

would in turn control the signal. Al-

ternating current supplied this want

on account of its inductive properties,

and was adopted, after a demonstra-

tion of its practicability under similar

conditions on another electric rail-

way.

Aside from the above modification,

the system follows the general lines

of that which was worked out for

the Boston Elevated Railroad, the

first electric railway operating under

heavy traffic conditions, which adopted a complete automatic

block-signal system with track-circuit control, and in which one

of the track rails is devoted to the signal-control system and

the other to the propulsion-current return. The use of the

alternating-current track circuits involved the adaptation of

specially designed alternating-current relays, which should in

turn control the signal circuits, and at the same time be en-

tirely unaffected by direct-current disturbances. The system

designed, it is thought, provides for all possible disturbing con-

ditions and will be representative of the latest and best prac-

tice in railway signaling.

THE SYSTEM OF OVERLAPS

After a decision was reached as to the system to be em-

ployed, the arrangement of the block sections was considered

from the standpoint of maximum safety and maximum traffic

capacity, as it was realized that the rapidly increasing traffic of

Greater New York would almost at once tax the capacity of the

line to its utmost.

The usual method of installing automatic block signals in

the United States is to provide home and distant signals with

the block sections extending from home signal to home signal

;

that is, the block sections end at the home signals and do not

overlap each other. The telegraph block system, the controlled-

FRONT VIEW OF A TYPICAL BLOCK SIGNAL IN THE SUBWAY, SHOWING LIGHTS,
POSITION INDICATORS, INSTRUMENT CASE UPON THE POST

IN ADVANCE, AND ALSO THE TRACK TRAIN STOP

manual system and the English block system, however, all em-

ploy overlaps. Without the overlap, a train in passing from

one block section to the other will clear the home signals for

the section in the rear, as soon as the rear of the train has

passed the home signal of the block in which it is moving. It

is thus possible for a train to stop within the block ami within

a few feet of this home signal. If then a following train

should for any reason overrun this home signal, a collision

would result. With the overlap system, however, a train may

stop at any point in a block section and still have the home

signal which protects it, at a safe stopping distance in the rear

of the train.

Conservative signaling is all in favor of the overlap, on ac-

count of the safety factor in case the signal is accidentally
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overrun. Another consideration was the use of automatic train

stops. These stops, which act by applying the air brakes auto-

matically upon a train attempting to run past it, are placed at

the home signals, and it is thus essential that a stopping dis-

tance should be afforded in advance of the home signal to pro-

vide for stopping the train to which the brake had been applied

by the automatic stop.

The arrangement of overlap sections, as ordinarily used, in-

creases the length of block sections by the length of the over-

lap, so that, as the length of the section fixed the minimum

spacing of trains, it was imperative to make the blocks as short

as consistent with safety in order not to cut down the carrying

capacity of the railway. This led to a study of the special

problem presented by subway signaling and a development of a

blocking system upon lines which it is believed are distinctly

in advance of anything heretofore done in this direction.

Block section lengths are governed by speed and interval

[Vol. XXIV. No. 15.

of the speeds, braking efforts and profile of the road were

then used to determine at each and every point on the line the

minimum allowable distance between trains, so that the train

in the rear could be stopped by the automatic application of

the brakes before reaching a train which might be standing at

a signal in advance ; in other words, the length of the overlap

section was determined by the local conditions at each point.

In order to provide for adverse conditions, the actual braking

distances were increased by 50 per cent—for example, the

braking distance of a train moving 35 miles an hour is 465 ft.

;

this would be increased 50 per cent and the overlap made not

less than 697 ft. With this length of overlap home signals

could be located 697 ft. apart, and the block section length

would be double this, or 1394 ft. The average length of over-

laps, as laid out, is about 800 ft., and the average length of

block sections double this, or about 1600 ft.

The protection provided by this unique arrangement of sig-
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DIAGRAM OF THE OVERLAPPING BLOCK-SIGNAL SYSTEM ADOPTED, ILLUSTRATING POSSIBLE POSITIONS OF TRAINS
RUNNING UNDER SAME

between trains. Overlap lengths are determined by the dis-

tance in which a train can be stopped at a maximum speed.

Usually the block section length is the distance between signals

plus the overlap ; but where maximum traffic capacity is de-

sired the block section length can be reduced to the length of

two overlaps, and this was the system adopted for the Inter-

borough. The three systems of blocking trains, with and with-

out overlaps, is shown in the diagram on page 648, where two

successive trains are shown at the minimum distances apart

for "clear" running for an assumed stopping distance of 800 ft.

The system adopted for the subway is shown in line "C," giv-

ing the least headway of the three methods.

The length of each overlap was given very careful considera-

tion by the Interborough Company, who instituted a series of

tests of the braking power of trains. From these tests and

others made by the Pennsylvania Railroad Company, curves

were computed so as to determine the distance in which trains

could be stopped at various rates of speed on a level track,

with corrections for rising and falling grades to 2 per cent.

Speed curves were then plotted for the trains on the entire

line, showing at each point the maximum possible speed, with

the gear ratio of the motors adopted. A joint consideration

nals is illustrated in the above diagram. Three positions of

train are shown

:

"A." Minimum Distance Between Trains—The first train

has just passed the home signal; the second train is stopped

by the home signal in the rear—if this train had failed to stop

at this point, the automatic stop would have applied the air

brake and the train would -have had the overlap distance in

which to stop before it could reach the rear of the train in ad-

vance. Therefore, under the worst conditions, no train can

get closer to the train in advance than the length of the overlap,

and this is in all cases a safe stopping distance.

"B." Caution Distance Between Trains—The first train in

same position as in "A ;" the second train at the third home

signal in the rear. The latter signal can be passed under cau-

tion. This distance between trains is the caution distance, and

is always equal to the length of the block section or two

overlaps.

"C." Clear Distance Between Trains—First train in same

position as in "A ;" second train at the fourth home signal in

the rear. At this point both the home and distant signals are

clear, and the distance between the trains is now the clear run-

ping distance ; that is, when the trains are one block section
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plus an overlap apart, they can move under clear signal, and

this distance is used in determining the running schedule. It

will be noted in "C" that the first train has the following pro-

tection : Home signals 1 and 2 in stop position, together with

the automatic stop at signal 2 in position to stop a train ; dis-

tant signal 1, 2 and 3 all at caution; or, in other words, a train

that has stopped is always protected by two home signals in

its rear, and by three caution signals, in addition to this an

automatic stop placed at a safe stopping distance in the rear of

the train.

The application of continuous train speed curves, in com-

bination with braking curves, to the line profile for the purpose

of regulating safe overlap lengths, is believed to be entirely

novel and to constitute an important advance in signaling lines

for dense traffic. This system was suggested by Mr. Gibbs,

and the tests for its adaptation were carried out under his

direction.

DESCRIPTION OF BLOCK-SIGNALING SYSTEM

The block-signaling system as installed consists of the auto-

matic overlapping system above described, applied tu the two

In the study of this system of signaling, it is important to

note that, in accordance with the latest practice in block sig-

naling for electric railway conditions, one of the running rails

of each track is insulated from the propulsion-current return

system and is devoted to the signal system. Thus, the other

rail performs the novel function of serving simultaneously as

conductor for the direct-current return for the propulsion sys-

tem, as well as that of one of the conductors for the alter-

nating current track circuit for controlling the signals. In

accordance with the usual manner of arranging track circuits

in block signaling, the current is fed into each block at the end

from which the passing train leaves it, the connections to the

signal-control apparatus being made from the opposite, or en-

tering, end of the block, as shown in the accompanying wiring

diagram. The track connections at the signal end of the block

lead from the track circuit to the special alternating-current

signal-control relay, which operates secondary connections in

the various circuits of the signaling system. This relay ap-

paratus by means of its moving element, operates double con-

tacts, so that when the block is clear and current is thus pass-

ing through it, two separate circuits are closed; one of these

500 Vo/Ks A C (f>r/mory) /Vws
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DIAGRAM OF THE BLOCK SIGNAL AND AUTOMATIC TRACK STOP CIRCUITS OF THE INTERBOROUGH SIGNAL SYSTEM

middle express tracks between City Hall and Ninety-Sixth

Street, a distance of 6 l/2 miles, or 13 miles of track; and to the

third track between the Ninety-Sixth Street junction and 145th

Street on the west side branch, a distance of 2 l/2 miles. This

third track, which is placed between the two local tracks, and

will be used for express traffic in both directions, trains mov-

ing toward the City Hall in the morning and in the opposite

direction at night, will be equipped with a special single-track

system for indicating in either direction. Also the two tracks

from 145th Street to Dyckman Street, a distance of 2^4 miles,

or 5 miles of track, and the portion of the tunnel under Central

Park, for a distance of 1^2 miles, or 3 miles single track, will

be protected by signals. The total length of track to be pro-

tected by signals is 273^2 miles. The local tracks of the system

w ill also be provided with block signals at important places,

Mich as curves, stations, cross-overs, etc., and at the Harlem

River tunnel.

The apparatus used differs little in general principle from

that employed in earlier automatic systems of block signaling,

the substitution of alternating current 111 place of battery cur-

rent for the track circuits, and the necessary alternating-cur-

rent auxiliary apparatus, constituting the principal change.

In detail of application to the peculiar requirements under sub-

way conditions, however, the system embodies many radical

features which are of unusual interest and importance. Great

care has been given to the design, construction and installation

of the signal apparatus, so as to insure reliability of operation

under the most adverse conditions, and to provide for accessi-

bility to all the parts for convenience in maintenance. From

the accompanying diagram presented above may lie seen the

general arrangement of circuits as used in connection with the

overlapping feature of this system.

is the circuit leading to the automatic train stop at the en-

trance to the block in the rear. These magnets, which are thus

operative only when the block is clear, actuate controlling air

valves to the compressed-air cylinders operating the signals;

the effect of the magnets becoming inoperative, due to the

presence of a train in the block and consequent stoppage of

the track-circuit current, is to set the signals to danger, which

makes the system thus, in effect, the "normal clear" type.

The distant, or caution, signals are operated by an auxiliary

circuit as the result of the setting of the home signal. When
the home signal of a block is clear, current is passing through

the control mechanism of the distant signal of the preceding

block, thus holding it at clear also. When the home signal is

thrown to danger, the current flowing in the auxiliary circuit

is interrupted by a special circuit breaker in the block signal,

which causes the distant signal to indicate caution.

The alternating current for the track circuits is supplied by

special high-voltage alternating-current mains which run the

entire length of the tunnel. These deliver current to the signal

blocks at 500 volts potential, from which it is transformed

down at each block by a special double-secondary oil trans-

former, one coil of which feeds the track circuit and the other

the signal-lamp circuit. In this way the most economical

method of current supply is secured, while at the same time

absolute independence of the various circuits is obtained by

the use of the transformers. The various magnet-control ap-

paratus, which is used for operating the controlling air valves

for the signal cylinders, receive current from a storage-battery

main which also runs the length of the subway. This main

is fed by several sets of 16-volt storage batteries in duplicate,

which batteries are located at the various interlocking towers

and are charged by motor generators.
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WeRTEDPLAN PLAN

DETAILS OF THE NEW TYPE OF TRACK CIRCUIT RELAY USED. \\

DESIGNED TO RESPOND TO ALTERNATING CURRENT ONLY

THE SIGNAL MECHANISM
lii the sketch at the right is shown in perspective the ar-

rangement til* the apparatus installed at a hlock-signal sta-

tion. As may be seen from the diagrammatic arrange-

ment of this apparatus in the tunnel, it consists of, first, the

block signal and then a transformer, a case for the track-cir-

cuit instruments and the automatic stop-valve box. The pur-

pose of the transformer has already been referred to ; it takes

current from the 500-volt main through 3-amp. enclosed fuses

tu the primary coil; its secondary contains two coils, one of

which delivers current at 50 volts for use in the 4-cp incandes-

cent lamps used in the signal, while the other coil delivers cur-

rent at the lower voltage of 10 volts for use in the track cir-

cuit. As may be noted, the leads to the track circuits pass

down the instrument case and thence to the rail connections

at the exit end of the block ; in the instrument case they pass

through non-inductive resistances of 1 ohm, which serve to

prevent any magnitude of current from flowing through these

circuits in case of abnormal disturbing conditions in the pro-

pulsion-return current, and also prevent an excessive alterna-

ting current passing from the transformer when short-cir-

cuited by the presence of a train in the track circuit which it

feeds.

'Idie details of the special transformer for supplying the cur-

rent to the track circuits and also to the incandescent lamps

used in the signals are simply worked out; it is an oil trans-

former of the usual type of construction, with the exception

that it is equipped with two separate secondary windings. The

primary winding is wound for the 500-volt alternating current

which is supplied from the mains leading through the tunnel,

while the secondary coil operating the track circuits is wound

to deliver alternating current at 10 volts, and the secondary

coils supplying current to the signal lamps deliver current at

50 volts. These transformers embody the latest principles of

transformer design and are very carefully insulated. A special

grade of transformer oil is used, and the test voltage to which

they are submitted before use consists of a

"break-down" test of 5000 volts between the

primary and secondary coils and the core.

The special alternating-current relay is of an

entirely new design and introduces an interest-

ing departure from the preceding methods in

signal work. Idle principle of operation in-

volved is that of the action of an alternating-

current field upon a slotted metallic (non-mag-

netic) vane, which is caused to move in such

a way as to close the two circuit contacts. The

alternating-current field is supplied by a magnet

of laminated field-core construction, with the

field coils arranged very close to the pole faces.

The vane, which is of aluminum, is pivoted in

a vertical position on jewel bearings, being held

in a down position by a hair spring. The

effect (if current passing through the field cuils

is that of causing the aluminum vane In rise tu

its upper position. Its general construction is

well shown in the accompanying drawing.

The alternating-current relay and associated

apparatus are housed in a neat and compact

cast-iron instrument case of water-tight con-

struction, as shown in the accompanying half-

V

DIAGRAMMATIC VIEW OF ARRANGEMENT OF THE TRACK-CIR-
CUIT TRANSFORMER, THE INSTRUMENT CASE AND STOP-

VALVE BOX, UPON A POST IN ADVANCE OF THE
BLOCK SIGNAL



/

October 8, 1904.] STREET RAILWAY JOURNAL. 653

tone. This consists of two sections, the lower part containing

the relay and connections, and the upper part the grid resist-

ances, which are, as above stated, connected in series with the

circuits supplying alternating current to the track circuits, and

that of the connections between the tracks and the relay.

These cases are secured to steel posts in the subway directly in

advance of each signal, as shown on the opposite page. The

wiring arrangements in these instrument cases are very care-

fully provided for; outlets for cables are provided for, and all

the wiring is made through cables as thus arranged. A seven-

conductor cable leads to the signal

nearby, while another seven-conduc-

tor cable leads to a junction box of

the signal wiring nearby, from which

connections are made to the distant

signal mechanism in the preceding

block and to the automatic stop, as

well as to the storage-battery mains

tor the direct-current supply for the

signal mechanism. Four conductors

lead out to make the necessary con-

nections with the rails on either side

oi the insulating section.

THE SIGNALS

The small amount of space avail-

able in the subway portion of the

system made it necessary to design a

special type of signal involving radi-

cally new features. Clearances would

not permit of a "position" signal in-

dication, and, further, a position sig-

nal purely was not suitable for the

lighting conditions of the subway. A
color signal was therefore adopted,

conforming to the adopted rules of

the American Railway Association.

It consists of a vertical iron case

fitted with two white lenses, the upper

being the home signal and the lower

the distant. Suitable colored glasses

are mounted in slides, which are oper-

ated by pneumatic cylinders placed in

the base of the case. Home and dwarf

signals show a red light for the dan-

ger or "stop" indication. Distant sig-

nals show a yellow light for the "cau-

tion" indication. All signals show a

green light for the "proceed" or clear

position. The design of signal finally

adopted is illustrated in the drawing

upon page 654.

Although the limitations of space

prohibited the use of semaphore arms or similar means of posi-

tion indication, a position indication has, however, been pro-

vided for, as an auxiliary to the color indications, in the form
of the small arm immediately beneath the lenses. A small blade

appears in a horizontal position when a danger or caution sig-

nal is displayed, and at an inclination of 60 degs. when safety

is displayed, this being provided in addition to the color indi-

cations for use in case of failure of the lamps for the color

indications.

The signal consists of two sections; the upper and rear por-

tion contains (be lenses and position indicator for the home
signal, the colored glasses showing red for the danger or stop

position, and green for the proceed or clear position. The

front and lower portion of the case contains the distant signal

mechanism, which is arranged to show yellow for the caution

indication and green for the clear position. Thus it may be

seen that color indications are depended upon, the position in-

dication, which is provided by the small blade under each lense,

being added merely as a tell-tale. Each lense is constantly

lighted by two 4-cp incandescent lamps at the rear, the two

lamps being connected in parallel for a safeguard in order that

one may be always lighted even if the other burns out; in this

VIEW OF THE INSTRUMENT CASE IN ADVANCE OF THE BLOCK SIGNAL, WITH DOORS
OPEN TO SHOW ARRANGEMENT OF RESISTANCE GRIDS, ALTERNATING-

CURRENT TRACK-CIRCUIT RELAY AND ASSOCIATED APPARATUS

way the lighting is made as nearly absolutely reliable as pos-

sible. These lamp circuits are, as above stated, operated from

the local block transformers, the special double coils delivering

50 volts, alternating current, for this purpose.

The mechanism of the signal is clearly shown in the accom-

panying drawing of the signal. The pneumatic cylinders,

which operate the heavy vertical sliding frames carrying the

color lenses for the signal indications, arc located in the base

portion of the case. As may be seen, the controlling magnets

for the air valves of both the home and the distant signal cylin-

der mechanism are located conveniently for access, as are also

the various portions of the cylinders and slides. It should be
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C/RCU/T BREAKER

DETAILS OF THE STANDARD SUBWAY BLOCK. SIGNAL, SHOW-
ING ARRANGEMENT OF MECHANISM AND THE ACTUATING

VALVES FOR CHANGING THE COLOR INDICATIONS

here noted that the slides exhibit the green color for the

"clear" or proceed indication only when held in its upper posi-

tion by the pneumatic cylinder; in this way any accident to the

apparatus, cutting off the compressed air, will permit the heavy

slides to drop and indicate the red color for "danger." The

details of the lamp arrangements and wiring are also clearly

shown in the drawing; the method of operation of the small

blade position indicator is also here made clear. This blade

has a crank extending within the case and ending in a pin

which plays in an inclined groove in such a way as to turn the

blade through an angle of 60 degs. as it passes from upper to

lower position.

The signals which are used on the exterior elevated portions

of the system are of the position indication type, although

operated similarly to those in the subway sections and by a

similar construction of mechanism ; the position indication of

semaphore arms, which is depended upon in the main, is sup-

plemented by the color system for night work. The design of

the signal of this type differs little from the subway type; the

base portion of these signals is identical with that used for the

tunnel signals, and the two pneumatic cylinders and their mag-

net controlling valves are similar, but in this case the cylinders

operate semaphore arms instead of the heavy sliding frames.

In these signals the color indications for night purposes are

provided by incandescent lamps, also in duplicate, which burn

continuously. These lamps are located in a specially designed

water-proof case with white lenses pointing toward the col-

ored glasses, as is shown. Their current supply is also taken

from the local block transformers of the block system, and are

thus independent of the power and general lighting circuits of

the subway system.

AUTOMATIC TRAIN STOP

A train stop or automatic stop is used at all block signals,

and at many interlocking signals. This device automatically

applies the air brakes to the train if it should pass a signal in

the stop position, being an additional safeguard only to be

brought into action when the danger indication has for any

reason been disregarded; it insures the maintenance of the

minimum distance between trains as provided by the overlaps

established.

The construction of the automatic train stop mechanism,

which is the Kinsman form of track stop, is shown on the op-

posite page. It consists of a trip located at the side of the run-

ning rail, which is normally raised to such a position that it

will come in contact with the special brake valve arrangement

upon the trucks of each subway car and throw the air brakes

to full emergency in case the train attempts to pass the stop.

This trip is operated by a pneumatic cylinder located in a closed

box between the ties and the middle of the track opposite. The

arrangement of this stop in relation to the block signal is

shown in the sketch on page 652. The controlling wires for the

stop, as well as also the compressed air connections to its cylin-

der, are also clearly shown in this view.

The operation of this automatic stop coincides with that of

the home signal in the block next preceding it. When

that home signal indicates danger, the trip is in its elevated

position, so as to make an emergency application of the brakes.

This trip is normally held in its elevated position by a heavy

counterweight located within the controlling box in the middle

of the track, as shown in the sectional view of the device.

When the home signal is cleared, compressed air is admitted

also to the pneumatic cylinder of this automatic stop, which

acts to raise the counterweight and thus lower the trip, hold-
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ing it depressed until the home signal is again changed to

danger indication.

The controlling mechanism for the automatic stop is located

in a neat cast-iron box upon the pillar below the track-instru-

ment case illustrated on pages 652 and 653. The mechanism

consists of a magnetically operated air valve of the same type

as used in the signals, which is so connected as to be operated

in conjunction with the home signal, as above mentioned.

Thus, when the home signal is set to "clear" the automatic stop

valve is also operated to admit compressed air

to the pneumatic cylinder, which depresses the

trip. An additional feature of interest involved

in this controlling box is to be seen in the form

of an automatic stop release, by which, in case

of failure of any portion of the signal control,

the automatic stop can easily be depressed to

"clear," so that a train may proceed without

danger of an emergency application of the

brakes. This is accomplished by a special key,

which the guard or conductor may insert in the

controlling box and turn to admit air to the

pneumatic cylinder; as long as he holds the key

turned the trip remains depressed, and as soon

as the key is removed the trip will normally

rise again. This ingenious mechanism adds

an important factor of safety to train opera-

tion in the subway.

SPECIAL SAFETY DEVICES

Two novel safety devices closely allied with

the signaling system may be here described. The first is an

emergency train stop for the use of those at stations. It is de-

signed to place in the hands of station attendants, or others,

the emergency control of signals upon all adjacent approaching

tracks. The protection afforded is similar in principle to the

emergency brake handle found in all passenger cars, but oper-

ates to warn all trains of an extraneous danger condition.

It has been shown in eiectric railroading that an accident to

apparatus, perhaps of slight moment, may cause an unreason-

ing panic, on account of which passengers may wander on ad-

joining tracks in face of approaching trains; on a four-track

railway, with express trains approaching at high rates of speed

so as not to receive visual warning in time to stop, this is espe-

cially hazardous. Other conditions also may develop, such as

a passenger being forced off a station platform, injury to a

VIEW OF THE AIR-BRAKE VALVE UPON THE TRUCK. BENEATH THE CAR, WHICH
IS OPENED IF TRAIN ATTEMPTS TO OVERRUN PAST TRAIN STOP

THE MECHANISM FOR OPERATION OF THE PNEUMATIC TRACK TRAIN STOP,
SHOWING TRIGGER ELEVATED TO "STOP" POSITION

workman, etc., thus rendering an emergency control of trains

very desirable. To provide as perfectly as practicable for such

conditions, it has been arranged to loop the control of signals

into an emergency box set in a conspicuous position in each

station platform. The pushing of a button on this box, similar

to that of the fire alarm signal, will set all signals immediately

adjacent to stations in the face of trains

approaching, so that all traffic may be

stopped until the danger condition is

removed.

The second safety appliance is the

"section break" and cross-over protec-

tion. This consists of a special emer-

gency signal placed in advance of each

separate section of the third rail; that

is, at points where trains move from a

section fed by one sub-station to that

fed by another. Under such conditions

the contact shoes of the train tempo-

rarily span the break in the third rail.

In case of a serious overload or ground

on one section, the train wiring would

momentarily act as a feeder for the sec-

tion, and thus possibly blow the train

fuses and cause serious delay until they

could be replaced.

In order, therefore, to prevent trains

passing from a section charged with the

full normal potential into a dangerously

overloaded or grounded section, an

overload relay has been installed at each

section break to set a "stop" signal in

the face of an approaching train, which

holds the train until the abnormal con-
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dition is removed. The apparatus is applied at all section

breaks in the third rail and at all cross-overs where the train

might pass from a third-rail section in one track to a different

one on another track. In any of these cases serious trouble

might occur from one third-rail section being grounded while

an adjacent one is at its full voltage.

On express-line tracks an effect of this signaling mechanism

will be to throw die home signal to danger at the nearest block

in advance of the third-rail section break. The method of

operation of this signal control mechanism is interesting; it

consists of a differential magnetic mechanism with rotating

armature, one of the magnetic coils being connected between

the third rail and the ground on one side of the section break,

and the other magnetic coil similarly between the third rail

ARRANGEMENT OF AIR-SUPPLY PIPING AND CONDUIT SYSTEM, IN THE
SUBWAY. TO CARRY THE SIGNAL CIRCUIT WIRES

and the ground on the other side of the break. When both

sections of the third rail are fully charged, these magnets oper-

ate so as to annul each other, so that the rotating armature is

not attracted ; if, however, the current supply is removed from

either section of the third rail, one of these magnetic coils be-

comes inoperative, while the other is still magnetized, and the

result is that the differential action is removed and the arma-

ture is strongly attracted and, by lifting a counterweight,

breaks the contact in the control circuit of the nearest home

signal in advance of this point. This sets the home signal to

danger, and in (urn the distant signal at the further block in

advance, to prevent trains from approaching the section under

these circumstances.

Upon the local tracks, where a block signal is not used, a

special type of section-break signal will be used for a similar

purpose and prevent trains from approaching a section break

when voltages are unequal on either side. This type of signal

is operated by a differential relay of special construction

and gives a color indication. In this case a warning of

approaching trains is furnished by a special box plainly

marked "S. B.," which indicates by a red light for danger

or stop.

At cross-overs and sidings, where it is similarly desired to

prevent trains from crossing over from one third-rail section to

another in case of unequal voltages upon the third-rail sections,

a different procedure is necessary. In these cases a special

form of indication is to be used, which will show the tower

man, or those in charge of the interlocking switches, whether

it is safe for trains to be passed over from one section to an-

other or not. This will be accomplished by means of vertical

scale voltmeters arranged side by side and connected to the

third-rail sections on either side of the cross-over; by a mere

glance at the voltmeters, the switchman can easily see whether

the voltages on both sides are sufficiently near together to per-

mit trains to cross over safely.

There has also been installed a special emergency signal

system, embodying provision for cutting off

power from the contact rail, in case of im-

minent danger. In the booth of each ticket

seller and at every manhole along the west

side of the subway and its branches is placed

a glass-covered box of the kind generally used

in large American cities for fire alarm pur-

poses. In case of accident in the subway

which may render it desirable to cut off power

from the contact rails, this result can be ac-

complished by breaking the glass front of the

emergency box and pulling the hook provided.

Special emergency circuits are so arranged

that pulling the hook will instantly open all

the circuit breakers at adjacent sub-stations

through which the contact rails in the section

affected receive their supply of power. It

will also instantly report the location of the

trouble, annunciator gongs being located in

the sub-stations from which power is supplied

to the section, in the train despatchers' offices

and in the office of the general superintendent,

instantly intimating the number of the box

which has been pulled. Automatic recording-

devices in train despatchers' offices and in the

office of the general superintendent also note

the number of the box pulled.

The provision of such elaborate means for protecting trains

and insuring safety to workmen in the tunnel is a remarkable

testimony of the completeness of the work of installation, and

will insure the confidence of the traveling public.

THE ELECTRIC CURRENT AND COMPRESSED AIR SUPPLIES

An important feature of the signal and interlocking work is

the provision of supply for the 500-volt alternating-current dis-

tribution mains throughout the subway system and for the low-

voltage direct-current storage-battery supply mains, extending

to all signals throughout the system for operating the valve-

controlling magnets, and also for the compressed-air supply

system. The alternating-current main is fed by seven motor

generators, arranged to operate in multiple, each of which is of

30-kw capacity, generating single-phase, alternating current at

60 cycles and 500 volts. They are located separately in seven

of the more important sub-stations of the line, so that it will

be practically impossible that all should be disabled at the same

time, thus affording an important factor of safety to the sys-

tem, inasmuch as any four of these machines will deliver the

current required for operating the entire system. The various

machines operated will feed into the main in multiple from its

point of location upon the system.
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The direct-current main, supplying current for the signal

operating magnets, is supplied by eight groups of storage-bat-

tery sets in duplicate, each set designed to deliver 16 volts,

located at convenient points in the subway, usually in signal

towers. Each battery has a capacity of 450-amp.-hours, and

the two sets at each battery station are operated alternately,

one being charged while the other is discharging. The bat-

teries are charged by small motor generators, driven by cur-

rent from the 600-volt direct-current propulsion system, one

terestingly worked out. A pressure gage operating upon

the Bourdon steam gage principle is arranged to make

different contacts for certain' maximum and minimum
pressures, as shown upon the switchboard. When the

pressure tails so as to close the upper contact, cur-

rent is delivered to an .automatic switch, which operates

a mechanism in such a w ay as to move the starting resistance

switch for the air-compressor driving motor. This mechanism

is so arranged that when the starting1 resistance is cut en-

A TYPICAL ELECTROPNEUMATIC INTERLOCKING MACHINE, LOCATED UPON A STATION PLATEORM, FOR THE OPERATION
1 CROSS-OVER SWITCHES

being located at each storage-battery point. They deliver to

the storage batteries at 25 volts potential.

The compressed-air supply for the various signal mechan-

isms and switches, the automatic car stop, etc., is supplied by

a 2-in. main extending the length of the system. This main is

fed by six 35-hp electrically-driven compound air-compressors,

one of which is located in each of the following sub-stations:

Nos. ir, 12, 13, 14, 16 and 17; three of these are reserve units.

They are driven by Westinghouse direct-current motors, taking

current from the direct-current bus-liars at the sub-stations at

from 400 volts to 700 volts. These compressors have each a

capacity of 230 cu. ft. of free air per minute, delivered into the

supply system at a pressure of from 60 lbs. to 75 lbs. per square

inch. These compressors are each automatically controlled, in

an interesting manner, by the rise or fall of air pressure in the

system. The details of this controlling apparatus are in-

tirely out and the motor is up to speed, the starting switch is

held magnetically in place, and the solenoid is actuated so as to

throw the load on to the compressor to cause it to deliver air

to the system. This same action starts the flow of cooling

water through the cylinder jackets of the compressor cylinder,

and automatically admits oil to the cylinders and bearings.

When the air pressure in the system rises to the predetermined

maximum the opposite contact is made, which causes the load

to be removed from the compressor by closing the delivery of

the system, and also shuts down the motor, the jacket water

supply for the compressor and the oiling system being also in-

cidental!}' shut oil. Tn this way the compressor is always

started unloaded and stopped unloaded, the action being en-

tirely automatic, so that no attention is required; it is designed

to respond to variations of air pressure of 5 lbs. or less, and

operates very satisfactorily,
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THE INTERLOCKING SYSTEM

The to-and-fro movement of a dense traffic on a four-track

railway requires a large amount of switching, especially when

each movement is complicated by junctions of two or more

lines. Practically every problem of trunk-line train movement,

including two, three and four-track operation, had to be pro-

vided for in the switching plants of the subway. Further, the

problem was complicated by the restricted clearances and vision

attendant upon tunnel construction. It was essential that the

utmost flexibility of operation should be provided for, and also

that every movement be certain, quick and safe.

All of the above, which are referred to in the briefest terms

only, demanded that all switching movements should be made

through the medium of power-operation interlocking plants.

MAIN LINE

DETAILS OF THE SPECIAL TYPE OF SWITCH AND INTERLOCK
ING MOVEMENT USED IN THE SUBWAY FOR ECONOMY OF
SPACE, SHOWING ARRANGEMENT OF CYLINDERS, FTC. AT
THE STDE OF AND BELOW TOP OF RAIL

These plants in the subway portions of the line are in all cases

the Westinghouse electro-pneumatic, while in the elevated por-

tions of the line mechanical interlocking has been, in some

cases, provided.

Special equipments of both interlocking signals and switches

were designed with particular reference to the subway in-

stallation requirements, and in it is involved a most interesting

study of modern interlocking. Provisions have been made for

handling the maximum of traffic conditions withotit congestion

at yards and switching terminals.

A list of the separate and distinct interlocking plants which

have been installed in the subway will be interesting, and are

accordingly given herewith :

Location

City Hall 3

Spring Street 2

Fourteenth Street _'

Eighteenth Street 1

Forty-Second Street 2

Seventy-Second Street 2

Ninety-Sixth Street 2

WEST SIDE BRANCH
iooth Street 1

103d Street 1

110th Street 2

116th Street 2

Manhattan Viaduct 1

137th Street 2

145th Street 2

Dyckman Street 1

216th Street 1

EAST SIDE B RAN C H
135th Street ; 2

Lenox Junction

145th Street

Lenox Avenue Yard

Third and Westchester Avenue Junction

St. Ann's Avenue
Freeman Street

176th Street 2

Interlocking Working

Machines Levers

3 32

2 10

16

4

15

15

19

6

6

12

12

12

17

T 9

12

H

6

7

9

35

13

24

12

66

Total •37 393

Total number of switches 224

The total number of signals, both block and interlocking, is

follows

:

Home signals 366

Dwarf signals 150

Distant signals 193

Total 709

It will be noted that in the case of the City Hall station,

three separate plants are required, all of considerable size, and

intended for constant use for a multiplicity of train movements.

It is. perhaps, unnecessary to state that all the mechanism of

these important interlocking plants is of the most substantial

character and provided with all the necessary safety appliances

and means for rapidly setting up the various combinations.

The interlocking machines are housed in steel concrete

"towers." so that the operators may be properly protected and

isolated in the performance of their duties.

An unusual type of switch movements and interlocking

mechanism is required in the subway installation on account of

the confined space and cramped conditions. The apparatus in-

stalled is the well-known electro-pneumatic interlocking sys-

tem of the Union Switch & Signal Company, but the form of

apparatus used is of an entirely new and radical design. The

pneumatic switch operating movements are arranged with the

pneumatic cylinders and the movements at the side of and be-

low the top of the rails. A general idea of the arrangement of

this new type of switch movement may be gained from the

drawing on this page.

Innovations are to be found in this mechanism in the applica-

tion of the cam plate for the shifting of the switch and of the
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arrangement of the switch indication box. The magnetically

controlled valves for operating the pneumatic cylinders, as well

as also the switch tower apparatus used in connection with

these apparatus, involves nothing new in design. The cylinder

has a stroke of 8 ins. in operating the cam plate which moves

the switch points. Suitable magnetical connections are pro-

vided for adjusting the connections to the switch points, and

justing knobs are located at each end of the piston rod, so that

the stroke of the switch cylinder may be easily adjusted to the

movement of the switch.

The magnetically controlled air valves are in this case lo-

cated in the narrow space between the third rail and the re-

taining wall at one side, as shown. In all features of the

switch construction, however, careful provision has been made

THE SPECIAL TYPE OF INTERLOCKING SIGNAL CABIN, LOCATED AT AN IMPORTANT SWITCHING POINT SOUTH OF
THE BROOKLYN BRIDGE STATION

also to the locking mechanism in the signal indication box.

The detector bars are similarly operated by a rocking shaft

connection which is traversed by a separate cam plate, as is

clearly shown in the drawing.

In the Lenox Avenue yard, space at the side of the track is

so narrow and the arrangement of switch leads to the car

house are so complicated as to prevent the location of the

switch operating cylinders at the sides of the track, so that a

new design of centrally-located cylinder was prepared for this

particular location. In this case the cylinder has a through

piston rod, with stuffing boxes in each head, and operates the

switch by acting against the two bent plates, as shown. Ad-

for ease of inspection and repairs, so that the expense of main-

tenance will be reduced to a minimum while reliability of

operation will be insured.

This entire system of signals and interlocking was designed

and installed under the direction of George Gibbs, consulting

engineer of the Interborough Company, who was assisted by

J. M. Waldron, signal engineer of the company. The contract

for the installation of the system was undertaken by the Union

Switch & Signal Company, Swissv^l?, Pa., who have incor-

porated many innovations and radical departures in design of

apparatus as especially adapted to the conditions of operation

in the subway.



RECENT TRACTION APPARATUS

FINE STREET CAR HEATERS FOR THE PUBLIC SERVICE

CORPORATION OF NEW JERSEY

The Public Service Corporation of New Jersey, which controls

one of the largest electric railway systems in the world, recently

made a careful investigation into the question of car heating, and
after comparing the relative costs and efficiencies of various types

of heaters, it decided to adopt the "Jewel" street car heater man-
ufactured by the Detroit Stove Works, of Detroit, Mich.

Ibis heater is made of cast iron, containing no sheet iron to

burn out when the stove is in use or to rust when it is not in use.

The lire pot has no brick linings to be replaced at intervals. Tt

is cast separate from the rest of the stove, so that it may be easily

removed if it should burn out—a circumstance not likely to occur
tin- many years. In the construction of this heater provision is

made for unequal expansion, and thus the durability of the stove is

indefinitely prolonged.

Practical experience as stove makers has also demonstrated to

the manufacturers that a small stove with a self-feeding attach-

ment cannot be made a success, and that a street car stove so b :ilt

is certain to prove a disappointment. A stove provided with a deep

fire-pot, such as is employed in the construction of this heater.

ished in aluminum, and so protected and ventilated that too much
heat will not annoy those sitting next to the stove. The upper

casting on the box is made on a curve, to insure it against cracking.

HIGH TENSION INSULATOR PINS

The use of iron and steel insulator pins for high-tension work
is becoming very common practice on some of the larger transmis-

sion installations. The use of wooden or porcelain pins on ac-

count of their insulating properties is not considered good practice

by many, because, if the line insulator which is supported by the pin

cannot be depended upon for proper insulation, it is poor practice

to depend upon the pin. A line of malleable iron pins for this class

of work is manufactured by the Creaghead Engineering Company,

of Cincinnati, Ohio. These pins have been made for the most

exacting conditions.

Pin No. 1310 illustrates a malleable pin with 94-in. steel stud

for cross-arm, designed for use .with porcelain insulators. This

pin is attached to the porcelain insulator by cement or lead alloy.

The pin is 8] 2 ins. above the cross-arm. Pin No. 1311 is a simi-

lar pin, made 10 1
2 ins. high above the cross-arm.

insures a good bed of smouldering coals, and requires less atten-

tion, consumes less fuel and gives off more heat than one that

is built with a self-feeding attachment.

The draw-center shaking grate, when shaken, relieves the fire-

pot of ashes ; and when the center is drawn out, the fire-pot may
be cleared in an instant. With this contrivance there is no possi-

bility that the fire will be accidentally dumped, and the construc-

tion is both simple and durable. There is but one opening for

both the shaking grate and the draft, and the draft slides fit tightly,

giving positive control of the fire. The ash pit is capacious and
contains a large, bailed ash pan. The feed door is large enough
to admit the ordinary coal shovel and has a draft register for

checking the fire, while the mica frame is made to thoroughly

protect the mica, thus saving another item of expense.

The doors are provided with a double catch, so that the most
severe jarring will not open them. The nickeled plates for the

box have a double coat of nickel, and both these plates and the

stove itself are carved in very artistic designs. All the heaters

are made with interchangeable parts. The outfit, as a whole, is

very handsome and harmonizes well with the interior furnishings

of the finest modern cars.

The case is made of cast iron, handsomely ornamented and fin-

Pin No. 1307 is shown with wooden thimble ijj-in. thread,

and also with the thimble removed. The wooden thimble protects

the glass or porcelain insulator from breakage due to expansion

and contraction, and is firmly secured to the top of the malleable

pin by special raised thread. The strength of this pin is very great,

and when bolted into the cross-arm and the side strain applied

to the insulator, the pin will stand a side strain of about 1000 lbs.

at right angles to the pin before breaking.

The pole top bracket pin, No. 1312, illustrated, is a new device

to meet the demands for a top pin for the top wire of a three-phase

equilateral circuit. The use of a pin set into a hole in the top cf

pole is not good practice, and ridge irons that are very frequently

used are the source of trouble on account of the numerous parts

and on account of the shaking loose of the bolts from the center

of the pin. The pole top bracket pin, No. 1312, is bolted through

the gable of the "housing" at the top of the pole, and the bottom

part of the pole top bracket pin is attached to the side of the pole

by a lag screw set in the bottom U slots. The bolt securely fastens

this bracket pin to the pole and the part of the bracket pin above

the bolt also extends above the pole. This bracket pin is attached

to the face of the pole on which the cross-arm is attached, or on

the face immediately opposite.
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The principal advantages of a malleable pin with a steel stud

fastened to the cross-arm, lie in the great strength of the material

and its distribution to stand the strains, and in the fact that the

strength of the cross-arm is very greatly preserved by boring a

small hole through the arm for the steel stud instead of using a

hole 1V2 ins. to 2 ins., as is the case with wooden pins. A hole 2 ins.

in diameter in a cross-arm 4 ins. x 5 ins. very materially reduces

its strength.

These pins are preferably painted with black asphaltum paint.

While there is some demand for galvanized pins, the manufacturer

discourages this, as the best galvanizing process is such that the

quality of the malleable iron is affected and the strength of the

pin reduced in such a way as to give a very uncertain result. Many
of these types of pins have been recently furnished for high-

tension transmission work to the Pennsylvania Steel Company,
01 Philadelphia; Cauvery power transmission plant of India; the

Pueblo Lighting & Traction Company, of Victor, Col. ; the Aurora,

Elgin & Chicago Railway, Wheaton, 111. ; the Hudson River Power
Company, Glens Falls, N. Y. ; the General Electric Company, Sche-

nectady, N. Y., and others.

—

SOME PRODUCTS OF THE CENTRAL UNION BRASS

COMPANY

A new trolley splice for which several advantages are claimed,

has just been put on the market by the Central Union Brass Com-
pany, of St. Louis.

The general principle of this device is shown by the accom-

Streci Ry.Jourual

A SIMPLE SPLICE FOR TROLLEY WIRE

panying sketch. It consists of a heavy drawn brass tubing with

a ratchet dog suspended on a pin near each end. The two ends

of the wire to be spliced are pushed into the tube and are engaged

by the dogs. Increased tension on the trolley wire causes the

liRAKE-SHOE WITH INSERTS CONSISTING OF ROUND STEEL

dogs to be pulled down tighter, and the wire is gripped with in-

creased firmness. When it is desired to remove the splice all that

is necessary is to release the tension on the trolley wire. This

disengages the dogs and the ends of the wire can be readily re-

moved. The facility with which a broken trolley may be tempo-

rarily repaired by means of one of these new splices will no doubt

bring them into general favor.

An insert brake-shoe of novel design is also being introduced

into the electric railway field by this company. The inserts con-

sist of round steel punchings Y\ m - m diameter, and of the same
depth. The inserts, as is shown by the cut, are scattered uni-

formly over the wearing surface of the shoe, so that the surface is

composed of about equal proportions of soft steel and gray cast

iron. One advantage of distributing the inserts in this manner, it is

claimed, is that the short distance between adjacent inserts does

not allow them to project beyond the surface of the shoe and

have a cutting or scraping action on the tread ot: the wheel. The

increased mileage claimed for this shoe, the firm states, is substan-

tiated by the many favorable reports from railway men who have

adopted it.

WOOL FELT FRICTION -PLATE FOR EMERGENCY CAR BRAKE

The accompanying illustration shows the wool felt friction

plate employed under the Fresh emergency car brake, made by

the Emergency Car Brake Company, of Cumberland, Aid. The

WOOL FELT FRICTION-PLATE FOR EMERGENCY CAR BRAKE

use of wool felt for brake friction was decided upon after the

company had made many trials and had found it superior to

emery, carborundum, wood, rubber, corrugated iron or steel and

other material. It was found that neither expansion or contrac-

tion injured the frictional qualities of the felt. In fact, when the

felt comes in contact w ith water or ice, it absorbs the moisture,

thereby expanding and offering greater resistance between the

wheels and the rail.

The elasticity of the wool felt obviates the jarring caused by

using harder materials, and its adhesive quality enables it to retain

its grip on the rail until the car is stopped. This material has

proved fully equal to the hardest braking requirements, is very

durable and can fie quickly replaced at small cost.

-^^-

SOLID MOTOR GEAR FOR ELECTRIC RAILWAYS

The R. D. Nuttall Company, of Pittsburg, Pa., manufacturer

of gears and pinions, has recently added to its many improvements

in this line the solid motor gear, of which a general design is pre-

PUNCHINGS GENERAL DESIGN OF SOLID MOTOR GEAR

sented in the accompanying illustration. The company's experi-

ence has convinced it that solid gears are more reliable than split

gears, particularly on high-speed electric railways using heavy
equipments where an accident to the gearing would lead to serious

conseq uences.

One of the admitted advantages of solid gears is the avoidance
of accidents such as are caused by the breaking of the bolts used
with split gears. When a bolt becomes loose or broken, it in-

variably causes a bent armature shaft and injures the gear case

and other parts that are directly connected. As the solid gear is

pressed on the axle under a pressure of from to tons to 25 tons,

there is no danger of the gear case becoming loose on the shaft,

as is the case when split gears are used.

The design of the solid gear allows a perfect distribution of the

metal, insuring an exceptionally strong gear without the disad-
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vantage of excessive weight. While the gear is recommended
especially for heavy work, it has met with success on systems

where light equipments are in vogue. The design illustrated

represents a general type which can be adapted to meet special

conditions.

AN IMPROVED HOT WATER CAR HEATER

The Franklin Railway Supply Company, of Franklin, Pa., is

manufacturing a new type of hot-water car heater, which appears

to be meeting with considerable favor. Last winter it was given

a trial upon one of the Chicago & Milwaukee Railway Company's

cars, at Highwood, 111., and after a number of competitive tests,

was adopted as the standard for all of the company's new Jewett

cars. Since then it has been placed on new cars of the Milwaukee

Electric Railway & Light Company; the Metropolitan West Side

Elevated Railway, of Chicago; the South Chicago City Railway;

to the outer shell. The two nickel rings hide the rivets from view.

Between these two shells is the i^-in. water jacket, the outer

shell of which is tapped at the top and bottom and connected with

the radiating pipes. These pipes are so arranged that the water

circulates freely around the entire stove. This construction pre-

vents the overheating of the air or woodwork in the immediate

vicinity of the heater, and the heat ordinarily radiated to the air

is imparted to the water, thus increasing the efficiency of the equip-

ment. As the outer shell is of heavy steel, it cannot be marred or

dented, and since the water jacket prevents it from becoming

hot enough to burn off the enamel, the heater presents a neat

appearance at all times. The heater is furnished with a heavy

cast iron base-plate which has a large lip in front of the bottom

door to prevent the scattering of ashes.

The top of the heater consists of two cast iron hoods resting 011

a cast iron lop-plate. The outer ornamental hood is of open nickel

scroll work. The inner hood is a single heavy casting, the only

opening being the stove door and the flue for the stovepipe. This

(Open) (Closed)

FILLER COCKS, OPEN AND CLOSED
REVOLVING SMOKE

JACKET

I 1 >|J(,-!I I

(Closed)

SAFETY
VALVE

HOT-WATER CAR HEATER COMPLETE

the Central Illinois Construction Company ; the Green Bay Trac-

tion Company, and contracts have been made for its installation

on all the closed cars of the Syracuse Rapid Transit Company and

sixty large cars of the Rochester Railway Company.
This heater, which is known as the "Western," possesses the

advantage of taking up very little space in the car, as its outside di-

ameter is only 16 ins., and if placed on the platform it does not in any

way interfere with the motorman in the performance of his duties.

The entire fire space of the heater is surrounded by a water jacket,

the outer shell of which consists of V\-m. flange steel extending

from the cast iron base plate to the ornamental hood. Within this,

from the grate to the top ring, is another flange steel shell riveted

construction, in connection with the gas chamber, which rests

upon the top ring, extending over the magazine hole made in front

of the coal door, prevents the escape of smoke and gas into the

car. The coal magazine bangs from the center of the top ring

and has around it a coil of /4-in. pipe, whose length depends

upon the heating surface desired in the equipment. A cast iron

door swings over the top of the magazine to prevent a draft from

passing through the coal within. This magazine construction, be-

sides acting as a feed to the fire prevents the coal from obstructing

the heating surface and acts as a flue to guide the gas freely

around the entire surface of the coal.

The filler cock used in this system is composed of but two pieces

of brass, requires no wrench and has an automatic outlet for the

air when water is poured into the expansion drum. The safety

valve is so constructed that cinders and dust cannot block or aid

m the corrosion of the valve seat. The revolving smoke jacket

acts as a ventilator for preventing smoke and gas from being

blown down the stove pipe and into the car.

The car heating department of the Franklin Railway Supply

Company is represented in the Central West by Porter & Berg,

of Chicago, and for Missouri and west of the Missouri River, by

W. H. Schofield, of Kansas City, Mo.

ADVERTISING FOR PASSENGER TRAFFIC

Electric railway officials who have to do with the passenger-

attracting end of the business will be interested in recent develop-

ments in attractive promotive printed matter for trolley lines and

resorts. Recently a number of noteworthy pieces of advertising

matter have been designed for sounding the praises of pleasure-

grounds reached by electric cars.

The first of these is a neat folder, size 3^ ins. x 6J4 'ns -> issued

by the International Railway Company in the interest of its Lake

Ontario resort, Olcott Beach. A beautiful two-tint representa-

tion of the hotel, seen through the stately pines, with the bluff

and beach fronting it, adorns both front and back covers.

The Great Blue Hill and Reservation are graphically represented

on the front cover of a 4-in. x 7-in. booklet printed in darkest

blue and brown. This picture readily convinces the recipient of

a copy of the booklet that there is something impressive and awe-

inspiring to be seen "on and up, where Nature's heart beats

strong amid the hills." The views and type both are printed in
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dark brown. A running head band in blue adds greatly to the

typographical charm of the pages.

Number three of this trio of business winners is a four-page

leaflet in a three-ply cover ;
Norumbega Park, at Auburndale,

Mass., is the resort advertised, and the plan is well carried out

—

a boy and a boat in the foreground—or "water"—of a park view,

are on the long flap of the cover, while an old buck elk proudly

MAYFLOWER
GROVE

ELECTRIC CAR HEATER AND REGULATING SWITCH

The accompanying cut illustrates one of the Consolidated Car-

Heating Company's new electric heaters for cross-seat and parlor

cars. The heater is intended for use along the truss plank and

projects but 2% ins. It is S 3A ms - m width, and made in 24-in.

lengths. The heating element consists of the Consolidated stan-

dard spiral coil, but in this heater it is wound on an elliptical

spindle. The heater has a cast-iron back to which the spindle

is attached. The heater top and front are also of cast iron. The

THE BROCKTON & PLYMOUTH STREET RAILWAY COMPANY'S
MAYFLOWER GROVE PAMPHLET

ELECTRIC HEATER FOR USE ALONG THE TRUSS PLANK
OF CROSS-SEAT AND PARLOR CARS

poses on the shorter flap. The inside contains several views, and

a number of well-chosen, succinct statements regarding the at-

tractions here to be found.

Something entirely new in resort advertising is a one-sheet

poster printed from half-tone plates, on heavy paper. A glance at

SOME ATTRACTIVE STREET RAILWAY BOOKLETS

the photo-reduction of this sheet, printed on this page, will show

that it is doubly striking and noteworthy for being artistically ar-

ranged and beautifully printed. The Brockton & Plymouth Street

Railway issued this poster.

All of these things were done, from inception to delivery, by

the Matthews-Northrup Works of Buffalo, N. Y., under the direct

charge and supervision of their "Routes and Resorts" department.

This concern is well equipped for the manufacture of advertising

literature for railways and resorts, having been engaged in map
engraving and railroad printing for the past half century.

lead wires are carried from the bottom of the heater to a grooved

moulding, and there are, therefore, no exposed wires. The heater

front can be easily removed and connecting wires attached to the

binding posts inside the heater case if desired. With this type

of heater it is impossible to overheat the seats, the heater be-

ing placed along the truss plank near the floor, and the maximum
consumption of a 24-in. heater being only 400 watts. For inter-

urban cars a continuous row of heaters on either side of the car

is recommended.

The switch shown herewith is the Consolidated Car-Heating

Company's new regulating switch for heater circuits. There are

two quick-break knife switches, and two fuses mounted on a

slate base. The frame and cover are of malleable iron, finished in

CONSOLIDATED
CAR- HEATING COMPANY.

ALBANY. NY.

HEATER SWITCH.

HEATER REGULATING SWITCH

copper bronze. The cover is hinged to the frame at the top and

locked by a spring at the bottom. This cover is raised when it is

desired to change the position of the switch.

The Hartford & Springfield Street Railway Company is now
charging 5 cents fare for the trip between East Windsor Hill and

the Massachusetts line, making the total fare from Springfield to

Hartford 35 cents instead of 30 cents.



664 STREET RAILWAY JOURNAL. [Vol. XXIV. No. 15.

SOME SPECIAL DESIGNS OF THE No. 27-E BRILL TRUCK

Among the recently built trucks of the J. G. Brill Company's
No. 27-E high-speed type are a number which include some un-
usual features. Not infrequently the ingenuity of builders is

taxed to the utmost to adapt trucks to requirements of unusual
conditions. The simple form of the solid-forged frames of the

trucks built by this company, it is claimed, frequently assists con-
siderably in conforming in a highly satisfactory manner to special

requirements. The four trucks in the accompanying illustrations

have some very interesting features, and the dimensions given,

particularly those of the solid-forged side frames, speak eloquently
of the marvelous strides made in electric truck building.

Before describing these trucks individually, it may be briefly

stated that the system of equalization of the No. 27-E type com-

FIG. 1.—TRUCK BUILT FOR THE TWIN CITY RAPID TRANSIT
COMPANY

bines a swing bolster and a cushioned connection with the frame

by means of spring-link suspended equalizing bars. These spring

links are supported by the frame near the yokes, relieving the

strain upon the frame and giving a wide suspension to the cen-

trally borne load, theoretically and practically the correct method
of equalization. Not only is the load distributed equally upon
each wheel, but a leverage is obtained in favor of the frame against

the wheels and brakes, preventing tilting or kicking up, no matter

how violent the brakes are set. Another advantage of the cush-

ioned side swing is the softness of contact of the wheel flanges

with the rail heads. The equalizers and journal springs are heavy

double coils- and the equalizing bars are 2V2 ins. thick.

Fig. 1 shows a truck built for the Twin City Rapid Transit

Company, of Minneapolis, Minn. The brake hangers are of a

special design of the railway company, having a ball and socket

arrangement at both ends of the single bolts to which the brake-

FIG. 3—THE WILKESBARRE & HAZELTON RAILWAY
COMPANY'S TRUCK

shoe holders are attached. The upright lever is attached directly

to the brake beam, which is unusual in electric practice. The
motor support springs are upon spring posts, the heads of which

bear upon gusset plates secured to the transoms and side frames.

Double- and single-corner brackets are also used to connect tran-

soms with side frames. The total length of a side frame of this

truck is 10 ft. 7 ins. ; width at the center of bar between yokes, 5^2

ins.; thickness of bar, 1^4 ins.; thickness of the yoke extensions,

iyi ins.; thickness of the pedestals, 4 ins.; length of the axles, 6 ft.

8% ins.; diameter of the axles. 5 ins. and at the gear seat, $y2 ins.;

journals, 4*4 ins. x 8 ins. The wheels are 33 ins. diameter arid

steel-tired ; the wheel base is 6 ft. 6 ins.

Fig. 2 shows a truck of the Schenectady Railway. This truck

has double horizontal brake levers with upright levers held in a

vertical position when retracted. Special swivel locks are placed

on the bottom brake rods. The extensions of the frames are

bent around the wheels to increase the clearance of the truck.

The double- and single-corner brackets which connect the tran-

soms and side frames are plainly seen in the illustration of this

truck. These brackets are 1 in. thick, forged from single billets,

and are used on all trucks of the 27-E type. The length of the

side frames is 9 ft. 10 ins.; width at center of the bar between
yokes, sVa his.; thickness of the bar, iyA ins.; thickness of the ex-

tensions, \Y2 ins.; thickness of the pedestals, 4 ins.; length of

axles, 7 ft. \Y2 ins.; diameter, 6 ins. and at gear seat, 6y2 ins.;

journals, 5 ins. x 9 ins. The wheels are 34 ins. in diameter and
are steel-tired. They have a 2-in. tread and a 15-16-in. flange.

The wheSl base of the truck is 6 ft.

Fig. 3 illustrates the truck as used on the Wilkesbarre & Hazel-
ton Railway, Pennsylvania. The special features of this truck are
four braking appliances. The outside brakes are operated by
two methods, automatic air and hand, and the inside brakes also

FIG. 2.—SCHENECTADY RAILWAY COMPANY'S TRUCK, WITH
DOUBLE HORIZONTAL BRAKE LEVER

have two systems of control, magnetic and hand. It is said that

this is the most complete brake system ever furnished to any
form of rolling stock. The spring plank is composed of angle

irons with the ends brought over the equalizing bars. The length

of the side frames is 11 ft. 3 ins.; width at center of the bar be-

tween the yokes, 5^2 ins.; thickness of the bar, 1^4 ins.; thickness

of the extensions, iy2 ins.; thickness of the pedestals, 4 ins.;

length of the axles, 7 ft. %-in.; diameter of the axles, 7 ins. and at

the gear seats, 7*4 ins.; journals, 4% ins. x 8 ins. The wheels are

36 ins. in diameter, are steel-tired and have the M. C. B. type

tread and flange. The wheel base is 6 ft. 6 ins.

Fig. 4 shows the truck as built for the Gallarate-Milan Railway,

FIG. 4.—SOLID FORGED TRUCK FOR THE MILAN-GALLARATE
RAILWAY

Italy. This is said to be the largest electric truck ever built, and

is considerably larger than the standard four-wheeled steam rail-

road trucks. The solid-forged frames and the strength and dis-

position of the springs give it a carrying capacity equal to the

large six-wheelers used under the heavy steam coaches. It is in-

teresting to note that this enormous strength is obtained without

bulk. Unfortunately, the truck does not show to good advantage

in the engraving, as the wheels do not belong to the truck and

are but 33 ins. in diameter. The angle-iron end-pieces of the

frame are bent around the extensions of the side frames and

heavily bolted thereto. The length of the side frames is 12 ft.

y2 in.; width at center of the bar between the yokes, 7 ins.; thick-

ness of the bar, 1% his.; thickness of the extensions, i jy2 ins.;

thickness of the pedestals, 2 ins.; length of the axles, 7 ft. 3% ins.;

diameter of the axles, 6^4 ins. and at the gear seat, 7f4 ins.; jour-

nals, 5% ins. x 9 1-16 ins. The wheels are 41 ins. in diameter

and have the M. C. B. type tread and flange. The wheel base is 7 ft.
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THE HAMILTON-HOLZWARTH STEAM TURBINE A 54-INCH BAND RE-SAW

It has been well known that the Hooven, Owens, Rentschler

Company, of Hamilton, Ohio, has been engaged for some time

on the design of a steam turbine, but no particulars have been

available until this issue. The turbine is illustrated herewith and

differs in a number of particulars from other turbines which have

been described in these columns. In units of 750-kw upward, the

turbine is built with separate high and low-pressure casings;

smaller units have one casing only. Owing to the design of the

turbine, there is no back pressure to the steam in the running

wheels and any slight end thrust is taken up by a thrust ball bear-

ing. The turbine is built only with horizontal shafts.

Like the Parsons, this turbine has a large number of stationary

disks and running wheels, but while the Parsons expands in both

stationary blades and running wheels, the Hamilton-Holzwarth

steam turbine expands only in the stationary blades. The num-

ber of blades and wheels is also less than in the Parsons type.

The radial height of the vanes in these blades is gradually in-

creased from high to low pressure, corresponding to the volume to

which the steam expands in its course. In the bore of the sta-

tionary disks runs, with as small clearance as practical, the hub

of the running wheel. This restricts the leakage losses to a mini-

mum. The stationary disks are located in grooves in the turbine

casings and the stationary disk vanes are of drop forged steel,

milled and ground to the proper shape. A tough steel ring is then

shrunk on the outside periphery.

The running wheels are made as light as possible in order to

keep the diameter of the shaft, and hence the bore of the station-

ary disks as small as possible, also so as to reduce the strains

due to centrifugal stresses. The running wheels are built with

cast-steel hubs ; steel disks are riveted to both sides of the hub
and the vanes are then riveted in place. On the outer edge of the

vanes is a thin steel band which give an outside wall to the steam

channel. Tests made with these vanes have shown that it takes

over 1000 lbs. to pull them out of the clips. Every wheel is bal-

anced to within 1-16 of an ounce. The bearings for the turbine

shaft, having much less weight to support than those of the gen-

erator shaft, are made short, with straight, cylindrical shells. A
thrust bearing is used on the exhaust side of the bearing, ar-

ranged so that the whole shaft can be moved axially and the posi-

tion of the running wheels changed. Flexible couplings of an

ingenious type are used between the high and low-pressure shafts

so that either shaft can be fixed and located without affecting the

location of the other shafts.

The expansion of the turbine shaft and casing is provided for

by holding each rigidly only at the cool or exhaust end by the

high-pressure and low-pressure pedestals. The casings are not

The accompanying cut illustrates a late improved machine

built by the American Wood Working Machinery Company, of

New York, Chicago and New Orleans, which is said to embody
all the conveniences and attachments that are necessary or de-

sirable for any kind of resawing on hard or soft wood. The
frame is strong, heavy, has a broad base, and if properly set will

BAND RE-SAWING MACHINE FOR RAILWAY SHOPS

not vibrate, even when running on a light floor. The shafts are

large in diameter and have bearings from 9 ins. to 14 ins. long,

running in self-oiling boxes. The lower wheel is a solid web and

very heavy. The upper one is as light as is consistent with

strength.

The feed works are very powerful, there being six feed rolls,

and the feed varies from 12 ft. to 120 ft. per minute, by adjusting

the expansion cones according to the work required. The right-

1000-KW HAMILTON-HOLZWARTH STEAM TURBINE, DIRECT CONNECTED TO 1000-KW ALTERNATOR, IN (ITERATION AT THE
LOUISIANA PURCHASE EXPOSITION

fastened to the bed-plate, and they as well as the shaft can slide

or expand against the direction in which the steam flows.

The governor operates by throttling, a method which does not

present the same disadvantages as in the reciprocating engine.

In the latter the static pressure of the steam is reduced by a

throttling valve, but in steam turbines static pressure is not used

owing to the fact that all the energy is converted into, kinetic

energy. The regulating valve is located below the bed-plate, and

is of the double-seated poppet-valve type, which insures a perfect

balance.

hand rolls are rigid in the boxes, but the left-hand set are elastic

so as to grasp uneven stock and hold it firmly against the rigid

roll, thus making a powerful Iced even on very unequal sawed
lumber. All rolls are adjustable to the blade and wheels in case

of wear. With a special self-centering attachment both sets of

rolls are held rigid and the adjustment for thickness is made by
a lower screw and hand crank. The capacity of the machine is

30 ins. vertically and from % in. to 20 ins. horizontally. It will do
slabbing from 12 ins. wide, will split a 16-in. timber in the center

and cut a veneer from 12-in. timber.
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IIVIPROV£MENTS IN BLOCK SIGNAL SYSTEM FOR SINGLE

TRACK RAILWAYS

In the Street Railway Journal of Aug. 29, 1903, a description

was presented of the block signal system which had then been in

use on the line of the Tamaqua & Lansford Street Railway Com-
pany for over a year. The electrical details of this system, which

was installed by the Eureka Electric Signal Company, of Lansford,

Pa., proved thoroughly satisfactory from the start, but certain me-

chanical changes in the controlling apparatus were found desirable,

the principal one being a new controller of simplified construction

and affording a wider range of protection. It will be apparent from

the following that this system possesses a number of valuable me-

chanical and electrical features which make it worthy of the care-

ful attention of railway companies operating single track lines not

now furnished with an efficient block signal system.

The simplicity of operation is well shown in the wiring diagram,

Troiley Wire

Fjed Green Green

J{u xi ha ry Controller

is?
Green

FIG. 1.—WIRING ARRANGEMENT FOR THE TWO-WIRE SYSTEM

Fig. i. Normally, the signal circuit of an empty block is grounded
at both ends. This circuit includes a series of green lamps dis-

tributed along the block in any desired position, and red lamps at

the extreme ends of the block. The feed-wire connections to the

signal circuit are normally open. The practical advantage claimed

for this arrangement is that the signal circuit being normally dead,

no accidental grounding through bad insulation, falling wires, etc..

can energize the circuit and cause false signals. Should such a

"ground" occur the system will still work on the entrance of a

car into the block affected, but the dulling of the lamps in the por-

tion shunted by the accidental ground will show the existence of

trouble in that part of the circuit.

Upon entering a block, the trolley wheel automatically takes the

right-hand branch of the divided trolley wire and engages the con-

tact device thereon. The current supplied from the contactor oper-

ates the circuit controller at that end of the block, thereby cutting

out the ground at that end of the signal circuit and cutting in the

feed connection. This causes all the green lights to glow and also

the red light at the far end of the block. The green lights show
the motorman that the block ahead is clear, and the far red light

shows the motorman of a car approaching the other end
of the block that the block is occupied by a car coming
toward him.

If another car follows the first, the glowing green light

and the absence of any red light show the motorman that

a car is ahead of him going in the same direction, and if

his instructions are to trail that car he goes into the block

under control. This does not change the signals, but

moves the circuit controller a notch farther.

When a car goes out of the block at the distant end,

it co-operates with the contact-maker and sets back the

controller at the end where the car entered. If this was
the only car in the block it cuts out the lamps and leaves

the block clear. If there are one or more cars following

in the block, it sets the controller back one notch, but does not

put the lights out. The red lamp glowing at the end of the block

as he leaves it tells the motorman that another car is trailing him.

The last car out of the block extinguishes all the lamps. If a

motorman overruns a red lamp danger signal and enters a block

while a car is in it running in the opposite direction, it cuts out

both grounds and extinguishes all the lamps. This notifies the

motorman in the block that a car has entered it from the other

end in defiance of the signals, or that the system is out of com-

mission, and he must stop or feel his way out of the block.

If a car enters a block wrongfully through failure of brakes, or

for any other reason, backing out will reset the system in its proper

condition. If the signal system, or any part of it is out of order,

every motorman within the district affected is notified by the

lamps going out.

The fundamental idea of this signal system is the operation of

only one controller ; to set the system to danger when cars enter

the block, and to safety when they leave it. To protect a block, two

controllers are used, one at each end, but as they are not wired in

series their operation is independent and opposite to each other. The

No. 2 controller shown in Fig. 2 is the latest development in Eureka

appliances, and is the standard machine now used with the two-

wire system, combining in itself the functions of both the original

No. 1 controller, and the automatic current directing relay which

switches a path for current from both short plates of the con-

tact maker through the coils of the magnets operating the signals.

In addition, the new controller

includes an alternating device,

placed in the signal circuit, by

which two green lamps at the

entrance to the block are al-

ternately cut in and out of cir-

cuit. When a car enters the

block one of these lamps goes

into service. Should another

car follow the first, it will put

out that lamp and light the

other. This alternating con-

tinues with each successive car

that enters the block. This de-

vice, however, may be omitted.

The magnets of this con-

troller are wound to stand the working current continuously

without burning out. All working parts are massive ; all levers

operate on trunions, adjustable to take up wear; all switches fall by

gravity, eliminating spring operation ; all bridging contacts work
on pins, being held in place by cotters ; and all contacts are

made by crossing heavy silver wire at right angles. This controller

FIG. 2.—THE NO. 2 CONTROLLER

needs but one contact-maker for its operation, setting the signals

to danger when cars enter the block, and to safety when they leave

it. It embodies the accumulated experience of many years of sig-

nal work, and has been designed and is guaranteed to handle heavy

work successfully, with little danger of breaking down in service.

The Springfield, Troy & Piqua Railway Company has made ar-

rangements with the Southern Ohio Express Company to handle

the express business on this line.
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NEW ELLIPTIC SPRING FOR ELECTRIC MOTOR TRUCKS

The Union Spring & Manufacturing Company, of New Kensing-

ton, Pa., has brought out recently an improved type of elliptic

spring, which is now used in the electric motor trucks built by the

Standard Steel Car Company, of Pittsburg, Pa. In motor trucks,

owing to the limited wheel base between plates and the space neces-

sarily occupied by the motor, the bolsters have to be very narrow,

and hence the bolster springs are limited to double elliptics with

leaves about 2>
lA ins. or 4 ins. wide. To carry the load and at the

same time provide for sufficient deflection to insure easy riding, it is

necessary to make these springs not less than 36 ins. long, and with

as many as six leaves or even more; but it is a well-known fact

that too many leaves in the ordinary type of elliptic spring cause

it to be hard riding, owing to the excessive damping effect, due to

friction. The manufacturer's experience confirms the belief that

three or four-leaved springs are the easiest riding. In order to

make a six-leaf spring of ample strength that will ride as easily

NEW TYPE OF SIX-LEAF ELLIPTIC SPRING

as a three-leaf spring, the six leaves have been divided into two

sets of three leaves each, both sets being secured by one band,

but beyond the band the sets are separated so that no friction is pro-

duced between them. The outside set carries a plate which connects

the upper and lower sets of the spring and the inside set has the

long leaves merely resting together at their ends, as is shown in

the illustration. The action of this spring is precisely the same as

a quadruple elliptic three-leaved spring of the same length and
width of leaves, which is equal in good riding qualities to the best

springs used on steam railroad passenger cars.

The Union Spring & Manufacturing Company was one of the

first independent spring manufacturers to go into business after the

formation of the Railway Steel Spring Company. It manufactures

helical and elliptical springs for all types of rolling stock, as well

as pressed steel spring plates and pressed steel journal-box lids,

and has furnished its products to most of the large steam rail-

roads, electric railways, and car and locomotive builders through-

out the country. Its general offices and works are located at New
Kensington, Pa., eighteen miles from Pittsburg, on the Allegheny

Valley Railroad and the Allegheny River. The capacity of the

plant in all lines of the company's manufactures is 1200 tons per

month. The officers of this company are: Archibald M. McCrea,
president; Leonard G. Woods, vice-president; Albert Pancoast,

secretary and treasurer.

LARGE CARS FOR THE ILLINOIS TRACTION SYSTEM

The accompanying illustration shows a train of seven cars built

for the Illinois Traction System, which left the works of the

American Car Company a few weeks ago for Springfield, 111.

The train was drawn by a special locomotive and the cars were
carried on their own wheels. The order called for eight cars, but

one was shipped a week or two previous to the others and placed

INTERIOR OF INTERURBAN CAR FOR THE ILLINOIS TRACTION
SYSTEM

at once on the lines between Danville and Champaign which pass

through Urbana, where the University of Illinois is located. The
cars which had been running on that division required two hours

to make the trip of 35 miles. The new car is run as a limited,

upon which an extra fare is charged, and the trip from Danville

to Champaign is made in 1 hour and 15 minutes. The Illinois

Traction Company, also known as the McKinley syndicate, has

about 300 miles of lines in operation at and between Springfield,

Decatur, Champaign, Urbana and Danville. The company is

connecting the sections of this system, intending to run through

cars from Danville to St. Louis, a distance of 200 miles, and a

large part of the new construction has been completed.

The new cars measure 51 ft. 6 ins. over all, 49 ft. 10 ins. over
crown pieces, and from the outside of the vestibule at the front

end over the end panels at the rear, 45 ft. 1% ins. The width over

the sills, including the sheathing, is 8 ft. 10 ins.; over the centers

of the posts, 2 ft. 6 T
s ins. The side sills are 5 ins. x -jVA ins. and

2 ins. x 6 ins., with 7-in. x 5 s -in. sill plates on the inside. The
end sills are 5 ins. x 7.34 ins., with 7-in. x J^-in. plates. The thick-

ness of the corner posts is 354 ins., and of the corner sub-posts,

SEVEN NEW CARS FOR THE ILLINOIS TRACTION SYSTEM LEAVING SPRINGFIELD, ILL., ON THEIR OWN TRUCKS
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234 ins. The thickness of the side posts is 2J4 ins. Four 6-in.

I-beams with yellow pine fillers constitute the center sills.

The passenger compartment is seated for forty-six persons, and

the baggage compartment has folding seats for the accommoda-

tion of smokers. The motorman's cab is located on the left side

of the latter compartment. Incandescent lights are placed singly

on the arched rafters of the deck, four to each rafter. The seats

in the passenger compartment have stationary backs, are uphol-

stered in green leather and are 36 ins. long. The toilet room of

standard steam car character is located at the rear end. The

bronze trim throughout is of a substantial character and includes

continuous parcel racks.

THE PEERLESS SECTIONAL GEAR

The Peerless Sectional Gear Company, of New York, has re-

cently perfected and is now placing on the market a gear which,

as illustrated herewith, embodies a number of radical features

THE SECTIONAL GEAR TAKEN APART

not found in the gears now in universal use. It consists of a cast-

iron hub, or center piece, to which are attached removable sec-

tions of the gear. The sections, which are two in number, are

interchangeable on any hub. When the hub is once pressed into

THE SECTIONAL GEAR ASSEMBLED COMPLETE

place on the axle it requires no further attention as long as the

car is in use. The rims or sections of the gear are attached to

the hub independently. When the teeth are worn out and no

longer serviceable the rims are removed and new ones substi-

tuted, thus making practically a new gear. The ease with which

this can be done can be readily appreciated by examining the

accompanying illustrations. Where the hub piece and the rim

come in contact they are beveled in such a way as to make a

perfect fit, thus preventing all lateral motion. To escape the pos-

sibility of the rim revolving or slipping on the center piece, a

steel safety key is placed through the hub and rim section, lock-

ing them absolutely. The weight and amount of metal in the

entire gear is about the same as in the ordinary type. There is,

however, a considerable saving to users of this gear, because

when the rims are worn out they can be replaced without buy-

ing a new hub. The great advantage of this type, however, is

in the saving of time and labor in replacing the gears. The car

is simply run over the pit, and one man with one wrench can re-

move the old rims and replace them with new ones in less than

an hour, as the nuts and bolts are all of the same size.

This gear is the result of a long series of experiments under

regular operating conditions. At the present time it is in service

on the lines of the Public Service Corporation of New Jersey,

whose engineers have watched its successful development with

considerable interest.

MORE SEMI-CONVERTIBLE CARS FOR CHICAGO

The Calumet Electric Street Railway Company, of Chicago,

has lately added to its equipment fifteen combination passenger

and smoking cars cf the Brill semi-convertible type built by the

SEMI-CONVERTIBLE COMBINATION PASSENGER AND SMOKING
CAR FOR THE CALUMET ELECTRIC STREET RAILWAY

COMPANY

G. C. Kuhlman Car Company, of Cleveland. These cars are

similar to a lot of fifteen built by the J. G. Brill Company two

years ago. The railway company operates 90 miles of lines, giv-

ing direct rapid transit from the center of the city to various parts

of South Chicago, outlying districts of that section and the subur-

ban towns beyond. Fast schedules are maintained and a large

business is done from the farthest points.

The new cars are 31 ft. 8 ins. long over the end panels and 44 ft.

INTERIOR OF COMBINATION SEMI-CONVERTIBLE CAR FOR
THE CALUMET ELECTRIC STREET RAILWAY COMPANY

X ins. over the crown pieces. Their width over the sills is 8 ft.

3 ins., and over the posts at the belt, 8 ft. 6 ins. The seats are
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37 ins. long and the aisle 24 ins. wide. The centers of the posts

are 2 ft. 8 ins., and sweep of posts \Yx ins. The thickness of the

corner posts is ins. and of the side posts 3% ins. The side

sills are 4 ins. x 7^4 ins., with 12-in. x -Hs-in. sill plates. The end

sills are 5*4 ins. x 6y$ ins. The cars are seated for forty-four

passengers, the smoking compartment having accommodation for

twelve. The cars have a large amount of standing space, because

of the wide aisle and long platforms. The interiors are finished

in cherry, stained to a mahogany tint, and the ceilings arc of

bird's-eye maple. Between the compartments is a hard wood
partition with a single sliding door. The interior view shows

two windows entirely open on the right-hand side, the sashes be-

ing raised into> pockets in the side roof. The simple character of

the single runway in each post is clearly shown, and the five

window lock stops in the runways may also be seen. These run-

ways are entirely of metal from the window sills to the upper

ends in the roof pockets. The top of the window sills is but 24^
ins. from the floor and has arm rests bracketed thereto which are

arranged not to interfere with the window locks. The sashes in

the vestibules drop into pockets in the wainscoting. The vestibule

doors fold against the vestibule posts. The cars are mounted on

Brill No. 27-G trucks having 4-ft. wheel base, 33-in. wheels and

4-in. axles.

ALL-STEEL AND WOOD-STEEL CATTLE GUARDS

IMPROVED TROLLEY RETRIEVER

Cattle guards have long been recognized as a necessity on rail-

ways operating in stock raising districts, particularly as the trac-

tion company is usually the sufferer financially when accidents oc-

cur. The Merrill-Stevens Manufacturing Company, of Kalama-

zoo, Mich., has given considerable attention to the manufacturing

of such guards, and has brought out a number of designs to meet

special conditions.

In laying the Cook all-steel cattle guard made by this company

no track preparation is needed, except to space the ties at the ends

of the guard so that the guard will rest on the end ties only, hang-

ing clear of the intermediate ties underneath. Each section is

spiked down to the ties at the ends of the guard only. It will

be seen that the guard vibrates under weight, and this feature, com-

The term trolley retriever, as distinguished from trolley catcher,

has now acquired a definite significance and refers to a device

which not only checks the upward movement of the trolley when it

jumps the wire but also pulls it down far enough to safely clear

the overhead structure.

To those interested in the

operation of the cars by

the overhead system, the

trolley retriever is becom-

ing of steadily increasing

importance. For high-

speed railways it is now
recognized as a necessity,

and roads operating at

comparatively low speeds

are learning that it pays

to provide a retriever so

that the conductor may de-

vote all of his time to col-

lecting fares and attending

to his many other duties.

A sectional cut is pre-

sented herewith of the

Earll trolley retriever,

manufactured by C. I.

Earll, of New York. This

device has been on the

market for nearly three

years, but has recently been

considerably modified and

improved. It is both com-

pact and light, and has a very large rope space. The heavy retriever

spring and the light spring which takes up the trolley rope slack

are wholly inside the drum. The enclosing case is made up of a

malleable iron back and a drawn steel shell which fits into a recess

in the back, where it is held by the central shaft on which the

CROSS SECTION OF RETRIEVER

ALL-STEEL CATTLE-GUARD IN POSITION

bined with the sharp teeth alternating in height, offers such unstable

footing as to stop the most unruly animal. The guard is made of

annealed steel, and can be easily repaired or straightened by an

ordinary section hand. The parts are riveted with pneumatic rivet-

ers, the whole forming practically a solid structure. If desired,

hog attachments are furnished to prevent the passage of animals

with feet small enough to pass between the main guard rails.

The company also builds a wood-steel guard, which is in exten-

sive use on many railroads. The metal transverse clamping fix-

tures are of soft Bessemer steel, pressed into shape with powerful

presses. The wooden parts are white oak, creosoted, if desired.

All pieces are brought to exact size and shape, thus making them

interchangeable. Broken wooden slats may be removed and new

ones inserted in a few minutes time. All that is required is to un-

screw the nuts which hold the span pieces in position, put in the

new ones and fasten as before. This guard is open from one end

In the other; that is, there are no spacing blocks between the slats

si 1 that drifting snow and dirt will not lodge and fill up the guard.

This guard, like the metal one, requires no preparation of track, but

is spiked down upon the lies as they lie in (he roadbed. The same

hog attachments may lie used as with the regular Cook guard.

TROLLEY RETRIEVER READY FOR OPERATION

sheave rotates, being secured by a thumb-nut at the rear, as show n

in the sectional illustration. This thumb nut is the only screw in

the entire machine. When it is taken off the shaft may be with-

drawn and the steel case removed from the hack', thus giving access

to every part. The drum has a bearing on the shaft 3] 2 ins. lung:

the diameter of the case is ins., and the weight of the retriever

14 lbs. All of the parts are made of steel except the drum and

back, which are of malleable in in.

All retrievers require to be reset after the pole lias jumped the

wire and been pulled down. Imt there is some diversity oi opinion
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among railway managers whether the conductor shall be compelled

to set the retriever before replacing the trolley on the wire, whether

he shall always set it to the same extent, or be permitted to replace

the trolley and start the car before setting the retriever. One of

the features of this retriever is that by merely removing certain

parts and substituting others which are interchangeable with them,

the retriever may be set in any of these three ways. Where
the first method is used it is not necessary to touch any part of the

retriever to accomplish the setting, but merely to take hold of the

rope. Where the second and third methods are employed, the

conductor has to depress the set lever before pulling out the rope.

In all three methods of setting with this retriever the trolley pole

may be pulled down close to the roof of the car before beginning

to set, thus enabling the conductor to use the up-pull of the trolley

pole to assist in setting without danger of carrying the pole high

enough to strike the span wires should the car be in motion.

INTERURBAN CARS FOR THE ATLANTIC SHORE LINE

RAILWAY

COMBINATION ARC HEADLIGHT

The detachable duplex combination arc headlight shown in the

accompanying cut is a product of the Smith of New York Company,

DUPLEX COMBINATION ARC HEADLIGHT

New York City. It is 18 ins. high and 14 ins. in diameter, weigh-

ing 23 lbs., and is light and convenient to handle. The arc is

said to throw a light 1500 ft. without a shadow, while the incandes-

cent equals in efficiency three of the ordinary type. Each head-

light is furnished with two posi-

tive plugs (arc and incandesc-

ent), with four receptacles, the

hook on headlight case being-

negative contact for both cir-

cuits. Change of light is made

by inserting the proper plugs

in the receptacles, or by operat-

ing a two-throw switch placed

in the vestibule of the car. The

back of the case is made of cast

iron, the case itself being of ex-

tra heavy sheet steel. The re-

flectors are made of extra heavy

gage aluminium, brass or cop-

per, heavily plated. The ring

for the glass is made of brass,

and can be easily taken out and

glass relaced by adjusting one

screw. The headlight is easily

adjusted on the dash by its

bumpers. The lamps can be replaced without removing either

the case or the reflector.

The Laconia Car Company Works, of Boston, Mass., have re-

cently built for the Atlantic Shore Line Railway, of Kennebunk-

HIGH-SPEED INTERURBAN TRUCK FOR INSIDE-HUNG MOTORS

INTERIOR OF CAR FOR ATLANTIC SHORE LINE RAILWAY

port, Maine, the type of car shown in accompanying illustrations.

The car body is of the semi-convertible type, 35 ft. long over

SEMI-CONVERTIBLE INTERURBAN CAR FOR KENNEBUNKPORT, MAINE

body and about 45 ft. over all. It is built on steam car lines, with

straight sides sheathed, and has an extended monitor. The win-
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dows are arranged in groups with double sash, and both sashes

are arranged to drop flush with the window sill, making a very

comfortable summer car when the windows are lowered. The
inside finish is red birch. The ceilings are of three-ply quartered

oak, decorated. Chase leather curtains are used. The seats,

which were made by Heywood Brothers & Wakefield Company,
are upholstered in special figured plush.

All cars are wired for electric push buttons at each post; are

equipped with International registers operated by rods ; Consoli-

dated heaters; Root scrapers; Wilson trolley retrievers; Cleve-

land combination headlights; Westinghouse motor-driven air

brakes
;
Westinghouse 40-hp motors No. 101 and type M control.

The motors are geared for a speed of 35 miles an hour. The
trucks are the Laconia Car Company Works new type, with 5-ft.

7-in. wheel base, and are adapted for inside-hung motors.

THE ANTI-FRICTION BRAKE AND CONTROLLER HANDLE

THE " NEW HAVEN " TROLLEY WHEEL

The accompanying illustration is a view of the "New Haven"
trolley wheel known as the No. 53. This wheel, which is made by

the Recording Fare Register Company, of New Haven, Conn., is

TROLLEY WHEEL WITH NON-OILING BEARINGS

especially adapted for high speed interurban work. It is used ex-

clusively by the Schenectady Railway Company on all of its high

speed lines. This type is 5^4 ms - 'n diameter, and is furnished for

i}i in. or 2 in. hub, %-'m. spindles.

As is well known, the special feature of all "New Haven" wheels

After a number of practical tests the Anti-Friction Handle
Company, of Amsterdam, N. Y., has placed on the market a new
ball and roller-bearing handle designed for the brake and con-

ANTI-FRI CTI N BRAKE AND CONTROLLER HANDLE

trailer handles of electric cars. The improvement is in the hand

hole, the construction of which consists of a series of hardened

steel rollers and balls revolving between a shaft and steel shell

incased in a hard rubber grip. The rubber grips make the brake

and controller handles non-conductors, and the motorman will

constantly grasp the revolving hand-holds to avoid short-circuit

shocks. He is therefore ready at all times to stop the car quicker

and with less exertion than is afforded by any other hand brake

appliance. The use of padded gloves is rendered entirely unnec-

essary.

The great facility with which this device can be applied tends

to reduce the possibility of accidents, and makes the work easier

for the men. When desired, old brake handles of any make, in

use on any railway, may be fitted with anti-friction handles at a

small cost.

A PRIVATE ELECTRIC MAIL CAR

One of the few, if not the only, private electric mail cars in

use is shown in the accompanying illustration. This car is in

the service of the Lewis Publishing Company, of St. Louis, Mo.,

and is operated between the company's plant, near the World's

PRIVATE ELECTRIC MATE CAR BUILT FOR AN ENTERPRISING PUBLISHER, AND NOW RUNNING AT ST. LOUIS

is the fact that they are furnished with bearings that outlast the Fair grounds, and the St. Louis post office. Two trips a day are

wheel, and which require no oil, thereby saving the time and ex- necessary to carry to the city the printed copies of the "Woman's

pense of oiling and of renewing bushings. Magazine" and the "Woman's Farm Journal." The mail sacks arc
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loaded into the car from wagons. The car is run down .town over

the St. Louis Transit Company's tracks to a portion of unused

track near the post office. Wagons convey the mail to the office.

The car was built by the St. Louis Car Company and measures

over all 44 ft. Its width is 8 ft. It is equipped with the builder's

arc headlight and vertical wheel brakes.

-

THE REFLEX WATER GAGE

The reflex water gage, which is so widely used for boilers, auto-

mobiles, tanks, separators, etc., is made in a variety of forms by

Win. T. Bonner & Company, of New York and Boston. The ac-

companying illustration shows a marine outfit with double hand

chains and drain valve. The leading feature of this gage is the

quick and reliable observation of the water level, due to the fact

that the water appears black while the steam shines with a silvery

lustre. When filled with water the reflex gage always appears

black and when empty it instantly shows white.

The principle of the reflex glass is based upon the optical law

iif the total reflection of light when passing from a medium of

WATER GAGE WITH
DOUBLE HAND CHAIN
AND DRAIN VALVE

greater refractive power to a medium of lesser refractive power.

By cutting grooved facets at proper angles in the inner surface of

the glass it is possible to eliminate all light from the vacant space

back of the glass and at the same time permit the passage of light

through that portion of the grooves covered with water or other

liquid. Thus a sharp clear line marks the height of the water or

other liquid, above which the air or steam space has a bright mirror-

like appearance, while the liquid takes the color of the back-

ground in the chamber, and as black is usually selected for the

sake of greater contrast the water shows black.

Instead of using a single glass and background, a pair of reflex

glasses may be arranged, one each at the front and rear of a column

of water and steam. If a gage of this kind be lighted from behind,

the part containing water will show bright, the water permitting

the passage of the light, while from the steam space it will be re-

flected.

, \
The new waiting room on the Public Square. Cleveland. Ohio,

for the interurban cars has been opened. All the interurban cars

now run around the south and west sides of the Public Square
and pass the station, approaching from the east and passing to

the west. The station is simply part of a storeroom, but it is of

great convenience to all concerned. The interurbans have been
given' the exclusive use of this corner of the square so that they

may lay over and not interfere with the regular city cars.
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PLANS FOR LARGE AMUSEMENT RESORTS

Wonderful strides in the development of the summer amusement
park industry have been taken during the past year, and the plans

already made indicate that the coming year will be even more re-

markable. So profitable have proven the big new resorts during the

season just closed that it is estimated by specialists in this unique

branch of the entertainment business that within the next two years

practically every one of the larger cities of this country will be

supplied with at least one large resort equipped with the standard

attractions which the past five years of activity have brought to

the front. The subject is of particular interest to street railway

companies from the fact that most of them have already gone into

this work on some scale and because in any case they would have

to supply the transportation to such resorts.

Perhaps the most conspicuous success in America, if not in the

entire world, is that of Dreamland, the beautiful Coney Island re-

sort, which terminated its first season Sept. 25 under auspicious cir-

cumstances. Now comes the announcement of Edward C. Boyce,

vice-president of Dreamland, that he is preparing to establish in

Chicago a fairyland which will eclipse the splendors even of that

marvelous Atlantic Coast place of entertainment. This resort will

be at Sixty-Third Street and Washington Park and will cover 13

acres. Mr. Boyce and his associates have also completed arrange-

ments to build in Boston and two other large cities resorts to com-
pare favorably with any enterprise in Coney Island or elsewhere.

It is said that the great success which Mr. Boyce has scored in

this special branch of the amusement business has been due, not

only to his thorough familiarity with the construction and opera-

tion of the various devices, but to unusual judgment as to the desire's

of the public and how to cater to those desires. Thus it was that in

selecting and arranging the various devices and attractions for

Dreamland he was able to choose from the vast number of proposed

schemes and plans those which would most likely prove alluring

to the patrons. The same is true of the "White City," at Savin

Rock Park, New Haven, which recently closed its first season with

a record which attracted wide attention.

It is said that the White City in Chicago, which Mr. Boyce and
his associates are now constructing, will have some absolutely novel

attractions and features as well as the most profitable devices which

are now in use. Mr. Boyce's chief associate in this enterprise is

Joseph Beifield, owner of the Sherman House in Chicago.' Work
on the grounds was.commenced last week and it is planned to open

the resort by June 1 next. A feature of the park will be What is de-

signed to be the largest electric tower in the United States. It will

be 410 ft. in height and will be studded with no fewer than 100,000
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A NIGHT VIEW OF DREAMLAND, CONEY ISLAND, SHOWING THE GREAT TOWER, 'LAGOON,
BRIDGE AND SHOW BUILDINGS, WITH PART OF THE -CHUTES" IN THE FOREGROUND
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electric lights. The longest chutes thus far constructed in this

country will be established. A big spectacular feature will be a re-

production on a large scale of the great Chicago fire. The streets

of Venice will be a representation on large basis of the most beau-
tiful and historic features of the famous old Italian seat of art and
romance. In this attraction Mr. Boyce plans even to surpass his

charming "Canals of Venice" at Dreamland. In addition to these

there will be scenic railways, toboggans, old mills, slides, etc.

Chilcoot Pass, or "Bump the Bumps," which was beyond all ques-

tion the comedy feature of Dreamland and the White City, New
Haven, will be given a place of prominence in the Chicago show.
Bump the Bumps was the principal novelty of the season. It at-

tracted by many thousands more spectators than any other show
in Dreamland. It consists of a slide some 35 ft. wide and 50 ft. in

length on an incline of about 45 per cent. Over the smooth and
polished surface are distributed "bumps" of planed maple, circular

in form and gradually increasing in thickness from the edge, where
it neatly joins the surface of the incline, to about 6 ins. at the top.

Over this surface slid many thousands of visitors to the big resorts

in the past season. Gov. Benjamin Odell, of the Empire State, to-

gether with a distinguished party of United States and Supreme
Court Judges and others of like prominence, being notable patrons

of the game.
—

ANTI-STRADDLING DEVICE FOR SWITCHES

Within the last five years the soldered rail bond has become
quite popular owing to the simplicity with which it can be ap-
plied and inspected. Mr. Thomas has made a number of vital

changes and improvements both in the forms of the bond and in

the methods of application, especially in adapting it to use a com-
bination of riveting and soldering. Special types have been
designed for the third rail and for the different styles of rail joints

like the Continuous and Weber.

TESTS OF A SIMPLE ENGINE

The accompanying illustration shows a double-track through Y
recently built by the New York Switch & Crossing Company, of

Hoboken, N. J., for the Brooklyn Heights Railroad Company. This

Some interesting tests of a Reeves simple engine were recently

made by Prof. R. C. Carpenter, assisted by Prof. H. Diederichs,
both of Sibley College, Cornell University.

The diameter of the engine cylinder was 15 ins., the stroke 14
ins. The engine was connected through about 25 ft. of 4-in pipe

to a battery of two B. & W. boilers. The machine called for a 5-

in. steam pipe, but a 4-in. was the largest available, so that under
the high loads some wire drawing became noticeable. The exhaust
was connected through about 20 ft. of 7-in. pipe to a Wheeler sur-

face condenser. Two series of runs were made, the one non-
condensing, the other condensing. In the latter vacuum was used
as high as could be obtained. This was found to be about 23.5 ins.

For each series a number of runs were made, varying from friction

load to approximately 25 per cent overload. The duration of these

runs varied from one to two hours each, depending upon the con-

stancy of the various observations.

The most important result, 'steam consumption, was computed
for the ihp and the dhp per hour on the basis of dry steam. The

DOUBLE TRACK THROUGH Y USED BY THE BROOKLYN HEIGHTS RAILROAD COMPANY
AND GRAHAM AVENUE, BROOKLYN

AT MESEROLE STREET

piece of special work is to be installed at the corner of Meserole

Street and Graham Avenue, and consists of 9-in. rail with hardened

center special work. A special feature of the crossing, however, is

the use of a method of holding the tongues of the entrance switches

firmly in one position or the other to avoid all possibility of the

wheels straddling the switch. The arrangement cannot be inter-

fered with by snow or ice, but the tongue can be easily turned by

a switch iron. The crossing contains eight tongue switches, four

tongue mates, three standard mates and one combination mate.
—

THE THOMAS SOLDERED RAIL BOND

The Lord Electric Company, of Boston, Mass., has recently

acquired from Edward G. Thomas the right to manufacture and

install the Thomas soldered rail bond. During the last two years

(he bond has been supplied to several large railway systems,

notably the Chicago & Milwaukee Electric Railroad Company.
The very satisfactory results given by this bond led the company
to establish its rail bond department, with Mr. Thomas acting as

consulting engineer. One of the largest rail bond contracts ever

made has been given (o the company by Westingbouse. Church.

Kerr & Company for that part of (he Long Island Railroad which

will shortly be equipped for electric operation.

pi Hinds of dry steam per ihp per hour decreased steadily with the

load until it reacheel its minimum of about 26 lbs. of dry steam

at about 130 ihp for the condensing runs, and about 28 lbs. at the

same load for the non-condensing series. With a higher load there

was a small increase in the steam consumption, giving about 27.5

lbs. at 170. 3 ihp condensing, and about 31.3 lbs. for 159.2 ihp non-

condensing. The remarkable part about these results was the nearly

constant steam consumption on the ihp when running condensing.

At 80 ihp this was about 27.2 lbs., it dropped to about 2d ]]>-,. at 130

ihp and rose again to 27.5 at 170.3 ihp, giving a nearly constant

range from 40 per cent, underload to about 40 per cent, overload.

The dry steam consumption per developed hp followed closely

the preceding figures, the best consumption being about 27.0 lbs.

at 130 developed hp condensing, and about 31.9 lbs. at 130 devel-

oped hp non-condensing.

The relation between (he mechanical efficiency and (he developed

hp was also determined. The results are excellent. The highest

efficiency reacheel non-condensing 02.5 per cent at r 4 7. t developed

hp and 1302 ihp. For the condensing series the results are slill

better. The best figure is 95.8 per cent, at 154. 1 developed hp

and [65 dip, but tlie mechanical efficiency which reached 00 per

cent at 78 developed hp, reaches 95 per cent at 133 developed hp

and remains nearly constant from there up to [68.2 developed bp.
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ELECTRIC FREIGHT LOCOMOTIVES FOR THE

NORTH-EASTERN RAILWAY OF ENGLAND

The largest electric locomotives ever built in Eng-

land are shortly to be used on the electrified section

of the North-Eastern Railway, near Newcastle, dis-

placing a large number of steam locomotives now
used for hauling freight trains. The locomotives

were built by the Brush Electrical Engineering

Company, Limited, Loughborough, for the British

Thomson-Houston Company, who recently electri-

fied the Newcastle branch of the North-Eastern

Railway, which, since its opening, has eclipsed all

previous passenger traffic records on the same line.

The consulting engineer for the electrification of

this railway is C. H. Merz.

Each of the locomotives when operating on a 600-

volt circuit is capable of handling a 300-ton (2240

lbs. per ton) train on a level at 14 miles an hour,

and of starting with a train of 150 tons on a grade

of 1 in 27 under all weather conditions, running up

this grade at 9 miles to 10 miles an hour. As the

construction of these locomotives differs in some

respects from American standard practice the fol-

lowing data may prove of interest:

The locomotives are of the double-truck type with

central cab and sloping ends, as shown in the illus-

trations, and weigh 50 tons when in running order.

The motors are of the GE 55 type, with two turn

armatures and 3.28 gear ratio, one being mounted
on each of the four axles. The control adopted is

the Sprague Thomson-Houston multiple unit sys-

tem, and is similar to that used on the passenger

trains. The leading dimensions are: Gage, 4 ft.

8J/2 ins.; length over central cab, 9 ft. J^-in. ;
length

over headstocks, 35 ft.; length over buffers, 37 ft.

11 ins.; pivotal centers of trucks, 20 ft. 6 ins.; wheel

base of each truck, 6 ft. 6 ins.; width over cab, 7 ft.

654 ins.; width over side soles, 7 ft. lo$£ ins. ; width

over all, 8 ft. 8 ins.; height from rails to top of cab,

11 ft. 9 ins.; height from rails to the top of the floor,

4 ft. 3^4 ins.; diameter of wheels, 3 ft.; diameter of

axles at the center, 6^ ins.; diameter of the axles at

the journals, 6 ins., and length of journals, 10 ins.

The trucks are of the steel plate frame type and,

in accordance with English railway practice,

strengthened with steel angles and gussets with the

swinging bolster built up with steel sections and

steel castings. The bolster is supported on two

nests of coil springs of circular section and is pro-

vided with cast steel wearing plates, cast steel center

and side bearing plates. The side frames are sup-

ported on the axle boxes by laminated springs of

heavy design. The axle boxes are of cast steel,

machined to work in the horn plates, which are also

of steel and machined, being riveted to the side

frames which are cut out to receive them. The axle

boxes are provided with babbitted wings to take the

shoe beams and are fitted with heavy brasses. Am-
ple provision is made for lubrication and exclusion

of dust. The brake gear is of specially heavy de-

sign, as it plays an important part in the work that

the locomotive has to handle, which is chiefly on

heavy grades. Blocks are fitted to each side of

each wheel, and all gear is heavy enough to stand

operation by air pressure. The wheels are of the

cast steel disc type, balanced and fitted with roll

steel tires 5
l/2 ins. wide by 2 1/. ins. deep on tread,

held in place by retaining rings and also by eight

set-screws. The motors are carried on the tran-

soms by cast steel brackets, in which the nose of the

motor rests, being held there by a forged strap.

The shoe beams are of oak and bolted to the axle

boxes, the shoes being hung outside the wheel base.

All holes are drilled, edges of plates planed and
rivets hand riveted.

4 11 a
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The underframe is constructed of steel sections and ballasted

with cast iron blocks to bring up the weight desired. Each side

sole is formed by a girder 12 ins. x 6 ins. x 54 lbs. and of I section.

There are two center longitudinals each 8 ins. x 3^2 ins. x 5^-in. of

channel section, these four longitudinals being connected at their

side couplers and buffers are of the standard English pattern.

The center cab is constructed of y&-'m. steel plate and angles and

is separate to the sloping ends, which are also constructed in a

similar manner, all three portions being bolted to the underframe.

The cab is provided with two side windows on each side, the one

ONE OF THE ELECTRIC LOCOMOTIVES WITH BOW COLLECTOR AND THIRD-RAIL SHOES, FOR THE NORTH-EASTERN
RAILWAY COMPANY

ends by headstocks 15 ins. x 4 ins. x */>-in. of channel section. To
the front of these are bolted oak headstocks isH ms - x 8 ins. The
whole frame is firmly riveted with steel angles and gussets, all

holes being drilled and edges of plates machined. The under-

frame bolster is formed by two girders each 6 ins. x 5 ins. x ^2-in.

at the driving corners being arranged to lower. A sliding door is

fitted on each side, of ash, glazed at the top and paneled at the

bottom, bearing on the outside the arms of the company in transfer.

The doorways are 2 ft. 4 ins. wide and 6 ft. in the clear. At the ends

of the cab are two windows arranged to slide transversely. Arrange-

A VIEW OF THE FREIGHT YARD AT NEWCASTLE, SHOWING OVERHEAD WIRES AND THIRD RAIL

of I section, held together on the top by a plate 3 ft. wide and J^-in.

thick, and on the lower side by a plate 17 ins. wide x j4-in. thick.

Between the bolsters evenly spaced there are three cross girders

each 8 ins. x 3^2 ins. x %-in. of channel section, backed with a

plate 15 ins. wide x y^-'m. thick. On the top of the frame is a floor

of fireproof wood 1% ins. thick, fixed transversely with a top or

lining floor of ^-in. thickness laid longitudinally. The draw gear,

ments are made for driving the locomotive from each end of the cab,

and it is therefore fitted complete in duplicate with master control-

ler, air brake, sand and whistle valves. In the center of the cab is

fitted a cast iron column to carry the hand brake gear. There is

on each side a panel for the control and pump circuit accessories

with a main panel at one end for main and control switches, etc.

Air gages and ammeters are also fixed in each driving position.
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Under the sloping ends are fixed the contactors, reversers and

rheostats. The apparatus for each two-motor equipment is fitted

in its own end of the cab, the four-motor equipment being thus split

up into two equipments as far as possible. The contactors are sup-

ported from an angle-iron framing built on the floor of the cab, the

reversers and resistances being bolted to the floor but raised above

it so that the cable runways may run underneath them. The air

brake is of the quick-acting pattern. Air is supplied by a British

Thomson-Houston electrically driven compressor of the CP 14

type, which is hung underneath the frame. This compressor will

compress against a pressure of 90 lbs. per sq. in. with a cylinder

displacement of 20 cu. ft. per minute. The air reservoirs and sand

hoppers are fixed in the ends of the sloping cabs. The sand is car-

ried by flexible tubes to the fixed pipes on the trucks, the air op-

erating pipes being connected to the same at the base of the hoppers.

A shaded lamp is fixed in each driving corner with three lights

AX END VIEW OF ELECTRIC FREIGHT LOCOMOTIVE USED BY
THE NORTH-EASTERN RAILWAY

ill each of the sloping ends and a headlight on each end. All lamps

are of 32-cp and arranged for working six in series on a 600-volt

circuit. Two portable lights are also provided.

As the locomotives have to operate over sections fitted both with

overhead line and third rail, a sliding bow trolley has been pro-

vided in addition to the usual shoe-collectors. This bow automati-

cally reverses according to the direction of travel of the locomotive,

and is also capable of being lowered when not in use from the

cab by a hand-wheel. Fig. 2 shows the diagram of connections and
method of installing the apparatus and the wiring. All cables are

asbestos covered, and are run either in wood troughing lined with

uralite or in steel tubing. Besides being fitted with the nine-

wire coupler at each end for the control circuit, bus or main line

and pump line couplers are also provided, so that two locomotives

can be coupled together if necessary and operated by one man

EXPANSION OF THE RAILWAY WORK OF THE FORD ELEC-

TRIC & MANUFACTURING COMPANY OF ST. LOUIS

The Ford Electric & Manufacturing Company has purchased of

the Rossiter-MacGovern Electrical Company its entire St. Louis

manufacturing plant as well as all equipment and business per-

taining to the manufacture and repair of electrical and steam
machinery. It has reorganized the entire plant and now has one
of the largest and best equipped electric railway repair shops in

the Southwest. The company's plant is connected by switch with

the tracks of the Terminal Railroad Association, and where neces-

sary cars can be run into the shops for loading and unloading.

Exceptional facilities enable the company to execute promptly

all kinds of repair and constuction work.

-

PROGRAMME OF THE ST. LOUIS CONVENTION

The conventions of the American Railway Mechanical & Elec-

trical Association will be held on the second floor of the Trans-

portation Building, World's Fair Grounds, on Oct. 10, 11 and 14.

The meeting for the first day is called at 10 a. m., and delegates

are requested to register as soon after 9 a. m. as possible. The
opening address will be delivered by John I. Beggs, vice-president

and general manager of the Milwaukee Electric Railway & Light

Company. In addition, the "Question Box" will be discussed and

papers will be presented on "Maintenance and Inspection of Elec-

trical Equipment," by John Lindall, of Boston; "Wheel Matters,"

by J. Millar, of Buffalo; "The Ideal Shop," by W. D. Wright, of

Providence, and "Universal Car Body," by W. W. Annable, of

Grand Rapids. The meeting on Oct. 14 will be a joint meeting

with the Accountants' Association to discuss "Shop Records and

Accounts." The report on this subject has been prepared by

H. H. Adams, of Baltimore, and H. E. Farrington, of Boston,

fur the Mechanics, and H. M. Pease and W. G. McDole for the

Accountants. This meeting will convene at 9:30 a. m. The head-

quarters of the American Railway Mechanical & Electrical Asso-

ciation will be at the Inside Inn.

The convention of the American Street Railway Association will

also be held on the second floor of the Transportation Building,

and will be called to order at 10 a. m. on Oct. 12 and 13. On
Wednesday the association will be addressed by Hon. D. R.

Francis, Hon. Rolla Wells, Mayor of St. Louis, and Prof. W. E.

Goldsborough. In addition, papers will be presented on "Steam

Turbines," "Reciprocating Engines," "Gas Engines," "Transfers"

and "Signals." The banquet has been abandoned, owing to the

difficulty of finding any place where a caterer could take care of

a large number of people and the uncertainty surrounding the

question as to the number of persons who would care to attend.

The headquarters of the association will be at the Southern Hotel,

where members should register and obtain their badges and other

credentials, together with programmes of the meetings and en-

tertainments. The registration office will be open all day Monday
and Tuesday and on Wednesday morning.

The first meeting of the Accountants' Association will be held

at 3 p. m., Oct. 13, in the parlor of the Inside Inn., at which the

annual address of the president will be given and a report will be

rendered by E. M. White, of Hartford, on "A New Collection of

Blank's and Forms." The meetings on Oct. 14 and 15 will be on

the second floor of the Transportation Building. That on Oct.

14 will he devoted to the joint report of the A. R. M. & E. A.,

mentioned above. On Oct. 15 the meeting will convene at 9:30

a. 111. and a report will be received from C. N. Duffy on the

"Standard System of Accounting." The "Question Box" will

also be discussed.

PERSONAL MENTION

MR. D. W. McWILLIAMS has been appointed treasurer of

the Interborough Rapid Transit Company.

MR. C. D. MALEADY has resigned as secretary, treasurer, gen-

eral manager, superintendent and purchasing agent of the West
Chester Traction Company, of Ossining, N. Y., to become connected

with McMullen & Company, contractors, of Hartford, Conn.

MR. ARTHUR HARTWELL, who for a number of years has

been general sales manager of the Westinghouse Electric & Manu-
facturing Company, has resigned that position to accept the posi-

tion of general manager of the Sterling Varnish Company, of

Pittsburg.

MR. MORIZ MARHOLD, operating manager of the Grosse
Berliner Strassenbahn, of Berlin, Germany, is making a short

trip of inspection of the street railways of this country. Mr.
Marhold will visit Boston, Chicago, St. Louis, Philadelphia and a

few other cities.
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ANNUAL REPORT OF THE PHILADELPHIA RAPID TRANSIT

The stockholders of the Philadelphia Rapid Transit Company
held their annual meeting last week. William H. Shelmerdine

and J. J. Sullivan were re-elected directors for four years. The
by-laws were amended to do away with the finance and executive

committees and give the directors power to operate the road as a

body. It was also agreed to have the directors meet on the first

and third Mondays of each month instead of once a month.

The report for the fiscal year ended June 30, 1904, compares with

the figures of that company for 1903 and with those of the Union
Traction Company in 1902 and 1901, as follows:

1904 1903

. . . . $15,923,507 $15,277,806

Operating expenses • • • 7.993,314 7,234,892

Net 7,930,193 8,042,913

Other income 172,854 158,766

Total net 8,103,048 8,201,680

Taxes and licenses . . 1,060,896 990,701

Fixed charges 6,821,301 6,805,089

Surplus . . . . 220,849 405,888

Number of passengers carried .... 390,532,689 365,908,051

The Philadelphia Rapid Transit balance sheet as of June 30 com-
pares as follows

:

ASSETS

1904 1903
Cash $598,150 $326,014
Fire insurance fund . . . 850,000 850,000
Adv. leased lines 428,613 323,187
Supplies 569.742 905,598
Construction and equipment . . . . 7,266,308 2,013,458

Real estate 503,327 334,212
Accounts receivable 82,515 128.567

Sundry stocks • • . 1,588,559 1.578,059

Franchise account 115,325 H5,325

$12,002,543 $6,574,424

LIABILITIES
Capital stock . $8,984,680 $3,000,000

Second instalment account capital 79,370
Accounts audited not due 144.430 307.719
Fixed charges and taxes accrued .... 1,951,^87 L954,39i

Operation accounts 299,470 827,055
Profit and loss 622,674 405.888

$12,902,543 $6,574,424

At the annual meeting of the Union Traction Company, held

just in advance of the Philadelphia Rapid Transit Company meet-

ing, the Stockholders approved of the mortgage for $1,000,000 on

the new Philadelphia & Willow Grove Street Railway line and

re-elected the directors without change as follows: Alex. M. Fox.

John B. Parsons, Wm. H. Shelmerdine, J. J. Sullivan. P. A. B.

Widener, George D. Widener, Geo. W. Elkins, Robert J. Balfour.

John M. Mack, Geo. H. Earle, Jr.. Joseph E. Widener, James H.

Gay.

The Union Traction balance sheet as of June 30 compares as

follows

:

ASSETS

1904 1903
( :i sh . . . .

Pire insurance fund .

Adv. leased lines $4,417,956 $4,548,436

Supplies

Construction and equipment 6,868,362 6.856,308

Real estate 624.573 624.573

Accounts receivable 2,202 2,202

Stocks and bonds 5,220,467 5,220,673

Franchise account 90,248 90,248

Totals :^17,223,810 $17,342,447

LIABILITIES

Capital stock i|> 1 0,500,000 $10,500,000

Union Traction 4s 1,500,000 1,500,000

Open account due Co.'s, 999 years. . . 1,030.737 1,269,869

Deposits underlying companies 249.776
Trustees' accounts 120

Profit and loss 3.943J77 3.072,577

Total 1£17,223,810 $17,342,447

The report of the treasurer of the Union Traction Company
shows the following receipts and disbursements for the year end-

ing June 30, 1904:

RECEIPTS

Amount received from Philadelphia Rapid Transit for

fixed charges $6,294,449

Rental account 900,000

Total 7,194,449

DISBURSEMENTS
Fixed charges paid 6,294,449
Dividend paid 900,000

Total $7,194,449

The Philadelphia Rapid Transit report says:

The high prices of material and labor and the severe weather of

the past winter materially increased the cost of operation.

Twelve and seventy-six one-hundedths miles of additional track-

age were built and are now being operated.
About 15 miles of track were reconstructed—10 miles of the 15

miles with the new standard girder rail (137 lbs. to the yard).

Twenty miles of new conduits were laid, 3600 kw of new electri-

cal machinery added and 134 large double-truck cars.

The work on the Market Street Subway "progressed favorably,"

and details of it are given.

Work on the line of the Philadelphia & Willow Grove Street
Railway Company has been started, and that road should be ready
for business next spring.

The fact is recited that on Oct. 1, 1903, $100,000 Thirteenth and
Fifteenth Streets 7s fell due and were paid off, and $100,000 of

3J/2S issued in their place.

In regard to the law suit against the company over the pur-
chase of the Doylestown & Willow Grove Street Railway Com-
pany, and the charge that $1,000,000 was paid for the property, the

report says:

"The entire capital stock of the company, $500,000. was pur-
chased for $20,000, and this company guaranteed the interest upon
an issue of $500,000 4 per cent bonds."
The fire insurance fund consists of the following: 3650 shares

Philadelphia Traction Company stock, 4674 shares Union Traction
Company stock $100,000 Electric and Peoples' 4 per cent stock
trusts, $20,000 Union Traction Company 4 per cent collateral trust

mortgage gold bonds, $420,000 in first mortgage on real estate,

$1,437.60 in ground rents, and $47,393.71 in cash.

o<>«

—

AMONG THE MANUFACTURERS

THE SOUTHERN CAR COMPANY is a new industrial establishment

located at High Point, N. C, in the finest timber section of the South. The
company has secured the services of skilled car builders from the North, a,nd

is prepared to furnish high-class electric cars for both Southern and Eastern
delivery.

SOUTHWORTH BROTHERS, of Portland, Maine, makers of the Ameri-

can transfer punch, a number of which are installed on Boston street railways,

state that if railway companies will send them a pad of transfer slips they

will be pleased to show wherein their machine is superior to other transfer

punches.

THE LUMEN BEARING COMPANY, of Buffalo, N. Y., is building an

extensive addition and reconstructing its old plant, and a large amount of

improved and new machinery is being installed. When completed, the factory

of this company will be a model of its kind for manufacturing anti-friction

metals and bearings of every description.

COL. GILES S. ALLISON, president of the Security Register Company,
left New York for St. Louis a week ahead of the convention. He is making

extensive preparations to entertain liberally his many customers and friends

during convention week. Delegates will be cordially welcome to inspect the

exhibit of the Security Register Company in the Transportation Building,

Section 29, Aisle C.

THE HEIL RAIL-JOINT WELDING COMPANY, of Milwaukee, re-

ports contracts recently finished as follows: The Pittsburg Railway Com-
pany, of Pittsburg, Pa.; United Power Company, East Liverpool, Ohio, and

the Cincinnati Traction Company, Cincinnati, Ohio. This company has in-

stalled over 8000 joints during the present year, and has contracts for welding

in Illinois, Ohio and New Jersey.

THE MACON-EVANS VARNISH COMPANY has been organized in

Pittsburg for the manufacture of high-grade varnishes and insulating ma-

terials, with office and works at Esplen Borough. L. S. Macon is president

of the company, and Cadwallader Evans, Jr., secretary and general manager.

Mr. Macon was for a number of years secretary of the Sterling Varnish Com-
pany, and Mr. Evans was formerly with the Oliver Iron & Steel Company, of

Pittsburg.

THE JORDAN COMMUTATOR TRUING DEVICE for truing commu-
tators can be applied to any dynamo or motor for truing the commutator,

thereby saving the labor, expense and delay of removing armature and

placing it in a lathe. It also does away with the danger of the diamond-point

tools digging into the bars of the commutator and also the dragging of copper

across insulation between bars, thereby short circuiting same. This device is
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especially recommended by its makers, Jordan Brothers, of New York City,

for Siemens-Halske dynamos and all dynamos having large diameter com-

mutators on same.

IN THE ARTICLE ON THE CINCINNATI CAR COMPANY'S
EXHIBIT at the St. Louis Exposition, which appeared in the Street Rail-

way Journal for Sept. 24, mention of the Wm. C. Baker heater was omitted

through oversight. The car in question is equipped with Wm. C. Baker

double-coil perfected heaters. The car will be found on the test track, just

north of the Transportation Building, and all delegates to the street railway

conventions are invited to inspect it.

A TEXT BOOK ON STORAGE BATTERIES could not treat the subject

in a more valuable fashion than has been done in the neat celluloid-covered

pocket booklet given out by the Electric Storage Battery Company, of Phila-

delphia. Consideration is given to the construction and use of storage bat-

teries for varied kinds of work, together with appropriate illustrations. Addi-

tional value is lent to the book by the well-compiled electric railway engineer-

ing data, supplementary to the main topic.

THE BURT MANUFACTURING COMPANY, of Akron, Ohio, reports

that it has recently sent one of its large oil filters to the National Steel &
Wire Company, at New Haven, Conn., where it has already sold a number of

its 'Cross oil filters. It has also recently sold two Warden oil filters to the

Lehigh Valley Coal Company. Two of its 150-gallon oil filters have also been

sent to the LaBelle Iron Works, Steubenville, Ohio, for use in connection

with an oiling system which this plant operates.

THE SCOTTDALE FOUNDRY & MACHINE COMPANY, successors

to Kerwiey & Company, Scottdale, Pa., has recently added to its already ex-

tensive line a very up-to-date design of Corliss engine built in all combina-

tions to suit various kinds of service. The company makes only the heavy-

duty style of bed, believing that the girder frame is becoming obsolete. It

has published a neatly illustrated catalogue describing the principal features

and construction of its improved Corliss engines.

ALL THE TIMBER to be used as the permanent floor of the new Morri-

son Street Bridge at Portland, described in the Sept. 24 issue, comprising

some 400,000 ft. of lumber, as well as the Nicholson paving blocks covering

the surface of the roadways, is to be treated with Avenarius Carbolineum as a

preservative against dry or damp rot. The Carbolineum Wood Preserving

Company, which supplies this compound, guarantees that it will keep the

timber and blocks in perfect repair for a number of years.

THE UNITED RAILWAYS & ELECTRIC COMPANY, of Baltimore,

has recently placed an order with the xMayer & Englund Company, Philadel-

phia, for 300 International single-type fare registers, which are to be used in

the new cars recently ordered of the J. G. Brill Company. This makes a

total of 1100 International registers purchased by the United Railways, so

that nearly all the regular scheduled cars in Baltimore are equipped with

International registers. The Mayer & Englund Company has, in addition,

secured numerous smaller orders for those registers recently, including

seventy-five for the Coney Island & Brooklyn Railroad, seventy-five for the

Brooklyn Heights Railroad, fifty for the Capital Traction Company, Wash-
ington, D. C, and fifty for the Conestoga Traction Company, Lancaster, Pa.

THE TROLLEY SUPPLY COMPANY, of Canton, Ohio, has just issued

a fine catalogue thoroughly describing its various types of the Knutson trol-

ley retriever and American catcher. The booklet contains many enthusiastic

testimonials from railway managers evidencing their satisfaction with the re-

liability of the Knutson retriever under all kinds of operating conditions.

In this connection it is interesting to note that the cars of the Intramural

Railway at the St. Louis Exposition have been equipped with Knutson trolley

retrievers. The manufacturer invites those who are not familiar with them
to take advantage of this opportunity to study their action under actual

service conditions. The retrievers and American catchers are also on ex-

hibition at the exhibit of the company's agents, the Wesco Supply Company,
of St. Louis, who will give courteous attention to all inquiries, and take

pleasure in demonstrating and explaining the machines.

THE ANNUAL MEETING OF DICK, KERR & COMPANY, LTD.,
was held in London, on Sept. 27, 1904. The profits earned during the year

ending June 30, 1904, amount to £84,170 17s. 2d. The debenture and loan in-

terest and trustees' fees and premium payable on the redemption of the

present debenture stock absorb £14,441 lis. 9d., leaving a balance of

£09,729 5s. 5d., to which must be added the profits brought forward from last

year, viz., £35,544 18s. 7d., making a total of £105,274 4s. available for appro-

priation as under a dividend of 6 per cent per annum on the preference stock,

and a dividend of 10 per cent on the ordinary was declared. In addition,

£21,051 was charged to reserve, leaving a balance of £39,922. During the

past year the company has completed, among other important contracts, the

electrification of the Lancashire ec Yorkshire Railway, between Liverpool and
Southport, and the Hong Kong and Mandalay electric tramway systems, and
is at present busily engaged in Tokyo, Singapore, Bangkok, and other places

in Great Britain and abroad.

THE POWER & MINING MACHINERY COMPANY has been awarded

a contract by the Western Gas & Fuel Company for one two-cylinder Ameri-

can-Crossley gas engine, 28 ins. x 36 ins., single-acting; speed, 130 r. p. m.

;

normal brake-hp, 510, maximum, 570; direct connected to two Ingersoll-Ser-

geant 14%-in x 36-in. single-acting compressors; cylinders located in tandem
to the gas cylinders. This plant is to be used for compressing gas entering

the cylinders at an initial pressure of 50 lbs. and discharging at 350 lbs.

Making the compressors single acting and in tandem with the gas-engine

cylinders not only gives the advantage of direct connection, but does away
with the necessity of high-pressure stuffing boxes in the gas compressor
cylinder heads. The gas will enter the compressor cylinder at the end nearest

the gas engine, and will pass through the piston inlet valve to the other side

on the forward stroke of the engine, compressing on the return stroke. This

construction permits of minimum clearance in the compressing end of the

cylinder, and at the same time effectually prevents any chance of leakage of

gas into the room; any leakage past the piston, as will be seen, returns to

the inlet side. The company's guarantees cover the gas consumption of the

engine when operating at rated load, at 500 brake-hp, at which load it has

guaranteed a gas consumption of 11% cu. ft. of natural gas having a calorific

value of 1000 B. T. U. per cubic foot. The company has further guaranteed

that with 1000 cu. ft. of gas used in the gas engine, of this value, 36,480 cu. ft.

of gas per minute, measured at atmospheric pressure, will be delivered. It

is a well-known fact that gas-pumping plants in Indiana and Ohio at the

present time are using practically 25 per cent of the output of the wells for

pumping. The plant to be installed by the Power & Mining Machinery Com-
pany will easily do the work on 3% per cent.

THE STUART-HOWLAND COMPANY, of Boston, Mass., reports good

business for the season in its overhead material and railway supplies. The

company is at present equipping part of an electric railway in Canada, 120

miles long, with its brackets, cross-arms and other supplies pertaining to the

overhead construction of the road. About 10 miles of this road has already

been graded, poles set and Stuart-IIowland overhead material strung- As

soon as other sections of the road are built this company will furnish material

for the overhead construction until the road is completed. This company,

besides doing an extensive business in the Eastern States, as well as other

parts of the country, has for the past three years paid particular attention to

Canadian and foreign trade. Substantial foreign orders have been filled from

time to time and shipped, especially to the eastern part of Canada. Ample
storeroom, large quantities of all classes of railway material in stock and an

efficient business organization enable this company to do business with

promptness and despatch.

A FINE OPPORTUNITY is offered some park to get the World's Fair

steel double "shoot the chutes," built by Capt. Paul Boyton. Capt. Boy-

ton's reputation as the builder and patentee of the principal chutes of the

world is well known, and this, his latest "chute," is said to be the largest and

finest ever built. Instead of being a single one, it is double, so that the

boats can race down the "chute" with each other and add fun and excite-

ment to the attraction. The people are allowed to get in the boats at the

bottom of the "chute," avoiding the walking up or riding up in cars and the

change of boats. The new system has proved to be a great success at the

Exposition, especially causing people to ride over and over again, as they

do not have to get out of the boats at all. The "shoot the chutes" has been

a great success financially. There have never been any accidents, in fact, the

many protections that Capt. Boyton devised removed all dangers to such

an extent that the company operating it at the Exposition did not take out any

accident insurance. A. R. Rogers, president of the Pike Financing Com-
pany, at the World's Fair, has the matter in charge.

THE LOCKE INSULATOR MANUFACTURING COMPANY, of Vic-

tor, N. Y., is at present constructing an elaborate and extensive fireproof

electrical and chemical laboratory. A 200-kw motor generator and an immense

transformer are being installed. Current will be taken direct from the rail-

way circuit of the street railway company, which passes through Victor. The
main idea of the installation is to conform as closely as possible to actual

operating conditions. Current from the railway circuit will be transformed

to as high as 300,000 volts to 500,000 volts. With this enormous voltage, new

and improved designs of insulators will be tested, primarily to find out how
high a voltage an insulator can take before it crumbles or is punctured.

After this fact is ascertained, designs of insulators of each particular class is

completed, the insulators are manufactured, tested for the particular voltages

they are to carry, and shipped ready for use. Elaborate and sensitive in-

struments have also been installed to test chemically the constituents and

elements of the clay and other matter which enters into the construction

of the insulators. The mechanical strength of insulators will also be in-

vestigated to the fullest extent. The officers of the company state that they

intend to have a laboratory, when completed, whose duplicate can not be
found in the United States or abroad for the class of work for which it was
constructed.

WINTER PLEASURE TRAVEL

The tide of travel is now southward bound. The Southern Railway, as

usual, has its schedules so arranged as to give those going South, Southwest,

Mexico and California a most delightful service. Through Pullmans are

operated daily from New York, touching all of the prominent cities South
and Southwest. The Southern Railway operates its own dining-car service on
all through trains, which is of the highest standard of excellence. For full

information, call on or address New York offices, 271 and 1185 Broadway.
Alexander S. Thweatt, Eastern passenger agent.***

THE RAILWAYS PROTECTIVE ASSOCIATION

In the Street Railway Journal of July 9, under the heading "Protection

from False Claims," reference was made to a proposed railway protective

association suggested by L. E. Drummond, of Drummond's Detective Agency,

New York. Full details were then given of the methods to be adopted to

protect members of the association from accident fakirs. The association is

now about ready to be launched. The agency has been collecting data right

along for its files and agitating the matter among the Eastern railway com-
panies, all of whom think very well of the idea, as it has appealed to them
as a positive necessity at the present time, in view of the large amounts spent

by them to satisfy accident claims.




