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The Philadelphia Convention 
As thi s paper goes to press, four days of th e P hiladelphi a 

conventi on have been completed, and the Accountants a re hold ­

ing their fi nal sessions. In thi s issue we are presenting a com­

plete report of the events of the fi rst fo ur clays , toge ther wit 11 

an account of the proceedin gs ancl techni ca l disc ussion a t the 
meet ings of the Mechani cal & E lectri ca l Associa ti on and of 
the A merican St r..ee t Railway A ssociati on up to T hursday 11 00 11 , 

and a ll of the papers ancl r eports presented at the meet in gs o f 
those t wo bodi es. In next week's issue a report will he g :ven 
of the sess ion of the parent assnciatio :1 on Tlmrs: lay a fk r-

noon, an account of the meetings of the Accountants' Asso­
ciation on Sept. 28, 29 and 30, a desc ri ption of the exhibits at 
the convention and the Q uest ion4-Box of the American Railway 
Mechani cal & E lectri cal A ssociati on. 

T he results of the P hiladelphia convention were so success­
., f~t in every respect that we fee l confident that every rnem­
•· her will look back upon them with satisfaction. In the Me­

chat;ical conventi on, whi ch was the fi r st held, the papers and 
\· . 

repot; s were more complete and extended than any which have 
ev'e'r ) een previously presented, and they reflect great credit 

tiio17,~he authors, as well as upon the association. The ~ame 
r~.iirk is true of the di sc ussion , wh ich was taken up 
bf"the different members w ith an in te rest ancl zest which 

holds forth a great deal of promise fo r futu re meetings of this 

important body. T he pr incipal topics considered were those 
relating to power stations, track v,.:o rk and controll ing appa­

ra tus. O ur space in th is issue makes it possib le to comment 

ed itori ally only on the track papers and on two of the power­
stati on papers, hut we expect in an early issue to discuss the 
fac ts whi ch were brough t out in other portions of the dis­
cussion. 

T he prin cipal feature of the A mer ican Street Rai lway Con­
vention was, of course, the adoption of the new constitution 

and by- law s by practically a unani mous vote. P revious to the 
convention, the executi ve commi ttee considered very care full y 

a ll of th e obj ect ions whi ch had been offered to the proposed 
const itution. I t ,vas fo und upon examination that these criti­

ci~ms did not rela te to the main features of the proposed plan, 

but to minor deta ils. A confe rence, at wlfr: h all of the asso­
ciat ions we re represented, was held and a unani mous agree­

ment was reached, and the approved constitut ion and by-laws, 

with the changes made since the publi cation of the constitution 

in our issue of Sept. 2 , appea r elsewhere in thi s issue. The 
unanimi ty with which the new constitution was generally re­
ce ived, and whi ch was displayed on the fi nal vote, must have 

been exceed ingly g rat ifyi ng to the officers and members of the 

execut ive committees of t he var ious assoc iati ons, who have 
g iven so much consideration and t ime to it during the last year. 

The re-elec tion of P resident E ly for a thi rd term was a 

move \\'h ich gave un iversal sa ti sfaction. vVhile all of the 
members rea lized that during the comi ng year this choice 
would mean that the present president must devote a great deal 

of time and consideration to the affa irs of the assoc iat ion. and 
tha t dur ing the past year be has alreacly hecn required to make 
a great many sac rifices of both for th e common good, it was 
the uni ve rsa l opi ni on that the' new association should, if pos­
sible: have the benefit cluring th e coming year of h is hroacl 

exper ience and rlirec tinn. To its pres ide nt. more than to any­
one else, the associa ti on owes the refo rm which has just IJeen 
consnmmated in its organization , and no one is sn fully ac­
qu ain ted wit h the requir e111 c11ts of the hour in th is con nection 

as P res ident E ly. l 11 the \\'Ork of g·uidi ng the fort uncs of the 
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new associations during its tria l period he wi ll be associated 

with a particularly strong executive committee, and one which 

is in hearty sympathy with the new plan. 
As already explained, we cannot attempt in thi s issue to 

di sc uss editorially more than a few of the papers and the other 
features of the convention. It is only proper to refer at this 
time. however, to the magnificent di splay of exhi bits, which we 

hope to describe more fully in our next issue, to the ad mirabl e 
arrangements for both th e meetings and the enterta · nmems, 

which were a lso in charge of the Manufacturers' Association, 

and to the hospitality extended by the officers of the P hiladel­
phia Rapid T ransit Company, who we re most ass iduous in 
making the delegates fee l at home, and in sh0wing them the 

interesting features in connection with the Philadelphi a Rapid 

framit system. 

The Report on Way Matters 
The report of th e committee on way matters before the 

A merican Railway Mechani cal and E lectrical Association thi s 
yea r is the first considerat ion that assoc iation nas given to 
track subj ects. It is the compilation of F red G. Simmons, of 

Mi lwaukee, whose efforts to get way matte rs discussed more 

fu lly at national associations resulted in hi s appointment as 

chairman of a way committee for this year. T he report con­
sists of contributions from va rious sources on rail -joints, com­
piled and commented upon by Mr. Simmons. Four kinds of 

permanent joints receive extended a ttention by thei r most 

active advocates, viz. , the cast-welded, the thermit-we_lded, the 

electrically-welded and the zinc or composite joint. Two points 
brought out by the discussion we wish to call special atten­
tion to. One of these is that the success of both bolted and 

permanent joints depends on the care used in their appli cat ion. 

It can be stated with perfect confid ence at this stage of the 

game that with any of the welded or permanent joints a track 
can be laid in pavement, on which the joints will be as good 
electrically and mechanically as the unbroken rail , and that' 
they wi ll so remai n until the rail is worn out, if only the work 

is properly done in the fir st place. The evidence is not at hand 

to yet warrant a similar statement as to bolted joints in pave­
ment where they cannot be got at fo r tightening of bolts, al­
though on open track there is little doubt but that with proper 

ca re, both when the track is la id and subsequently, the life of 
the joint can be made to approach the life of the rail. Much 

better results than are common with bolted j oints could be 

secured by followi ng out the suggestions made in the r eport, 

namely, that the bolts be tightened, not only once when the 

track is new, but numerous times, so as to take up the loos~ness 
due to the wearing dO\vn of the rough surfaces between rail s 
and joint-plates. It is the wearing down of these uneven sur­
faces that is a lmost entirely responsible for loose and battered 

Jomts. If the joint-plates and rail-ends made a perfect pol­
ished fit , one with the other over a large area , there would be 

no trouble in keepi ng a bolted joint tight. It is the roughness 
of rai ls and plates which makes a limited a rea of con tact that 
is responsible for the trouble, because with a limited contact 
area the pressure is so g reat per square inch that steel cannot 

stand up under it without wearing down. T he most successful 
types of bolted joints are those providing a large area of con­
tact. 

Returning to the welcl ecl types of joints, the compilation of 
costs fo r these various types made in th e report is most in­
teresting, and seems to leave cast-welding in the lead as far 
as actual cost is concerned. O n the other hand, each of the 

other joints has certa in special features which recommen<ls it. 
A ll the processes of welding, except the thermit, require a 

fo rmidable amount of apparatus, and this, rather than the cost 
of materials and labor, has prevented their more general adop­

tion. The coming year will undoubtedly be a most important 

one so far as determining the relative value of the different 

j oints is concerned, and at the next convention most valuable 
light should be available on thi s important subject . 

Economical Power Distribution 
It is a great pleasure to read two such practical and valuable 

papers as those by Messrs. Hile and Crecelius. The former, 

to summarize very briefly, is a study of how to keep out of 

power stat ion difficulties, while the latter deals rather with 
get ting out of them. The Boston E levated system of power 

di stribution is well known as a most effective one, judged by 

results, and it also stands quite alone in employing low-tension 
dist ribution from a group of allied stations instead of under­

taking hi gh-tension, distribution from a huge central_ station. 
Judging from the results given by Mr. Hile, the Boston method 

is singularly effective. Perhaps the most striking feature of 

the case is the enormous load factor obtained at all the stations. 

T he lowest fi gure of the lot is 63.2 per cent for the station as 
a whole, and 91.5 per cent for the machines in operation. 

Taking the whole group in fact, the lowest load factor for the 

machines is 81.7 per cent. Of course, the secret of this extra­
ordinary result is the operation of th e stations in parallel, mak­

ing a network for the entire system, covering an area .more 

than IO miles in length and from 5 miles to 8 miles wide. Not 

only are the networks thoroughly interconnected, but the power 
stations themselves are linked by massive conductors, so that 

the whole group operates as a single plant. 

The immed iate result of this policy comes 111 the very high 

load factor and an exceptionally uniform distribution of the 
energy. Bearing in mind the load factors for the machines in 

use, one easily appreciates that batteries would here be of sin­

gularly small use. A lso, it is fairly clear that generating sets 
of fearfully and wonderfully good efficiency when grossly un­

derloaded have no earthly advantage in such a system. What 
is wanted here is high economy near full load, and to all ap­

pearance Mr. Hile has it It is a very difficult matter to com­

pare generating costs in stations under different managements, 

fo r station bookkeeping varies wonderfully in the manner of 

di stributing the items, particularly those relating to mainte­
nance and general expense. The Boston figures are, however, 
more than usually full, and the results as given may safely be 
taken as conservative. The mean cost per kw-hour for the 

whole system is 0.778 cent. This is much higher than figures 

often quoted, but fuel is relatively dear in Boston, costing for 
the te rm of years considered an average of about $3.57 per ton. 

Reducing the total cost to the basis of coal at, say, $2.50 per 
ton, the result is almost exactly 0.06 cent per kw-hour at the 
switchboard. How much allowance should be made for other 

items in comparison, it is hard to estimate, but it is sufficiently 
evident that there is precious littl e margin left for any power 

transmission scheme to travel upon. Of course, a complete 

low-tension distribution requires a very large amount of copper 
fo r high effici ency, but on the other hand, so long as cl. c. rail­
vYay motors a re used, most of thi s copper can hardly be dis­
pensed with. If the Boston system were organized on so­
call ed "modern " methods it would probably have one central 
sta tion and about the number of sub-stations at present oper­
ated as power stations. The saving in copper would be mostly 
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confined to the special mains now connecting the stations, and 

if any central station in Boston could save enough over the 
present ones to pay for the loss in and upkeep of a high-tension 

system, we should like to see the plans for it. 
The stations described in Mr. Crecelius' paper are in no such 

happy ca.?e as to load as the Boston stations. The factors 
knock around ·at 40 per cent to 50 per cent, and only is screwed 

up to 57 per cent when by interconnecting the stations it be­
comes possible to work the whole system from one station dur­

ing part of the day. Part of this difference between the Bos­
ton and St. Louis figures can be explained, however, by th e 

fact that Mr. Bile's figures are upon an 18-hour basis, while 
those of Mr. Crecelius are based upon 24-hour operation. The 
wholesome effect of even the slight increase of the power fac­
tor to 57 per cent, described by Mr. Crecelius and secured by 
interconnecting the stations, is well evidenced in the bettered 

costs of operation. From the magnitude of the gain it is alto­

gether probable that if one could draw up a curve showing the 
improvement of costs with power factor, the knee of the c'urve 

would come not far from 50 per cent. Certainly gains here­
abouts are worth making. But as the load on the plant be­
comes more favorable, and the load factor rises, a point is soon 

reached where a small gain is inconsequential. A system like 

that in ~t. Louis presents really very difficult problems for 
solution, and the one consoling feature of the case is the quick­

ness of the response to remedial efforts. As Mr. Crecelius in ­
timates, the use of batteries in this connection ought to be 
more carefully investigated than it yet has been. It is well 

known that in certain cases batteries have been extremely suc­

cessful in steadying the output, but in other cases they have 
demonstrably proved a source of expense. Data on the subject 

are scarce, particularly maintenance data on the batteries them­
selves, and we hope that some one will take Mr. Crecelius' sug­

gestion up and make a thorough study of the conditions of 

economy in the use of batteries. 

The Gas Engine in Practice 
'The American Street Railway Association papers by Messrs. 

Bibbins and West and the resulting di scussio:1 will repay 
more than casual consideration. While the papers themselves 
may naturally be regarded as somewhat of the nature of spe­

cial pleading, they are no more so than most other papers on 

prime movers, and there is no more reason to doubt the data 

presented than in the case, let us say, of a paper on steam 
turbines or quadrupl~ expansion engines. As we have many 

times intimated, the gas engine is coming along rapidly. 
• \Ve are far from decrying the steam engine in its ordinary 

form-it is and probably will long remai n the mainstay of 
power production. But the gas engine is here and is doin g 

good work at a cost which, in many cases, compares well with 
other engine costs. This is not saying that a street r ailway 
load is the gas engine's long suit or that there will always be 

economy in using gas engines. The stock arguments agai nst 
such engin es are three: fir st, that they wi ll .not hold their speed 
well enough for irregular loads; second, that they are, when 
the producer plant is included, very ex pensive, so that the fixed 

charges eat up the possible profits; and third, that they entai l 
an abnormally heavy cost for repairs. Let us take up these in 

the light of the present papers and see what weight is properly 
to be attached to them in the existing state of the art. 

To begin with, a 4-cycle gas eng ine is, cylinder for cylinder, 

at a disadvantage compared with an ordinary steam engine. 
But, on the other hand, a two-cylinder, double-acting gas en­
gine, such as is now produced for large work, will give the 
same regularity of impulse as a single-cylinder Corli ss engine, 
while a four-cylinder gas engine will give a cycle like that of a 
compound steam engine. Thus similar regularity of effort 
merely means a duplicati on of cylinders, which appears in the 

capita l and maintenan ce accounts, but get s there just the same. 
By the same token, the governing should be, and is, about the 

same in the two cases. As Mr. W est also shows, the overload 
capacity of either machine depends on its rating, and any less 

overload capacity of the gas engine consequently appears in 
the costs to be di scussed. It is a matter of record that gas 
engines can successfully drive alternators in parallel, which 

means that the governing is actually good. Their rotative 
speed is a lso fully up to that of Corliss engines of similar out­
put, which means that in the two cases the generator design 
is about the same. Now as to cost, it is at the present moment 

true that a gas power plant is somewhat above a steam plant. 
This, however, affects the cost of the power produced only in 

so far as it raises the fixed charges. In the bids on an 8000-kw 

plant cited by Mr. Bibbins, the excess in cost between the 
favo red gas plant and the favored steam plant was about 8 per 
cent, which would raise the fixed charge on the latter pro rata 

to partially offset the fuel economy, which was guaranteed at 
1.61 lbs. coal per kw-hour, as estimated from the engine per­

formance. This is not unapproachable by steam engines, but 

is far better than current steam practice. 
Let us now touch upon the much-mooted question of re­

pairs to gas engines. Two actual stations cited by Mr. Bibbins 
give pertinent data. One case, that of an 800-kw station at 

Bradford, Pa., operating on a station lo1d factor of only 19.54 
per cent, showed a total works cost per kw-hour of 0.825 cent, 
of which 0.01 cent was due to repairs on engines. This can 

hardly be rated as excessive. A second plant, belonging to 

the London Metropolitan Boroughs, on a load factor of 15.2 
per cent, gave a total for repairs, including all, of 0.048 cent in a 
cost per kw-hour of 1.05 cents, the station capacity being 2000 
kw. The average of eleven steam generating plants in the 

same district gave, with an average load factor of 17.25 per 

cent, a cost per kw-hour of 1.41 cents, of which repairs ran to 
0.218 cent. Of course, such compari sons are a bit uncertain , 

but it is sufficiently clear that the gas engines were not the 

source of severe repair. The labor cost in these gas stations 
is relatively higl:er than in steam stations, the fu el cost being 

relatively so much reduced. These figures show at least that 
the gas engine is in the game, and when one considers that 
they were derived from small units operating at bad load fac­

to rs, supposably disadvantageous for gas engines, the results 
are all th e more striking. The long and short of it is that when 

one undertakes with a steam engine to go up against a thermal 
effici ency of 25 per cent or more, there must be very substan­

tia l gains in fixed charges and repairs to come out even. And 
as to plant efficiency, there is too much difference between 
less than 25,000 B. T . U. per kw-hour and 40,000 or more to 
be easi ly overcome. \ Ve believe tha t the next few years will 

see considerahle gai ns in the efficiency of both k inds of engines. 

The gas eng-[ne has already proved a valuable stimulant in 
steam work in g-.. Th e fact that several /\m cri can elec tric ra il­

way plant s are being; equipped with g-as eng-ines gives promise 
of livel ier competition in th e future. 
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In considering an establish ed powe r di stribution system fo r the 
best understanding of it s advantages and effici ency, it is essential 
that one has a knowledge of the conditions and di sposition of th e 
power plants in th ei r relat ion to th e territory se rved. 

Among engin eer s en t rusted wi th th e lay ing out and des igning of 
power plants and transmi ssion sys tems there a rc two recognized 
tendenci es in th eir treatment of such questions. T he most promi­
nent , perhaps, becau se the mos t r adical of these two tendencies of 
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late yea rs. is for la rge central power station s, correspondingly large 
pow er unit s, and the alternating-current t ransmission system with 
1,ub-station conversions. Th e development in the science of eng ine 
llncl dynamo construction, in connection wi th the progress made in 
high-Yoltage tran smi ssion syst ems, has made such engineering ven­
lnres easily possibl e as well as practicable. T he other tendency, 
while not necessarily opposite in method and effect , is more the 

ASSOCIATION 

r esult of a growth and development, based upon condition s as they 
have presented themselves to the engineer, covering years of pro­
gress and expansion of a single or a number of power systems. 

At present writing it cannot be sa id th at the merits and advan­
tages of either practice over the other have been conclusively proven. 
Each power and transmission problem has its individual conditions, 
and these in connection with the r equirements of good eJ;1gineering 
mu st determine the type a,nd system of power plants and transmis­
sion systems. 

It is the purpose of this paper to deal with an established system 
of sei)arate power plants, with their interconnected power distribut­
ing systems, and to present facts, results and experiences which may 
be taken as fair ly representat ive of such engineering practice. To 
illustrate the practice, its result s and possibilities for the purpose 
of thi s di scussion, only five of th e eight stations on the system will 
be considered ( the three stations not considered being of obsolete 
construction and operated only part of the time, or so situated as 
to have no bea ring upon th e main proposition). 

The fiv e power stations considered a re fai rly representative of 
the modern type of station, and include in th eir equipme•nt direct­
conn ected d. c. units, varying in size from 800-kw to 2700-kw rated 
capacity. 

The diag rammatic sketch, Fig. I, with the information contained· 
therein, gives a very fair idea of the relative locations of the several 
stations with regard to each other, and to the territory each sup­
plies with power. 

TABLE !.- POWER-STATION DATA, BOSTON ELEVATED 
RAILWAY 
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5TATION~ No T'YPE ""'" 1'1~t;oci o .... , TvP'r.: 
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The yea rly output of the several stations under consideration 
during the yea r i904 was as follows : 

TABLE IL- YEARLY O UTPU T OF SEVERAL STATIONS IN 
I BOSTON 

Kw-Hour ; 
Central power station........................... . ...................... 51,146,53~ 
Lincoln power station.......... ....... ............... . . . . . . . . . . . . . . . . . 31,978,676 
Charlestown power station . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.449,£6J 
H~rvard power station.. ............... . ............................... 15,813,669 
D orch ester power station ........ . .. - .. . .. . .. . ................ : . . . . . . . . 8,487,614 

T ota! 124,876,402 

In Fig. r is shown h ow th e seyeral stations are tied together 
and operated in parallel. The ti e between stations is accomplished 
through feeder wires running into so-call ed feeder sections com­
mon to two or more station s. Sufficient copper is run from each 
station in to th e common feeder sections, so that in the emergency 
of a di sabl ed machin e, or an unusual load in any one of them, the 
oth ers immediately r espond by taking up more load from the ti e 
feeder sections, eith er automatica lly or through an adj ustment of 
the voltage in the stations affected. By thus operating the stations, 
h eavv and ext reme fluctuation s of load are avoided, and, with th e 
mov~ment of maximum morning and evening loads from the outer 
to the inner feeder sections and from th e inn er to the ou ter feeder 
~ections, the several stations are so located as to materially help 
each. other when the need is most urgent. 

While it is true that there is more copper required to thus dis-
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tribute the power than if just a sufficient amount were strung to 
satisfactorily distribute the power output of each station individu­
ally, it is a fact that none of the copper is ever idle, and is always 
contributing to better conditions, both for the stations and for the 
operation of cars; and it is a lso believed that the extra expense 
occas ioned by thi s additional copp er is more than compensated for 
by the smaller surplus generating capacity required than is the case 
in the single generating station idea. 

That which is equally interesting and best brings out the advan­
tage of operating the several stations in parall el ( thus practically 
getting the advantage of the high-load factor obtained in the single 
large central station) is the data given in Table III. These figures 
a re presented as being fairly rep resentative of the average load 
factqr for machines in service throughout the 18 hours of day­
se rvice operation, and also shows the machine-load factor for the 
same period. 

TABLE 111.~GIVING THE APPROXII\IATE LOAD FACTORS 
UNDER GIVEN CONDITIONS 

STATIONS. 

Load Factor for Station 
in Operation for 18 

Hours. • 
fi A. M. to 12 P. M. 

Load Factor for Machines 
in Operat ion During 

18 H ours. 
6 A. M. to 12 P. M. 

Central . . . 
% 

.744 

.632 

.637 

.807 

.88 1 

% 
.8 17 
.9 15 
.929 
.874 
.883 

Lincoln ..... . 
Charlestown . 
Harvard ... 
Dorchester . .. 

I . . . . . . . . . . . . . I 

The - graphic statement given in Fig. 2, and which represents 
average costs for the four years ending Sept. 30, 1904, is well worth 
careful consideration, and well illustrates the possibilities in small 
stations when operated in parallel with other stations. With r egard 
to th e costs per ki lowatt-hour given in Fig. 2, consideration should 
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FIG. 2.- DlAGRA I\T SHOWI NG COST OF POWER IN BOSTON 
FUR i•OUR YEARS 

be given to the fact that the year 1903 is included in the four yea rs 
taken. During thi s yea r, on account of the coal strike, the co~t 
for coal was more than 35 per cent above that paid in normal 
periods. 

It will be a long and difficult task to satisfactorily show in dollars 
and cents what advantage there may be and what saving is accom­
plished by having the several stations so nearly located to the load 
center of their districts, but in considering this fact as offset by the 
advantage there may be in the reduction in operating and main­
tenance expenses in the large central station, the costs given in the 
graphic statement afford interesting figures as a basis for com­
parison. 

As a summarized statement , usiJ:1.g the station outputs , cost for 

coal and power for the fiscal year ending Sept. 30, 1904, we have 
the following table: 

TABLE IV.-SUMMARY OF POWER HOUSE DATA FOR YEAR 
ENDING SEPT. 30, 1904 

STATIONS . 

Centra l ... 
Lincoln .. 
Ch:trlestow~.--
Harvard .. 
Dorchester . 

Rated Output in 
Capacity Kw. Hours, 

in Kw. 1904. 

12,900 51,146,535 
8, 100 31,978,U76 
4,300 17,449.908 
3,600 15,8 13,609 
2,000 8,487,644 I 

Per Cent. I Station Machine Cost of Cost of 

t~hi: Fa~~~dfo)Fa~~~1or ~i~ ~r t':ttf~~ 
• Miles. 18 Hours. 18 Hours. Station. Sw .Board 

---- ---- ---- ---- ----

% % % 
83 74.4 SU 3.55 .00786+ 

100 63.2 91.5 3.50 .00760+ 
73 63.7 92.9 3.61 .00803+ 
fifi 80.7 87.4 3.63 .00769+ 
80 88. 1 88.3 3.73 .00759+ 

Average cost per kw. hour for all stations . .. . . . .00778+ 

FEEDER SYSTEM 
'vVe may now take up the consideration of the power distributing 

system in its relation to the districts to which power is supplied 
from the several power stations just described. 

Not taking into con sideration the territory served beyond the 
limits of the railway company's tracks, there are approximately 72 
square miles of populated territory included within the limits of 
twelve cities and towns ser ved by the company's lines. This total 
territory is divided into sixty-four feeder sections. The smallest 
feeder section has 1 .6 miles of single track. T h e largest feeder 
section includes 16.2 miles of single track 

T he most heavily loaded section during the hou r of greatest 
travel in the winter months requires, approximately, 2300 amps., 
which are supplied through five feeders aggregating 4,000,000 circ. 
mils of copper. 

The smallest section with regard to power required during the 
hour of heaviest travel takes during the winter months approxi­
mately 55 amps., supplied through 1,000,000 circ. mils of copper. 
This large amount of copper capacity is required, since unusual loads 
may be thrown upon this section, due to temporary changing of 
routes in case blockades occur on certain streets. 

In addition to th e subdivision of the territory served by feeder 
section s there is still further division made by keeping the elevated 
division feeder system separate from the surface line sections, and 
the subway and tunnel sections independent of both the elevated 
and the surface feeder sections . 

The general scheme of the distribution system is largely the result 
of growth with its accompanying expe rience, and may be said to be 
a compromise between two extremes of feed er layouts. Vvhile it 
would seem to be an ideal system from the operating point of view 
to have the feeder sections so disposed and Timited that each might 
be supplied with power through a single feeder, thus giving the 
most complete cont rol of the feeder system at the switchboard and 
securing the least disturbance to the general system in case of 
trouble on any part of a single feeder or its sect ion, it is not believed 
that these advantages a re sufficient to compensate for the extra 
copper required, and loss of the more efficient use of th e copper 
installed. The other extrem e, w hich is seldom resorted to, is where 
all feeders supply power to one large common section, which may 
embrace an entire system. While thi s scheme has the advantage of 
securing the most efficient use of the least possible amount of cop­
per, it practically takes all control of th e feeder system out of the 
hands of the operator at th e station, and in case of trouble on any 
part of the· system or upon a feede r, the entire feeder system may 
be ser iouslv affected. 

With us· the size of the feeder section is determined by the 
location of the line to be supplied with power, its relation to con­
necting or cross lines, how heavy the traffic may be, the importance 
of quick control of any section in case of fire, and the number and 
size of feeders which the load conditions would seem to justify in 
running in parallel for the bes t operation at the switchboard . 

By the use of section in sulators in th e trolley wires in con­
nection with legs leading frrm the trolley wires to a switch in a 
box on the pol e opposite from where the section insulators a re 
installed, anv two sections or number of sections may be ti ed to­
gether and ;tm as one large section. In addition to this means of 
tying tj-ie feede r sections together, at suitable or advantageous loca­
tions in the feeder system, switches in pole boxes are installed so 
that any desired number of feeders may be tied together or thrown 
from one section to another. 

With respect to the "L" division, subway, tunnel and surface 
feeders, emergency switchboxes, or switching stations, are located 
at the most advantageous points, so that the feeders of one division 
can be connected in with those of another, or so that feeders of one 
division can be disconnected from their regular section and utilized 
in another. For the m anipulation ~f the feeder system outside the 
power stations in cases of emergencies, tests, or repairs, 964 section 
insulators and r540 swi tches are maintained as important feature~ 
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in the feeder system. By the foregoing arrangements any feeder 
wire or group of feeder wires if disabled may be qu ickly discon­
nected from the system and the service still be maintained by the 
use of feeders from other sections, or by tying sections together. 

Considering the distribution system with reference to its ph ysical 
construction the following amounts, sizes, kinds of material and 
types of construction enter into its make-up. T he standard sizes of 
conductors used are 500,000, circ. mil , 1,000,000 circ. mil. and 2,000,-
000 circ. mil overhead wires or underground cables. 

About ten yea rs ago, for the purpose of keeping down the number 
of kinds and sizes of wires to be carried in stock, 500,000 circ. mil 
was adopted as the standard size fo r both overhead and under­
ground conductors. Later, as the feeder sections increased in the 
amount of power required, transmission distances grew, and when 
general feeder ·wire adjustments became necessary on account of 
new power plants being added to the system, it was found des irable 
to include the 1,000,000 circ. mil conductor as a standard. With the 
construction and installation for the elevated division to meet the 
heavy current demands for this new kind of service, 2,000,000 circ. 
mil was determined upon as a suitable and standard sized con­
ductor. 

On Oct. 1, 1904, there were 424.078 miles of trolley wi re and 
16.015 miles of thi rd rail being served by the following amount of 
copper conductor : 
Total miles of overhead conductor. ................. . ....... .'. ... ..... .. 545.469 
Total m iles of conductor in con duits or buried ..... .. ........ .......... 255.743 
T otal miles of conductor in submarin e cables ... . ... .... ...... .......... 5.254 

Total miles of con ductor, not including trolley wire . ............ 806.466 

Approximate weight of copp er in conductor ..... ................ 7,101,542 lb s. 
A mount in weight of copper fo r each kilowatt capacity at 

stations 195 lbs. 

UN DE RGROUND CO NDUITS AN D CABLES 

About 32 per cent of the power di stributing system is carried 
underground, all feeder cables and a large portion of the return 
copper being carried in conduit s, and the balance of the return wires 
buried directly in trenches or just outside the conduits. 

The foll owing shows the total amount of underground conduit 
in service in 1904 : 

M iles 
Total len gth of conduit. ..... . .......................... .... ......... .... . 28.386 
Duct length in conduit (cem ent-lined iron pipe). .... ...... ........ ...... 76.341 
Duct length in conduit (vitrified-clay pipe) ... . .. .. ... ........ .... . . ...... 195,360 
D u ct length in con duit (wrought-iron pipe). . . . .... .. .................... 9.106 
Total number of m anholes . ..... . .. .... ..... . ... .......... . ............... 683 

T he underground conduit system , was begun in 1894, and has 
been added to each yea r in varying amounts. 

P ractically the whole of the conduit system has been built by 
cont ract under the direction and supervision of the railway com­
pany's engineers. It may not be foreign to the purpose of th is paper 
to briefly outline some of our practi ce and experience with under­
ground conduits. 

In the matter of construction our experience has shown that the 
less a conduit deviates in depth from 3 ft. between the top covering 
and the surface of the street the more sati sfactory will be the con­
ditions for the condui t sys tem. The deeper a conduit is constructed 
in the street or highway the more likely it is to become a sub­
surfac e drain for the surrounding soil, the deeper and more expen­
sive becomes the manhole const ruction , and the more difficult is 
the drainage. A s more or less water will seek a drainage way in 
most street subsoil s, it is an advantage in all cases where it is 
practicable to constrnct a conduit so that in cross section its height 
is greater than its width , thus having the fewer ducts on the bottom 
layer, and therefore the fewer wet ducts in the conduit, since any 
water leaking into a conduit will invariably get to the bottom ducts 
in any vitrified clay pipe conduit. · 

Experience has shown that it is desirable to dra in manholes 
wherever practicable, as it is not poss ible, with in reasonable cost 
of construction , to build them water -tight, no r is it believed prac­
ticable to maintain water-tight frames and covers to prevent surface 
water from getting into the manholes. Where conduits are buil t 
in streets containing gas mains and service pipes, it is believed 
that all danger from gas explosions can be avoided by m aintaining 
perforated covers on th e manholes. In so maintain ing the covers 
the necessity as well as the advantage of having the manholes 
drained is obvious. 

In laying out a system of conduits for st reet railway service, large 
trunk lines with one set of manholes should be avoided. Any large 
and important traffic section should be so supplied with power that 
a burnout or the disabling of any one section of conduit would not 
seriously interfere with or suspend car service. Cable burnouts or 
break-downs are due to variou s causes, and in spite of all precau­
tions will sometimes occur, and in such instances either in the con­
clni tR or in the manholes O!l <.'. or 111ore adj oining cables may be in-

jured by the escaping current. It is therefore deemed to be good 
engineering to divide up trunk line conduits into two or more 
distinct lines, separated at least by 6 ins. of concrete and having 
separate sys tems of manholes. 

It is important throughout any conduit system to isolate, so far 
as practicable, each cable conductor, both fo r its safety and fo r the 
safety of other conductors in case a burnout occurs. For street 
railway service, where cables are always required to carry their 
fu ll current capacity, and when it is considered that single conduc­
tors as large as 2,000,000 circ. mil may be carrying 1600 to 18oo 
amperes, the chances fo r serious damage in case of a break-down 
in the insulation may be readily apprec iated. In view of these con­
siderations it is believed that single duct or pipe sections, built in 
the conduit, with all joints carefully sealed with cement mortal! and 
well staggered in relation to joints in other ducts, will be found to 
give the most satisfactory conduit. 

For the construction of manholes in city streets where water and 
gas pipes and other underground construct ions are plentiful, it is 
believed that the use of good sewer brick will give the best satis­
fac tion, since it will be found that the shapes of the manholes will 
be constantly va rying on account of the limiting spaces and ob­
struct ions in the street. 

An 8-in. wall is considered sufficiently strong for all sizes of 
manholes up to 6 ft. x 6 ft . x 8 ft. 

For ordinary feeder cable t ransmiss ion, manholes built with brick 
recesses or with cast iron or other type of hanger will give good 
sati sfact ion. 

W her e conduits and manholes are to be used fo r carrying high 
tens ion cables, it is believed that the importance of each conducting 
cable is such as to jnstify taking extra precautions in both conduit 
and manhole construction in order to secure complete isolation and 
safety from outside sources of injury. 

CABLE S 

Taking into consideration the fact that our exper ience with 
1111derground cables has extended over a period of nearly eleven 
years, T able V is interesting as an indication of what may be ex­
pected in the li fe of lead-covered conductors. T he installation and 
maintenance of underground cables is much more expensive than is 
the case with overhead lines, and the chances for trouble to the 
transmission system, in our experience, are greatly increased. 
Faults will develop in the cable from defects in the insulation, 
inj ury to the lead covering in handling it in the ducts, or from picks 
or bars when digging is being done in the street s, and in case of 
burnouts due to a break-down in the insulation of one cable every 
cable in the conduit may be more or less injured. 

Ever since the underground cables were installed, a regular sys­
tem of test ing fo r troubie has been maintained. D epending upon 

· the impor tance of the cables, size of conduit and the condition of 
insulation, tests are made on every cable varying in fr equency from 
twice a week to once a month. . The insulation r esistance test is 
used in keeping tab on the condition of the cable fo r the work it 
has to per form. While this method is somewhat expensive, in our 
experience it has proven fai rly effective, and our records show that 
nearly 90 per cent of the defects which develop in ,cables are found 
by the tests and removed before a break-down and burnout in the 
insulation occurs. 

F or convenience and safety in the installation and maintenance 
of underground cables the following methods and practices have 
been found to give good results: 

Preparatory to the installation of the cables, careful and acrn­
rate plans are gotten up showing the size of the conduit , duct, 
di stance between manholes, size and shape of manholes and the 
relative· locations of the conduits entering the manholes. E ach 
manhole is des ignated by number and each duct entering and leav­
ing a manhole is numbered. 

Each individual cable is assigned its proper location in th e con­
duit system, from the switchboard at the station to its terminal 
where it feeds into the overhead wi res , and is diagrammatically 
shown and located in plan, by its own number and the number of 
the duct it occupies throughout the conduit system. 

The cable lengths are required to be fu rnished by the manu­
fac turer in proper length s, according to list s furni shed by the rail­
way, each reel being marked with length numbers, number of feet 
in each length and the section of conduit indicated by the number 
of the manholes between which the lengths are to be installed. The 
pulling-in gang is supplied with the diagrammatic plans of the con­
duit, and also -li sts giving reel numbers, length numbers, number of 
feet in each length and the location of each length in the conduit 
system. 

By such precautions there is secured the least amount of waste 
in cable, in labor of handling and the avoidance of trouble in joint­
ing, t esting and the making up of the cable records for future use. 

When installed and jointed up ready for service1 every cable is 
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stamped with its number in each manhole throughout it s length. 
It is important that each cable be as fully individualized as 

possible from the switchboard to its street terminal, so as to give 
!he least possible chance for a mi stake occurring in case of handling 
1t as a feeder, testing it , or making repairs. 

The following figures are believed to represent a fair average 
cost per foot for complete installation ready for service: 

Cents per Foot 
500,000 circ. mil conductor; average weight per foot, 6.6 lbs. 

Cost of installing .. .. .. .. .. .. .. .. .. .. .. .. .. . • .. .. .. .. .. .. .. .• 2 
1,000,000 circ. mil conductor; average weight per foot, 7 lbs. 

Cost of installing . . .. .. . .. .. .. .. . .. .. . . . . . •. .. .. .. . .. . . .. .. .. 2.5 
2,000,000 circ. mil conductor; average weight per foot, 11.5 lb s. 

Cost of installing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .25 

The cost of maintenance per foot per year, which includes test­
ing, inspection, repairs and changes, wili amount to from I cent to 
1¼.cents. 

To date there is little conclusive evidence upon which to base a 
prediction regarding the life of an underground cable. With proper 
usage and care the life of a first-class cable would seem to be 
limited only by the period during which the lead covering remained 
intact. Under fair conduit conditions and with proper care and 
11sage, I cannot see why an average life of from twenty-five to 
thirty years should not be experienced. • 

With regard to the question of type or kind of in sulated cable 
which may be expected to give the best satisfaction, I would say 
that while our experience has included fibre, rubber and paper­
insulated cables, covering a period of nearly eleven years, to date 
there has not developed sufficient conclusive information to allow 
of a statement which W01Jld show how much brtter one type of 
cc1 ble is than another. 

In a few instances in recent years, cons ideration has been given 
to the possibility of using in underground conduits , rubber­
insulated, heavily-braided and waterproofed cables without lead 
covering. As yet the experience with this type of cable has not 
extended over a sufficient period to prove its advantage over the 
lead-covered type, but if the manufacturer can cover the insula­
tion with a waterproof braiding and compound having good lasting 
qualities, there is much to commend such a type of cable over the 
lead-covered type. The chance of break-down in the insulation 
would certainly be reduced to a minimum. If a burnout or break­
down in the insulation should occur, the chances of the trouble 
spreading would be very small. The testing which is so important 
and desirable in the maintenance of lead-covered cables could prac­
tically be dispensed with. 

In conclusion and in general, since the function of any power­
distributing system is to supply adequ ate power whenever and 
wherever needed for the continuous and uninterrupted se rvice as 
scheduled, the engineer h as performed only a part of his duty when 
he has determined the amount and general layout of the copper 
required for carrying power for street car traffic in thickly popu­
lated sections, such as we have in Boston and vicinity. In the event 
of fire, streets are blocked, cars must be· sent over roundabout 
routes, all power in wires within the sphere of the fir e-fighting 
force must be quickly cut off, and at th e same time th e least di s­
turbance to the general traffic be secured. The blockade of any 
track may occur, due to various causes. In such event cars must 
be diverted to other streets, and the fe eder system mu st meet thi s 
new condition at any tim e and with practically no delay to the 
service. Burnouts on underground cables or the breaking down of 
overhead wires are occurrences which mu st be m et , and the in­
convenience which such interruptions may cause to traffic must be 
reduced to the smallest practicable degree. A good working system 
for power distribution must', therefore, be studied and perfected 
with the view of securing the least interruption to se rvice within 
reasonable provision and cost, and having laid out and constructed 
such a system, its best u se and successful operation is no small part 
of the consideration which must be given to secure des ired result s. 

The construction and maintenance of the distributing system of 
the railway company is carried on through the department of wires 
and conduits, organized under a superintendant. The operation or 
use of the system is directly in charge of an official with th e title 
of superintendent of power distribution. The switchboard opera­
tors arc directly responsible to this official for the di stribution of 
the power delivered at th e switchboard and th e best use of the 
system of feeders with their connections. Complete plan s of the 
di stribution system, showirrg detail s of every feeder , with th eir 
switches and connections, are kept at every station for th e use of 
the operators. 

Seven emergency crews are maintained, conveniently located in 
the several di stri cts into which th e territory served by the ra il way 
company is divided. These crews respond to all troubl e call s and 
to all fire call s which may affect the lines and property o( th e 
railway company. Th ese crews and also the entire organiza tion of 

the department of wires and conduits are at th e call of th e power 
station operators at all times in case of trouble, or if the need ari ses 
for changes in the feeder system out side the stations. 

In review of the power di stribution system herein treated, con­
sidering it as a whole, th e cardinal features di stinguishing its con­
struction, maintenance an d operation are: 

I. The construction and operation of several power stations con­
veniently located wi th respect to the t erritory served. 

2. The operation of all stations in parallel, th eir bus-bars being 
ti ed together through feeder conductors wh ich supply power to 
fe eder sections common to two or more stations. 

3. The g reat fl ex ibility of th e power di stributing systems which 
enables the operators to quickly meet all possible contingencies 
eith er in power stations or in elevated, subway, tunnel or surface 
feeder sections. 

4. The organization for th e operation and maintenance of the 
distributing system. 

5. The syst ematic testing, inspection and care of all underground 
cables and structures. 

TABLE V.-SHOWI NG Q UANTITIES OF CABLE IN CONDUITS 
EACH YEAR FOR A PERI OD OF T EN YEA.RS, AND THE 
AMOUNTS OF CA BLE R EMOV ED EACH YEAR ON ACCOUNT 
OF D E FECTS DI SCOVE R E D BY T ESTI NG, AND O N ACCOUNT 
OF BURN-OUTS: 

T otal Amount Total Amount 
I 

Per Cent 
Y EAR . 

I 

in all Removed Acct. 'of T otal 
Conduits. Repairs. Removed. 

1895 . ......... . · I 135,593' 2,90W 2. rn 

~m:: : : : : : : : : : : I ~~H~r tggg: :1~ 
1898........ .... 431,733' l,fi71' .3!1 
1899........ .... 480,111' 2,587' .54 
1900.. . . . . . . . . . . 599 229' 3,402' .57 
1901........... . 657:979' 9,712' 1.48 
1902 .......... .. 

1 

687,932' 6,770' 1.00 
1903... . . . . . . . . . 698,361' 4,69W .f\7 
1904............ 777,406' 5,759' .74 

-----:-----1-----
3,868' .841 

Total Amount 1 

Removed 
Account Burn­

outs Due to 
Breakdown of 

Insulation. 

.. i o'oi 
3.765' 

lG,708' 
-1,742' 
1,8 15' 
2,847' 
1,747' 
6,87S' 

36,202' 

Per cent 
of Total 

Removed. 

' j i 
1.11 

3.48 
.w 
.27 
A l 
.25 
.88 

.70 

AVE RA GE PER CENT P ER YEA R FO R TEN YEARS 

Account repairs .. .... ... .... ..... ......... .. 0.841-Average feet per year , 3,986.8 
Account burn-outs .. ...... . ....... .. .. ..... 0.7 - Average feet per year, 3,620.2 

T otal average . . . .............. ... . ... 1.541 

THE POWER STATION LOAD FACTOR AS A FACTOR IN 
THE COST OF OPERATION 

BY LA WREN CE P. CRECELIUS, 
Chief Electrician United Railways Company, of St. Louis, Mo. 

The question of keeping proper load charts of the power sta­
tion loads has already been given much attention, and its value h as 
long been recognized. The irregularities of the power station load 
diagram of a railway system depend enti rely upon the nature of 
the travel on that system. 

In urban railway systems the load curve is double peaked, having 
the characteri stic morning and evening peaks of city travel wh en 
the people go to and from work. T he breadth, magnitude and 
duration of these peaks depend, of course, upon local conditions, 
such as the size and layout of a town, and upon its sociology. In 
a manufacturing center the peaks are oft en remarkably sym­
metrical, and a re little affected by climatic conditions, as the people 
usually go to work at about the same time in the morning and 
leave to go home at nearly the same time in th e evening. In th e 
larger cities, wh ere it becomes necessary to transport a mixed com­
munity consisting of factory employees, merchants, clerks, shop­
pers, theater-goers, etc., the peaks lo se their symmetry and th e 
morning peak becomes lower and not so sharp as the evening peak. 
This is accounted for by the fact that in these cities the morning 
travel generally ex tends over a period from 6 a. 111. to I I a. 111 ., 

while in th e evening th e homeward -bound passenger s leave th e 
bu siness di st r icts at about the same hou r. Here also the condition 
of the weather and the season of the yea r become governing fac­
tors in the shaping of load curves. 

Any method that will tend to smooth up the load cu rve is indeed 
worthy of consideration, as an increase in the load factor means a 
corresponding decrease in the cost of power per car-mile. Thi s 
becomes very apparent wh en we compare th e amount of station 
apparatus wltich is requir ed to carry the peaks with that which is 
required to carry the av erage, and the manifest ineffi ciency o f th is 
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a rrangement when the load facto r is small. T he load factor is the 
ratio between th e average load and the maximum, and, th erefore. 
represents th e r at io between the amount of station apparatu s 
r equired for th e average and that r equired to carry the peaks. Fur­
ther, since the morning and evening peaks are both 3 and 4 hours 
r espectively in duration, we find th at from 45 per cent to 60 per 
cent of the station apparatus o f a system is idle for 17 hours or 
more. 

Since there are so many causes, depending upon local con ditions, 
which become governing factor s in th e shaping of a power station 
load diagram, and th erefore determine the load fac tor of a system, 
it would be very presumptuous on my part to at tempt to describe 
to you a ce r tain fixed method by which the load fac tor of a system 
might be brought np and the advantages de rived thereby. E~ch 
and every system has its own peculiariti es, which have to be met, 
and which prohibit the application of a general method, hence they 
mu st necessa rily be dealt with separately. 1 shall , therefore, con­
fine myse lf to outlining a method employed by the U nited Railways 
Company, of St. Louis, in increas ing th e load factor s of the main 
power stations, and showing how the load facto r in thi s case plays a 
prominent par t in the cost of power per car -mile. 

A good many of th e large r railway systems are the result of 
consolidations of the di ffe rent independent companies in a locality, 
each h aving its own power stations, some of which it becomes 
necessary (for various reasons) to continue in service. In the ma­
jority of cases, this seldom constitu tes th e most economical ar­
r angement of power stations for the con solidat ion. T he power 
sta tion layout of the U nited R ai lways Company, of St. Louis, is of 
thi s order. It would be a r eal t reat, indeed, to have charge of a 
layout where th e necessary central station or stations are located 
at a point where both fue l and water can be conveni ently handled, 
together with enough sub-stations sen sibly located, containing 
storage batteries, to cap off the peak s, etc., as in that event it would 
be possible to generate power at the lowest price without any ap­
parent effort on the par t of the power superintendent. 

The United Railways system , of St. L ouis, has in operation fo ur 
power stations at the time of writing. Two of the large r stations, 
one of 13,950-kw and one of 7000-kw capacity, a re kept in opera­
tion conti nu ously, and const itute the main cent ral stations. T he 
two smaller stations are operated on swing watch es on week days, 
that is, opera ted during the peak hours only. But bu s wi res have 
been run from the larger stations to both of the smaller ones and are 
there connected th rough circuit breakers and double-th ro w switches 
to either one of the t wo feeder bu sses, with which the smaller sta­
tions have been supplied. T he installation of double-th ro w switches 
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on both the feeders and bus wires in these stations makes it possible 
to operate them on one bus to which any number of feeder sec­
tions can be connected, and at the same time to operate the bus 
wires independently of the station on the other bus to which the 
rest of the feeder sections can be connected. During the rush hours 
the bus wires are connected to the same bus on which the stations 
are operated, thereby becoming equalizer wires. The amount of 
copper in the bus wires is just sufficient to carry the load of the 
smaller stations during the lighter part of the day, allowing a 
r easonable drop in potential. 

T he r esul ting economy of operation in thi s case more than justi­
fies the expenditure of a good many dollars and cents in the bus 
wi res, and also the resulting increase in the cost per kilowatt-hour 
of the power generated under thi s arrangement in the smaller • 
stations, as may be seen by referring to the load curves. -

In the accompanying load diagrams on F ig. I a re shown two curves. 
T he upper curve r epresents the total load of all the power stations 
fo r a period o f 24 hours. The second cun-e r epresents the load on 
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the 13,950-kw station before the installa tion of th e ,bus wires . 
Under the curves are shown th e cost of operation and maintenance 
per k ilowatt-hQur, the cost per ca r-mile, the kilowatt-hours per 
car-mile and the load facto r. F ig. 2 represents the performances of 
the other sta tions on the same day. F igs. 3 and 4 are carried out 

· on the same order, and •represent th e output of each of the stations 
under the _new arrangement, aft er the installation of the bus wires. 
The summary of the above is as fo llows : By plotting a curve 
which is th e sum of the load of both the main stations, we can 
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arrive at a curve, the load factor of which is nearly the correct 
factor to work by, as obviously the effect of the load factors of the 
smaller stations will have little bearing upon the total cost of oper­
ation as compared with that of the larger stations. Nevertheless 
the shutting down of these stations during the lighter part of the 
day, thus operating them at an absolute disregard toward economy, 
does influence the load factor of the main station curves very ma­
terially, and ultimately effects a saving. This is clearly shown 
by the curves in Fig. 5. This curve sheet gives the sum curves of 
the two main stations when working under both conditions. Curve 



SEPTEMB E R JO, 1905 .] STREET RAILWAY JOURNAL. 

"A" represents the load of the main stations for the same day on 
which all four stations were in operation all day. Curve "B" rep­
resents the load of th e same stations when taking the load of .the 
smaller stations during the lighter part of the day. Thus it is 
found that in bringing up the load factor of the sum curves o f the 
main stations from 50.23 per cent , in the fir st case, to 57.7 per cent 
in the second, that a saving of .000575 of a cent per kilowatt-hour 
has been made on the total power cost. And on a basis of 310,000-kw 
hours per day, which is about th e average output of the stations of 
thi s system during the summer month s, thi s · won Id represent a 
saving of $178.00 per day when operating under these conditions. 
All of the above figures, giving the cost of operation and mainte­
nance per kilowatt-hour, were taken trom a report r ece ived monthly 
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from the auditing department, while th e curves were plotted from 
readings taken daily. It is, therefo re, poss ible that the cost of 
power per kilo watt-hour fo r the specific days shown on the curve 
sheets may haYe been a trifl e more or less than given. 

The curve sheets show th e use of a storage battery to level the 
eyening peak. The charge and di scharge of di e battery are shown 
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by shaded areas above and below the load line. It has been fo und 
that since th e in stallation of the battery, which is located in th e 
busin ess di strict of th e city wh ere the traffi c is very congested, the 
service has been increased to a m arked degree <luring th e ru sh 
hours. A large reduction in the amount of copper r equired to 
handle the sec tioi1 s located in thi s di strict from the fo ur stat ions 
has al so been effected. T his, and the fac t th at a battery can al-

ways be ca lled upon in cases of emergency to take hold of the load 
point to the advantages to be derived in u sing storage batteries to 
smooth up the load curve when conditions warrant their use. 

There is sti ll a tendency among power men to regard batteries 
with suspicion and distrust, owing partl y to the enormous cost of 
a complete battery installation, and partly to the rapid depreciation 
of a battery when overloaded. Nevertheless, the use of storage 
batteries abroad, w ith their attendant economical results by leveling 
load curves, has gradually led to the adoption of them here, until 
now we fi nd that in every modern in sta llation they form an integral 
part of the power eqt11pment. 

It is not my intent ion to take up the effects of storage batteries on 
power-sta tion load diagram s in detail in thi s paper, as the same is 
getting r ather lengthy. But from the r esulting economy, as pointed 
out above by the crude and uneconomical arrangement of operat ing 
power stations in swing watches to bring up the load factor, it 
would seem that the question of employing batteries for that pu r­
pose should be given some attention and might be made the subject 
of a paper which would prove of conside rable value to the members 
of the association. 

----♦------

PAPERS PREPARED BY THE COMMITTEE ON CONTROLLING 
APPARATUS 

ASSEM BLED BY J. S. D OY L E, 
Master Mechanic, Interborough Rapid Transit Co., New York, Chairman 

MU LTIPLE UNIT SYSTEMS OF TRAIN CONTROL 

BY H UGH HAZELTON, 
E lectrical E ngineer, New York 

E lectric motor power found its fir st application on single motor 
car s, and when its use was extended to train operation the single 
motor idea was fo r a tirpe r etained. Plac ing all th e electrica l ap­
paratu s on one ca r h as the obvious advantage of simplicity and 
lowest fir st cost , and the use of a s ingle motor car system was th e 
natural and only feasible thing to do in the ea rly development 
of the art. The fi r st application of electricity to train operation 
was made at the W orld's Fair , Chicago, in 1893. T he trains 
wl"re made up of one motor ca r and three t railer s. T his installa ­
tion was fo llowed in 1895 by that of the Metropolitan \,Vest Side 
E levated Railway, in Chicago, where similar equipment was u sed. 
The experience of these two roads demonstrated that electric trac­
tion was fully as reliable as steam, and more economical fo r thi s 
class of se rvice. A single motor ca r pulling trains of several cars 
has, however, many of the limita tions of the steam locomotive, and 
.mme of the pioneer s in the art saw that important improvements 
could be made with electric traction, if th e motors were placed on 
each car in th e train and a suitable method dev ised fo r thei r 
simultaneous operation from the fo rward car. By such an arr ange­
ment the weight of the motive power equipment is distributed, and 
there is effective for traction as g reat a percentage of the total 
train weight as des ired. The demand fo r more rapid acceleration 
and increased speed h ad fo rced steam roads to build ~~1ccessively 
heavier locomotives, which in turn required stronge r bridges, 
heav ier r ails and better roadbed. 

With an electric locomotive or a single motor car the problem 
of providing the necessary weight for traction is the same as with 
a steam locomotive, and an equ ipment designed fo r a specific ser­
vice has th e same limitations when increased service is des ired. 
F rank J. Sprague was the fi r st to point out the advantage made 
possible by equipping each car with it s own motors and providing 
fo r their simultaneous cont rol, and in 1885 he made th e fir st con­
crete suggestion of such a "multiple unit system," with spec ial ap­
plication to th e l\fanhattan E levated Railway, in New Yo rk. T he 
advantages enumerated by l\Ir. Sprague were as fo llows: 

( 1) The number of cars in the train may be increased at will, 
thus increas ing th e carrying capacity of the road. 

(2) T he speed of the t rains may be increased, thus improv ing 
the ser vice and also increasing the carrying capacity. 

(3) Long tr ains may be run at the same speed as single motor 
car s and with equal faci lity. 

T hese claims are now fu lly establ ished, and all of the elevated 
and subway lines in th is count ry and Europe, which have been in­
sta lled with in the past five years, have adopted some type of mul­
t iple unit cont ro l, and the earlier roads ,vhich adopted the single 
motor cars are already replacing them by multiple unit equipments. 

Although multiple uni t control apparatus fo und its fi rst appli­
cation on elevated ra ilways fo r passenge r se r vice, it is now coming 
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into use on interurban roads, and it may be of interest to consider 
rts claims in this more extended field. The necessity for rapid ac­
celeration on interurban roads is not as great as on elevated or 
subway roads, where the station distances are shorter, and the 
traffic demands on many interurban road may be supplied at first 
by single motor cars, but as the traffic increases it may become 
desirable to run trains of two or more cars. Unusual local con­
ditions, such as fairs and ball games, al.so frequently make it desir -

SPRAGUE-GENERAL ELECTRIC REVERSER D . B. 26 

able to run a number of cars together in a train. If the motive 
power equipment is designed for propelling a single car, the addi­
tion of trai ler cars is sometimes imposs ible, if the road has steep 
grades, and it is always unsatisfactory, for it result s in overloaded 

WESTINGHOUSE REVERSER, SWITCH TYPE 176C 

motors, reduced speed and unreliable service. If the cars have been 
equipped with multiple control apparatus it is possible to couple 
together as many cars as desired without increasing the load on the 
motors, or reducing the schedule, and the train of cars has the 
same ability to climb grades or start on a slippery rail as a single 
car. By adopting multiple control apparatu s, therefore, no limi­
tations are imposed which may restrict future increase of service. 

The first operative system of multiple control was installed on 
the South Side Elevated Railway, in Chicago, and put into opera-

tion in 1898. The Boston Elevated Railway also adopted the 
Sprague control, of a somewhat modified type, and began the 
operation of its cars in 1901. The General Electric Company and 
the Vv estinghouse Electric & Manufacturing Company also de­
veloped multiple control apparatus, and sample equipments of the 
three types were put into competitive operation on the Boston 
Elevated and on the Brooklyn E levated Railway. 

In the original Sprague system a drum-controller placed on each 
motor car was operated by a pilot motor so attached as to give 
a step by step motion to the drum. A current-limiting relay was 
provided on each car to r egulate the speed at which the drum con­
troller was advanced through the resistance positions. The cur­
rent operating the pilot motors on the several motor cars through­
out the train was supplied through a control cable in circuit with 
the master controller, which was turned on or off by the motor­
man. T he early form of Westinghouse control made use of a drum 
cont roller operated by an air cyl inder with a ratchet arrange­
ment. The air cylinder was provided with electrically-operated 
Yalves, and these valves were simultaneously operated throughout 
th e train by control wires in the circuit from the master controller. 
A current limit relay on the forward cars provided automatic ac­
celerat ion. In the original type of General E lectric control a radi­
cal departure from the drum type of controller was made by sub­
sti tuting independent electritally-operated switches or - "contac­
tors ;" each contac tor consisting of a main switch with blow-out 
co il and a solenoid, wound for line potential at 600 volts. Similar 
contactors on the motor cars in the train are simultaneously oper­
ated by the control cable in circuit with the master controller. By 
th e successive operation of the different contacto rs the resistance 
units are cut out until the moto.rs are in full series; then the 
mul tip le connection is made and the resistance units again cut out 
until the motors are in full multiple. T he original type of General 
E lectric Control was adopted for the 800 motor cars of the Man­
hattan E levated Railway, in New York, and put into operation in 
I<)02. The control equipment supplied on this road does not in­
clude the current limiting relay, which accomplishes automatic 
acceleration, but this feature was included on the 430 motor cars 
of the Interborough Rapid Transit Subway, which were put into 
operation in New York in 190..J.. 

T here are at present on the market two types of multiple-control 
apparatus, known respectively as the Sprague-General Electric Con­
trol and the Westinghouse E lectric Pneumatic Control. By the 
combination of the Sprague and General Electric Companies, the 
best features of the apparatus of both systems are brought together. 

SPRAGUE-GENERAL ELECTRIC CONTRACTO R D. B.-41-A l 

T he "contactors" of the General Electric Company have proved 
greatly superior to the drum type of controller, and the Sprague­
General Electric system now has the General Electric type of con­
tactor switch and receiver, and the Sprague current limit relay and 
master controller. 
· The Westinghouse Company has also adopted in its present 
electro-pneumatic control a "unit switch," or contactor, in place 
of the original drum coutroller, and this switch is operated by 
means of an air cylinder with electrically-controlled valves. It is 

.. 
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worthy of note that while the design of the mechanism ha~ been 
radically chang,ed and materially improved, the fundamental prin­
ciples of operation, defined by Mr. Sprague and incorpo-rated in his 
original apparatus, have finally been adopted almost unchanged by 
all manufacturers of control apparatus to-day. As a practical uni­
formity of results is obtained by the control apparatus of both 
systems now on the market, some attention will be given to the ad­
vantages common to both, and a comparison of the more important 
features of difference in the design of the apparatus supplied by 
each company. 

CONTACTORS 

In both systems independent switches, or contactors, are now 
used for closing and opening the main motor circuits. With these 
independent switches large current values may be handled with 
greater safety and certainty than was possible with the drum type 
of controller, for a wider air-gap and stronger magnetic blow-out 
is provided, and the contacts of the independent switches open 
more quickly than wa s possible with the revolving drum controller. 

In the General Electric contactor the contact fingers are closed 
and opened by a solenoid wound for line potential, which is opera- · 
tive between the limits of . 300 and 750 volts. The advantages 
claimed for this design are simplicity and low cost of maintenance, 
by reason of the small number of working parts. 

The vVestinghouse contactor consists of a similar switch and 
blow-out coil, but an air cylinder is provided for opening and 
closing the contact fingers of the switch, and electro-pneumatic 
valves for controlling the admission of air to the cylinder. The 
valve magnets are energized by current at 14 volts potential, sup­
plied by a duplicate equipment of storage batteries. In the present 
design the Westinghouse contactor provides a wider air-gap be­
tween the contact fingers when open, and greater pressure to the 
contacts when they are closed, than in the General Electric design. 
The amount of air-gap and pressure necessary for satisfactory 
operation is, however, capable of definite determination, and with 
either solenoid or air cylinder operation, results equally satisfactory 
may be secured. The rapidity of closing the contacts is less with air 

SPRAG UE-GENERAL E LECTRIC 
MASTER CONTROLLER 

WESTI NG HOUSE N O. 12 
MAST E R CONTRO LLER 

operation, and the wear resulting from the hammer blow correspond-' 
ingly less. While the use of 14 volts potential for the operating 
circuit s makes it necessary to install and maintain duplicate storage 
batteries on each motor car, there are compensating advantages, fo r 
the operation of the contactors is made independent of line voltage 
and of interruptions of current on the forward car. Another ad­
vantage of the independent operating circuit is the poss ibility of 
stopping the train, even in th e unusual event of simultaneous fail ­
ure of brakes and power supply, by reversing the master controller 
handle to multiple so that th e motors are made to act as generators. 

CURRENT-LIMITING R ELAY 

The current-limiting relay, common to both sys tems, cons ists of 
a solenoid placed on each motor car through which the current of 
one motor passes. T he armature of thi s solenoid is attached to a 
contact disc which opens and closes the operating circuit fo r the 
main contactors. The operation of the c.urrent-limiting relay may 
be described as fo llows: In starting th e train the motorman usually 
turns his master controller to the fu ll multiple pos ition. The cur­
rent is fir st completed to the contactors that connect the motors 
in series with all r esistance in circuit. T h is connection is main­
tained, and the armature of the current-limiting relay is drawn up 

WESTINGH O USE CU R­
RENT-LIMITI NG RE­

LAY 

SPRAGUE-GENERAL 
ELECTRI C CURRENT­
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until the counter e. m. f. , due to the increasing speed of the motor 
armatures, causes the current in the motor circuit to drop to a 
value which no longer holds up the armature of the current-limit­
ing relay. This armature then drops and makes connection to the 
operating circuit of the next res istance unit. The contactors are 
thus interrupted in their progression at each success ive step, so 
that a nearly constant amount of current is allowed to the motors 
during the period of acceleration until the motors are in full 
multiple without res istance. The current-limiting relay is now 
recognized as an important, if not a necessary, feature of multiple 
co11trol systems, and its u se provides operating advantages which 
are not obtained in any system of hand control, With the hand 
controller the motorman start s his ca r as quickly or as slowly as 
his judgment or caprice may dictate, and the slipping of the driving 
wheels is the only limitation to the amount of current imposed upon 
the motors in starting. For h eavy electric service it is specially 
desirable that the current u sed in star ting trains shall be kept 
within certain well defined limits. Consideration of speed require­
ments and economical use of power, fix the minimum rate of ac­
celeration and the corresponding minimum starting current, while 
the maximum allowable acceleration and starting current is defined 
by the following considerations: 

( r) Excessive starting current results in violently fluctuating 
loads at the power house, and in order to meet these demands, the 
power equipment must be increased in o~ttput and the line equip­
ment in carrying capacity. On interurban roads, where the number 
of trains on the line is small , the fluctuations due to heavy starting 
currents is especially objectionable. 

(2) E x cessive current applied to the motors results in destruc­
tive m echanical strains which materially increase the maintenance 
charges on gears, pinions, armature shafts and bearings. On an 
elevated road which has recently discarded hand control for 
multiple cont rol with automatic cur rent input, the number of 
motors laid up in the shop for repairs is now only four , where 
formerly it was fourteen. vVith the current limit relay on each · 
motor car, each motor does its share of th e work, irrespective of 
possible differences in wheel diameter or variation in the electrical 
characteristics of the di fferent motors. 

MASTER CONTROLLER 

T h e provision made in the master controller , of both systems of 
control, for opening the main circu it and applying the air brakes 
whenever the motorman releases the cont roller h andle, is con­
sidered a va luable safe ty fea ture, and its application is so simple 
as to well warrant it s use. T he master cont roller on· both systems 
is very small and compact, as it handles only th e small currents of 
the operating wires. In the Sprague-General E lectric system the 
control ci rcuits r equire not over 2½ amps. at 600 vo lts, with two 
125-hp motors, and in the W estinghouse system not over IO amps. 
at q vo lts fo r a ten-car train. 
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LINE RELAY 

In both system s a potential or line relay is provided which opens 
the main circui t wheneyer the supply of current from the line is 
interrupted. When the current is again restored to the line the 
contactors are closed through successive res istance steps before 
returning to their fo rmer positions. This device obyiates the 

fuses will open an overload or short-circuit with entire safety, and 
the cost ot renewals is small. They do not opeo a short-circuit 
with as little noise and fla sh as the enclosed type of fus e, however. 
Vvhen a circuit breaker is placed in the main motor circuit it is 
arranged with a tripping device, placed ,in the motorman's cab, and 
in some cases the circuit breaker may be reset from the cab also. 

There is some doubt about the ad­
visability of resetting th e circuit breaker 
until an examination of the cause of 
its opening i~ made, and the trouble 
remedied. 

In equipping cars with multiple con­
trol the practice o f placing all the appa­
ratus under the car has now become 
standard. The main motor circuits a re 
all kept below the car, and the wiring is 
done in iron conduit pipes, and the bot­
tom of the car is thoroughly protected 
by fireproof material. These precautions 
have greatly reduced th e ri sk of fire, and 
on one of the elevated roads in Chicago, 
which has recently r eplaced its original 
hand control by multiple control appa­
ratus, th e underwriters have voluntarily 
reduced the fir e insurance rate. The 
reduced fire ri sk is also given as the 
controlling r eason for the installation of 
multiple control appa ratus on single­
motor cars on one of the street railway 
lines r ecently opened in Boston. 

GROUP OF SPRAGUE-GENERAL ELECTRIC CON"L\CTO RS IN CASE \\'ITH COVER O l'EX 
Befo re leaving the subject of multiple 

control, a word should be said concern­
ing the reliability of the apparatus in 

se rvice-fo r this is the fin al measure of merit. shqck which would otherwi se occur in passing over road crossings 
or turnouts where the continuity of the third rail is broken. 

BUS LINE 

In connection with multiple systems of cont ro l, it is often ad­
visable to install a bus line cable throughout the train connecting 
the several contact shoes, so that in case the shoes of one car are 
not in contact with th e third rail, th e motors of this car may 
r eceive current through the bus line from the other cars. The 
bu s line greatly fac ilitates operation where it is necessary to inter­
rupt th e continuity of the third rail at str eet crossings or ya rd s, 
and at such points a continuous supply of current for motors and 
for car lighting is th ereby maintained. T h e bus line also serves to 
eliminate motor fla sh-overs, which sometimes occur when the ca rs 
are running at high speed, and the supply of current is suddenly 
interrupted and restored, as is the 
case when the contact shoes on 
one car momentarily lose contact 
by striking a high j oi nt or an ap­
proach incline. In the case of 
snow or sleet on th e third rail, the 
bus line se rves to di stribute cur­
rent to all cars in the train from 
any car which may secure contact 
with the third rail. 

CIRCUIT BREAKERS AND FUSES 

During the fir st yea r s of its introduction, the most se rious ob­
stacle aga inst th e adoption of· multiple control was the apparent 
complication of th e system, which sugges ted a doubt as to whether 
it could ever be operated with as few failures as the simpler appar­
atus of hand control. The experimental stage is now past, however, 
and in th e more modern types of multiple control it is safe to say 
that the apparatus is full y as reliable in operation as hand control, 
and it has the ability of handling much larger current values. On 
the Manhattan Elevated Railway, in New York, where there are 
over 800 motor cars in daily se rvice, the number of delays to ser­
vice chargeable to failure of control apparatu s averages only 
about five per month. It is the practice to inspect the control ap­
paratus on this road once every three days, and except for occa­
sional cleaning, little work is necessa ry. 

For the protection of circuits 
against excessive current, circuit 
breakers and fuses a re used in 
connection with multiple con t rol 
appa ratus. F uses are u sually 
placed in th e circuit from each 
contact shoe, and a common form 
of shoe fuse consists of two cop­
per wires, about No. 9 B. & S., 
connected in multiple with suitable 
terminals and placed on the wood 
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beam that supports th e contact shoe. Some of the large road:; 
a re using enclosed fuses of 400 amps continuous-carrying 
capacity in place of the copper wire fuses. For protecting 
the main motor circuit some roads are using fuses and some 
ci rcuit breakers. The type of fu se most widely used for the 
purpose consists of a copper ribbon IO mils in thickness and 
r ¼ ins. wide, placed in a fireproof box with magnetic blow­
out. A hole ½ in. in di ameter is made at the center of th e 
ribbon, so th at the fuse will begin to melt at the center. A 
copper ribbon of this size will carry 400 amps. continuously. For 
larger capaci ty the number of copper ribbons is increased. These 

In conclusion, the writer would express the hope that this paper 
may serve to emphasize the merits of the multiple control system 
for many interurban and street railway lines where the limitations 
of hand control have stood in tl1e way of the best service and most 
complete development of the property. The ability to run cars in 
trains of any desired length, without reduction in speed, and with­
out overloading the motors; the advantage of limiting the current 
during acceleration to a predekrmined value, and the decreased 
fire risk by placing the control app,. ratus under the car, are features 
of the multiple control system wh1 th warrant the attention of all 
progressive railway men. 
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THE SERIES-PARALLEL RAILWAY CONTROLLER 

BY W. A. PEARSON 
Electrical Engineer, New York City Railway Compa,ny 

When the first electric railways were put into operation one small 
motor was considered sufficient to propel a car. On some of these 
early equipments in which .shunt motors were used, the brushes 
were designed to be moved around the commutator for the pur­
pose of reversing the direction of rotation, it being considered im­
possible to provide the same neutral commutating points for both 
directions. In developing the series motor it was found that com-

ning effi cient ly at half speed. T he method which seemed to promise 
the best r esult was to start the motors in series, and after th ey had 
reached their full speed fo r thi s pos ition, reconnect them in parallel. 
Many different experimental controllers were constructed in the 
attempt to produce a satisfactory piece of apparatus. Nearly all 
original electrical apparatus was crude as viewed from our present 
standpoint , to which view th ese early series-parallel controllers 
formed no exception. 

One of the forms was fan-shaped with a stationary slate board 
to which were secured the motor, resistance and other con tacts, 
with a movable arm, pivo ted at it s lower end, and adapted to move 
from side to side of th e slate board, thereby making the necessary 

circ uit combination•;. 
T his fo rm was defectivt 
fo r two reasons. Th e 
ci rcuit s made were not 
s u i t a b 1 e fo r giving 
proper speed variation,, 
and no adequate m ean s­
were provided fo r break­
ing th e arcs fo rmed at 
the contacts. Several 
different manufacturers 
att empted to design con­
trollers of th is shape, 
both fo r single motors 
and two motors, but 
without success. 
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A more s u ccess f u 1 
se ries-parall el cont ro ller 
was brought out in 1892, 
which was located be­
neath the ca r and oper­
at ed by m eans of rods 
and bevel gears from 
either plat fo rm. This 
controller was used in 
conj unction with the 

mon neutral points for both directions of rotation could be pro­
duced, permitting the use of a double pole, double-throw switch 
for reversing the connections of the armature leads. 

The simplest way to start and control the speed of the single 
motor was to use a dead resistance in series with it. This method, 
which was adopted, has been successfully used for single motor 
equipments since the earliest days of the art. To meet the in­
creased requirements of heavier cars and higher speeds, a second 
motor was added to the equipment. As the rheostatic control had 
proved sufficiently satisfactory for one motor equipment, it was also 
considered suitable for two motors permanently connected in par­
allel. Consequently a heavier rheostat was used with two motors 
connected in this manner. 

At first a reversing switch similar to that used for a single motor 
was employed, the armature leads from the two motors being con­
nected in parallel. This connection was soon found to be impracti­
cable owing to the unbalancing of the load on the two motors, and 
necessitated the use of separate reversing switches. 

In order to obtain an efficient running speed at somewhat less 
than the full speed of the motor, several methods of varying the 
field strength were tried with different degrees of success. Some 
motors were provided with field taps, or "loops," the full field being 
intended for use in starting and in ascending heavy grades. The 
field strength was weakened by cutting out a portion of the wind­
ing by means of the . tap, thereby allowing more current to pass 
through the armature, increasing accordingly the speed of the 
motor. Another method consisted in connecting sections of the 
field coils, first in series and then in parallel, to produce different 
field strengths. These two methods were used for a few years, and 
finally abandoned owing to troubles resulting from the burning 
out of field coils. In the next field variation method that was used , 
a resistance was placed in shunt around the fields of each motor, 
thereby accomplishing the same result, but in a somewhat different 
manner. This al so led to complications, as motors were operat ed 
under such varying conditions. In some cases the full field point 
was used excessively by the motorman, the coils becoming over­
heated, and in other cases the shunt point was used too much on 
heavy grades, resulting in armature and commutator troubles. 
Field variation for obtaining speed control was abandoned by th e 
manufacturers of railway motors about nine years ago, and since 
that time but two speeds have been provided without se ries re­
sistance in controllers supplied with two-motor equipments. 

About fourteen years ago the attention and energies of manu­
facturers of railway apparatus were applied to the development of 
a control for two motors, which, when starting or running slowly, 
would waste less power than the rheostat and would permit nm-

sanie reverse switch as 
was used with the rheos tatic cont rol. It was expected to fill the 
great want, but after several hundred had been put int o se rvice it 
was found that improvements were necessary. The sta rting of th e 
car with thi s form of controller was j erky, as an insufficient num­
?er of.point s had been provided, while th e impossibility of properly 
mstallmg the controller under the ca r, so that lost motion in the 
gears would not be excess ive, produced se rious burning at the con­
tacts. This controller contained a magnetic blow-out for di s-

FIG. 1 

FI G. 2 

F IG. 3 

rupting a rcs, which was very much superio r to anything made pre­
viously and which se rved it s purpose in proving th e value of the 
magnetic blow-out. It was also the first controller which shunted 
one motor in pass ing from se ries to pa rallel. 

At about the same time another fo rm of seri es-parall el con­
troller was brought out by anoth er manu facturer, in which a 
cylinder was used in conjunction with stationary contacts, or fingers, 
fo r producing the different res istance an<l motor combin ations. As 
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it was installed on the car plat fo rm it did not require operating 
mechanisms and was in consequence simpler in construction and 
not li able to the troubles due to lost motions in transmitting the 
turning effort from the operating handle. This controller also 
met with partial success, a lthough th e arcing at contacts was con­
siderable, which, in the absence o f a magnetic blowout, caused the 
principal trouble. T hese two fo rms of controller s clearly demon­
strated the practicability of series-parallel control, and demon­
strated that the magnetic blowout to t ake care of arcing, and the 
cylinder fo r compactness and simplicity, we re necessities in the 
design of a controller for operating two motors of the capacity 
about 30-hp, then used. 

The final outcome of the series-parallel controller fo r st reet car 
ser vice was the present well-known K-type. wh ich has been prac­
tically standard fo r about twelve year s. T h is controller owes it s 
success very largely to the fo rm of magnetic blowout employed for 
extinguishing the arcs fo rmed in opening the circuits and th e 
method of making the transmiss ion from series to parallel. Other 
forms of magnetic blowouts differ ing in detail have · since been 
designed which have operated sati sfactorily, but th e fo rm u sed in 

FIG. 4 

FIG. 5 

F I G. 6 

the K -type of controllers was th e fi r st to be made commercially 
successful. 

In thi s type of controller , aft er the motors have reached the fu ll 
se ries position, a portion of the starting resistance is qu ickly r ein­
se rted in the ci rcuit and a shunt is put around th e No. 2 moto r by 
connecting E-r to ground, thereby eliminating that moto r from th e 
ci rcuit, as shown in F ig . r. Immedi ately after this circuit has been 
established the connection between N o. I and No. 2 motors is 
broken, and the posit ive lead to armature of No. 2 motor is con­
n ected to th e rheostat, while the line current then passes to No. 2 

motor, and the moto rs are in parallel, as shown in F ig. 2. 
In the L type of ser ies-parallel controllers, instead of maintaining 

the cur rent th rough one motor during the transition, the circuits 
of both motors are broken. T his method of passing from series to 
.parallel was adopted in railway controllers fo r m otors of a total of 
over 250 hp . It was found that the arcing in th e controller when 
using th e K-type of connections was too g reat to permit their use 
in large controllers. 

In the development of multiple-unit control it was _found that 
a better method of making the change from series to parallel, which 

h ad been proposed before the fir st K -type of cont roller was made, 
was possible with sepa rately actuated switches or contactors. T his 
is what is known as the " bridge m ethod," and consists in keeping 
the current on both motors during the transition. Each motor is 
provided with a separate resistance, and when full se ries has been 
r eached th e connections a re as shown in Fig. 3. W hen passing 
from series to parallel th e first transition step is w ith resistance for 
No. I motor connected to the g round, and r esistance for No. 2 

motor connected to t rolley, as showe in Fig . 4. It will be seen that 
this last step has put the t wo moto rs in multiple with an equalizing 
connection between E-r and the positive side of the armature of 
No. 2 motor. This equalize r is next open circuited, and the motors 
a re in the first parallel position. This m ethod of making the series 
to parallel change permits a somewh at smoother acceleration than 
with the K -type of connections, but it is not essential for light 
equipments where g reat smoothness is not such an important c_on­
side ration, as on h eavy car s operat ing with multiple-unit control. 

Several a ttempts have been made to produce a control w~ich 
would be still more economical in u se of power than th e series­
parallel method now in u se. One of these, on which a considerable 
amount o f ingenuity has been expended by different inventors 
without producing satisfactory results, consisted in providing a 
"counter elect romotive fo rce geuerator" in, series with the motors, 
so that they should not require any res istance to consume energy in 
starting. T his schem e proved complicated and expensive, and in 
actual se rvice th e p roportionate time consumed in operating motors 
at below h alf speed, o r between h alf and full speed, was so incon­
side rable that there was no saving in power of consequence. An­
other method, somewhat a tt ractive to those tmacqainted with the 
excessive complications invo lved, con sisted in the use of shunt fi eld 
motors w ith control connections ar ranged for generating current 
and r etu rning it to the line wh en stopping the ca r or descending 
g rades. A number of patents have been t aken out for different 
means of accomplishing thi s r esul t, and vari ous at tempts have been 
made to produce a satisfactory motor and control. It is very at­
t ractive in theory to be able to m ake th e m otors on a car generate 
useful current, but there are a number of obstacles which have thus 
fa r prevented practical r ealization. The motor must be provided 
with a shunt fi eld with apparatus fo r varying its strength, de­
pendent upon the speed while braking, and appa ratus must al so be 
provided fo r giving practically a straight se ries field for st arting. 
In addi tion, it is r.iecessary to conn ect the armatures in pa rallel and 
se ri es r elation fo r braking, acco rding to the speed of th e car. 
\ i\Th en the armatures ar e in se ries, and the field strength is at a 
maximum, the minimum car speed at . which current a t line poten­
tial may be generated is obtained. It is obvious that when the car 
is moving at a speed less than thi s critical speed, the motors w:11 be 
taking current from the line instead of furni shing it. 

O n a K-ro cont roller, o r simila r two-moto r equipment, it is a 
well-known fact th at in an emergency the car may be stopped when 
the t rolley is off, or m ain fu se blown, by th rowing the reversing 
1,_,, ndle to its backward posit ion and turning the controlling handle 
around to mult iple. The connections made are such that the two 
motors are r eally connected in ser ies, as shown in Fig . 5, but in 
such a manner that the voltages of the two armatures oppose each 
other. If th ese voltages. we re ex actly the ·same there would be no 
flow or current, and consequently no braking. As a matter of fact 
no two motors a re identical, and the slight difference in initial 
voltage gives one motor predominance over the other and deter­
mines the direction of the flow of current, one being obliged to re­
ve rse it s polarity. T his can be read ily accomplished, as the chang­
ing motor is operating as a ser ies generator. If the car is moving 
at any more than a very moderate speed the cur rent generated by 
the two motors will almost in stantly reach an amount sufficient to 
sli p the wh eels. As the momentum of the ca r tend s to throw more 
than the n ormal weight upon the front wheels, and relieve the 
rea r wh eels of a corresponding weight, it is to be expected that 
the rear wheels should slip fir st . The instant th e wheels slip the 
moto r on th e same axle naturally ceases to generate current, but 
as current from the other motor is fl owing th rough it, it is rotated 
in the r ever se direction as a motor. It is well for motormen to 
know that an effective braking can be accomplished in an emer­
gency by this method. 

On four-motor equipments wh ere two motors a re permanently 
connected in multiple, it is only necessary to throw the reverse 
h andle to cause the motors to generate, as the circuits a re already 
made, and it is only necessary to r eve rse the r elation of armature 
and fi elds. With a four-motor equipment, care should be taken that 
the car is brought to rest befo re the reversing handle is returned 
to its fo r ward position, other wise the contacts are liable to be 
burned. A recent controller, known as the K-28, has been prov_ided 
with extra air space in the v icinity of the reversing contacts, while 
barriers are located between them, so that the chance of injuring 
the reversing switch when "bucking" the motors has been removed 
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·when motors have been used with electr-ic brakes the controller 
,nade connections somewhat different from the foregoing, as it was 
necessa ry to vary the quantity of current taken and divide the load 
equally. Fig. 6 shows the connections. 

Electric brakes have not proved very sa ti sfacto ry, principally for 
the reason that their action was too irregular, and they could not 
always be depended upon. In order to generate current satisfac­
tori ly it was essentia l that the commutator should be in good con­
dition. A comparatively slight increase in the resistance of the 
circuit, caused by a dirty commutator or loose connection, would 
prevent a motor from building up at a certain speed. Due to thi s 
irregular action in the motor it was sometimes difficult to make a 
smooth stop with electric brakes. It was also found that the high 
voltage and additional duty imposed upon the motor was productive 
of commutator trouble and overheating. 

The duty required of a str eet car controller has gradually in­
creased. Instead of two 30-hp motors as formerly, four larger 
mr, tors are now controlled in th e same space. Voltages have been 
increased and the capacity of the line also r aised, so that when 
an extraordinary arc occurs in a controller from any cause the 
damage is greater than formerly. For thi s r eason it is especially 
necessa ry to keep fingers properly adjusted, segments renewed and 
connections tightened to avoid troubles on the road. 

There is a growing tendency to place controlling apparatus fo r 
large and medium size motors under the car. It removes the heavy 
capacity parts from the platforms and not only leaves a greater 
passenger space but also eliminates all possibility of danger from 
controller "blow ups." 

PAPERS PREPARED BY THE COMMITTEE ON TRACK 

ASSEMBLED BY FRED G. SIMMONS, 

Superint endent of Construction and Maintenance of \Vay, the M ilwa ukee 
Electric Railway & Li ght Company 

THE TREATMENT OF RAIL-JOINTS 

BY FRED G. SIMMONS 

T he treatment of rail-joints is undoubtedly one of the mo5t 
important matters concerning both construction and maintenance 
which obtrudes itself upon the consideration of the "way" engi­
neer, and its more or less successfu l solution interests in an almost 
if not quite equal degr~e the superintendent of transportation and 
superintendent of rolling stock, who are r esponsible for the car s 
operating over the joints; and the power house man and electric­
ian, whose current efficiency depends largely upon their condition. 
Allowing the unquestioned interest of the financial and managerial 
representatives, we find the subject to be one in which practically 
the entire staff is vitally concerned. It is, therefore, impressed 
upon u s that a fairly successful method of treatment constitutes 
information which it becomes the duty of this association to place 
before the electric railway world. 

It would probably be a hopeless task to ask any body of men 
to establish a standard or uniform method of treating the rail­
joints, as several methods may approximate in point of effici ency 
and the local conditions influence each particular individual in 
forming a preference for his ow n method, provided that method 
has rendered a fair degree of sati sfaction in the past. Th e idea of 
the writer, however, in taking up this broad subject has been to 
set before the electric railway interests as n ea rly as possible exact 
data as to the most successful methods now employed in bringing 
about the max imum of effici ency in the treatment of rail-joints 
with regard to both electrical conductivity and surface and align­
m ent. 

It is undoubtedly a fact that many roads, particularly the smaller 
ones, are continuing to u se some inferior and inefficient type of 
joint, solely because they have been unable to obta in comprehensive 
information as to some more reliable and more sa ti sfactory type. 
The failure of one person or sys tem to obtain proper results has 
often unjustly condemned some type of j oint in th e minds of many 
persons, when the reason for such failure may have been, abso­
lutely, a lack of proper knowledge and proper workmanship in the 
application thereof. 

The present most accepted methods are divided into two exact 
types: (First) the m echanical joint, bolted, riveted or wedged, 
and connected by means of a metal bond for the passage of elec­
tricity with the least possible r esistance. ( Second) The various 
kinds of welded joints (th ermit, zinc, electrical or cast). The 
fi_rst type applies more particularly to interu rban or exposed track, 
the second type to urban or buried track. 

In Milwaukee the Weber joint has been in use nearly eight years, 
the first joints applied have been entirely undisturbed up to the 
present time, no work has been clone on them, and not one low or 
battered joint has developed. With constant use on a double track 
for a period approaching eight years the writer considers this a 
first-class showing. The joints are used on a 56 lb. section of or­
dinary T-rail, and the summer traffic particularly is very heavy. 
Accompanying engravings show the latest improved type of both 
the Weber and the Continuous joints. 

Information received through correspondence would indicate that 
many consider the Continuous joint a nry satisfactory one. The 

WEBER RAIL-JOINT 

following lett er, r eceived from H. S. Cooper, general manager of 
the Galveston City Railway Company, of Galveston, Texas, is an 
interesting one, and is a fair expression of the sentiment of the 
country in this matter as nearly as the writer has been able to 
ascertain: 

Dear Sir-\ Ve are in receipt of your lett er of l\Iarch 3, enclosing by-laws, 
etc., of the A. R. l\L E. A., and n ote your inquiries in regard to Continuous 
rail-joints. In our work here we absolutely could n ot do without a Con• 
tinuous rai l-joint, or one fully as good. We have in u se quite a number of 
miles of 40-lb. and 45-lb. T-ra-il, left over from the horse-car days; also our 
stand:ird for unpaved work- 60-lb. A. S. C. E., and in our paved portions a. 
6-in. 60-lb. T-rail, on all of wh ich we u se the Continuous rail-joint. Uwing t o 
the saltness and dampness of the atmosphere and soi l of t hi s place, exposed 
rails rust very rapidly, and, with ordinary fi sh-plate or angle-bar, we find 
it impossible to get a suitable j oint after the r ail has started thoroughly 
rusting, whereas, by using a Continuous rail-joint, we are able to maintain 
our join.ts in nearly as goo<l condition as the balance of the rail. 

Of course, we have t o use great care in the application of the joint, 

CONTINUOUS JOINT 

making po sitive that we get a good fit by cleaning the roughness from the 
rail, by seeing that the j oi nt is thoroughly in contact it s whole len gth and 
well <lriven up, and by making certain that the bolts are completely and per­
manent ly tightene<l. On new rail, especially where it is put in paving, we 
keep on tightening the bolts an <l slow ly drivin g up the joint as long as it , 
is possible to do so, and unt il the paving is put in, as we fin<l that, similarly 
to any joint we have tried, no matter how tight the bolts and plate are made 
when fir st put on, there are a number of small "lumps" or inequalities" in 
both joint and rail, which prevent it bein g made absolutely tight, ancJ. with 
the running of the cars over th e joints for a few ' <lays, it seems to ':a use a 
motion b et ween th e plate and j oint that rubs clown these inequalities tu a 
certain extent, an<l allows both joints an<l bolts to be tightened a littl e more. 
In practice, we clean both rail a,nd joint thoroug hly an<l swab the rail sur­
face with some cheap oil, apply the joints with bolts, driving up the joints 
all that is possible , hammering up the bolts and tightening with from an 
18-inch to 24-inch wrench, one man. After a few days we send a man over 
with a light hammer and wrench, an<l have him tighten up every bolt by 
hammering the head light ly whi le he put s hi s weight on the nnt, and, if there 
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is an opportunity to repeat this operation befo r e t he track is c losed up b y 
paving or other wi se, we do so. 

\\"e have quit e an amount of 6-inch r a il la id in brick, on all o f which th ese 
joints have b een used , an d h ave h ad but very li t tl e trouble from loose 
joints in th is r a il, some of which h as b een down two o r three years. In all, I 
d o n ot beli eve th a t we have h ad to t ak e up or r etighten m or e than fifteen or 
twen ty j o ints out of quit e a numLer of hundred s. A s s ta ted above, we think 
it is ver y la rg ely on account of proper and thorou gh application of the joint , 
::i nd th e wr it er p ersona lly k now s, from a la rge experi ence in oth er places, 
that wh ere complaints h ave been mad e a s to Cont in u ou s j o int s, or of th e 
\Veber or A tlas ty p es, t h e t ro uble has b een lar gely d ue t o im perfec t appl ica ­
tion in th e beginn in g, a n d to lack of proper in sp ecti on aft erward. 

P roperl y appli ed and in proper loca tion , I th in k th er e is very littl e 
choice between th e three typ es of j o int s ab ove menti on ed , so far as th e 
pr actica l r esult s of k eep ing jo int s in good sha pe a re con cerned. 

II . S . COOPE R , 

Gen eral ;\Ianager , Galveston City R a il way Compan y, Galveston , T ex 

The quest ion of electrica l conductiv ity in r elation to the me­
chanica l joint affects them all in relatiYely the same proportion. 
Th e method of bonding the rail ends so as to secure the necessary 
degree of effectiveness is a subject of such importance that we 
have decided to a ssign it fo r consideration in a paper by it se lf. 
The wri te r believes , howe,·er , that eith er of th e two types of joint 
mentioned heretofo re lends itsel f equally to any of the more ap­
proved methods of bond ing. 

The study of the variou s methods of we lding the rail ends is, 
we believe, more part icularly interesting to all those roads which 
have a large proport ion of urban trackage, th e rail o f which is 
buried in the d irt , macadam or paving of a public road or stree t, 
accommodating it self more thoroughly to the somewh at unnsual 
conditions imposed by th e fo rmation of a practically contim10n s 
and unb roken ~tretch of steel. 

The w r iter is aware that the offic ials o f many roads are ou t­
spoken in their opposition to any rail-welding process, and in 
numerous cases claim a more or less di sastrou s experi ence eithe r 
on their own part or within th e r ange o f their observation as 

· CO l\ ll'LETE \\' E Ll> Il\'G O U T F IT FOR THE T JI E R:\II T RAIL­
WELDI NG P R OCESS 

sufficient reason to warrant their adve rse opi1iion. 'vVe believe that 
all these unsuccessful expe riments in r ail welding are due either to 
t!1msnal local conditions, which in no way affect the general prop­
os ition, or to a failure to thoroughly apprec iate the r equirements 
necessa ry to a proper and efficient handling o f the work; these 
requirements varying, of course, with the various methods. The 
correspondence carried on relative to these matter s has convinced 
the writer that each of the four methods mentioned ea rlier in thi s 
art icle, viz.: therrnit welding, zinc welding, electrica l weldi;1g and 
cas t welding , i~ capable of successful demonstration, and that track 
so treated can be m ade in each case more efficient both as to me­
chanical strains and electrical conductivity than by any other known 
m ethods. 

In order that a m ore gen eral knowledge of the pract ical ap­
p li cation of th e welding of joints may be spread broadcast 
over the co untry, we have had pap er s p repared treating on 
th ese fou r approved meth ods and have been able to secure in 
each case an en gin eer wh ose experience has been such as to 
insure an arti cle prepared from certain knowledge. These papers 
follow : 

THERMIT RAIL WELDING 

BY G. E. PELLISSIER, 

Civ il E n gin eer, Holyoke Street Railway Compan y 

Th e "T hermit" process of welding steel ra ils dates from the 
year 1899, and is the discovery of Dr. Hans Goldschmidt, of Essen, 
Germany. 

Thermit, as described by the discoverer , consists of a mixture of 
powdered aluminum and iron oxide, and it s application to welding 
depends upon the following fact: If th e mix ture is ignited at a 
single point by means of a special ignition powder , peroxide of 
barium and aluminum, combustion proceeds without further ,;upply 
of external h eat and without any combination with th e oxygen of 
the air, at th e same time developing a temperature estimated at 
3000 <legs. C By the r eaction the iron oxide is r e:luced to nearly 
chemically pure iron, the oxygen of th e iron oxide combining with 
the aluminum to fo rm aluminum oxide or artificial corundum, the 
reaction being chemically expressed by the equation Fe203 + 
2Al. = Al20o + 2Fe. 

T h e aluminum ox ide, ha, ing the lower spec ific gravity, separates 
fro m the iron, ri sing to th e top, where it may be decanted off or 
the pure iron drawn from beneath. This iron, when poured upon 
metals to be r epaired or welded, has the property of uniting in­
timately with th em, due to the very high temperature to which it 
is rai sed. When used fo r welding, stee l or other ingredients, such 
as carbon, manganese, etc., are added to the thermit mixture to 
give the r es ultant metal more or less the properties of the steel with 
which it uni tes. 

The r eaction is carried on in a special crucible made of sheet 
iron lined with some very r efractory material, usually magnesia or 
aluminum ox ide the by-product of the reaction itself. 

RAIL WELDING 

The complete out fi t for welding steel rail s consists of the cruci­
ble just described, a pair of molds made to fit the section of rail to 
be welded, a pai r of clamps to hold the molds in place, a wire brush 
to clean off the dirt from the ends of the rails, a small gasoline 
torch to dry off any moisture which may be present on the parts to 
be welded and to take the chill ont o f the metal, and a portion of 
thermit weighing from 15 lbs. to 25 lbs., depending on the section 
cf rail to be welded. If an abso lute butt weld of the ball of the rail 
is desired, a pair of heavy clamps for upsetting the rails while hot 
is al so necessary. T he whole outfit is eas ily transportable in an 
ordinary wh eelbarrow. 

T h e molds are easily made, being simply sheet-iron fla sks filled 

P,\TTERNS A N D MOLDS 

with a mixture of clay and sand, or any other materi al suitable for . 
steel ca sting. T h e only precaution necessary in making the molds 
is that they should be well vented and thoroughly dried. The 
flasks may be used repeatedly, of course, but have to be refilled 
each time a ft er using. One man can fill from fifteen to twenty 
pairs per day. 

In making a weld, th e ends of the r ail s are first cleaned with the 
wire brn sh ( this simply to get the dirt off, as rust makes no dif­
ference), ~nd heated to di spel the moisture. The rails are then 
brought into exact alignment and the molds put on and fastened 
with clamps. 

A ll contact lines between the mold parts and the rail are 
then luted with moist clay. The top of the rail is also painted 
with a thin paste of clay and water, which, when dry, prevents 
the slag and iron from adhering to the top of the rail. When 
a butt weld is desired , a pair of clamps is next adjusted to the ends 
of the rail so that they may be upset while hot. These are not 
deemed necessary, however, and are not generally used, as it has 
been found sufficient to simply weld the base and web of the rail. 
The molds are then backed up with sand. The crucible, which is set 
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on a tripod, is next placed over the molds, with the tapping hole 
directly over the gate in the mold. A tapping rod is th en placed 
in the hole, which is then stopped up by means of a couple of asbes­
tos washers, a small iron di sc, and finally a little refractory sand. 

-The charge of thermit is th en added and a little of the ignition 
powder placed on top, which is set off with an ordinary storm 
match. The reaction when once started proceeds rapidly, usually 
taking about IO seconds, th e molten mass boiling furiou sly. At 
the end of about 20 seconds more the boiling has ceased and t)1 e 
iron is separated from the slag. The crucible is then tapped and 
the metal fl ows into the molds, followed by the slag, and in less 

TAPPING CRUCIBLE 

than a minute the joint is made. The joint is then allowed to 
cool abou·t 15 minutes before the molds are taken off. This can be 
done three or four minutes after pouring, if necessary, as when 
welding while the cars are running. Two or three taps of a ham­
mer will separate the slag from the joint, and th e work is com­
pleted, no chipping or grinding being necessary except when weld­
ing old rails where the joints are battered, when, of course, the 
rails have to be ground down to an even surface. In case the 
two rails do not come together closely, a shim of steel may be in­
serted and welded in, completely filling the gap. The writer has 
made many joints in this manner with perfect success. 

Four men constitute a welding gang, and eighteen or twenty 

JOI NT ON T-R/\lL BE FO RE REl\IOVING SL/\C 

joints can be made in a day o f 10 hours. No skilled labor is 
necessary. 

The first place to experiment with this process was Essen, Ger­
many, the home of the inventor. · Owing to the importance of the 
rail-joint question, however, other European cities were not slow 
in inv estigat ing its merits. In 1900 about 1200 joints were made 
in various cities on the Continent. The results obtained from th ese 
were considered so satisfactory that ·the use of this method of weld-

ing increased very rapidly, some c1t1es introducing it on an extC11-
sive scale, notably Leeds, England; Dresden, Au stria, and Singa­
pore, India. Twenty-six hundred joints were made in 1902, and 
20,000 in 1903. In 1904 a company was formed in the U nited States 
to int roduce the process here, and at the suggestion of the writer, 
who h ad follow ed th e development of the process with consid­
erable interest, the Holyok e Street Railway Company deti<led to 
use it on a mile of track about to be reconstructed. 

WORK D ONE AT HOLYOKE 

The rail welded was new 9-in. 107-lb grooved Sec. P. S. Co., 228, 
known as Trilby section, th e rail s averaging about 55 ft. in length, 
T he total number of joints made was 170. A ll joints were welded 
except those on th e special work. Three joints were· also made 
on the special work as an experiment, two being at the P. C. of a 
cu rve of 40-ft. radiu s, the other at the end of a frog. The longest 
piece welded continuously was about 2500 ft., both ends being 
bolted tightly to the special work. The welding was done when 

POURING JOINT 

the temperature was between 80 degs. and 90 degs. F. in the shade. 
Of the total number of joints made, but two were imperfect, and 
these were immediately r epoured. The cost per joint was about 
$6.z.3, divided as fo llows: 

Thermit ............ .. .... ... ................. . .. . ........ ... $4.98 
l\Iolds per pair.................................... . ........... .35 
Labor and supervi sion.......................... ..... .. . . . . . .60 
Crucib les per joint...................................... . . . . . .~5 
Incidental s (shims, gasoline, etc.).................. . .. . ..... .05 

Total .................................................... $6.23 

Thi s work has been down nearly a year now, and not a break 

JOI NT \\' ITH SL\G RE i\ l ( J\'E D 

has occurred, a lthough the temperature has been as low as 10 degs. 
below zero. Many of the joints can hardly be detected at the 
present time, and the wear th roughout the rail is perfectly uniform , 
showing that the rail at th e joint has not been softened or injured 
in any way by th e heat to which it was subjected. The alignment 
o f the track has remain ed perfect both on tangent and on a cnrve 
of 300-ft. radiu s, which was also welded. A prominent street rail ­
way official, who has been connected with ~treet railway work for 
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many years, made the remark in the hearing of the writer that 
there was not a better piece of track in the United States. 

A s thi s work proved thoroughly successfu l, th e company de­
cided to weld about 1000 joints this summer. Of these, 400 are on 
9-in. 107-lb. grooved rail which has been down abou t fou r year s, 150 
on 7-in. 70-lb. T -rail which has been down about six years, 100 on 
6-in. 60-lb. T -rail which has been down about five years, and 350 
on new 7-in. 90-lb. grooved rail. A s nearly all of the rails to be 
welded are about 60 ft. in length, thi s will represent about 5 miles 
of track, all of which is in paved st reets. 

The work on the 9-in. rail has already been completed. Owing 
to the h eavy traffic over some of the lines , about 200 joints had to 
be m ade between the hours of 12 and 5 in the morning, 

GRI N DER FOR SMOOTHING J OINT 

three men being able to weld from twelve to fourteen joints in this 
length of time. \,\Th ere the time between cars was IO minutes or 
over the work was done in the daytime, as the joints can easily be 
made while the car s ar e running without interfering with traffic. 
Of the total number of joints made, three (or less than l per cent) 
were imperfect, and had to be repoured. No breaks h ave yet oc­
curred. The cost of joints on 9-in. rail made th is year has been 
$5.25, divided as fo llows : 

'!'hermit ... ........ . ... .. ..... .. . ............... ... ..... . ... .. . H.25 
Labor . .. . . . . . . . .. . . . . . . .. . . . . .. . . . . . ... . . . .. .. . . .. .. ... . . . . . . . 50 
Molds . ... . . ... . . . .. . . . . . .. . . . .. .. . . ... . ... .. . . . . . .. ... . .. . . . .. 20 
Crucibles, p er joint.. . ........................................ 25 
Incidentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .05 

T otal ....................................... , ............ $5.25 

D ata on th e other sections of r ail s are not yet availab le, as the 
work is not yet completed, but as th e charges for labor, molds, etc., 
remain pract ically constant , irrespecti,e of the section of rail, it 

TRACK AFTER WELDING 

will be safe to say that the cost of join ts wi ll lay between $3 50 for 
4¼ -in. 60-lb. T-rail, and $5.25 for 9-in. 107-lb. grooved rail, these 
figu res being based on presen t quotations fo r thermit. To thi s 
mu st be added $1.25 per joint fo r removing and r eplacing pave­
ment when welding rails already la id. 

Tests of th e j oint w ith a Conant bond tester which compares 

the resistance of 3 ft. of rail with a joint with that of 3 ft. of rail 
without a joint, show the conductivity of the joint to be practically 
equal to that of an equal length of rail. Tests of individual joints 
by determining the drop in voltage at the joints confirm these re­
sults. Tests of the joints made last year show no deterioration in 
conductiv ity. Mechanically the joint seems to be perfect. The 
fo llowing t est will give an idea of the strength of the joint: A 
sect ion of 9 in. 107-lb. rail 13 ft . in length, with the joint in the 
middle, was placed in the track on two ties, distance center to 
center of bearing 12 ft. 6 ins. , and loaded double-truck cars weighing 
about 20 tons allowed to pass over it. The rail cracked through 
the bolt holes, but no harm was done to the joint. 

T he fact that we did not have a single break during the past 
winter shows pretty conclusively that the joint is, when properly 
made, sufficiently strong to withstand all, stresses due to changes in 
temperature and those du e to traffic. Joints sawed through the 
middle show that perfect amalgamation of the metal s has taken 
place. 

From what experi ence the writer has had with this process of 
we lding, it seems to him to possess the following advantages: Sim­
plicity, no skilled labor being necessary; lack of expensive apparatus, 
the whole outfit costing less than $100; adaptability to repairs and 
construction on moderate sized systems where the amount of work 
done at one time does not warrant the expense of maintaining an 
extensive apparatus and retention of skilled laborers, the possibility 
of welding on track already laid without interfering with traffic 
where the h eadway is IO minutes or over, and last, but not least, 
the excellent results obtained both mechanically and electrically. 
A noth er point which h as not been mentioned is the ease with which 
compromise joint s of almost any desc!"iption may be made by 
simply changing the fo rm of molds. 

JOI NTS AND TRACK CONSTRUCTIO N IN 
PHILADELPHIA 

BY H. B. NICHOLS, 
Engin eer of Way, Philadelphia Rapid Transi t Company, 

and 

C. B. VOYNOW, 
Assistant E ngineer, Philadelphia R apid Transit Company 

Rail-joints, especially those used in street railway tracks, may 
be divided into two distinct classes-those which we will call ordi­
nary j oints, where the parts comprising them may be assembled and 
taken apart with ease and comparatively small expense; and those 
which we will call permanent joints, wh ere the parts are perma­
nently embodi ed in the j oint and cannot be tak en apart. The first 
class comprises practically all of the joints at present in use, and 
ar e those that consist of fi sh or joint-plates of various forms held 
by bolts o r keys. The p erman ent joints represent a very small 
percentage of those in use, as th ey have been introduced com­
paratively r ecently, and consist of so-called cast-welded and the 
electrically-welded joints. 

The different kinds of fish or joint-plates u sed for connecting 
ends of rails are well known. The principle involved in all of them, 
is two wedge-shaped plates , that are, by means of bolts or keys, 
fo rced on to the rail s, the latter having a similar outline; and upon 
the thorough, continuous and tight contact of these inclined sur­
face s the solidity a11d permanence of the joint depends. In any 
fo rm of rolled steel exact uniformity of section is never obtained; 
one end is invariably larger in cross-section than the other, even 
when new rolls are u sed. This is due largely to the difference of 
temperature between the ends o f the steel when on it s final pass 
th rough the fi ni shing rolls; and, further , as the rolls wear down, 
the rolled sec tion becomes larger. This is tru e even with the 
simplest section, -as a square or round bar, and it is considerably 
more pronounced in the deep rail sections that are used in street 
construction. In consequence, when joint-plates and rails are as­
sembled, while theoretically true and exact in their complementary 
design, in practice they vary greatly-sometimes as much as 1-16 in. 
But, assuming that th e section o f plates and rail are correct, as per 
des ign, rolled surfaces of steel a re not continuous or perfectly 
smooth planes, but consist of minute elevations and depressions. 
Therefore, \\(_hen th e two joint-p lates are forced by the bolts into 
the fi shing sections of the rail , continuous contact is not obtained, 
but only an intermittent or point contact. In other words, only the 
protuberances of the surface o f the joint-plate come in contact with 
those in the surface of the rail. The object of a rail-joint is to 
bridge over the ends of the rails and hold them against vertical 
and lateral movements under the load. Were it only for those 
movement s, we believe, joint-plates would be effective for a con­
siderably longer period than they are in practice, for the protuber­
ances mentioned above would hold out considerably longer against 
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fl attening under the we ight of the load. But , besides the ver tical 
and lateral movement , there is a long itudinal or bodily movement 
of the rail s, du e, principally,. to contraction and expansion, and also 
on account of the wave motion of th e rail under traffic. T his 
movement acts like a file on the minute irregulariti es of th e sur­
faces. A lthough thi s linear movement is small, maximum % in . 
lo Ys in. in severe changes o f temperature, yet those point contacts 
are so small, as compared with the extent of th e movement o.f the 
rail s, that this movement act s upon them like a long-drawn fi le. 
The result is th at, no matter how tightly the plates were adju sted 
origin ally, in a very short time they become loose, and the ends 
of the rails begin to hammer under the passing wh eels. Moisture 

consequence is that the Jomts are allowed to remain loose a con­
siderable length of time before they are unc·overed and bolts 
tightened. Moreover, the constant hammering of the loose ends of 
th e ra ils on the plates cau ses a depression on th e surface of the 
plate and ra il to such an extent that the tightening of the bolts does 
not avail ; and th e plates fir st, and very soon the rail s themselves, 
are in such a condi t ion that a renewal is the only remedy. Even 
befo re the ends of the rail s and the plates have become damaged, 
the loose joints cause the ends of the rails to droop, and in con­
nection with the roll ing action of traffic, whic¥longates the upper 
surface of tread, bend the entire rail in a vertical curve by forcing 
up the spikes or t ies in the midlle of the rail. This makes the 
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FIG. 1.-COMPOSITE JOINT 

percolating between the contact surfaces, du e to capillary attraction, 
or otherwise, oxidi zes those surfaces a nd g r eatl y facilitat es thi s 
filing effect. In steam roads thi s necessitates const ant , almost 
daily, tightening of the bolt s. 

vVe have not m entioned here the loosening of the plates caused by 
the nuts being jarred loose from vibration, th e reason being that 
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FIG. 2.- J OINT ,\FT ER BEI NG CLEANED 

we wish to present the fact to you th~ t a joint , even under ideal con­
ditions of fit and construction, could not be maintained in perfect 
condit ion very long. In street r ailway track construction th e move­
ment of the r a il s, due to changes of temperature, is not as great as 
in steam tracks, because the ra il s ar c buried in the pavement ; yet 
it is large enough to cause the same filing effect. On the other 
hand, th is burying of th e r ail s ii1 the pavement entirely precludes 
the constant tightening of th e bolt s, for the expense of the constant 
digging up and r eplacing of pavements would be prohibitive. T he 

track a continuous succession of waves, which necessitates, at 
intervals, the digging up of the entire pavement for the purpose of 
retamping and r espiking it. Wh en once these vertical curves are 
formed the track can never be restored to good condition. As a 
matter of fact, rails, after they have been r emoved for r enewal, 
could in many cases h ave been used fo r several years more, as far 

F Ii~ . .J - PL.\TES IN POSITION 

as th e middle part is conce rned, were it not for th e battered ends. 
l n oth er words, the life of the track is mainly dependent upon the 
li fe of its joints. We shall not di scuss here th e lo ss involved in the 
maintenance of the rolling stock and pavement, but anyone tak ing 
a r ide on old track wi ll fee l the effect on himself of low join ts. 

Street ra il way track const ruction being a deye lopment of that 
of the steam roads, the idea prevale nt in that branch was neces­
sar ily embodied in it, although there are ra J ica l diffe rences between 
the two, T he steam ra il roads, consist ing of vast stretches in the 



STREET RAILWAY JO UR NAL. [VoL. XXVI. No. 14. 

open country, naturally do not, require paving. T he rails being en­
tirely exposed on all sides, and therefore directly influenced by 
changes of temperature, g reat cal.'e must be taken that the expan­
sion in the rails does not distort the alignment of the track. To 
prevent this, the rails are laid in short lengths, the joint holes iii 
the rails are made considerably larger than the bolts, and spaces 
are left between the ends of the rails to allow free movement. This 
was also embodied in street track construction. But it Has been 

FIG. 5.- REAMING HOLES 

• gradually acknowledged that in street railways, where the rail s are 
buried in paving, th e ch anges of temperature in the atmosphere do 
not affect the rail proportionately ; the friction between the paving 
and the rail ex erts upon the latter such a force as to a great extent 
counteract the force of the stress due to expansion. Again, the 
material of the paving enclosing th e rail on both sides helps to k eep 
the rail in permanent alignment and surface. This has involved · 
what we have called permanent joints, viz., the cast-welded joint , 

middle of the rail and at the joint. Moreoyer, on account of the 
sudden high temperature the rail ends expand vertically, and in 
cooling do not come back to their original cross-section. This 
causes either elevations or depressions at the joints. The eleva­
tions can be overcome by grinding or filing, but the depressions 
cannot be remedied, and they remain as permanent defects in the 
track. W e are not as familiar with the electrically-welded joints. 
and therefore cannot give you the results that have been obtained 
with th em. But the di sadvantage that we know of is the fact that 
the tran sportation of the machinery and other expenses involved in 
placing them is considerable. The cast-welded joint does not give a 
perfect electrical connection, and we know of a railway in the neigh­
borhood of thi s city wh ere th e management is judiciously using 
large copper plates in connection with this joint. Both of these 
joints have th e further di sadvantage that in case of changes in the 
track layout the joints can only be cut out and thrown in the scrap 
pile. 

The joints that are at present used in Philadelphia are supposed to 
remedy the above-mentioned defects and disadvantages. This will 
be seen from the following descriptions. The joint consists of what 
may be called two Z or special bars (Fig. r), which are riveted on 
to the webs of th e rail. These plates are not made to fit the fishing 
section of the rail; on the contrary, spaces are left under the head, 
tram and around the foot of the rail. These spaces are filled with 
molten zinc, which enters into and fill s out all the irregularities of 
the rolled surfaces, thus g iving an absolutely continuous and per­
fect bearing throughout the whole length and width of the flanges 
of the plates. It is obvious that such a continuous contact could 
not be obtained by the most laborious machining or milling of those 
surfaces. The adhes ion of the molten zinc to the rails and plates, 
together with the body-bound rivets, hold the joint permanently 
tight, and at th e same time prevent expansion, thus making the 
rails continuous. 

The method of constructing the joint is as follows: After the 
material has been distributed and the rails placed on ties, but before 
the latter are spiked, both plates and rails are thoroughly cleaned 
(Fig. 2) by a portable sand blast (Fig. 3). The plates are next 
placed on th e rail ends and held in place by steel drift-pins, placed 
one in each end of the plate (Fig. 4). A steel straight-edge is laid 
on the head of the rail, and the tread brought to a uniform surface 
by inserting wedges between the plates and the trams, or the plates 
and the head of the rail. The wedges are then driven in with a 

FIG. 3.-PORTABLE SAND BLAST 

which is formed by pouring a ma ss of molten ca~t iron around the 
abutting ends of the rails and the electrically-welded joints, which 
a re made by electrically welding two strips of steel plates to the 
sides of the webs at three or more points. While these joints have 
seemingly given better results, they also embody either defects or 
disadvantages which are quite important. In the cast-welded joint 
the comparatively large mass of molten metal anneals or otherwise 
affects, whether physically or chemically we do not know, the texture 
of the rail ends. This makes the track of an intermittent hardness, 
which is very soon shown in the difference in wear between the 

light hammer until the straight-edge has a continuous bearii1g. 
While the plates are held in,place by four temporary bolts (Fig. 

4), the rivet holes are reamed to I r-32 in. diameter (Fig. S) by a 
portable pneumatic reamer (Fig. 6). The 12 r-in. steel rivets 
are then driven by a portable pneumatic riveter (Figs. 7 and 8). 
This insures the filling up of the holes by the rivets. The next step 
is to put in place the iron clamps for holding the asbestos cloth 
pads and clay on the bottom and at the ends of plate and above 
the base of rail. The spaces between the head and tram and plate 
are temporarily caulked with asbestos cloth. The plates are then 
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warmed by fuel-oil burners, operated by a portable compressor, to 
a temperature of about 300 <legs. to 400 <legs., after which the 
molten zinc is immediately introduced through a r-in. hole located 
in the center of the lower portion of plate, the remaining space 
underneath head and tram of rail being filled by the aid of dams. 

fo r investigation after having been in the ground for over two 
years), and, therefore, gives a thorough and continuous electrical 
connection. We know of very interesting data about the electrical 
bonding quality of this j oint , but as these data are the property of 
the Fr3i1klin Institut e, we are not at liberty to divulge them at 

FIG. 6.- P O RTABLE PNEUMATIC REAMER 

These dams consist of aluminum castings padded with asbestos 
cloth. 

From the above description it will be seen that this joint com­
bines the characteristics and advantages of both classes of joints 
mentioned above, obviating their defects. vVhile it is a permanent 
joint, in that it holds th e ends of the rail s permanen tly together, it 

present. W e will only say that, after a thoro ugh trst by an electrical 
expert of this city of joints that had been in the ground over two 
year s, and under the heavies t traffic, th e r es istance was fou nd to 
be less than the r ail s themselves. An other, and we think a very im­
portant , feature uf this joint is the fact that its initial cost is prac­
tically a permanent investment. From the natu re of its construe-
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F I G. 7.- PORTABLE PNEUi\IATJC RT\'ET E R 

can be eas ily taken apart and the parts r eplaced at a comparatively 
small expense. It does not di stort th e original cross-section of the 
rail, nor does it effect the physica l or chemical nature of the metal. 
1 t not only obviates the initial defects in th e fit of the roll ed sec­
tion, but al so the aggravating cause-that of linear movement, due 
to expansion. As the plates and rails are thoroughly cleaned and 
heated before the molten zinc is poured in, the latter galvanizes on 
to the steel ( this was proved on joints that were purposely opened 

tion, h~aving an intermed iate soft metal between the surface of the 
steel, the plates cannot be affected by wear, and, therefore, prac­
tically th e entire material that enters into the construction of th e 
joint- th at is, the plates and zinc-can be used over again after the 
rails h ave beei- worn out, only necessitat ing new rivets. 

Before desc ribing the other improvements in track construc­
tion, we think that it will be interesting to mentio n the novel idea 
involved in the construction of thi s joint. It seems, at first glance, 
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rather an anomaly that malleable iron, cast iron and even rolled 
steel plates of a high percentage of carbon have been used, or, in 
other words, different hard meta l substances have been u sed as a 
support or fou ndation for certain vibrating loads, and they all 
proved more or less a fa ilure. Yet, in face of these known failures, 
it was proposed to support the same loads by means of a compara­
tively soft metal, zinc. The fac t is that this metal does form a 
better support. There is a well-known engineering principle which 
has a similar and close relation to this, and which will explain the 
seeming ambiguity. Foundations of large and important structures 
are known to have been built on sand and even quicksand. It is 
only necessary to dam around the loose material under the fou nda­
tions and make the area of the latter large enough. The configura­
tion of the plates forming wedge-shaped spaces under the head and 
tram of the rail, and the enclosed space around the foot is the 
damming, and the fi lling in under the entire width of base of rail, 
and of all the irregularities of the rolled surfaces, is the enlarged 
area of the fou ndation. 

E L ECTRICAL RAIL WELDING 
EXTRACTS FROM AN ARTICLE UPON TRACK CONSTRUCTION 

BY T. W. WILSO N, 
of Buffalo 

Published in the "Street Railway Review" of March and April, 1903 
(Used by Special Permission.) 

T he electrically-welded joint was adopted as a standard in 1899, 
and since that time 30,216 joints ( represent ing 106½ miles of track) 
have been welded. Numerous descriptions of the process have been 

l' 
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Kind of Rail 
Old, 6-in. .. ...... ,".,..... . .. ........ .. .. . 
Old, 7-in. . ............................... .. 
O ld, J. Co., 9-in .......................... . 
Old, P. S. Co., 9-in ...................... . 
New, 6-in. 
New, 9-in ................................. . 

K ind of Rail 
O ld, 6-in ...... ... ......................... . 
O ld, 7-in .................................. . 
Old , J. Co., 9-in .............. ............ .. 
Old, P. S. Co., 9-in ...................... .. 
New, 6- in . 
New. 9-in . 

Second Year 
1900 

11,973 
566 

1,894 
146 
619 

2,234 

17,432 

Joints 
Welded in 
1899·1900 

16,760 
674 

4,552 
220 
619 

6,056 

28,781 

Joints 
Third Year Welded in 

1901 1899-1900-1901 
482 17,242 

0 574 
356 4,908 

0 220 
0 619 

597 6,653 

1,435 30,216 

Number 
Broken 

127 
7 

25 
6 
2 

1e 

183 

Number 
Broken 

8 
1 

1 
0 
3 

20 

Of the 183 broken joints, winter of 1900-01, twenty-three were 
on · welding done in 1899 and 160 were on welding done in 1900 
(1 7,432 joints were welded in 1900). The joints which broke have 
all been carefuny in spected, and in no case did the break occur 
through the weld, nor did the weld pull off. The break almost in­
va riably occurred at the end of a welding bar, the rail breaking 
usually through old bolt or bond holes beyond the bar. By welding 
with bars long enough to cover and reach over all such holes, this 
source of breakage has been eliminated since 1900. The forty-nin e 

........... 

F IG. 8.- SECOND TYPE OF PNEUMATIC RIVETER, PHILADELPH IA 

published, so all that is necessary here is to give a statement of 
result s obtained and the number and cause of breakages. In this 
connection the question is still asked as to "what we do with ex­
pansion." Probably the best answer is that we "forget it," the 
same as we do the joint after it is welded. Scien tifically it may be 
sa id that the rail is held in every infinitesimal part of its length by 
the concrete base, which covers about I in. of the base of the rail, 
and by the paving, and the track cannot expand or contract. The 
force is taken up in internal strain in the metal of the rail. When 
the strain becomes greater than the ultimate tensile strength, the 
rail breaks. 

A tabulated statement fo llows which explains itself: 

Kind of Rail 
Old, 6-in .................. .. ........................... .. 
<l id, 7-in ................................................ . 
() Jd, ,T. Co., 9-in ......................................... . 
Old, P. S. Co., 9-in. . .................... .............. . 
N ew, 6-in. 
New, 9-in 

First Year 
Joints Welded 

in 1899 
4,787 

8 
2,658 

74 
0 

3,882 

Number 
Brok en 

18 
0 

49 
3 
0 

45 

11,349 115 

breaks in 1899 and the twenty-five in 1900 in old J ohnson Company 
9-in., as shown above, were directly due to this cause. The large 
number of breaks in 1900 old 6-in. (127) we could only account for 
by attributing them to som e quality in the chemical composition of 
the ra il which did not lend itself readily to the weld. They nearly 
all occurred in the same street-viz.: East F erry Street-and this 
would seem to help that hypothesis. 

Referring again to the table, we note 183 broken joints at the end 
of 1901 winter. These were all r ewelded in the summer of 1901, 
so that to-day the number of broken joints is twenty. These have 
been cut out and a piece of rail IO ft. long inserted, full bolted 
and bonded. Next summer these plates will be taken off and the 
rail s r ewelded. It has been found that it is not always necessary 
to cut in a piece of rail in place of a broken joint, as a very neat 
patch can be welded in a great many cases which gives very satis­
factory r esults. 

As an average, therefore, on all welding done in Buffalo, the 
breakage has been about l per cent. The welding done in 1901 and 
1902 in Rochester and other cities shows even better results, and 
of 5308 joints welded in Rochester in 1901, there were but six 
broken rails in the spring of 1902. When it is considered that the 
quality of each weld depends entirely upon the personal equation of 
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the welder (since it is by a cherry-red color alone that the proper 
point of fusion is known), it seems wonderful that such remarkaLle 
results are achieved. 

In addition to welding our joints, the ground return around spe­
cial work has been taken care of by welding or elect rically brazing 
copper ground cables to the rail s. For this purpose a copper block, 
1 ½ ins. thick, with a suitable groove across one face to pass over 
the cable, is provided. The cable is placed against the rail -web and 
the copper block over the cable. 

The welder is then brought into position, a Bessemer steel plate 
about ¾ in. thick is interposed between the copper block and the 
contact of the welder. This acts as a heat insulation and enables 
the copper block to be brought up to proper heat for brazing. Hard 
spelter is used. By this means a 500,000-circ. mil cable can be at­
tached to a rail so that the full carrying capacity of the cable is 
realized, the area of union between the copper and the stee l being 
ample to allow fo r th e difference in carrying capacity of th i two 
metal s. - \ 

ELECTRIC WELDING OF RAIL-JOINTS 
1 

/ 

(From the " Iron Age") 

A DESCRIPTION OF THE MACHINES USED AND METHOD OF 
OPERATION 

The process of electrically welding rail-joints, as applied by the 
track-welding department of the Lorain Steel Company, Lorain, 
Ohio, comprises three distinct operations. The machinery is 
mounted on trolley cars of suitable design, the running gear of 
which is provided with threaded axles so that the machines can be 
used to weld track of different gages. New rail is welded either 
before or after the paving is in place, space being left at the joints 
to permit the entrance of the welder. In old rail the paving is re­
moved around the joint, and the old plates and bond wires a re re­
moved. The rail ends are then brought up to the proper grade. 

In the welding process the first operation is that of sand blasting, 
by means of which all dirt, rust and foreign matter is removed from 
the rails at the points where the welds are to be made and from the 
bars used in making the joint. The apparatus for thi s work con­
sists of a 10-hp motor driving an air compressor, a tank 

1

for th e 

of the car. T his crane perm its of lowering and raising, so th at the 
jaws of th e welder can engage the sides of the rail and also to 
shift the welder from one side to the other to engage both rails of 
the track. The crane is operated by friction clutches from a shaft 
in the car, which is kept running continuously by a 5-hp motor. 
This motor also drives a small rotary pump for circulat ing water 
th rough the welding transformer and the faces of the contacts to 
keep them cool. After the water has passed through the welder 
it goes to a cooling tank on top of the car, is forced under the fals e 
bottom and made to blow in from the middle and passes around 
and around until the outer circumference of the tank is reached. 
A false bottom is provided, and ai~, from a blower in the car, is 
forced under the false • bottom and made to blow up through 
numerous h oles. The hot water from the welder passes into the 
oute r portion of the se rpentine and gradually finds its way to th e 
center. From there it is conducted to one of the tanks in the ca r . 
In this passage along the serpentine path the air is forced up 
through the water and forms a most efficient method of cooling, 
depending somewhat on th e humidity of the atmosphere, being 
most effici ent when the atmosph ere is dryest. 

The welder it self is an alternating-current transformer, the 
primary winding of which consists of two coils in parallel of forty­
four turns each. The secondary coil is a single loop of copper of 
large cross-section, th e terminals of which form the contacts, or 
jaws, which engage each side of th e rail and between which the 
weld is made. The secondary winding is so made as to entirely 
inclose th e primary coils, which are insulated in oil. On each side 
of thi s transformer and supporting it, but insulated from it, are the 
two large leve rs, hinged together at about two-thirds the distance 
from the top, for transmitting the necessary pressure to the weld. 

These leve r s are connected a t th e top by an hydraulic jack. A 
hand pump for forcing water into the jack is bolted to one of the 
levers. A pressure of 4100 lbs. per square inch is obtained on the 
3½-in. diameter rams of the jack, the leverage on the arms increas­
ing this so that about 37 tons pressure is developed at the weld. 

In making a joint, flat-rolled steel bars are used, having at 
each end a boss, or p roj ection, on one side, which fo rm th e contact 
points between the bars and th e web of the rail and confine the 
welded area to these sections. A fl ilt strip of steel Ys in. thick by 
I in. wide is placed across the middle of the bars on the sam e side 

F I G. 1. - UTILITY CA R , CAST W ELDING IN i\IILWAUKEE 

storage of air and a bin for holding a supply of sand. A sand 
mixer of the Tilghman type is al so provided. By means of a hose 
and nozzle the operator directs the blast of air carrying the sand 
against the rail until all foreign matter has been removed. The 
bars are similarly treated and the j oint is ready for the actual 
operation of welding. 

The apparatu s fo r welding is carried in two cars coupled together 
hy a special form of slip coupl ing, which permits of sufficient range 
of movement for the ca r carrying the welder proper to be moved 
from one weld to another of the three welds necessary in making 
a joint without the necessity of moving the second car. T he welder 
itself is hung from a bail on a crane extendnig out beyond the end 

with the bos ses. The bars are supported on small blocks and placed 
across the joint so th at the middle strip engages the web of both 
rails. The middle weld is a vertical one and made the full width 
of the bar; the end welds arc hori zontal. 

The welding train of two cars is moved up to a joint. The 
welder is swung into place and the jaws made to press against th e 
bars on each side of the rai l. T he current is then turned on, and 
flows from contact to contact th rough th e bars and the rail web. 
By altering the pressure on the jaws th~ resistance of the several 
j unctures is increased, and th e whole is soon bro11ght up to a 
welding heat.. A s soon as this point is reached th e current is cut 
o ff and simultaneously the pressure is brought up to the full 
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amount. The pressure is then loosened and the welder car moved 
back to bring the jaws opposite the extremity of the bars. The 
same process is again followed h ere, except that wh en the final 
pressure has been applied it is h eld there and the weld permitted 
to cool under p ressure until the metal has cooled sufficiently not to 

and exert a powerful pull to bring the abutting rail ends together, 
thus closing the slightest opening and leaving practically no joint 
at all. This is an important point in the manufacture of a con­
tinuous rail, for if the abutting rail ends are not brought firmly 
together, the m etal in the head of the rail will have a chance to 

FIG, 2,- CUPOLA CAR, CAST WELDING IN i\IIL\VAUKEE 

show any glow. Th e welder is th en moved forward to the other 
end of the bar and th e process repeated, after which th e welde r is 
raised and moved to the oth er side of th e car to engage the 
opposite j oint. 

By holding the pressure after th e weld is made a remarkably 

flow into the opening between the rail s, and thi s in time will cause 
a low spot in the head of the rail. As the bars are always in a 
-state of tension, it follows that the rail itself, inclosed between the 
bars, is in a state of compress ion. Any contraction of the rail itself 
between the j oints will be tran smitted to th e end welds, and it is 

FIG, 3,-SAND-BLAST CAR, CAST WELDING IN i\IILWAUKEE 

tough weld is secured, It will be noted that only the end welds 
are thus treated, As the center weld is not subjected to any strain, 
it is not essential to have toughness ther e. It has been found de­
sirable to weld the ends of the bars while the bars are in an ex­
panded state. By making the center weld first and not stopping to 
cool it under pressure, th e greatest elongation of the bars is se­
cured. After the ends are welded and the bars cool off they shrink 

therefore necessary to have these welds exceedingly tough to with­
stand the strain, The object of the center weld is simply for 
vertical stiffness and to prevent any movement of the rail ends. 
The actual current used in welding is about 7 volts and from 
25,000 to 30,000 amps. 

In the car coupled to the welder is carried a rotary converter 
for changing the direct current from the trolley to an alternating 
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current. The current in the primary coils of the welder is 300 
alternating, 40 cycles. The direct current side of the rotary wi ll 
take current from 325 to 600 volts from the trolley, and by means of 
suitable regulating apparatus the output on the alternating side, to 
the welder, is kept practically constant at 300 volts, without regard 
to the fluctuations on the line. On a line voltage of 500, about 225 
amps. are required, or it takes about 125-kw to make a we ld, the 
current being on about two and a half minutes to each weld. 

The third and last operation in the process consists in grinding 
the head of the rail to a true surface. In welding new rail there is 
little need for thi s tool. In old track, where the rail ends have 
been battered, th e receivi1ig rail is purposely welded higher than the 
other. The grinder is then used to grind out the inequalities in 
the rail head and bring it back to a tru e surface. The grinder 

FIG. 4. - J O INT AFTER BEING CLEANED, MI LWAUKEE 

cons-ists of an e·mery wheel mounted on a ca rri age h aving two 
rollers, which are about 4 ft. apart. This carriage is let down on 
the rail so that the rollers roll along the h ead of th e rail, th e 
emery wheel being over the uneven portion at the joint. The car­
riage is connected with a motor on th e car by a swing frame, thus 
enabling the operator to move the emery wheel back and fo rth over 
the joint while the car remains st ationary. By means of a hand 
wheel the emery wheel is gradually fed down, and as it is moved 
forward and back grinds off the high places until the whole joint 
is brought to a true surface. The principle is very mu ch the same 
as a carpenter's plane. vVith the final operation of grinding the 
joint is left complete. 

Carried on as a continuous process, it takes from 12 to 15 min­
utes to complete a joint. The work 1s carried on day and night, 
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FIG. 6. - J OINT READY FOR POURING, MILWAUKEE 

about 80 joints in 24 hours being a fair average. The bars used 
are 1 in. x 3½ ins. and iYs in . x 3 ins., the length varying with the 
form of joint previously u sed. On new rail, where the ends are 
left blank especially for welqing, the length is 18 ins. On old rail 
the bars mu st be long enough to r each back of the old bolt and 
Lond holes, in some cases requiring bars as long as 48 ins. 

In addition to welding joints the same apparatus is made use of 
in welding or electrically brazing copper ground cables to the rails. 
For this purpose a copper block, aboC1t 4 ins. square and about 
1½ ins. thick, with a suitable groove across one face to pass 
over the cable, is provided. T he cable is placed against the rail 
web and the copper block over the cable. The welder is then 
brought into position. A Bessemer steel plate, about ¼-in. 
thick, is interposed between the copper block and the contact of 
the welder. This acts as a "heat ins11lator," and enables the cop-

per block to be brought up to a proper heat for brazing. Hard 
spelter is used. By this means a 500,000 circ. mil cable can be at­
tached to the rail so that the full carrying capacity of the cable is 
r eal ized, the area of union between the copper and the steel being 
ample to allow for the difference in carrying capacity of the two 
metals. 

The improved process of electrically welding rail Jomts and 
bonds has been in u se since 1897. Further improvements were 
made in the winter of 1900, and th e welding done the following 
season amply demonstrated the value of these improvements. 
·while the breakage on all welding done had not exceeded 1 per 
cent, the breakage on welding done in 1901 was hardly one-tenth as 
great as before. Of 5308 joints welded in Rochester, N. Y., in 1901, 
there were but six broken rails in the spring of 1902. In no case 
has a joint broken through the bars or a weld pulled off; nearly all 
breaks have occurred through old bolt or bond holes beyond the 
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FIG. 5.-i\IOLDS AND CLAMPS, MILWAUKEE 

bars. By weld ing bars long enough to reach over the holes, this 
source of breakage has been avoided since 1900. The excellent 
showing made at Rochester, N. Y., on last year's welding proves to 
what a r emarkable state of perfection the process has finally been 
brought. vVhen it is considered that each weld depends on the 
judgment of the man making it, and that every bad weld must 
necessarily remain in the track, to be subsequently revealed when 
the strain of winter comes on it, and that but about one out of a 

FIG. 7.- POURING JOI NT, l\IILWAUKEE 

thousand is a bad weld, it proves that by no other method of weld­
ing can such uniformity of results be attained. In the last three 
years the Lorain Steel Company have we lded at Buffalo, N. Y., 
alone, over mo miles of track. 

THE CAST-WELDING OF RAIL-JOl NT~ 

BY FREI> G. SIMMONS, 
Superintendent of Construction and Maintenance of \Vay, th e Milwaukee 

Electric Railway & Light Company 

Among the fir st joints cast-welded under contract were those on 
Chippewa Street, St. Louis, on the lines of the Southwestern Rail­
way, during the month s of Oct. and Nov., 1894. T he fir st 744 joints 
appli ed at this time were very satisfac tory, less than one-half of 1 
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per cent breaking. During the followi ng year the work of ca~t­
weld ing joints on the str eet railway lines of Milwaukee was com­
menced, and some of th e track welded at that time, consisting of d 

5-in. 58-lb. tram-girder rail, is still in place, and in first -class con­
dition after continual service for ten years. It is not the intention 
of the writer to claim superiority in point of efficiency for the cast­
welded joints, as compared with several other methods of accom-
plishing the same result. • 

\Ve do, however, believe that many engineers and managers 
have avoided th e u se of the cast-welding process on account of the 
numerous erroneous arguments advanced against it, and it is the 

FIG. 8.- COMPLETED JOINT 

purpose of this article to lay before the public a simple descrip tion 
of the results obtained in the cast-welding of rail-joints by the 
Milwaukee Elect ric Railway & Light Company, within the personal 
experience of the writer and under hi s sup er vision. This descrip­
tion and the results obtained, we believe, conclusively sh ow the 
possibility of cast-welding th e rail- joints in a manner absolutely 
satisfactory both as to effici ency and economy. 

It is claimed that the mass o f molten iron poured around the 
rail ends effects either a chemical or molecular change in the meta l 
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FI G. 10. - SECTION OF JOINT 

of the ball of th e rail, wh ich makes this section of the ra il softer 
than the remainder, the inference being that the carbon is burned 
out. With over 150 miles of cast-welded track, some of which has 
been in service ten yea rs, and with m any miles rep laced on account 
of the entire wearing out of the rail, no instance of a low cast­
welded joint h as been encountered. In fact, when the work was 
properly and thoroughly handled, absolutely r ever sing this claim, we 
have found that as our old gi rder rail wore out th e cast-welded joint 
became the highest point in the rail, the thin metal on each side of 
it ironing down into depressions, leaving the rigi<illy supported 

metal of the joint high. The pictu re herewith is from a photograph 
of such a joint, clea rly showing tlJe conditions as stated. 

T he entire process of pouring a cast-welded joint is illustrated 
in th e accompanying cuts, made from photographs taken during 
the actual progress of the work. 

F ig. r (page 579) shows the utility motor car used in transport­
ing the apparatus and material, and the cupola, with the molten iron 
flowing, is a ttached behind this car. The thin stream of white, hot 
iron may be plainly seen on close inspection of the picture. 

F ig. 2 ( page 58o) is an enlarged view of the cupola, showing this 
piece of apparatus in greater detail. 

Fig. 3 ( page 580) gives a very comprehensive view of the car 
containing the sand blast apparatus used to clean the rail ends. 

FIG. 11.- FINISHED JOINT 

F ig. 4 sh ows a j oint after it has been cleaned by thi s process, the 
steel having assumed an almost silver whiteness. 

F ig. 5 shows the moulds, car and clamps u sed in preparing the 
joint fo r the pouring of the metal. Attention is called to the 
st rength of this apparatus and especially to the bar. The purpose 
of this bar is to prevent "cocking" or " kinking' of the joint while 
cooling, and it has been found entirely effici ent. 

F ig. 6 shows two joints prepared for th e pouring operation, the 
gate on one side and the vent on the other being very clearly dis- • 
cernible. Fig. 7 clearly shows the actual pouring of the joint. 
(These last four engravings are on page 581,) 

Figs. 8 and 9 are of a completed j oint, showing particularly the 
ease with which paving of any kind may be abutted thereto. 

.. 
FIG. 9.-COMPLETE JOINT 

Fig. ro is of a section of a joint showing clea rly the perfect bond 
of the metals. 

The process is so fully outlined in the above set of cuts that I 
will presume to make but few explanations. The heating of the 
iron in the cupola is in no sense different from the operations of 
any ordinary cupola, and the mixture used is the only point re­
quiring special mention. This consists of 75 per cent good pig iron 
and 25 per cent soft scrap. 

The sand blast is of a simple construction and requires no par­
ticular mention. The importance of thoroughly cleaning 6 ins. or 
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8 ins. of each rail end to be welded cannot, however, be over­
estimated, as it is necessary to r emove all scale as well as dirt, and 
the sand blast process is, of course, the most economical as well as 
the most efficient. 

The heavy clamp-bar already referred to is also a very essenti al 
feature, as this weight of metal not only prevents " cocking" and 
"kinking" of the joint, but helps prevent an overheating of th e ball 
of the rail. This bar is kept in place until all semblance of red 
heat has left the joint. 

An absolute fu sion of a portion of the ball and stem of the rail 
is necessary in achieving a successfu l cast-welded joint (a .sleeve­
j oint is of no value), and this is not a difficult result. During the 
last three years we have welded our own j oints, having purchased 
the apparatus shown above from th e contracting company which 
had previously done th e work, and during that time, although we 
have welded 6ooo to 8000 joints, we have not had one pull or break. 

Our electrical tests show th e conductivity through these joints 
to be from 100 per cent to 140 per cent of the conductivity of the 
abutting rail, and in no case of a proper weld does this conductivity 
fall below 90 per cent. This applies with equal force to track just 
welded, and track that was welded six to ten year s ago, and is 
borne out by r egula r periodical tests. 

The latest ra il adopted as a standa rd by the Milwaukee Electric 
Railway & Light Company is a 7-in. " Shanghai" section of T-rail, 
weighing 95 lbs. to the yard. Th e work shown above and the joints 
illustrated in Figs. 8 and 9 are upon a section of track built of this 
rail. The weight of cast iron used in this joint is 200 lbs. The 
total c6st of the joint approximates $3.50 for the j oint proper and 
$r.oo for th e opening and clos ing of the street; upon new track thi s 
last item is almost eliminated. 

Our cast-welding work is treated as a business by itself, and the 
fairest method of showing the cost of these joints to us is to quote 
from our yearly report for the calendar year 1904: 

CAST-WELDING--OUTPUT 2414 CAST-W ELDED J OINTS 

Account No. 180 Operating wages .......... . ..... . ..... $1,590.78 
Account No. 181 R epairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 704.83 
Account No. 182 Power and lighting expenses.. ....... 40.10 
Account No. 183 Supplies ... .... ... .............. ....... 3,041.30 
Account No. 184 Injuries and damages, 5 per cent.... 36:!.10 
Account No. 185 Interest , taxes, insurance...... ....... 288.00 
Account No. 186 Miscellaneou s . . . . . . . . . .. . .. . . . . . . . . . . . 653.35 

$6,680.46 

Per Joint 
$ .639 

.292 

.016 
1.260 

.150 

.119 

.271 

$2.767 

The ope rating wages, repairs anci suppiies shown auove con tain a 
certain percentage of increase ove r actua l amounts to cover general 
depreciation. The 2414 joints were applied to rail ranging from 
S ins. to 7 ins. in height. In addition to th e above an average of 
$r.oo per joint must be added as expense in opening and closing 
the street. A large proportion of the above were scattered over « 

wide area and were really welded under adverse conditions. 
The above is given as being an exact statement of fact, and is 

the reason for our belief that in the present development of any 
of the methods of welding rail-j oints, the cast-welding process 
comes most nearly striking the true average between economy anc! 
efficiency. 

SUMMARY 

To provide a summary of th e foregoing papers 1s necessaril y an 
undertaking which can result in littl e definite. • 

A few correlated ideas assembled and arrayed for purposes of 
comparison is more exactly what we may hope to accomplish ; and 
in so arraying thi s correlated data, the fact that the information 
upon which it is based may not in a ll cases be compl ete, o r the 
deduction drawn may not be the tru e one, se r ves only to accompli sh 
the end desired, namely, a discu ssion of the entire subj ect matter. 

Of the four m ethods of forming permanent j oints illustrated 
above: three a re properly designated as "welded," while the oth er 
(the zinc joint) cannot be classed exactly in thi s category. The 
deduction which th e writer draws from the four papers, however, 
is, primarily, that it is possible, with the best knowledge, and by 
the u se of sufficient and correct apparatus, to produce an almost 
absolutely satisfactory j oint ( as to efficiency) by any one of the 
four methods. Thus narrowing down the fi eld of speculation, the 
question of amount and availabi lity of apparatus becomes a vi tal 
one, which seem s clearly outlined ,as fo llows: 

The electrical welding operation appears undoubtedly to require 
the most cumbersome and very much the most expensive equipment, 
to such an extent , indeed, that, except in case of the very largest 
systems, private ownership would be virtually impossible, and all 
work would necessar ily have to be done through contractors. 

The zinc joint appears to rank next in point of expensive appa­
ratus, but is followed very closely in this respect by the i.:ast-welded 
joint. 

Thr. thermit welding process certainly requires very much th e 

least expensive apparatus, and from thi s viewpoint stands in a class 
by itself. The relation of the joint to the abutting pavement in 
city streets is a much agitated question, but it has been shown 
beyond dispute that thi s agi tation is needless, as the shape of the 
joint can be regulated to meet the condition. 

There are many minor points which might be taken up, and which 
can be brought out in discussion, but in the opinion of the writer 
the meat of the entire subject, as it affects the great majority of the 
electric railwa·y interests, is in the relative cost of an efficient joint 
by any one of the methods. There are, of course, local conditions 
which may, in isolated cases, warrant a departure from the seem­
ingly economical method, but our object is at all times to serve 
the major ity, and, therefore, while a much more exact comparison 
of cost will be easily obtainable during the discussion of this sub­
ject, such data as we have been able to secure is here assembled. 

ZINC JOINTS 

No figures as to cost obtainable; these joints are controlled by the 
Lorain Steel Company. 

ELECTRICALLY-WELDED JOINTS 

Info rmation received from the Lorain Steel Company as follows: 
"Our prices are from $6.oo to $5.50 per joint, depending on th e 
number of joints cont racted for. Ordinarily we do not care to 
accept contracts for less than 3000 joints, on which, of course, th e 
price of $6.oo per joint applies; contracts for 10,000 or more joints 
a re made at the lower figure. " 

THERMIT-\VELDED JOINTS 

Mr. Pellissier's figures show that a joint on a rail of ave rage 
size will cost about $4.50, of which the major share is the price of 
the thermit welding portion. To this he add s $1.25 for opening 
and closing the street. 

CAST-WELDED JOINTS 

The figures in thi s case show that the en tire expense of applying 
a weld on a rail of average size ( under di sadvantageous conditions) 
is but little in excess of $2.75, with $r.oo add itional for opening and 
cl osing the street . T hi s, including interest, taxes and depreciation 
charges on the capital va luation of th e apparatus. Therefore, in 
conclu sion, and in advance of future enlightenment on this subject, 
which it is our earnest wish the forthcoming di scussion may evolve, 
th e writer seems to see that under present general conditions the 
cast-welded joint is so much more economical, from both the view­
point of mechanical efficiency and actual monetary expense, as to 
recommend itself fo r first consideration. 

If, howeve r , th e first cost of the port ion of thermit required to 
make a joint can be reduced to the extent of 50 per cent or more 
than quoted, the other inducements held out by this method are 
sufficient to give it fir st rank in point of de sirability. 

THE POWER STATION 

BY FRED N. BUSHNELL, 
Chief Engineer, The Rhode I sland Company, Providence, R. I. 

Since the adnnt of th e direct-connected gene rator, th e tendency 
in power-station design has been toward a more systematic and 
compact organization of the generating apparatus and the utmost 
simplicity of th e entire plant consistent with the highest effi­
ciency. The practice of different engineers has gradually worked 
toward a type of station which is now so generally adopted for 
street railwav work where limitations are not placed upon th e de­
sign by the s-ize or shape of the available site, that it can fairly be 
said to r epresent standard practice in modern power station engi­
neering. It embodies the following essential principles: 

r. Simplicity of des ign. 
2. Subdivision of the plant into separate sections, so as to 

localize th e effect of trouble to any part of the generating apparatus. 
3. Provision for the symmetrical extension of the plant to pro­

vide for future power requirements. 
Thi s station in its simpl est form consists of a boiler room, engine 

and generator room, and switchboard gallery, arranged in parallel 
lines and sepa rated from each other by substan tial fireproof walls. 
In stations of very large size the boilers are frequently arranged in 
two tiers, or in groups, each group having its own chimney and 
flues and independent systems of feed and steam piping. T his a r­
rangement of the station is now generally referred to as the unit 
system, the distinguishing feature of which is that the boi lers, en­
gines and generating apparatus are arranged in separate units or 
groups, each one of which embodies a ll of th e essential features of 
a complete generating plant , and the great advanta,ge of which lies 
in the fact that trouble with any single piece of apparatu s is local -
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ized, so that its effect is felt only in that unit of which it forms a 
part. Provi sion for carrying the load in the event of a breakdown 
of any important part of the appa ratus is made by installing an ad­
ditional or spare unit. 

\i\Thile the unit system is now almost univer sally employed in 
the larger power stations, it is usually somewhat m9dified for 
smaller plants where the liab ility to interruption of the service is 
not so great or the results so disastrous, the chief difference being 
in the arrangement of the steam and feed piping. The steam piping 
from the boilers is ru n to a longitudinal header, from which the 
connections to the engines are taken off at convenient points. Thi s 

• steam header is divided into sections by means of gate valves, which 
permit of any section being cut out at the convenience of the opera­
tor for the purpose of making repairs. U sually two systems of feed 

and fo r long suburban or interurban ra ilways where the power 
required at any one point is small as compared with the total power 
generated. Th e use of alternating-current appa rattrs has steadily 
increased since its int rod uction, until at the present time approxi­
mately 60 per cent of the total power used by electric railways in 
the U nited States is generated by this type of apparatus. 

In cities where the bulk of the business is within the economical 
radius of di stribution for direct-current lines, and where direct­
current generators form the larger part of the present equipment, 
the common solution of the problem is to use this type of appa­
ratus for city work, adding alternating-current apparatus to supply 
th e more distant portions of the system, or roads operating through 
outlying districts. 

There is .undoubtedly a great advantage in having all the appa-

CROSS SECTION OF POWER HOUSE OF RH O DE ISLAND SUB URBAN RAILWAY COMPANY 

piping are provided, one of which supplies hot water to the boilers 
through the heaters-and economizers, while the second, or auxiliary 
system, supplies cold water, or water direct from the heaters, in 
case of trouble with the main system. Thi s arrangement of piping 
provides sufficiently aga inst interruption in small and medium­
sized plants, and in a system ca reftilly laid out with due considera­
tion for the troubles which are likely to arise, it is hardly probable 
that the disarrangement of any one part will cause serious inter­
ruption of the service. 

At the present time alternating-current generating stations and 
distributing systems are regarded as the most efficient to install in 
large cities where h eavy traffic is distributed over a very large area, 
requiring current to be delivered to the line at a number of points, 
and where the interest upon the investment in direct-current feeders 
and cost of thei r maintenance would amount to · more than the same 
cha_rges plus the conversion losses in an alternating-current system; 

ratus of a uniform type. This simplifies the wiring and switching 
part of the electrical equipment, and permits of a more efficient dis­
tribution of the load in the station. But there can be no conversion 
of energy without loss, and in cases where a considerable part of 
the system can be supplied with direct current without the use of 
rotary converters, the composite type of station will frequently be 
found to offer advantages in !~er first cost and higher efficiency. 

The location of the power station, its general character, and the 
type of appa ratus to be installed, depend to such an extent upon 
local conditions, that it is difficult to offer s11ggestions covering 
these points except in a general way. 

If possible, the station -should be located near an ample supply 
of water for condensing purposes, in order to secure the advantages 
from the use of the most efficient types of steam apparatus, and if 
possible, convenient also to a st'eam railroad or tide water, where 
the coal can be received and handled for the least expenditnre of · 
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labor . Its location in reference to the distributing system will de­
pend upon the extent and type of the system employed. If the 
direct-current system is used, it will be desirable to select a location 
as near as possible to it s eenter of gravity, in order to reduce the 
investment in copper, but in the case of an alternating-current di s­
tributing system, this is of less importance, and greater eonsidera­
tion will be given to the eost of the available site, the nature of the 
soil, cost of foundations, etc. 

The building should in all cases be of fir eproof construction and 
of neat and attractive design, appropriate to and suggestive of the 
purpose for which it is used. In determining upon the dimensions 
of the building, it is important that ample room be provided for all 
of the apparatus to be installed, so as to avoid unnecessary crowd­
ing. Passageways should be provided between each battery of 
boilers, and at the rear for the eonvenience of attendants in eleaning 
the tubes and eonnections and fo r making necessary repairs. Suf­
ficient room should also be provided around each piece of apparatus 
in the engine room, so as to enable the attenda11ts to inspect it 
regularly and keep it thoroughly clean, and to provide for the re­
moval of any part in case of repairs. 

In large cities, where land is extremely valuable, or the available 
area limited, the amount of power which can be generated per unit 
of ground area occupied is fr equently the controlling factor in de­
ciding upon the power stat ion plans, and in such ea ses it is not 
always practicable to provide all of the spaee usually regarded as 
desirable for the convenienee of attendants. T his i:londition rarely 
exists, however, except in the larger cities, and in a great majority 
of cases no excuse ean be offered for crowding the machinery to 
such an extent that it cannot be kept in proper condition and eon­
veniently repaired by those responsible for the management of the 
plant. 

Cleanliness is absolutely essential to the successful operation of 
an eleetric railway power station. It is neeessary th at the building 
itself be kept fr ee from oil and dirt, and each piece of apparatus 
thoroughly clean at all times, in order to maintain it in it s highest 
state of efficiency. The designing engineer should eontribute his 
share towards this result by providing ample light throughout the 
building-boiler room as well as engine or generator room. All 
the walls of the bnilding should be painted in some light shade, 
preferably with some kind of enamel paint which ean easily be 
washed down and kept clean. This will be found. to reflect the 
light into dark corners of th e building or spaces arom'ld the ma­
chinery, which might otherwise form receptacles for dirt and rub­
bish. It will add very much to the cleanliness and general ap­
pearance of the plant, and will eontribute tow ard its successful 
running. 

In designing a power station, the primary object in view is to 
deliver power at the bus-bars for the least expenditure of money, 
due importance, of course, being given to reliability of operation, 
which is the eontrolling principle in power station work. Th e fixed 
charges-interest, depreciation, insurance and taxes, should be as 
carefully eonsidered as the cost of fuel, labor, supplies, r epairs and 
other items whieh make up the operating expenses. Consideration 
should be given to each of th ese elements in proportion to its im­
portance as a factor in the cost of power. In the great majority of 
cases fuel is the most important item of expense, frequently 
amounting to more than all other operating costs combined, and the 
perfeetion of these detai ls of design and management which will 
effeet the greatest eeonomy in its use will usually make the best 
return for the time and labor expended. " 

Electrical apparatus h as now been developed to sueh a state of 
perfeetion that in a well-designed and carefull y managed power 
station over 90 per cent of the power of the engines is converted 
into electrical energy and delivered to the transmission system for 
the operation of cars. It appears, therefore, that no very great gain 
in coal economy is to be expected from the further improvement 
of electric generators or switching apparatus, and engineers are 
directing their efforts more than ever before to the steam portion 
of the power station, which ·offers a more promising fi eld for a 
reduction in the eost of power. 

The number_ and size of units to be installed is one of the most 
important problems bearing upon fuel economy which the engineer 
is called upon to solv~. In order to obtain th e maximum effi ciency 
from the prime mov ers and their aux ilia ries, it is necessary that 
they should be proportioned to the load they are intended to drive, 
so that if possible they may be operated at all times at or near th eir 
rated capacity. 

In electric railway power stations it is not regarded as practicable 
to change the speed of the air or cireulating pumps, or to alter th e 
quantity of cooling water, to suit the varying loads upon th e station, 
and these auxiliaries are usually operated at a point sufficient to 
take care of the maximum load. The power required to dri ve them 
is therefore practieally eonstant, and their steam consumption per 
unit of output will vary indirectly as the load on the main engines. 

Under ordinary operating condit ion s, where the exhaust steam is 
used for heating the feed water, only about 12 per eent of the heat 
in the total steam generated can be used fo r thi s purpose, and all 
steam used by the auxilia ries in excess of thi s must go to waste; 
and it follow s that in addition to the losses due to the redueed 
effici ency of the prime movers at light loads, the percentage of 
loss in the auxi lia ries will increase very rap idly as the load upon the 
main engin e decreases, and the best economy of the entire plant will 
be obtained only when the engines are operated at o r slightly above 
th eir rated capacity. 

The writer has before him the operating statist ics of t wo railway 
power stations, a comparison of which illustrates the importanee 
of proper attention to thi s subject. For convenienee they will be 
referred to as Station A and Station B. Both stations furnish 
pow er fo r suburban railways upon which sufficient ears are run to 
provide a fa irly uniform load during the g reater part of the day, 
although subj ect to m ore or less violent temporary fluctuations. 
·Th e general designs of these stations and their equ ipments are such 
that the fu el used per kilowatt-hour should be practically the same, 
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PLAN OF QUI NCY STATION, OLD COLO N Y STREET RAILWA Y 
COM P ANY 

provided the engines could be kept well loaded in both eases. In 
Station A there are three units, and the load conditions are such 

·that one unit is operated during the night and ea rly morning, when 
the travel is light; tw o a re operated du ring th e g reater part of 
the day, and three at the peak of the load, which oceurs shortly 
after 6 o'clock in the evening. By carefu l att ention to the changes 
in the load, it is always poss ible to keep the running engines fa irly 
well loaded. 

In the ease of Station B there a re two units. The load at night 
.and early morning is ve ry light, so that the engine used is only 
about half loaded fo r thi s period, whereas for the g reater pa rt of the 
day the load is a little more than one engine should be required to 
ca rry, and it is therefore necessary to ru n both engin es . T he re­
sult, of. course, is th at the average load on the stat ion is only a 
little more than 50 per cent of the rated capacity of the running 
engines, and they are, consequently, extremely wasteful "o f steam ; 
and, too, the exhaust from the aux iliaries is probably quite a 
little in excess of that required to heat the feed water, which will 
also account, in a measure, fo r the low effi ciency of the plant. Five 
pounds of coal per kilowatt -hour is the record of this plant, as 
compared with 3.8 lbs. for S tation A. The g reater part of thi s 
di sercpancy is undoubtedly clue to th e more effici ent load eonditions 
in the latter station. It is probable that had a storage battery been 
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added to the equipment of Station B, the load on the engines could 
have been regulated so as to have made a much better showing in 
coal consumption, but it is still problematical if there is any net 
gain from the use of storage batteries in railway work, and the 
writer is disposed to think that the use of three smaller engines in 
place of two large ones would have been the prop er so lution of the 
question. Undoubtedly a saving in coal of from 15 per cent to 20 

per cent would have resulted from the use of engines better pro­
portioned to the load. 

In deciding upon the number and size of units, therefore, 1t is 
necessa ry that a ca refu l study should be made of th e load condit ions 
throughout the entire day. In providing an increase of power for 
existing roads, data will be available from which station load 
curves under va rying conditions of traffic can be constructed, and a 
fa ir ave rage decided upon as the basis for determining the size of 
the units. In the case of a new railroad proposition, thi s informa­
tion will be more difficult to obtain. and an approximate load curve 
will have to be constructed from a study of all of the condi tions 
bearing upon th e subj ect Thi s involves decisions upon such m at­
ters as the location of track, with special reference to grades and 
curves, the distribution of copper in the feeder system, the weigh t 

steam turbines is involved. Up to this t ime the steam turbine, 
which is rap idly growing in favor for electric railway work, has 
been designed almost exclusively for use in connection with alter­
nating-current generators, and the m anufac turers of electrical appa­
ratus have held out scant encouragement that its speed could ever 
be so modified as to make its use with direct-current generators, 
particularly the la rger sizes, practicable. Reciprocating engines 
have, therefore, been regarded as the only type pf steam motor 
avai lable fo r this class of work It is probable that this will be the 
ca se fo r some time to come, but it is interesting to note that con­
siderable progress is being made in the development of direct­
current turbo-generators. A number of Il).achines of this type as 
large as 500-kw capacity are in operation, and work is well ad­
vanced upon units as large as 2000 kw. There seems to be good 
ground for the belief that this problem will be successfully solved, 
and that in th e near future this type of apparatus will be available 
in sizes as large as are generally required for direct-current work. 

E ngineers and steam users generally have been prepared for some 
time to welcome any form of prime mover which could be shown to 
possess any considerable advantage over th e reciprocating engine, 
as th e latter had come to be regarded as having largely fulfill ed its 
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and equipment of ca rs and t ra in sch edules, all of which a re im­
portant factors in determining upon the power required. 

It is often necessary to estimate the size of a new power station 
before the final survey of the road is completed, or the detail s of the 
feeder system or train ·schedules definitely decided upon In such 
cases the engineer will have to apply such data as he is able to 
obtain from other roads in which the conditions of t rack and th e 
operating conditions are similar But such data should always be 
used with the utmost caution, as vital differences in grades, in the 
feeder system, o r in train schedules , must necessarily exist, wh ich 
will render it extremely difficult to make compari sons sufficiently 
accurate for a final decision upon th e size of the station. 

Having ascertained the power required during the different hours 
of the day, the plant should be divided into as few units as will 
enable the engines and generators to be operated at or near their 
rated capacity, while at the same time a sufficient number should 
be installed so that in the event of trouble one can be shut down 
without causing interruption of service. A 3-unit station will 
permit of a fairly uniform distribution of th e load in small plants, 
and in case of accident to one unit, · the other two should be able 
by overloading, to supply sufficient power until r epairs are com­
pleted. This number of units is therefore regarded as the minimum 
which should be installed in any power station 

T he type of apparatus to be used, whether alternating or direct 
current, will not materially affect the design of the station except 
in so fa r as the question of the use of reciprocating engines or 

possibilities, and no ve ry g reat improvement in economy was to be 
looked fo r The steam turbine seemed to off er the solution of the 
question, and while, at the time of its introduction into this country, 
its superior economy had not been demonstrated, its great sim­
plicity as compared with recip rocating engines, lower first cost, · and 
less floor space occupied, insured it s prompt adoption by a large 
number of power users, and from the fir st its progress has been 
rapid. In a report of the committee fo r the im·estigation of the 
steam turbine made to the National Electric Light Association last 
June, it was stated that there were in operation at that time 224 

turbines of an aggregate capacity of over- 350,000 hp, the greater 
number of which had been insta lled in the last two years. The 
writer is informed that the o rders for turbines taken by the largest 
two m anufacturers in this country aggrega te (July I , 1905,) over 
800,000 hp. 

The remarkable progress made in the manufacture of these 
machines, and their general adoption by many of the most progres­
sive railways in the country, proves them to be a most formidable 
competitor of the reciprocating engine, if, indeed, it does not indi­
cate that they have already established their commercial superiority. 

It is to be regretted that most of the data upon the efficiency of 
steam turbines has been derived from tests covering very short 
periods of time, usually only a few hours , and that so little ciata 
is available of their performance under actual service conditions. 
To the street railway manager or engineer, power station records 
for long periods, showing the coal consumed per kilowatt-hour, or, 
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better still, the efficiency of the plant expressed in percentage of 
heat energy in the coal converted into electrical energy at the 
switchboard, are of much greater interest and value than the record 
of any number of short-time tests for st eam consumption only, as 
it provides him with a much more practical means of making com­
parisons with the performance of other stations with which he is 
familiar. The data which has been publi shed illustrating the rela­
tive economy in steam consumption of turbines and reciprocating 
engines rarely ever shows comparisons between units operating 
under identjcal conditions as to steam pressure, superheat, or 
vacuum and therefore does not fairly represent the relative per­
formance of the two types, and, too, the steam consumption of the 
auxiliaries is also invariably omitted, so that it is impossible to 
form an intelligent opinion as to the additional cost of the higher 
vacuum required for th e turbine. 

Up to thi s time most of the turbines msta lled in electric ra ilway 
power stations are operated in connection with reciprocating en­
gines, and owing to the difficulty of separating th e operating 
charges, it has been practically impossible to obtain reliable infor­
mation as to their performance under comm ercial conditions. 

One of the plants where turbines are exclusively used is the 
Quincy power station of the Old Colony Street Railway Company, 
and through the courtesy of P. F. Sullivan, president of thi s com -

two machines. Georges Creek Cumberland coal is used, having an 
average calorific value of 14,000 B. T. U. per pound. T he average 
coal consumption for this station, operating under the conditions 
outlined above, is 2.94 lbs. per kilowatt-hour, showing an efficiency 
of 8.36 per cent. T hi s record covers a period of six month s, ending 
June 30, 1905. 

While this performance does not furnish conclusive ev idence of 
the superiority of the turbine over reciprocating engines in electric 
railway work, it compares favorably with the results obtained in a 
large number of the better cla ss of stations u sing the latter type of 
prime moyers, and gives some force to the opinion that in actual 
practice there will be found to be very little difference in the coal 
consumption of steam turbine and reciprocating engine plants oper­
ating under similar conditions. 

In order to develop th e highest efficiency of the steam turbin e, 
it is necessary to operate with a very high vacuum. It is claimed 
that each inch of vacuum above 26 ins. will increase the economy 
from 3 per cent to 4 per cent, and condensing apparatus is usua lly 
recommended which will produce a vacuum ,of about 28 ins. of 
mercury, or 2 ins. to 2 1/2 ins. higher than that regarded as the mo~t 
efficient for rec ip rocatmg eng ines. The type of apparatus generally 
install ed consists· of a surface condenser with a centrifugal cir­
culating pump , dry vacuum pump an d hot-well pump. In practice 
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pany, the writer is permitted to publish some info rmation regard­
ing the performance of thi s _station. This information was kindly 
furnished by C. F. Bancroft, superil'ltendent of moti ve power and 
machinery. 

It should be stated at the outset that this station, which will 
eventually furni sh power for that portion of the Old Colony Street 
Railway Company's system, extending from Quincy on the north to 
the city of Fall River on the south, is• not yet in full operation. 
Its connection with the latter city, where a large part of the current 
is to be u sed, has not yet been made, so that at present it furni shes 
power for only about one-third of the number of cars which it will 
eventually drive. Only two of the fiv e turbines in the station are 
required for this work. One of these machines is run for 17 hours. 
per day, and two for 24 hours per day. When the station is in full 
operation there should be a more uniform load, and it is expected 
that the station effici ency will be considerably increased. 

The station contains five 2000-kw, 4-stage vertical turbines, run­
ning at 750 r. p. m., and connected to 13,200-volt, 25-cycle alter­
nating-current generators. The steam pressure is 200 lbs. There 
are ten horizontal water-tube boilers of 750 hp each, equipped with 
internal superheater s, giving to the steam an ave rage of 65 <legs. 
superheat. Under-feed stokers are used. There are no econo­
mizers. One turbine is supplied with steam-driven auxiliaries; the 
other four have motor driven auxiliaries. At present, while only 
two units a re in operation, the feed water is heated to 200 <legs. F. 
hy the exhaust from the steam auxiliaries. The average daily out­
put is 52,500 kw-hours, giving a load factor of 54.7 per cent for the 

no t rouble has been experienced in obtaining the high vacuum de­
sired with this type of apparatus, but whether the gain of 3 per cent 
or 4 per cent in coal is sufficient to warrant the add itional first 
cost and cost of operating this rather complicated system, is a 
question which would seem to be open to di scussion. In cases 
where th e cost of feed water is a material factor in the cost of 
power, or where it contain s a large percentage of calcium or mag­
nesium carbonate, or other scale-forming 111aterlals, there will be 
great advantage in using a surface condenser on account of th e 
pure distilled wate r r eturned to the boilers, but where these con­
ditions do not exist, it will frequently be fou nd to be practicable 
to use some simpler form of condensing apparatus, such fo r ex­
ample as the injector or barometric type of jet condensers. These 
types of condensers offer Yery g reat advantages over the su rface 
condenser in the matter of lower first cost, space occupied, greater 
simplicity and less cost of maintenance. Up to th is time they have 
not been very generally used, but there seems to be no good reason 
why they should not work as satisfactorily in connection with 
steam turbines as with reciprocating engines, and when properly 
proportioned to the work and installed with tight pipmg through­
out, it is believed that in many cases they will prove to be as 
satisfactory as the more complicated types. 

A considerable economy in the steam consumption of both re­
ciprocating engines and steam turbines has been shown to result 
from the use of superheated steam. In plants equipped with eith er 
of these types of prime movers using dry saturated steam, the in ­
troduction of superheated steam can generally be depended upon 



588 STREET RAI LWAY JOURNAL. [VoL. XXVI. No. 14. 

to effect a saving in steam of about I pe r cent for every 8 degs. 
or 10 degs. of superheat. W here the quality of the steam is not so 
good, and the condit ions are such that the condensation in the 
pipes or cylinde rs of the engines is excess ive, the saving may be 
much greate r than this, sometimes amounting to I per cent fo r 
every 4 degs .. or 5 degs. of superheat. 

With reciprocating engines, condensation in the cylinder result­
ing from the great di fference in temperature between the incom ing 
steam and the surfaces of the cylinder which have j ust been ex­
posed to the temperature of the exhaust steam, has been recognized 
as one of the greatest sources of loss. Various means have been 
employed to reduce this lo"!;s, such , for example, as the use of steam 
jackets and reheaters, but these devices add materially to the com­
plication of the engine, and under the most fa vorable conditions 
only affect a partial saving. F or these reasons they have not been 
generally adopted in power station work. Superheated steam has 
been found to be a much simpler and more effective method of 
accomplishing th is result. 

Our knowledge 9f the subj ect of steam turbines is st ill so limited 
that it is impossible to state with any degree of pos itiveness just 
where the va rious losses occur, or to what causes we must at­
tribute the gain in effi ciency from the use of superheated steam. 
Undoubtedly a portion is due to thermodynamic reasons, and it 
has been suggested that a large portion is also due to the diminution 
of fluid frict ion within the turbine. Owing to the very high steam 
velocit ies in this type of appa ratus, the fri ction of the steam passing 
over the surfaces of the buckets must cause a consideraole loss, 
and this probably ve ry much greater· where the steam carries a 
la rge percentage of moisture than when it is dry or superheated. 
It is probable, therefore, that th e larger part of the gain due to 
superheating can be att r ibuted to this cause. 

The prevention of th e deposit of water on the inside of the 
turbine casing, also, must effect some sav ing, although this gain 
is probably small as compared with that resulting from the diminu­
t ion in the friction of the st eam as it passes ove r th e surfaces of the 
buckets. 

W hatever the causes may be, there can be no doubt that there 
is a very marked gain in efficiency in steam turbines fro m u iing 
superheated steam, amounting to about as much per degree of 
sup erheat as in the better class of reciprocating engines. 

T he fo llowing table, co111piled by R. M. Neilson, shows the re­
duction in steam consumption in steam turbines and reciprocating 
engines due to superheating. These stati stics were obtained from a 
number of tests made in th is country and in Europe. T he apparent 
di screpancy in these tes ts is explained by the statement that there 
was considerable difference in the quality of the steam in the 
different cases, and th e engines were of differevt types and of 
different sizes: 

Steam Turbines ,..---Reciprocating Engines---, 
Percentage Percent age Percentage Percent age 

Degrees Reduction Reduction Degrees Reduction Reduction 
Fahr. of of Steam per Degree Fahr . of of Steam per Degree 
Superheat Consumpt ion Fahr. Superheat Consumption Fahr. 

13 6.1 0.47 31 7.86 0.25 
50 8.0 0.16 40 8.65 0.22 
60 5.4 0.09 50 12.00 0.24 
66 12.1 0.18 100 20.55 0.20 
70 7.5 0.11 100 13.00 0.09 
84 7.7 0.09 216 36.4 0.17 

100 14.0 0.14 225 33.7 0.15 
140 12.6 0.09 225 33.1 0.15 
150 19.0 0.13 440 30.9 0.07 
200 23.0 0.115 
260 24.5 0.09 

Unfortunately, superheated steam is now known to be rather 
expensive to produce, particularly at the higher t emperatu res, and 
consequently economy in steam consumpt ion does not necessarily 
mean economy in the consumption of coa l. T he ch ief advantage 
in its use is obviously in the saving which can be made at the coal 
pile, and unless th is saving can be shown to be sufficient to pay 
fo r install ing and operating the necessary superheat ing devices, it 
will be extremely difficult to convince a carefu l street railway man­
ager that it will be profitable to use it. 

T h is is a subj ect upon which there is a vast amount of conflict­
ing information. In a number of instances the use of superheaters 
has been discontinued either on account of mechanical difficulties or 
because there was not a sufficient saving in coal to pay fo r keeping 
them in service. I n other cases no mechanical difficulties have been 
experienced, and the saving in coal has been all that could be 
reasonably expected. 

It is noteworthy that manufacturers of reciprocating engines 
and steam turbines, as well as engineers, while still recognizing the 
value of superheated steam, are di sposed to be much more con­
servative than fo rmerly in recommending its use. At this time, the 
weight of opinion seems to be in favor of a moderate amount of 
superheat, say not exceeding 125 degs. Within this limit there 
should be a sufficient saving at the coal pile to justify its use, while 

the temperature is not su ffic iently high to cause serious mechanical 
difficulties wi th any of the various types of steam apparatus 
generally used. 
· For many yea rs aft er the inauguration of the electric railway indus­
try, power station engineers seemed disposed to devote the greater 
part of their energies to perfecting the arrangement of engines, 
generato rs and switching apparatus, frequently neglecting the more 
important, though less showy, boilers and their accessories. In 
recent yea rs they have come to realize that a larger percentage of 
saving can be made by a proper attention to the des ign and man­
agement of the boiler room than in any other de parl ment, as it is 
here that the greater number of preventable losses in a power 
station occur. 

The des ign s of the standard types of steam boilers which are 
now- generally used have been perfected to such a degree that effi­
ciencies as high as 70 to 75, and even So, per cent have been attained 
under favo rable conditions, and there are very few improvements 
which the power station engineer can suggest which will produce 
any considerable saving in fuel. 

T he design of the furnace, as distinguished from the boiler, on 
the contrary, is one requiring careful thought and study, to make it 
confo rm to the conditions required fo r the perfect combustion of the 
specific kind of fuel which is to be used. Anthracite coal, owing to 
it s small percentage of volatile matter , can be sati sfactorily burned 
in almost any kind of a fu rnace, prov ided the grate area and the 
draft are sufficient to burn th e quantity required to develop the 
des ired capacity, but in the case of semi-bituminous and bituminous 
coals and lignites, containing a much larger percentage of volatile 
matter , th e furnace should be so designed that this volatile matter, 
as well as the fixe d carbon, will be completely burned in order to 
develop the fu ll heating value of the fu el. 

T he fo llowing conditions are necessary to insure the complete 
combustion of the fuel : 

I. A sufficient supply of air. 
2. Thorough mixture of air and fuel. 
3. A sufficiently high temp erature of the air and the combustible 

gases to insure their ignition and perfect combustion before they 
come in contact with the cooling surfaces of the boiler. 

T he principal source of loss is due to imperfect combustion of 
the volatile gases, which are distilled very rapidly after fresh coal 
is placed upon the fi re, and not being mixed with air at a tempera­
tu re sufficient to cause ignition , pass off unconsumed; or the air 
supply and the ·temperature being sufficient, they are allowed to 
come in contact with the compar atively cool surfaces of the boiler, 
and their temperature reduced below the ignition point before com­
bust ion is completed, so that they escape when only partially burned. 
T he mixtu re, temperature and time are therefore important factors 
in the combustion of the volatile gases , and it follows that the com­
bustion chamber should be of sufficient size to allow the gases to 
become thoroughly mixed, and that they should be raised to a 
suffic iently high temperatu re and be protected by fire-brick walls 
and arches from the cooler sur faces of the boiler shell or tubes 
until th e combustible portion has been entirely consumed. 

As to the proper place to admit the air for the combustion of 
the volatile gases, D. K ~Clarke says: 

"It is a matter of perfect indifference as to effect in what part 
of the furnace or flu e it is introduced, provided this all-important 
condit ion be attended to, namely, that the mechanical mixture of 
the air and gas be continuously perfected before the t emperature 
of the carbon of the gas, then in a state of fl ame, be reduced below 
that of ignition." 

A number of furnaces have been devised in which the air has 
been admitted at the bridge wall or at the sides or front of the 
furn ace above the grate, and theTe have been many ingenious plans 
fo r heat ing this air to the pro per temperature before its admission 
to the combustion chamber. Some of these furnaces have been 
fa irly successful as a means of reducing the smoke, but it is doubt­
ful if the admiss ion of air above the grate has ever materially in­
creased the efficiency of the furnace. By far the most common 
practice is to admit all the air through the grate, that •required 
fo r the combustion of the volatile gases being heated to the proper 
temperature by passing it th rough the bed of incandescent fuel. 

In · many of the larger railway power stations the flue gases 
are regularly analyzed to ascertain the amount and distribution of 
the losses due to incomplete combustion and the amount of excess 
air admitted to the furnace, which information is necessary to 
enable those in charge to operate the boilers in the most efficient 
manner. The only way in which the waste which takes place in 
the furnace can be detected is by wch an analysis, and its im­
portance as a means of reducing boiler room losses is so great that 
it merits a much more general use. 

In the combustion of coal the object in view is to produce the 
highest po;;sible percentage of carbon dioxide per unit of fuel 
burned. The higher the percentage of carbon dioxide, the more 
perfect will ,be the combustion of the fuel and the higher the 
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furnace , temperature, as is shown from the fact that a pound of 
carbon burned to carbon dioxide will produce 14,6oo B. T. U ., 
while only 4450 B. T. U . will be produced when, on account of an 
insufficient supply of air, carbon monox ide is formed. The gas 
analysis will show the percentage of carbon dioxide, carbon mon­
oxide and oxygen. This information will enable the chemist to 
determine the total heat in the escaping gases, the amount of un­
consumed gas, and the losses due to an excess air supply, and will 
also indicate th e cause of these losses and suggest the proper 
remedy. 

A low temperatu're of escaping gases is fr equently regarded as 
an indication of efficient furn ace conditions, but it is quite as likely 
to be caused by an excess of cold air, due to too strong a draft , 
uneven fires, or leakages th rough the boiler settings. T he true 
condition of affiairs can only be revealed by means of an analysis 
of the flue gases. Anything which will increase our knowledge of 
the conditions which take place within the boiler setting, and will 
permit a more intelligent use of fuel, should b~ encouraged, and 
for that reason the practice of analyzing the flue gases is recom­
mended in all railway power st ations where th e cost of fuel is an 
important factor in the cost ·of power. It is always prefe rable to 
have this analysis made by an experienced chemist, but in small 
stations where the saving to be made is not suffic ient to warrant 
the employment of such a m an, it is said to be possible to obtain 
fairly sati sfactory results from the use of one of a number of 
automatic or semi-automatic devices which are now manufactured 
for the purpose. 

Mechanical stokers are now almost unive rsally employed in elec­
tric railway power stations , on account of the increased efficiency 
over hand-fired furn aces and the reduced cost of operation. In a 
properly constructed furnace of moderate size, equipped with fl at 
grates, an intelligent and careful fir eman wiil produce result s · 
equally as satisfactory as any which have been obtained with any 
of the various types of mech anical stokers; but the trouble is that 
such firemen are not plentiful, and it is extremely difficult to secure 
men who will produce uniformly good result s for long periods of 
time. For thi s r eason the average fu el economy in a railway power 
station will generally be found to be somewhat better where the 
firemen are assisted by some form of mechanical stoking device. 

It should be borne in mind, also, that in order to economize in 
space and the initial cost of the plant, the size of the boilers and 
the rate of combustion has steadily increased in th e last few years 
until they have now r each ed a point wh ere it is doubtful if the 
larger sizes can be properly stoked by hand, even by the most com­
petent firemen. 

The use of mech anical stokers is necessary in connect ion with 
these large sizes of boilers,•in order to drive them up to th e capacity 
required in electric r ailway plants. 

There can be no doubt that mechanical stokers accomplish a 
considerable saving in boiler h ouse labor. A reasonable day's work 
fo r a fir eman is th e shoveling of sufficient coal for about 500-hp 
of boilers, which in a railway power station will amount to from 
six to eight tons every twelve hours. \ Vhere automatic stokers 
are used, and coal is delivered to the hoppe rs by grav ity, one man 
should be able to take care of about 2000-hp of boilers, which is 
equivalent to a reduction in labor of 75 per cent. T he cost of 
maintenance of automatic stoker s is somewhat greate r th an that 
of flat g rates, and additional labor is required fo r repairs as well 
as for tending th e coal handling machinery usually installed in con­
nection with them, so that the net saving in labor will be somewhat 
less th an that indicated above. T here is a point , of course, at 
which thi s saving is not suffici ent to pay fo r the add itional fixed 
charges and r epairs upon th e mech anical stoking dev ices. T his 
point is reached in a boiler plant of abou t 2000-hp capacity. In a 
plant of greater capacity than this, automat ic stokers can generally 
be shown to return a suffic ient net savii1g to war rant their u se, 
while in smaller plants it will fr equently be found to be profi table 
to use th em on account of the cheaper grades of fu el which can 
be burned and the greater capacity which can be gotten out of the 
boilers. 

P erhaps th e most difficult problem to be so lved in connection 
with the power stat ion is to secure proper attention to details of 
operation by the subordinate employees. In the most carefully 
designed plant; equipped with the most effic ient types of machinery, 
the result s which the ra ilway manager and designing engineer may 
reasonably expect in the way of economy will not be achieved 
unless the utmost care and vig ilance are exercised by the operating 
fo rces. T he success ful operation of th e station will depend largely 
upon .the way in which the forces are organized, and discipline 
maintained. Just how the station organization should be made 
up is a quest ion which can only be decided fo r each plant after a 
carefu l study of all the conditions; but it is safe to say that how­
ever the various departments may be organized, there should be 
one man in supreme authority, possess ing eonsiderable executive 
ability as well as a thorough praetical knowledge of steam and 

electricity, whose decision should prevail in the event of disagree­
ment among the heads of departments or at times of emergency. 
As he is the one who will be held responsible for the successful 
performance of the station, it is essential that whatever regulations 
th ere may be regarding the employment of h is subordinates, he 
should have fu ll authority to di smiss any who prove to be incapable 
or are not disposed to be attentive to their duties. It will be prac­
t ically imposs ible to maintain proper di scipline if among the em­
ployees there are those who fee l a certain sense of security in their 
position through the influence of someone high er in authority than 
the man in charge of th e stat ion. 

T h e work of the g reater number of station employees is neces­
sarily of a routine character. It is nevertheless important that 
th ey should be thoroughly instructed in their duties and required 
to perform them with the utmost regularity. For ·example, an 
oiler employed upon an engine should receive instructions as to th e 
minutest detail of the work that he is required to do. He should 
not only be required to see that h is lubricators are full and working 
properly, and th at every part is receiving a sufficient quantity of oil 
o-r grease, but h e should feel of every bearing and should observe 
every par t of the engine as he passes around it to assure himself 
that it is in proper operat ive condition. H e should be required to 
per fo rm these duties at r egular intervals of every 20 or 30 minutes, 
and his att ention should be called to the t ime fo r him to commence 
his rounds by a bell or whistle, or some oth er form of signal. 
If there is any part r equiring attention, it should be immediat ely 
reported to the engineer in charge, who will thus be given an op­
portunity to apply the proper remedy before the trouble h as 
developed to such an extent as to cause damage or inter ru ption to 
the se rvice. If the oiler attends to h is duties properly, there will be 
no trouble from hot bearings, from keys, pins or bolts working 
loose, or from any change in the adj ustment of any part which it 
is poss ible to discover wh en the engine is •running. 

T he work of all oth er st at ion employees should be systematize d 
along th e same lines. T he watch engineers should report in writing 
to th e engineer in charge deta ils of th e apparatus which in their 
judgment require atte11tion, and as soon as the m achinery can be 
shut down. these parts should be ca refu lly in spected, and if they 
show signs of weakness or excess ive wear , immediately renewed or 
repaired. An examination of the enclosed parts of th e engines and 
oth er working machinery should al so be made at frequent intervals 
and before th ere are any outside evidences of trouble. 

I t is necessary that all subord inate employees should be under 
constant supervision to insure a proper attention to their duties , 
but this is especially true of the fi reroom fo rces. Firemen are not 
generally disposed to take as much interest in their work as em­
ployees in other departments. T hey seem to be content to remain 
as fi r emen, and rarely endeavor, by excelling in their work, to ad­
vance their positions. I t is in th is department that the g reatest 
los?es will occur through indi ffe rence on the par t of the attendants, 
and it is th erefore of th e utmos t importance that their work should 
be carefully done. T he only way to accomplish this known to the 
writer is to place this department in the immediate charge of an 
intelligent and capable man, whose salary and the knowledge that 
the permanency of his posit ion wi ll depend upon th e results pro­
duced, will be sufficient fo r him to keep constantly in touch with 
those immediately tmcler him and insist upon their performing their 
duties properly. 

In most power stations records are kept of the coal and water 
consumption, the temperatures of the fee d-water and flue gases . 
and the station output, by which the per fo rmances of the stat ion 
from month to month can be compared. Th ese records furni sh a 
check upon th e condition of the station. the manner in which it is 
operated, and assure its being maintained in a high state of effi­
ciency. T he write r has fou nd that in addition to these records. an 
occasional test of th e entire plant under actua l operating conditions 
fo r periods of say, 24 to 48 hours, are also of g reat value as a 
means of furni shing definite know ledge as to just what th e station 
is capable of doing. S ·1ch tests also have a certain educat ional in­
flu ence upon the employees. particularly the fi remen, as they illus­
t rate to them wh at can be clone wh en all engaged on th e work are 
exerting th eir bes t efforts to secure th e most effici ent results 
possible. 

At the R hode I sland Suburban Railway Company's Manches ter 
St reet station all of the usual records are kept , and the quantities 
and costs ca refull y determined fo r each month, and tests of the 
enti re plant are also made as suggested above. T he writer believes 
th at these tests have a suffici ent influence upon the regular per form ­
ance of the station to justify a brief description of it, and the pub­
lication of the •results in the matter of coal consumption from the 
time it was placed in commissiop, showing the gradual improvement 
in efficiency. 

This station was originally designed for the Rhode Island Sub­
urban Railway Company to furnish power for its lines operating 
in the vicinity of Providence. It was intended to use horizontal 
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units, and two 1500-kw alternating-current units and one 1600-kw 
direct-current unit were purchased. Before work on the building 
had prog ressed beyond the foundations, however, it was decided to 
increase the capacity of the station by installing two additional 
direct-current units of 2500-kws each. This required a number of 
changes in the structure, and necessitated double-decking the boiler 
room in order to provide the necessary additional boiler capacity. 
The present equ ipment of the station consists of fourt een horizontal 
water-tube boiler s of 520 hp each, eight on th e lower floor and six 

FI G. 2.- CR OSS SECTION OF T RACK B RAK E A PPLIED T O 
PECKHAJI.I TRUC K 

B 

at th e bottom, while the water enters at the bottom and dis~harges 
at the top. Each heater contains 750 sq. ft. of heating surface, 
and in practice all of the steam from the auxiliaries is condensed 
and is discharged at a temperature only about 35 degs. higher than 
the incoming cold water. The average daily output of the station 
is 102,500-kw hours. 

The following is the performance of the station under actual 
service conditions from the time it was started in regular service, 
F ebruary, 190-1-. It should be borne in mind that the first battery 
of boilers with superheaters was installed eleven months after the 
station was started, and four months thereafter two additional 
batteries of boilers with superheaters were commissioned, and the 

performance of the station is th erefore given for 
the period covered by the~e different conditions. 

Elev~n month s, saturated steam, 2.87 lbs. of 
coal per kw-hour. 

Four months, slightly superheated steam (no 
r ecord of temperature kept), 2.73 lbs. per kw­
hour. 

Three months, superheated steam, average tem­
perature at engine throttle 465 degs. ( 102 degs. 
superheat), 2-46 lbs. of coal per kw-hour. 

The apparent reduction in coal consumption per 
kw-hour with steam superheated about roo degs. 
is 14.3 per cent, but all of this saving cannot be 
attributed to thi s cau se. A large part of it is un­
doubtedly due to the increased efficiency of the 
fireroom attendants. Probably not over 8 to IO / 

per cent· should be credited to the use of super-
heated steam. 

•• 
AN EMERGENCY TRACK BRAKE 

DY F. F. BODLER, 
_Strt:'t!l Ry .Journ~l Master 1\iechanic, United R ailroads of San Francisco 

F] c;, 1.- T RACK DRA KE APP LI E D TO P EC KHAM TR UCK The emergency track brake h ereafter to be cfr­

on the uppe r floo r. The boilers on the lower floor h ave no super­
heater s, but those on the upper floor ar e equipped with internal 
superheater s, each made up of eight~-four 2- in. tubes, suspended 
below th e boiler drum s. Th e superheat er s on two of the boilers 
were designed fo r only 125 degs. of superheat , and contain 615.3 sq. 
ft. of effective heating su rface each. Those on the other four 
boiler s were designed fo r 150 degs. of superhea t , and contain 855.5 
sq. ft. of h ea ting sur face. Each boil er has 5159 sq. ft. of heating 
surface. 

R oney mechanical stoker s ar e used, each containing I 12 sq. ft. 
of effect ive grate surface. A 280-tube Green fuel economizer is 
installed directly back of each battery of boilers, the flue being so 
a rranged that the hot gases m ay be passed through the economize r s 
or directly to the main flue as desi red. The heating surface per 
square foot of grate is fo r boiler s -1-6 sq. ft. , for economize r s 15 sq. 
ft., or a total of 61 sq. ft. N atural draft is used. The boiler press­
ure is l-1-5 lbs. There are three hori zontal compound engines 
with cylinder s 32 ins. and 6-1- ins. x S·+ in s., operating at 9-1- r. p. m., 
and two v~rtical compound eng ines with cylinders 42 ins. and ·86 
ins. x 60 ins. , operating at 75 r. p. m . A ll of the engine auxiliaries 

scribed is used on practically all of the cars in 
San Francisco. While San Francisco is an ideal city for oper­
ating street railways in many respects, especially as regards the 
absence of snow, ice and sleet, yet it has its drawbacks, namely, 
an enormous number of steep grades. In order to operate safely 
over these in wet weather and on ·s lippery rails it was necessary 
to pr<wide another mean s o f braking a car than the wheel brakes. 

In 1895, G. Vv. Douglas, then master mechanic of the Market 
Street Railway Company, started to experiment with a track brake 
on electric cars. Twelve single-truck cars were equipped with track 
brakes, and operated success fully until 1899. I~ that year Mr. 
Douglas reconstructed his brake, and made it successfully appli­
cable to double as well as to single trucks. 

Primarily, the brake ( see Fig. 1) consists of a hand lever A con­
nected by a brake rod B to an arm C-1, keyed on a rocker shaft D 
extending clear across the truck This shaft is connected on each 
end by means of a short lever E keyed to the shaft, to a connecting 
link F and to a toggle lever G-1. The connecting lever F is con­
nected to a lever H keyed to a short shaft I, and to a toggle lever 
G-2. The sh ell J for holding the shoe is connected to the toggles 
G-r and G-2 by means of two he els. 

FIG. 6.- STA N DARD TRACK BRAKE-SHUE 

are steam driven. J et condenser s ar e used, the air pumps being of 
the twin vertical type. The average vacuum in the engine cylinders 
is 25 ½ ins. of m ercury. There are two alternating-current gen­
erator s each of 1500-kw capacity, delivering current to the line at 
rr ,ooo volts, and one 1600 kw and two 2500-kw direct-current gen­
erators delivering current a t 600 volts. The normal capacity of the 
station, therefore, is 96,000 kws. Direct current is furnished for 2-1-
hours per day, and alternating current from 5 a. m. to I a. m. 
There are no feed-water h eaters between the engine cylinders and 
the condensers, but the exhau st steam from the auxiliaries is car­
ried to two heaters located in the basement on the suction side of 
the feed-pumps. These heaters are made up of horizontal U-tnbes 
arranged in series, the steam entering at the top and discharging 

By pulling back on lever A the shaft D turns from left over to 
right, tending to make the short lever E assume a vertical position. 
This motion is transmitted to lever H by means of connecting 
lever F. The simultaneous parallel movement of levers E and H 
causes the toggle levers G-r and G-2 to assume a vertical position 
and to force the shoe to the rail. The heels on the shoe, one on 
each side of a channel-iron across the truck, act as a guide and 
allow the shoe to travel only in a vertical direction. A lever with 
a counterweight attached to it, keyed to shaft D at any convenient 
position or bolted to arm C-r, acts as a release. • 

In order to adapt this brake to a Peckham or Brill single truck 
it is necessary to fasten a flat iron K, bent as shown, to the side 
frames, using the holes on each side of one of the spiral body 
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springs. Two angle-irons are placed transversely across the truck, 
and fastened to the bent flat iron K. To these angle-irons the 
brass boxes for holding shafts D and I are bolted. The large shaft 
D is held in position by three boxes, one on each end and one near 
the arm C-I. The short shaft I is held by two boxes, one on each 
side of lever H. 

To operate the track brake from the opposite end of the car an 
arm C-2 is keyed to the shaft D, the brake and rod being placed 
under and on one side of the motor, as shown in Fig. 2. 

Fig. 3 shows the brake applied to a Brill single truck. This 
'Brake is placed on double trucks practically as on a single truck, 
except that each truck has an independent brake, operated from 
the end nearest the truck. On double trucks the rocker shaft 
boxes are fastened directly to the transom angle-irons. The arm 
C-1 has to be placed in middle of shaft D, on account of the swing 
of the truck. 

Fig. 4 shows a Brill 27-G truck, and Fig. 5 a Peckham 14-B-3-S 
truck with thi s brake. 

Fig. 6 shows a standard track brake-shoe. This shoe is made of 
Oregon pine, costs about $.0275 and lasts about one week. All 
kinds of wood, all kinds of metal. combinations of wood and 
metal, and metal with all kinds of inserts were experimented with, 
but for cheapness, general utility, and highest braking efficiency 
the Oregon pine shoe was found to be the best. The shell for hold­
ing through the holes shown in the shell and through the recesses 
shown in the shoe, not only clamping the shoe by means of the 
shell, but also preventing the shoe from slipping backward or for­
ward. In order to facilitate the removal of wornout shoes, sec­
'tions of rail slightly longer than the shoe are sawed off and 
hinged on the car house tracks. The cars are placed with the 
shoes over these hinged rail sections, the hinged rail is swung out, 
and by loosening the two bolts the shoes drop out. The time re­
quired for replacing four shoes Dn a double-truck car is about 2 

minutes. The shoes can be adjusted when partly worn, by inserting 
wooden shims between the top of the shoe and shell. 

As seen by various sketches this brake can only be applied on 
trucks having outside-hung wheel brakes. On double trucks it can 
only be used wh"en the bolster spring is half elliptic and hung under 
the side frames. It can not be used on M. C. B. bolsters, on ac­
count of lack of room. In fact it requires close figuring to adapt 
it to the above mentioned trucks, in order to prevent the bolster 
from coming down on the connecting lever, F. 

It has been proved that the brake is most effect ive when brake 
levers as shown in sketches are used. The efficiency of the brake 
is proportionate to the rapidity and force with which the shoe is 
brought down on the rail. An ordinary ratchet handle with the 
ordinary spindle is of little use. \Vith a cam on the spindle it is 
decidedly more efficient. · 

The strong points of this brake are: Extreme simplicity; high 
efficiency; low cost of maintenance; independence of all. other 
brakes, and its being purely a mechanical contrivance. It can 
readily be operated by compressed air, by adding a brake cylinder. 

Whether it would be as successful in cities where there is much 
snow, ice and sleet as it is in San Francisco, the writer would not 
care to say, yet there seem s to be no reason why it should not. It 
may appear to some that on account of tak­
ing considerable weight off the wheels, there 
would be danger of skidding the wheels, yet 
the number of flat wheels has steadily de-

creased si nce these brakes were put o n. The reason for thi s is 
probably that there is no need of "cinching" the wh eel brakes up 
so tight as formerly. 

4'-0" ---­

' ,, 

W TER ~~t-
ZoLB 

C 

.\ND 5.- SECTION AND ELEVATIO N OF TRACK DR,\KE 
APPLIED TO BRILL 27-G DOUBLE TRUCK 

Cars are operated over one 17.5 per cent grade, four 14.5 per 
cent grades, and any number of IO to 12 per cent grades. 

A single-truck car, wei£-hing IO tons , can be stopped on the 
steepest grade over which electric cars are operated in the city, in 
a reasonable di stance, by fir st applying the wheel brakes, a11d then 
the track brake. This brake originally was intended only for emerg­
encies; it ha s been found so serviceable, however, that it is 
used almost as much as the wheel brake is. It ought not to be 
used on curves, switches, or cross ings, but should it be used, about 
the only damage resulting would be a split shoe. 

7~0"' __ ____ ________ _ _ 

FI G. 3. - Tl{ACK BRAKE A l'l'Ll ED TO BRILL S I NGLE TRUCK 



PAPERS READ AT 
AMERICAN 

THE PHILADELPHIA 
STREET RAILWAY 

CONVENTION 
ASSOCIATION 

OF THE 

NOTES ON THE DESIGN OF LARGE GAS ENGINES WITH 
SPECIAL REFERENCE TO RAILWAY WORK 

BY ARTHUR WEST 

The following r emarks, as the title indicates, ar e applic able to 
large size gas engin es only. The smaller sizes are un suited to im­
portant electric rai lway installati ons on account of fir st cost, mul­
tiplicity of parts and g reater expense for attendanc e, etc. The 
tendency of the modern plant is constantly in the direction of 
lar~e size unit s. This is indicated by the rapid increase in the size 
of steam turbines in stalled in modern stations. Similar reasons 
will, it is believed, cause a demand for la i:ge size gas engines for 
dectric railway work in conjunction with producers to operate 
them. 

One of the most important considerations in the design of large 
gas engines is the arrangement of the cylinders. In a single-cyl-

as the capacity for caring fo r heavily swinging r ailway loads, have 
caused our adoption of tandem double-acting cylinders fo r r ail­
way work. 

It is sometimes argued that cylinders so arranged are inaccessi- , 
ble. If, as is the practice of the Westinghouse Company, am ple 
space is arranged between th e cyl in ders, and if th e inlet and ex­
haust valves are not located in t he heads, but in the cylinder body 
and entire ly above the floor level, such a gas en g ine is as accessible 
as a tandem-compound Corl iss eng ine or as a Co rli ss eng ine 
driving an air compressor. 

The speed of a gas engine must be adapted to the k ind o f gen­
erator to which it is to be direct ly connec t ed. In a general way, 
its speed wi ll usually som ewhat exceed that of a Corli ss eng in e 
of the same cylinder dimensions. In my experience, the speed o f 
large steam engines is limited by the in ertia and consequent wear 
and tear of the valve gear rather than by the in ertia o f the r e­
ciprocating parts th emselves, which is absorb ed by th e com pres­
sion. I1psmuch as in a 4-cycle gas en gine the valve gea r only 

GAS ENGINE FOR UNION TRACTION COi\iPJ\NY, INDEPENDENCE, KAN. 

inder , single-ac ting, 4-cycle engi ne an explo sion takes place onc e 
in every two r evolutions. In order, therefore, to get the same 
rotative effect as with a double-actin g steam cylinder, it is neces­
sa ry to work four sing le-ac ting cylinders on the shaft or two 
double-acting g as cylinders tandem on one crank pin. With this 
arrangement four explosions are obtained in two revolutions, or 
an explosio n every. 180 degs. of crank angle. In case of a mis­
fire o r premature ignition due to bad gas, the crank can only 
m ove one-half a turn befo re anoth er explosion takes place. In a 
single-cylinder, single-acting engine th e cra nk must move two 
whole turns before the next explosion, while with two singl e­
acting cylinders opposed to each other or one double-acting cyl­
inder, the crank may be required to move one and one-half turns 
before the next explosion. T he relative evil effects of a prema­
ture or misfire are, therefore, in the following ratios: 

Two double-acting cylinders....................................... 1 
Two single-acting cylinders, opposed type.............. . ........ 3 
One double-acting cylinder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
One single-acting cylinder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Gas engines and producers to be commercially successful m ust 
be designed to be run with the same class of h elp as is em ployed 
on Corliss engines and boilers. This being the case, m isfir es and 
prematures are liable to occur occasionally, and th e designer must 
minimize their possibilities for evil. T h ese considerations, as well 

movt s at h alf the speed of the engi ne, som ewhat high er speeds 
are permissible than would be th e case with a st eam eng ine h aving 
the same dimensions of cylinder s. 

The speed regulation adopted for large \ Vestinghouse gas en­
gines is especially su itable fo r generator drivi n g, in that no con­
ditions of changeable load or va riable fric tio n of valve gea r affect 
the regulator. O ur gas engine regulator governs the speed by 
means of a relay cylinder, and therefore produces r esults similar 
in type to those obtained with th e r elay governor used by th e 
\Vcstinghouse Machine Company on steam turbines. Th e ad­
vantage of such a r elay governo r with th e gas eng ine is that th e 
varying fr iction of valves with diffe ren t qualiti es of gas does not 
affect the sensitive ness of the governor. W ithout a relay cylinder, 
the only way in which thi s result can be accomplished on large 
gas engines is by some form of a drop cut-off controlling the gas. 
T his is ob jectionable on a gas engine, as any slight change in the 
speed of th e dash pot very seriously affects the mixture of gas 
and air, with corresponding bad effect upon the r egulation. Such 
small changes in speed of dash pots are frequent in a Corliss 
engine, where they cause n o bad r esults. The Westinghouse ar­
rangem ent employs no rel easing gear of any kind, but secures 
all the advantages df r egula tion without its use. 

The qu estion is fr equently asked as to whether large gas en­
gines will drive a. c. generators successfully in electrical synchro-
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nism or "parallel." This has been done for several years pa st in 
Germany with entire success, and it has also be en done in a 
number of instances very successfully by our company. We hav e 
at the present time orders for several such plants on our books, 
one of which is to drive an electric railway from Warren, Pa. , t o 
Jamestown, N. Y., which we expect will be in operation some 
time during the autumn. 

It is sufficient for our purpose to observe here that the cyclic 
variation-i. e., the degree of departure from absolutely uniform 
rotation-is sufficiently small to conform with the design of gen­
erators now built for steam driving. 

The European designer of gas engines has allowed himself an 
amount of complication in va)ve gear which would not be per ­
missible under American operating conditions. The successful 
American machine must be as nearly "foolproof" as is the large 
Corliss engine. If it is not , it will fail to be a success from th e 
purchaser's point of view-no matter what thermal efficiency m ay 
be claimed by the builders-as a consequence of such complication · 
as the European engineers have been prone to adopt. In the de­
signing of valve gear for large gas engines, wide range of quality 
of gases must be considered. In this respect the design of the 

"" 

rated, and the purchaser should consider that this is one of the 
prices that he pays for the enormously increased output obtained 
wi th the gas engine per pound of coal. The overload capacity is, 
therefore, simply the amount which th e builder rates his machine 
below its ultimate capacity. It has been our practice to rate our 
gas engines in such a way that they would h ave a safe overload 
capaci ty of IO per cent. Our machines are ordinarily good for 
so m ewhat more than thi s, but conservative engineering requires 
that th ere be a margin of power in order that overloads may not 
materi ally reduce the speed. The above remarks on overload 
furni sh a general guide which may be of service in selecting su it­
able generator capacity for a gas engine. For ordinary cases the 
overload capacity of the generator and that of the gas engine 
should be about equal, although the gas engine will indefinitely 
carry its overload, while th e generator will not, in all cases, un­
less it is bought with that understanding. 

The mechanical efficiency of a large gas engine is very much 
greater with a 4-stroke cycle th an with a 2-stroke cycle, this 
being one of th e arguments against the 2-cycle engine. It is no 
uncommon thing to see 2-cycle engines which do not realize as 
brake horse-power more than 60 per cent of the work actually 

TWIN TANDEM FURNACE GAS-BLOWING ENGINE FOR CAR NEGIE STEEL COMPANY 

.. 
gas engine is very different from that of a steam engine, inasmuch 
as the steam used has practically constant characteristics, differing 
only in such minor points q.S pressure and superheat. With the 
different kinds of gas to be met with, however , the proportions 
of air and gas, and sometimes of compression, are radically dif­
ferent, and no gear can hope to be a universal success which does 
not provide for meeting the widely varying conditions to be en­
countered in the market. 
- We are frequently asked, "What is the overload capacity of 

your gas engine?" A clear understanding on th e part of the pur­
chaser of the limitations in this direction is very desirable, from 
the point of view both of the buyer and th e seller. A gas engine 
and producer is thermally very much more efficient than a steam 
engine and boiler. It is, perhaps, not amiss to say that, with a 
well-designed producer and gas-engine plant, a horse-power can 
be .. delivered with one-half the cost of fuel that is possible with a 
well-designed st eam-engin e plant. The power of the gas engine, 
however, is limit ed by the total volume of explosive mixture 
which can be drawn into the cylinders during the suction stroke, 
compressed and finally ignited. This condition sets a limit which 
does not allow of a large temporary increase of the power, such 
as obtained with the Westinghouse steam turbine by the auto­
matic operation of the secondary admission valve. Such over­
load capacity is, of course, convenient for th e purchaser, but it is 
unobtainable on a gas engine, unless the engine is largely under-

done by the combustion in the cylinders. The efficiency of a 4-
cycle engine varies considerably, but it may be said in a general 
way that a well-designed engine will deliver about 85 per cent of 
the gas indicated horse-power in the form of brake horse-power. 
This 15 per cent of power lost is not exclusively composed of 
frictional r esistance of journals, cross-head slides, etc., as is the 
ca.se in a steam engin e. The 4-cycle engine has , of course, to 
draw in its own mixture of air and gas and compress th e same, 
and its functions, therefore, co mbine those of a pump, a com­
pressor and a motor. It is the pumping and compressing work 
which causes the mechanical efficiency of the gas en gine to be 
somewhat lower than that of a steam engine. The actual friction 
of the working parts n eed be no greater than with a well-con­
structed Corliss engine, viz., 90-95 per cent. In order to keep 
down the friction and increase the reliability of the machines, it 
is the practice of the Westinghouse Company to design large gas 
engi nes with provisions for attaching a continuous return oiling 
system. The large amount of oil put th ro ugh the journals in­
creases the safety, requires less attendance and k eying up, and 
wash es out du st if the engine is required to operate in an atmos­
phere which is not clean. 

(Foot Note) Heat equivalent to work done. 
(Efficiency=---- -------­

Heat input. 
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The thermodynamic efficiency of the gas engine varies so much 
with different kinds of gas that it is h ard to say just what the 
ave rage value would be. It is probably not far from the truth, 
however, that its thermal efficiency is about 25 per cent, though in 
favorable cases gas engines have obtained efficiencies well over 
30 per cent. 

There is an impression rather prevalent that a gas engine is 
uncertai_n and hard to- start. A prop erly designed engine, sup­
plied with fairly decent gas, can be started as easily as a steam 
engine. Large Westinghouse horizontal gas engines are started 
by means of co mpressed air, the only operations required being: 
(r) open the main gas valve; (2) close the igniter circuit ;· (3) 
open one compressed air valve, similar in construction to an 
engine throttle. The compressed air puts the en gine in m otion, 
which draws the charge into the cylinder and compresses the 
sa me, after which the first explosion tak es place. Air is shut off 
and the engine is in full operation. vVe find no more difficulty in 
starting our gas engin es than a steam engine of comparative 
size. I desire to lay stress on this point , as one of the stock 
arguments against the gas engine is that it is diffi cult t o get into 
operation. 

With certain kinds of gas, inspection of th e interior parts of 
the _cylinders is often desirable at regular interv als of, say, a 
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THE APPLICATION OF GAS POWER TO ELECTRIC RAIL­
WAY SERVICE 

BY J. R. BIBBINS 

In bringing this subject before you, we do so with the con­
viction that the problem of ultimate adoption of gas power is a 
present and serious one. You may not be in entire accord with 
our present opt imism. In fact, on few subjects does engineering 
and commercial opinion exhibit greater conservatism (possibly 
due to lack of direct experience with gas power or to the in­
fluence of adverse reports from small and inadequately equipped 
plants). Yet, we feel that the practical difficulties incident.to the 
development of such an important power system have not been 
so far overcome as to warrant the fullest optimism. We have but 
to lo ok abroad for complete vindication. 

Primari ly, our objective is to place before you, as fully as pos­
sibl e, r esult s that have already been attained, leaving to your own 
judgment the soundness of our opinions upon the topics dis­
cussed in this paper. 

CHARACTERISTICS OF STREET RAILWAY SERVICE 

In a paper read last year before your association we consid-

,t.w. 

/2 

couple of months. This 
is especia lly the case 
with blast furnace gas, 
and also with producer 
gas made from certain 
kinds of fuel. We have 
taken particular pains 
to arrange_ our cylinders 
so that no parts of the 
valve gear or valves are 
below the floor. The 
inlet valves being lo­
cated directly on th~ 
top of the cylinder, easy 
access can be had to 
either end of either cyl­
inder by r emoving the 
inlet bonnets. The ex­
haust valves are also a 
part of the engine 
which need occasional 
attention for regrind­
ing. Especial care has 
been taken to render 
these quite easily re­
movable. The cylinders 
are, therefo re, directly 
accessible from the top 
through the inl et open­
ings and from the bot­
tom through the ex­
haust openings. The 
fact that all the va lve 
parts are entirely above 
th e floor lin e renders FIGS. TO 6.- TYPICAL POWER-STATION LOAD CURVES 

these operations much 
easi er than if a large part of the valve gear extended downward 
into foundation parts. It is not necessa ry to remove the cylinder 
heads, except to examine the piston rings themselves, which is 
not often r equired. Inasmuch as clean gas cannot always be 
secured, the importance of such easy entrance to the gas cylinders 
cannot be overestimated. 

The general type of engine commented on above is shown in 
the two accompanying illustrations. The first shows the type of 
two engines being built by the W es ting house Machine Company 
for the Union Traction Company of K ansas, Independence, Kan. , 
one being o.f 500-brake hp and one of woo-brake hp. The second 
photograph shows one of two twin-tandem furnace gas-blowin g 
engines now under construction for the Edgar Thomson plant 
of the Carnegie Steel Company. For electric railway work , no 
change would be made except to omit the blowing tubs. As 
electric units, these engines would have a capacity of abou t 3500-
brake horsepower each. 

The large size gas engin e has come to fill such an important 
place in Europe, and has there proven itself to be so reliable and 
serviceable, that there is no question about it s being adopted in 
this country in the near future , in a form suited to American 
operating conditions_. 

It is hoped that these gen eral observations will be found 
of interest to intending users of gas power in large quan­
titi es. 

ered steam turbines, in their special application to railway work. 
Three important characteristics for a prime mover were men­
tioned, viz., close speed regulation, considerable overload capacity 
and high economy over normal ranges of load. Although these 
qualifications are, indeed, most desirable, entire success may only 
be attained through the harmonious working of the entire plant, 
whether steam or gas; in fact, in the case of the latter successful 
operation may be attributed in almost equal proportions to the 
g as and power generating sections of the plant. Unfortunately, 
it is true that the faults of the one may all too readily be charged 
to the other; yet a careful study of practical operation shows the 
futility of such distribution of responsibility. 

A perspective view of railway service, as distinguished from 
electric lighting service, may be had by examining the daily load 
curves from typical power stations. See Figs. r to 7 and Table 
No. r. 

From the data presented it is obvious that, as a whole, a gen­
erating plant for railway service, especially for subJ1rban and 
heavy duty work, must be unusually responsive to sudden power 
demands; to accomplish this the two sections of the plant must 
be peculiarly well fitted to operate together under normal load 
conditions. The plant should also be quick in starting, capable 
of standby for long periods without excessive loss of heat, and, 
above all, should show high all-day fuel economy. This is 
admittedly a formidable list of requirements; yet we may 
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TABLE No. 1.-LOAD CHARACTER1STICS. 

Ral!o Loads. 
Load Approx . 

Fig. Character. City. Factor Fluctu- Remarks. 
No. %*. Max Max . ation%. 

- - - -
Min. Avg. 

---
I 

1 Metropolitan . Pittsburg .. GS. 7 . 7 1.48 H)-15 I 30<H00 rn~ ,< rnsh 
hours, single and dou-
hie truck part trailers 

Metropolitan .
1 

Pitt5burg .. l 
Storage hattcry at sub-
stations. 

l a GO. 8.5 1.GG ... ,. Fourth of July. 
(Holiday) 

2 Metropolitan .

1 

Detroit. ... 

1 

55. 8 !0.9 l. 79 15-25 Cars max. Single truck 
and high speed inter-
urban. Battery at 
main and sub-stations. 

3 Interurban . .. Cleveland. 5G. 100 .t 1. 78 36-60 Double truck. High 
speed. Cars. No hat-
tery. 

4 Rapid Transit New York l GO. 9. 7 1.G7 40% at Multiple unit trains. Six 
cars. Battery at sub-(Elevated) sub-stas. 
stations. 1,337 cars 
maximum. 

--- - ---

5 Lighting .... , New York 47 . .... .... Steady., Central and down-town 
district. Battery at 
sub -stations. 

G Lighting ... .. Pittsburg .. G5 8 2.26 1.52 Steady .. Central and down-town 
district. Avg. day 
cloudy. No battery. 

6a Lighting Max Pittsburg .. 4G. 7 4.8,5 2.14 I Steady .. Christmas, 1904. 

- ---

Raihva s ..... Pittsbur .. G6 7 . 44 1.52 Fluet. . . Week ending July 1st 

2.11 l. 4 Steady . . Week ending J anuary 

I 

1905. 

7th. 1905. 

Average Load. 
* Load Factor 

Steady Max. 

not dodge the issue with 
steam. 

gas power any more than with 

ADAPTABILITY OF GAS ENGINE AND PRODUCER PLANT 

Does gas power fulfil in every respect the conditions imposed? 
As the o.Jd and much-abused saying goes, "The proof of the pud­
ding lies in the eating thereof." This pha.se of the subj ect may 
best be approached through comparison, step by step, 
with steam power with which every one is familiar. 
This is done not for the purpose of discrediting the 
latter, but merely to· obtain a clearer conception of th e 
points involved. 

THE GAS ENGINE 

Primarily, the fitness of the gas engine for driving 
electrical machinery must be demonstrated beyond 
question. This has' repeatedly occurred in practice, 
examples of which will be later cited. The paper by 
Mr. West has already treated important points in det ai l. 
He has observed that with certain cylinder arrange­
ments, rotative speeds, uniformity of turning moment 
and speed regulation are as well suited to both d. c. 
and a. c. gene1 a tor driving as the standard cross-com­
pound steam engine; that th e gas engine is as simpl e 
a machine to operate; that its efficiency as a m echanism 
is as high, and as a heat motor far higher; and that its 
overload capacity is largely dependent upon the dimen­
sions of the customer's purse. Assuming, then, that 
the gas engine is already establi shed in its position , 
we come to the gas generating plant, which, in many 
respects, is the crucial point of the system, except in 
special localities where natural gas is available at rea­
sonable prices. 

THE PRODUCER 

We believe ourselves conservative in th e statement 
that the future of the gas engine in its general applica­
tion depends largely upon the development Of a pro­
ducer gas system especially suited to the use of low­
g rade bituminous coal. Anthracite producers h ave al­

used in eng ines they are attended with special, and often com­
plex, cleaning appa ratus fo r th e r emov:i.l of suspended impurities. 
T h e efficiency of bituminous systems is also generally lower than 
anthrac ite, not only owing to the fact that some of the valuable 
distillates are lost, but on account of the di stillation of volatile 
matter requiring heat for its accomplishment. P resent types, 
however, so metim es exceed 70 per cent efficiency, which rivals 
that of the best boiler p lant. 

FUEL ECONOMY 

In actual running, fu el consumption, gas power prese nts its 
most striking advantage over st eam. It is difficult to obtain 

TABLE No . II. 
SUMMARY OF RESULTS- PRODUCER GAS TESTS. 

U, S. Government , St. Louis, 1904-1905. 

175 kw.- 235 H.P. Producer Gas Plant- Belted- Full Load . 

Approximate Calorific Value I 
Dry Fuel.. .... .... . . . . . . . . 14,000 13,000 12,000 11,000 10,000 Sum'ary 

No. of Tests .. .. .... ....... . --4- - - -_-5----3--,--3-- - - 2- - __ 1_7_ 
Average Length in Hours..... 17½ 32¾ 22~ 23¾ 23i 25 
----- -------i------ - -- - ----- - --

FUEL 

Name { 
Ind ., Ill ., Ind., Mont., 

. . .. ......... W. Va . Ala.,Ky., Ill. , N .D. 
Ind. Ter. Col. Texas. 

Character . . . . . • . •.. , . ........ lfBit. &l 
Bit .R.M . Bit.R.M. Black f Lignite. 

• L g. ' 
B. T. U.per lb.Dry.. ... .. . . . . 14,501 13,225 l2, 6G7 11,425 
B. T. U. per lb. Actual. . ....... 14,223 12,303 10,942 8,242 

GAS 
Yield cu. ft. per lb. dry ..... •• . . 
B. T. U.percu.ft ... . , ., , .... . . 
Prod . F.ffcy.- % ... .. ....... . 

PLANT DUTY 
Lbs . per BHP Hour, Actual . .. . 
Lbs. per KWH , Actual. .. .. . .. . 
Lbs. per KWH, Dry .......... . 
B. T. U. per BHP Hr., Actual . 
B. T. U. per KWH, Actual. ... , 
B. T. U. pe1 KWH, Dry ...... . 

G6. 4 51.0G 
]45 . 3 I 154 .6 
G5.4 64 .9 

I 

l. l G II 

1. 82 
l 79 

rn,498 1 28,890 
29,975 

1.51 
2.38 
2.21 

18,580 
29,295 
29,225 

50.5 
153.3 
70 .8 

l. 44 
2.27 
1.95 

15,755 
24,838 
24,725 

31. 9 
168. 5 
G5 .9 

2.28 
3 .59 I 
2.52 

18,780 I 
29,600 
28,800 

Wyo. } 
and 

Texas. 
( Bit. 
j and 
I Lig. 

10,792 
8,458 

32 . 7 
160.4 

G2. 1 

2. 12 
2.83 
2.55 

17,920 
23,fl l5 
27,505 

U. S. 

Bit 
and 
Lig. 

12,854 
11,346 

49.0 
155 .3 
65 9 

1.62 
2 .50 
2. 16 

18,375 
28,350 
27,790 

statistics truly comparati ve in every respect. Some data, trust­
worthy in the aggregate, are ava ilable from the t ests conducted 
during the past year at St. L o uis by the United States Govern-

r eady r each ed a high state of perfection, are r eason­
able in price, simple to operate and arc usually unen­

FIG. 7. - RECO RDIN G 1IETER CHART, S HOWI NG FLUCTUATIONS 
OF INTERURBAN LOAD 

cumbered with much auxiliary appar:ttus. Th ey do not 
deteriorate rapidly, and generally sh ow an efficiency consider­
ably high er than th~ best steam boiler a nd furnace, viz., 75-80 
per cent. 

The ideal bituminous producer is yet to come, viz., one in 
which the volatiles are completely converted into fi xed gases 
without serious loss and without complication of th e opera ting 
system. There are a number of makes no-w on the market in­
tended to be used with bituminous coal, but when the gas is to b e 

ment. Table 2 gives a resume of these tests, covering seventeen 
different g rades of coal, all of bituminous character. The m ost 
remarkable result is that the poo rest g rade coals and eve n lignites 
ar e entir ely suitable for producer work. Thus, Montana, North 
Dakota a nd Texas lignites, averaging only 82.p B. T. U. per 
pound (u,400 dry) , yielded a gas of 169 B. T. U. per cubic foot, 
a gross producer efficiency of 66 per cent , and a duty o f 2.5 lbs. 
per kw-hour dry, o r 3.6 lbs. per kw-hour as fired. The best coals 
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Average load factor; per cent. ......... ..... ............................. . 35 
Coal (anthracite) per kw-hour, in pounds, including fuel for boiler and 

(West Virginia) gave an actual duty of 1.57 lbs. per k w-h our , 
an d the poorest 3¼ lbs. to 4½ lbs. as fired. The average of the 
seventeen tests showed a plant duty of 2.2 lbs. p er kw-hour dry, 
or 2.5 lbs. as fired. Fig. 9 shows, in a general way, the r apid de­

banking ..... -·.......................................................... 1.78 

A striking series of comparati ve observationst between a steam 
crease in coal consumption 
with higher grade coals. PLAN OF WALTHAMSTOW GAS POW ER STATION. 

It is fortunate that the 
---~ alliii~ &llii'T~rftr~­

BATTE: R Y· 

BATTE:RV ROOM 
ME:SS rf~R 
ROOM SHOP 

government extended these 
tests to embrace steam* as 
well as gas power. Fig. IO 

shows the r esults of com­
parative economy tests with 
practically the same size 
plant under identical condi­
tions and with identical coal. 
Taking a common h eat value 
for average bituminous coal, 
13,000 B. T. U. per pound, 
we obser ve that the plant 
duty is less than 2 lbs. per 
kw-hour with gas and 5½ 
lbs. with st eam. Further­
more, the fuel consumption 
of the steam plant increases 
much more rapidly in the 
comparison with the poorer 
g rades of coal. This is rea­
sonable, owing to the greater 
difficulty in securing proper 
combustion. In this par­
ticular the producer has a 
decided and important ad­
vantage over the steam 
boiler. 
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Many more results might 
be cited which would strong-

(!I 

ly emphasize th e high gross 
economy of the producer 
gas power plant ; yet it is not 

FIG. 8.-PLAN OF WALTHAJ\ISTOW GAS POWER STATION 

the formal efficiency test at full load, but the long period test , 
which reveals to the operating man the fullest economy of gas 
working. 

The followirlg results may be of interest, as obtained fro m a 

and gas station opera t ed by the same company at Guernsey, Eng­
land, is summarized in Fig. II. With approximately the same 
load factor, which is high , owing to power supply, the gas power 
plant consumed about 2.25 lb s. per kw-hour , and the steam station 
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FIG. 9.- SHO\VING THE RAPID DECREASE IN COAL CONSUJ\IPTION \VlTH 
HIGHER-GRADE COALS 

'FIG. 10.-COMPARATIVE ECONOMY TESTS 
O F STEAJ\1 AND GAS PLANTS UNDER 

SIMILAR CONDITIONS WITH 

large gas power railway and lighting plant a t Walthamstow,t 
England, which will later be mentioned in further detail : 

TABLE NO. 3.-RESULT OF TWELVE DAYS' OPERATION, 
WALTHAMSTOW, LONDON, JANUARY, 1902 

Average output per day in kw-hours .. ........... ,........................ 1,525 
Average load in kilowatts........................................ ......... . 64 

• Non-condensing. 
t \Valthamstow is one of the largest suburban districts of London, having 

a population of 116,000, and served by a gas-driven central station. 

LIKE F UEL 

5.5 lbs., although a much larger sta tion and equipped with triple­
expansion high-speed engines. 

R ESPONSIVENESS 

Passing to some of the practical points, a producer, if provided 
with an automatic blast control, may be made almost instantly 
respon sive to variations in demand for gas. This is shown by the 
success which the suction producer has attained in small sizes; and 
in this respect the steam boiler is quite outclassed, owing to the 

:j: Campbell, Mechanical Engineer, Dec. 3, 1904. 
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more direct effect of the blast in t ransferring the heat content of 
the coal to the working medium- gas. In one type of producer 
familiar to us as possessed of this automatic feature the steam 
blast, and consequently 
the gas generated, is ~ 

Z,,/ ' I 

LOSSES 

Standby losses in a st eam power plant are an important source 
of inefficiency and difficult to determine accurately. Mr. Dowson 

· I I I f I I I 
~ oM/:'/M'RTw£ Ct?.s , ~r ~w-eR 

controlled entir ely by 
t h e pressure in the de­
livery gas main and in 
inverse proportion. It 
combines this feature 
with th e conservation 
of the sensible heat of 
gases leaving the pro­
ducer. By this means 
steam is generated at a 
rat e proport ional t o the 
demand for gas without 
requiring extra boiler 
equipment or fue l. This 
large ly increases the 

~ c- &ve-lT'N.SEY CLffCT~1c1ry Co. 
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producer efficiency. In ~ 
, some type s of, producer f\~ /.S' 

we recall that the fuel 't... 
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for steam amoun"ts to as \.- 1.4 
much as rs per cent to '1v; 
20 per cent of the total ~ I.S 
coal gasified. 

T his producer is de­
signed for use without 
a gas h older and has 
been successful in th is 
particular . The espe­
cially seve re conditions 
of h eavy rai lway work, 
how eve r, prescribes 
storage c a p a c i t y at 
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some part of the sys­
tem. Owing to the lim­
itation s of gas-engine 

F I G. 11.- R ECO R D OF COM P ARATIV E OBSERVATIONS BETWEEN STEAM AND GAS AT GUERNSEY, ENG 

capacity, dealt with in the preceding paper, electric · storage is 
evidently the most desirable, as it relieves the machinery of the 
wear and t ear of fluctuating loads. There is ample precedent the 

has made some comparative obse r vat ions* with eigh t steam plants 
and seve ral produce r plants, ave raging about 250-hp capacity. T h e 
actual standby fuel consumption of the boi ler s was 35-180 lbs. 

per h our, and of t he producers 2-4 lbs 
per ho ur. W hether the exact ratio 
holds for large r plants is immaterial 
W e do know that th e producer losses 
ar e almost inconside rable, whi ch is r ea­
sonabl e, owing to the great heat con­
tent of the fuel bed and small oppor­
tunity for loss of h eat by radi a t io n 
when the producer is shut off fro m the 
atmosph ere. Running losses are evi­
dently also much less. We may pipe 
gas for g reat di stan ces with small loss 
Not so wi th highly superheated steam 
unde r hi gh pressure. When a gas en­
g ine plant is shu t down the losses prac­
ti cally cease; with steam, condensation 
is uninterrupted. 

LABOR 

T he comparative cost of labor and 
supplies for gas and steam plants is dif­
ficult to state in defi'n ite terms. With 
the same character of labor there 
should be no appreciable difference be­
tween the two. We have compiled 
Table 4 (page 598) to show th e oper­
ating costs of eleven London district 
stations, as compared with the gas 
plant at Walthamstow. T hese plants 
have been chosen, as they are located 
similarly in respect to accessibi lity of 
fuel. T he table shows labor cost 

Ff< ;. 12. SECTION OF 1900-H P IND USTRIAL GAS PLANT OF THE WINCHESTER REPEATING 
ARMS COMPANY, SHO WI NG SOLE-PL1\ TE PIER CONSTRUCTION 

slightly in favor of steam, but it m ust 
be remembered that th is is a co mpari­
son of o ne gas plant, havi ng small 
uhits, against a number of larger steam 

world over for the use of a sto rage batte ry auxiliary in rai lway 
plants, and it should prove even more desirable in a gas power 
than in a steam powe r plant. In fact, gas storage is often to be 
desired in many plants where the gas demand varies g reatly, 
simply as an insurance against poor gas, due to careless operat ion. 
This, however, simply relieves th e gas generating equipment, while 
electric storage relieves the entire station, 

plants, which might readi ly be more favo rable in larger gas in­
stallations. W ith an up-to-dat e steam plant, using high-pressure 
steam, superh eatcrs, eco nomizers, high-grade condensing appa­
ratus and. th e like, the labor item should, if anyth ing, exceed that 
of a gas plant equipment of th e ~a rnc g rade. At the two Guernsey 

* Journal of Institution of E lectrical Engineers, April, 1904, 
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3tations referred to above the labor cost averaged very ne arly the 
same for steam or gas, 

It is true that a gas plant cannot be successfully operated by an 
ignoramus, any more than can a high-grade steam plant, which, 

TABLE IV.-OPERATING COSTS* 
London Metropolitan Boroughs.-Year Ending March 31, 1904. 

,~u~ .,; ~ ._. Operating Cost- d per .K. . W H . sold. 

~. ~ 0~ ~ * 
31 = ::g] ~~ ., ~ ] §. 

15 ~ 3~ 8 ~ 2: j ~ 
,.:g O ~ ~ ::, * 
.:.. I=<: en * 
----- - --1----- ------ - -- --

A v e r a g e of 11 I I 
Steam Plants t . 2,799 2,997,/jQQ 83,9 17 25 537 .059 . 214 . 218 1.09 1.41 

\\'a lthamstow ,, . 8 10 1,01 9,326 80 .0 15 .45 . 3tJ8 . 152 2881~ ~ 0 .. ~56I L~5 

Savings% (favor gas) . . ... .. , . .. ......... ... +a~.4 tt - 13 5 +78 + -l.5
1
+ 2o.4 

Operating Expense Items-% Works Cost (Steam) .. , 55 5 . 4 19 , 61 20 1001 129 
OperatingExpense items...,% \Vorks Cost(Gas) ,. ,, 43 17 .8 33 .6 5 .6 100 ] 23 

*Data from ' 'E lectrical Times " Financial Reports. 
**Oil, waste , water and misceUaneous supplies. 
***Includes repairs to buildings, electrical equipment and di stnbution ~ystem. 
tSteam Plants-H ackney, Stepney, Poplar, Batter,ea, Hammersmith , St. Pancras, Fulham, 

Shoreditch, Southwark , Hampstead Islington . 
t tArtesian weU not in service. Water paid for 

TABLE No , v .-OPERATI NG COSTS- 800 HP. GAS POWER STATTON, 
BRADFORD, PA , 

Annual output, K . W. H . 
Slation load factor, per cent 
Gas consumption, cubic feet.. . . . . . . . . . . . . 
Plant dut y (including heating), cubic feet pe1 .K. . \Y . H . 
Average price of gas, cents per M cubic feet , .. 

190-L 

804,032 
19 .54 

20,05fi,000 
24 .9 
12 .32 

OPERATING COSTS- C ENTS PER K . \Y. H . GENERATED. 

Fuel (including heating) .... . 
Labor, power station only .. . 
Supplies . , . . . . . . . . . . . . . . . . . . .......... . 
Repairs, engine and electrical eq uipment. .. 

Repairs, gas engines only . . 

T otal works .. . 

0 .307 
0 .380 
0.059 
0 .079 

0 010 

0 .825 

* Estimated from nine months metered output. 

1903 

780,300* 

18, 1·62,666 
22. 4 
11\ . 5 

0 .384 
0 .392 
0 .072 
0 .050 

0 .013 

0 .89R 

howeve r , if all owed, re ult s sooner or later in a swelling of th e 
repair account, A fa ir compa ri !::>on wi ll not admit o f any but in­
telligent labo r in either steam or 
gas plants, so there is no reason 
why st eam eng ineer s, after 
proper instruction, cannot take 
charge of a gas plant, a s has 
been p roven in practice. 

A very important poi nt, h ow­
eve r , is th e personal atti tude 
which eng ineers take toward gas 
machinery, The best pla nt wi ll 
quickly deprec iate in t he hands 
of o perators who h ave taken a 
personal d islike to the innova­
tion. The inevitable r esult of 
such attitude cannot be truth­
fully laid t o th e door of gas 
power. But it is almo t always 
th e case that personal prej udice 
may be overcome by systematic 
educational methQds, In many 
of our plant s the old steam engi­
neer s and oiler s have been re­
tained and placed in charge of 
gas equipment , aft er a thorough 
coaching by competent erecting 
engineers, After thi s is done 
properly the invariable r esult 1s 
hig hly successful operat ion.* 

OIL 

In well regulated plants, 

TABLE No. VL-WORKING COSTS- GAS POWER STATION, WALTHAM­
STOW PISTRICT COUNCIL, "GARCKE'S MANUAL." 

Populat1on- ll0,000 Supply commenced September 20th, 19.QL 
-System- Three wire, D .C,, 230--460 volts. 
Capacity Sta tion- 2,890 B. H . P.-2,000 kw. 
Equipment :-

Gas Generntors- 8-Dowson-Anthracite , 
Engines-4-115 B, l·L P , Westinghouse 3 cylinder vertical engine type , 

3-250 B, H , P . Westinghouse 3 cylinder vertical engine ty~. 
6-280 B. 1-L P , Westinghouse 3 cylinder vertical engine type 

Generators-Helios-Engine type. 
Batteries-Tudor-2x254- cells-1,000 amp. hr. capacity. 

SUPPLY RECORD (Year ending March 31, ,, , 

N umber of lamps rnnnec:ted (16 c p. equi valent) . 
K . \V Hrs generated. . , , , , .. . . . . .... . . . , 
K . W. Hrs. sold .... . . ............. , 
Gross efficiency system- per cent. , . , . . . . . . . , , . . .. 
l\1aximum load on feeders-kw ,, . , . . . . J_q". . . . 
Average load on plant- kw. . . . .... . . 
Load factor . . . . 
Prices charged lightmg- cts. per K W. H . . .. . 
Discount , pow~r- cts. per K W. H .. 

FINANCIAL RESULT , 

Ca pital expendit ure to date · 
Land and buildings .... 
Plant, engines, machinery . 
Total ex penditure. 

Revenue, total. .. . 
Costs, total.. . . 
Profi t , total .. ,,. .. . . . . . .... 
Profi t- per cent to average c,,pital . . . . . . . 
Sinking Fund- per cent to average ca pita l ... . 
'\ vera{!e price obtainerl-cts. per K. W. H .. . 

1904. 

21,000 
l ,019,32fi 

814,187 
so. 

600 
116.4 

15 .45 
R 

5-3 

1903, 

16,070 
659,796 
.542,4?3 

82 ,25 
406 

75 .5 
15 .25 
8 

5- 3 
-------·-------

-------1---- ---

81,050 ' 75,650 
198,000 . 179,600 
546,100 367,000 

63,000 48,380 
21 ,640 16,9 10 
41,360 31,470 

9 .05 10 .87 
2 1-i{l 3,20 
7 , 14 ll,40 

Per cent workmg costs to revenue from current . . 

OPERATING COSTS. 
.. I Cts. ~ :r ~~v·-:

6 

Cts per;:.:. 

Coal* and other fuel, delivered . . . ... 
Oil. waste, water** and general supplies. 
Wages of workmen. . .. . . . . . . 
Repairs and mainten~ncet, total. . 

Total works cost ... . 

Sold . ~ Sold. 1~ 
0 . 932 
0 . 333 
0. 738 
0.081 

0 . 745 
0 .306 
0 .590 
0 .065 

.. . 2 . 134 1. 706 

0 .84 
0,46 

. 0 .82 
0.24 

0 .69 
0 .37 
0 . 67 
0 , 19 

2 .36 1 925 

Distribution, public lamps, rent, management , taxes, 
insurance,etc ,, . ,, ,, ,. ..... , . . .. ., .. . .. . .. 0 . 649 0 .519 1.11 Cl .929 

T otal general costs. 

T otal costs : . 

~-o ._6_49 __ - o_,_5_19 ___ 1_, _11_ 1_0_,_92_!!_ 

. I 2. 7 83 2, 225 3. 47 2 . 854 

"' Cost of coal averaged $1J.50 per ton in 1902-3; $6.75 in 1903-4 ** Artesian well 
not yet in se, vice; water purchased . t Including buildings, mechaniml and electrical 
ecpipmenls, storage batteries and distribution system .... .,,.-', L 

,. -··· -~ ~- ---
/ ~~ C ___ ,,. . 

--· ">✓ 
' .r 

:·~-J. 

. -s---._.j 

_J 
eguipped with a continuous r e­
turn system, th e oil consumption 
should not much exceed, if any, 
that of a steam plant, Two 500-
k w gas plan ts at Franklin and 

FIG. 13,- 800-HP GAS POVlER RAILWAY AND LI GHTING STATION, BO R OUGH OF WALTHAMSTOW, 
LONDON 

* As the chief engin eer oper ating a plant in Northern Pennsylvania stated 
t o th e au th or recently, "I would rather throw up my job than go back to 
steam," H e fr eely acknowledged his initial prejudice, which disappeared as 
he became acqua inted with the gas engines. 

Bradford, Pa. (each consisting of fi ve Westinghouse vertical en­
closed typ e engine units), average through the year less than -½ 
gaL per unit day, at a total cost of under 7 cents (,0032 gaL per 
hp-day) , At another station, near Warren, Pa,, using three ver-
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tical open type engines of 275-hp capacity each,· the oil consump­
tion averages under .9 gal. per unit day. This is certainly not ex­
cessive; in fact, we know of a large steam station in the Pittsburg 
district, equipped with several 1600-hp cross-compound engines, 
in which the oil consumption averages .0025 gal. per engine hp­
day, and has reached double this amount for weeks at a time. 
This plant has a 1 eturn oiling system; the others have not. 

MAINTENANCE 

Maintenance expense is frequently thought to be excessive in a 
gas station. \i\Then this is so we may look for faulty operation or 
design of the plant. Recent data from the station at Bradford, 
Pa., show what may be accomplished when the equipment is 
properly operated. The plant is in its seventh year of se r vice; yet 
the average cost of repairs on the engines for the past two years 
was $92 70 per year, 11.6 cents per horsepower-year, or .0125 cents 
per kilowatt-hour generated Returns for the past two years are 
shown in Table 5 (page 598). As an example of the results 
secured, we may mention the following: After six years' service, 
averaging 18 hours per day, it is found necessa ry to inspect the 
engines only once in twelve months. This was formerly done in 
three months and later in six mouths. At each inspection a set 
of piston rings is replaced by new ones, whether worn out or not. 
Up to the present time no extensive repairs have been made on any 
of the engines, except a voluntary change, on the builders' part, 
from dry to water cooled exhaust valves The present exhaust 
valves average one year's working without regrinding, and even 
then are not in bad condition. Some valves have run fift een 
months. Admission valves require no attention. Ignitcrs average 
about nine months without repomting. By reversing the current 
each day electro deposition is entirely avoided, so that the points 
wear evenly. 

In Table 4 the repair costs at Walthamstow are much lower than 
the steam plants cited. In a 300-kw manufacturing plant at Birm­
ingham, using Westinghouse vertical engines and Mond gas, the 
typical year's expense for repairs and renewals was but o 174 cent 
per kilowatt-hour generated, incurred in the proportion of 65 per 
cent to the gas and 35 per cent to the engine plant. 

A notable run was recently reported by the superintendent of a 

mum gas load continuously night and day for forty days, without 
a misfire or mishap of any kind, and wi thout incurrmg extra ex ­
pense for repairs 

COST OF POWER 

Comparative plant economy is best brought ou t in figures ex­
press ing the total operating cost of power. The complete returns 

TABLE No . VII.-CAPITAL COST GAS AND STEAM PLANT PER KW 
CAPACITY 

A ,·erage tender .. 
Accepted tenders 

Lowest tender 
Highest tender .. 
Mean tender ... . 

Recommended 

.. 

Gas Plant. 

$ % 
35 00 :n.2 
24 .00 24.5 

Steam Plant 

Generating Plant 

$ % 
77 .00 68 .8 
74. 00 75. 5 

T otal. 
---

$ 

112 .00 
98 00 

75 .00 
106. 00 
90.00 

92 .00 

from Walthamstow are shown in Table 6 (page 598). With a 
load fac tor of only 15½ per cent and coal at $6.75 per ton, de­
livered, the total cost of generating current was 1.7 cents per 

TABLE No. VIII .- SUMMARY OF GUARANTEES. 

PRODUCER PLANT. 
GENERATING PLANT 

P OWER STATION . ¾ Rated Load 

8~ -5S 
I 

s ... I ... ..: 
GUARANTEE. -~~ 1s. V::, 

;~ ~2 .D ... 0 p, 0 >, • 
!:! U 
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E-< ... 
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V <E - P'.i P'.ii:ci 
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* i:ciP-< ~~ ;i 
------------

Highest.. . 9,500 79 .2 12,300 10,440 27 . 7 

I 

21.9 1.29 
Lowest 7,000 58,3 18,000 15,290 19 .0 111 2.57 
Average 8,729 72. 7 13 876 11 ,775 24.6 17 .85 1.59 
Accepted 8,500 71.0 13,700 I 11,630 24.9 18. 1 161 

~ 

FIG. 14.- WALTH AMSTO\V STATI ON l'RUDliCER HOUSE, CH1\RGI N G FLOUR 

kw-hour ; o r, based upon cur­
rent delivered to consum er, 2.13 
cents per kw-hour, the average 
price obtained being 7.14 cents, 
and the n et profit 9 p er cent 
Referring again to Table 4, the 
summary shows that in the 
average borough steam plant of 
ever three times the capacity 
and of higher load fac tor, the 
gen eration cost is 2.2 cents. It 
is presumable that the steam 
plants used ch eaper coal ; yet 
with gas coal at $6 75 a ton, 
the savi ng of coal alone was 
over 38 per cent in fa vor of th e 
gas station. At thi s pric e the 
Walthamstow plan t r equired 
throughout the year's run but 
slightly over 2 lbs of coal per 
kw-hour generated. Of the to­
tal operatin g co st , fuel r epre­
sented 43 per cent; in the steam 
plant , 55 per cent; r epairs, 5 
per cent for gas, and 20 per cent 
for steam. At the Birmingham 
plant, m entioned above, the t o­
t al operating co st was 1¼ cents 
per kw-hour, of whi ch fu el rep­
resent ed 26½ per cent , and re­
pairs r4 per cent ; this o n a load 
fac tor o f 43 per cen t average, 
and bituminous coal havi ng 31 
per cent vo lati le. T he to -

gas compressing station in central Ohio, where .a 650-hp W csting­
house vertical engine is at work.* This engine was under maxi-

* After running practically day and night for nearly three and a half years, 
the total r epairs on the plant have b een: 

One set of igniters. 
Two se ts of exh au st valves (one spar e). 
One admission valve (jammed accidentally). 
O ne cylinder h ead (cracked from mud deposits). 
O ne intermediate gear. 

. ta! coal co nsumption a\'er-
aged 2.9 lbs . per kw-hour through th e year. 

At the Bradford, Pa., station (see Table 5, page 598), although 
handicapped with old type belted machinery, the average yearly 
gas consumption is less than 25 cu. ft. of gas per kw-hour on a 
19½ per cent load factor, and a total operating cost ot power of 
about o.8 cent per kw-hour. 

T he station a t Franklin, Pa., operating on natural gas of ex­
cept ionally high ca lorific value, gives experience of similar ch ar­
acter. T he engines regularly operate 30 hou~s to a run. With a 
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FIG. 18.- SHOWI N G ANNUAL SAVING OF GAS OVER STEA:1\1 

load factor of 15 per cent to 20 
per cent, a s low as 17 ct1. ft. of 
gas per kw-hour was r ecorded 
fo r the year 1904, at a total oper­
ati ng cost of under 1 cent per 
kw-hour. In th e cases of both 
the Bradford and Franklin plant s 
building h ea ting by natural gas is 
included in th e gas charge for 
the engines 

C \PlT.\L CO ST 

l'viuch of th e prej udice again st 
ga s power is due t o ex aggerated 
statem ents regardin g the com­
parative capital cost of st ea m and 
gas equipments. In some in ­
stances it ha s been sta ted th at 
for the same character o f equip­
ment the gas plant cost s doubl e. 
Thi s is not th e case ; in fact, in 
larger plant s the two may b e 
brought nearly to a parity, and 
the high er economy of th e former 
wil l soon wipe out the difference 
in actua l cost. 

j 

certain extras charged to th e gas plant for additional ground and 
building requirements; yet the annual saving in operation is esti-

COMPARATIVE ESTIMATES- GAS vs. STEAM PLANT. 

Assumption for Diagrams, Figs. 15 and 18. 

G ENERAL. 
Rated ca pa city. . . . . . . . . . 
Character of load 
Load curve ... .. . 
Load factor , average ..... . 
Maximum mean load ... . 
Load fluctuation .. 
Number of units (one spare) 
T ype . .. .. . .. . · ·,·. 

Overload capacity. 
Average load .... . 
Daily output. ...... . . 
Daily engine hours .. . 
Average load on units .. 

HEAT CONSUMPTION . 

Overall efficiency unit 
Auxili aries .. . ... . .. . . 
Producer- efficiency. . . . . . . . .... 
Boiler-effir iency (13,000 B. T. U. coal) 
Plant duty. B. T. U . .. .. 
Coal consumption . . . . . . . . . . . . . . 

CAPITAL COST 
Generating plant . . . . . 
Boiler- producer plant . . ... 
Buildings, coa l storage anci switchboards 

GAS PLANT. 
5,000 kw. 
Street Rai lway 
Figure 1-R. 
66%. 

STEAM PLANT 

3,750 kw. 
10% - normal, 15%- light loads. 
Five 1,000 kw. 

Horiz. tanciem double Hori z. compound, Cor-
acting, heavy duty. liss, condensing. 

10% 
2,611 kw . 
62,688 K .W.H. 
75¼. 
83% rating. 

10,'l00 B. 7. U. per 
B. H P . Hr . 

80 9%. 
5%. 
75%. 

14 lbs. steam per I. H. 
P Hr. 

l<3.7% 
10% . 

60%. 
23,275 per K . W H. 42,900 per K. W. H. 
1. 8 lbs. per K . W. H. 3.3 lbs. per K. W. H. 

$77 . 20 per kw. 
25 . 06 
16. 50 

$43 . GO per kw . 
27. 50 
18. 00 

:rota!..... ... .. .. . . .... $118. 76 $89._ 10 
$29. 66-30%. Excess cost of gas plant 

WORKS O R OPERATING COST OF POWER. CHARGED. 
Fuel for all purposes. . . . . . . . . . . . . . . . . . . . . . Pro rata 
Lahnr ..... ·.· .. ............ .. .......... .•.. . -l 
Supplies, includmg oil, waste , ws.ter, etc . . . . . . . . . ... .. } Equal for gas or steam . 
Repairf (working repairs only, not betterments). . ...... J 0 .5 els. per K. W. H . 

FIXED OR CAPITAL C OSTS 
Interest (6% ). 
lnsm ance and taxes (2% ). 
Depreciation (phvsical depreciation only). 

Engine plant 6}%, boiler plant 7½%, producer plant 5% , buildings and switchboard 3% 
Average for complete plants- gas 5.8%- steam 6.2% . 

Total cost of power comprises works and fixed costs. 

*Steam pressure 125 pounds, feed tem perature 180° F ., evaporation 8 1 pounds from 
and at 212°- 7 . 5 pounds actual. 

Vve cannot do better th an cit e 
the return s* of tenders for o ne 
of t he larges t gas power stations 
in Europe, over 8ooo-kw in ca­
pacity and designed for both 
railway and lighting service. 
Tenders were invi ted for both 
steam and gas equipment com­
plete, in every respect the best 
obtainable and with con siderable 

FIG. 16.- GENERAL VIEW OF EN GI NE ROOM, MIDLAND RAILWAYS, DO CK TERMINAL POWER 
PLANT, H EYSHAl\1 lL\RBOR, E NGLAND 

spare plant. An approximate summary of th e tenders received 
fro m over thirty of the most prominent European manufacturers 
is as follows, including erection, but not including transportation 
charges. (See Table 7.) , 

The engineer's report on the accepted tenders shows a total 
excess cost of gas plant of 7.4 per cent actual, or 14 per cent with 

* F or obvious r eason s, the names of the customer and manufacturers are 
withheld, 

mated sufficient to annul the excess cost of gas plant in less than 
two year s. Capitalized at S per cent interest, this annual saving 
represents a capital of $1,485,000, or considerably more than the 
original cost of the entire gas power station. In other words, the 
gas plant might have cost twice the actual amount and still realize a 
definite annual saving over steam power. Incidentally, the efficiency 
guarantees are of interest. These are shown in Table 8. The heat 
conversion efficiency of the generating equipment at two-thirds 
load is as high as 25 per cent, giving an over-all plant efficiency of 
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about 18 per cent. The average well-equipped steam plant rarely 
exceeds IO per cent. 

The problem of gas vs. steam power thus partakes of the nature 
of economies, rather than m.echanics. In order to demonstrate 

Lv/?o Vt/tf'I": 
()()0 /(JY 611.s ()fr' .5ie',t;;t? 

ff/:!/ t. /'V/9' r ,q ,'!iW T 

/.,,,oo FRcn,,e T 
0 

.P.4'1. Ti Me ?.~ 
/? ~ 4- /4 0 /c I? :z. 4- 6 s /o /Z 

FIG. 17.-LOAD CU RVE OF 5000-KW GAS O R STEAM R AILWAY 
PLANT 

more clearly, the diagram, F ig. 15, was prepared, which sh ows the 
relative cost of steam and gas power for different grades of coal. 
By expressing the cost* of th e latter 111 terms of million thermal 

In Fig. 15 the shaded area represents reasonable range for 
capital cost of gas engine. You will observe that the diagonals for 
steam and gas intersect at the left of the diagram. The interpreta­
tion of this is that at this point, with coal costing 3.5 cents per 
million B. T. U., or about 90 cents per ton, both plants can deliver 
power at the same cost, or, in other words, we cannot afford to 
use gas plant with cheaper coal. Fig. 18 expresses this savin g in 
per cent of excess capital cost of gas over steam plant. Thus, with 
coal at $3.50, the annual saving is 30 per cent of the original excess, 

Upon the assumption of equal labor, supplies and repair costs, it 
is quite evident that any excess fixed charges on the gas plant will 
fix a definite economic limit of saving over steam, and it thus occurs 
that gas wi ll be more effective where fuel is not dirt cheap. If, 
however, a gas plant can effect a saving in the cost of labor, supplies 
and repairs, as is the case at Walthamstow, then it may be operated 
to advantage on st ill lower grades of coal. 

FIELD PRACTICE 

T his subj ect may be well concluded by a brief perspective, as it 
were, of the work that has already been accomplished in the 
American gas power field. To be sure, the application to railway 
service has in this country been limited; yet we find abroad many 
evidences of successfu l working. A prominent European engineer 
r eported in 1903: "Nineteen stations on tramway work, totaling 
6000-hp capacity. T hese include Barcelona, Tunis, Lausanne, St. 
Gallen, P oictiers, Orleans and Zurich, from 400 to 6oo hp, each 
working on either producer or town gas." As a result of the ex­
cellent experience with Walthamstow electricity station, 650 hp has 
been added to the plant for operating the new tramway system* 
recently constructed. At Buenos-Aires, South A merica, two plants , 
aggregating 2240 hp, are at work for the Buenos-Aires Great West­
ern and Great Southern R ai lways. Both used Mond gas. 

But eclipsing in interest probably all former gas power railway 
undertakings is that of the 'vVarren & Jamestown Ra ilway systemt 
now under construction. As the details may not be entirely 
fami liar to you, a brief review is g iven on page 6o4. This plant 
will practically inaugurate the use of the h eavy-duty type engine, 
in connection with single phase railway sys tems in America. 

The new engine equipment , now nearing completion, consists of 
two 500-hp \Vestinghouse double-acting engines of the horizontal 
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units, the differentials in transportation are avo ided. T his diagram 
is based upon an actual load curve, Fig. 17, and the present ap­
proximate cost of power plant equipment, f. o. b. factory , but in­
cluding erection. From the assumptions (page 600), you will ob­
serve that if we have erred it is upon the conservati ve side, favor­
ing, if anything, the steam plant, especially in th e m at ter of cost. 

• In es timating the cost of labor , supplies and repairs, these three items 
are assumed to be the same for eith er steam or gas plants, as it is reason• 
able assumption that an y possible excess cost of upkeep on the gas engine 
equipment would be balanced by the smaller expense of maintaining the pro­
ducer equipment, 

tandem type,§ each direct connected to a 260-kw a. c. engine type 
generator. These engines are both of the single crank type, but 

• Length of line 9½ miles, 100-lb. girder rail s, thirty-two double-deck single­
truck cars, double trolley. 

t Following the precedent established by the vVarren plant, the Union 
Traction Company, of Independence, Kan., has adopted double-acting engines 
of the same size, type and design for railway service, u sing Kansas natural 
gas as fuel. The initial equipment will comprise single-crank and double­
cra.nk units of 500 hp and 1000 hp each (sea level rating). 

§ Dimer?.sion s of engines: Cylinder diameter, 21 ins.; stroke, 30 ins.; speed, 
150 r.p.m. 
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with the tandem arrangement, a power strok e is developed at each 
half revolution, as in th e double-acting steam engine. T he gas 

delivered at a cost of about 2 cents per thousand cubic feet. The 
economy in operating with natu ral gas is striking. In the old gas 

plant it is estimated that the cost of power averages 75 
cents per kw-hour, including all items chargeable to oper­
ation, except repairs on buildings and battery; the cor-
respondi ng gas consumption bein g 20 cu. ft. per kw-hour. 

A m ong gas power stations in A m erican and British 
te rritory we find a large number up to 26oo-hp capacity 
operating on producer, natural and o il gas, and many 
with the a. c. system with generators running in elec­
t r ical parall el. In fact, parallel operation by gas engines 
on a large scale was first accomplished in this country at 
East Pi ttsburg, with three cylinder engines of the ver­
tical sin g le-acting type. In view of the success with this 
type of engine, it is evident that the tandem and twin­
tandem doubl e-acting type sh ould be even more suitable. 
In Great Britain twenty central st ations, from 40 kw t o 
2000 kw in capacity, are in operati on, mostly with pro­
ducer gas. 

In the fi eld of elect ric lighting much has been accom­
plish ed. O uts ide of the W althamstow station, already 
m enti oned, an interesting plant is the n50-hp station of 
t he Rockland E lect ric Company, at Hillburn, N. Y. , 
equipped with Westingh ouse hori zontal double-acting en­
gines, operat ing on Loom is-P ettibone producer gas. As 
in several other industrial plants using this type of pro­
ducer, most of th e water gas generat ed is u sed for fur­
nace h eati ng, while the "air" or '' blow" gas, too lean for 
other purposes, is used enti rely in · the engine plant. In 
many respects thi s system is unique, in that it makes 
possible the commercial use of o therwise expensive water 
gas, while the cheap "air" gas 1~ r endered useful for g en­
erati ng power. 

FIG. 20.- PRODUCER PLANT AT HEYSHAM HARBOR, SHOWING 

T h e utilization of waste products of m anufacture has 
within recent year s made g reat prog ress. Gaseous by­
products h ave already been put to use on a large scale, 
but th e near fu tu re may readily witness the use of . COA L-HAN DLI NG APPARATUS 

un its will operate in parallel on the electrical end, without the 
necessity of synchronizing the cranks.t Owing to the absence of 
a battery and the small number of cars, the plant will be subjected 
to the most severe test poss ible. Tt is estimated that one generating 

th e producer in its present or in modified form for 
utilizing all combustible wastes recoverable in manufacturing 
processes. Blast fur nace gas app lications are now more o r 
less familiar; coke oven gas from by-product coke ovens has many 
notable applications in Europe (a small plant is in u se at Camden, 

FIG. 19. - TYPICAL GAS POWER P L ANT FO R COMDINED POWER AND METALLU RGICAL SERVI CE , ATLAS 
TOOL COMPANY, NEWARK, N. J. 

unit will take care of the prnsent maximum demand with two cars 
starting and two running. 

Natural gas fuel is entirely used in this territory, and at th e 
present price and heat value will correspond with producer gas 

t The cylindrical speed variation and the governor r egulat ion is sufficient 
to m eet present a. c. generator specifications. 

N. J.) ; and oil gas ( obtained by fractional di stillation of petro­
leum-a by-product in the refining process) has lately been suc­
cessfu lly applied in America. 

SUMMARY 
T he large number of small plants that has come within our range 

of experience has not prevented us from obtaining similar ex-
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perience from larger ones. The operation of close to JOO plants, 
from 200 to 2600-hp capacity, would seem to indicate that some 
measure of success has been attained. That one-half of the aggre­
gate capacity operates on natura l gas and but one-third on pro-

4. That its component parts, engine and producer, are possessed 
of characteristics leading to h armonious co-operation. 

5 That practical difficulties incident to gas power working have 
been so far overcome as to warrant commercial confidence. 

6. That experi ence with gas 
power in almost every known line 
of modern industry ha·s proven 
its general suffici ency for any 
power service. 

Such data as has been obtain­
able is presented in the light of a 
record of past performance rather 
th an in the nature of prophecies 
regarding the future. The fu­
ture is believed to be already 
as~ured. 

CHARACTERLSTICS OF RAILWAY 
LOADS 

Th e various systems may be 
classified as follows: 

l\I etropolitan.- Light cars, many 
in number, small h eadway (r to 5 
minutes), small load fluctuation­
yielding a station load that m ay 
be r eadily predicted and closely 
fo llowed up by the r equi sit e en­
gi ne capacity. 

Urban.-Light cars, few 111 

number, m edium headway (IO to 
15 minutes), stati on load fluctuat­
ing considerably. 

Int erurban _ _:,Heavy cars , few 
in number, large h eadway (30 to 
60 minutes) ,' high speed, moderate 
acceleration, h eavy grades, load 
violently 'fluctuating, cannot be 
closely predicted. 

FIG. 21.-1000-HP WESTINGHOUSE DOUBLE-ACTING GAS ENGINE FOR INDUSTRIAL WORKS 
SERVICE AT WINCHESTER REPEATING ARMS COMPANY, NEW HAVEN, CONN. 

Rapid Transit-Heavy cars, 
multiple-unit trains, small h ead-

ducer gas, simply emphasizes the value of this country's natural 
resources, rather than reflect s upon the producer gas system, es­
pecially when one considers the comparatiye)y short time that pro­
ducer gas has been seriously 
taken up. About IO per cent 
of the larger plants (above 
200 hp) operat e city and sub­
urban railway systems. The 
remainder are devoted to 
many classes of service, such 
as light and power for city and 
suburban territory, power for 
the electrical driving of indus­
trial works; power for operat­
ing railroad · t erminals, gas 
compress ing sta tions, water 
pumping plants and hi gh-ser ­
vice fir e syst ems. A notable 
example of the latter is the 
2200-hp stati on in Race Street, 
Philadelphia. Most of th e 
prominent types of producers 
are represented, including the 
M on d , Loomis - Pettibone, 
·Dowson, Taylor and the more 
recent Westinghouse system. 
A few small plants are work­
in g on suction gas, This in­
dicates tha·t successfu l opera.- ..,'$ 

tion is not co nfined to any 
particular type of producer. 

In conclusion we can but re- Ii 

iterate our premises: ~ 

celeration, 
Specific 

which are 

way at rush hours, rapid ac­
load fluctuating at sub-stations. 

examples may be found in the curves, Figs. I to 6, 
explained in Table No. I. In all the city systems the 

·, 
\ , ', 
\ ' j \ '\ 

I 

-\ I 
~~.,,.. I. That the gas eng ine has 

been brought to a state of de­
Ye lopment wh ere it is capable 
of doing th e same work as 
the steam engine, with fa r 

FIG. 22.-2200-HP HIGH -PRESSURE FIRE l'Ul\Il'ING STATION, CITY OF I'I-IILADELPIIIA 

g reater effic iency, and usually at reduced cost. 
2. That th e producer has been so far perfected as to he a reliable 

an d m ore efficient generator than the steam boil er. 
3. That the gas power plant " in toto" is entirely suitable fo r 

even the seve re service incident to electric rai lway operation. 

morning and evening peaks are strongly accentuated and the daily 
average is high. Owing to the supe rposi tion of loads from various 
distribution centers or sub-stations, the fluctuations at power sta­
tions are not necessa rily se,cre. With heavy se rvice, however, 
sub-stations are subjected to severe tluctuations; c. g., Manhattan 
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sub-station No. 2, shown in Fig. 4, where the fluctuation is 40 per 
cent above and below the average load. 

The interurban load presents less distinct peaks, but, although 
the average is high , the station i s subjected to violent fluctuations. 
This may be appreciated from the recording meter chart, Fig. 7, 
corresponding to the load curve shown. Although the inertia of 
th e instrument pointer has probably exaggerated the indications, it 
is safe to say that fluctuations of 30 per cent from the mean load 
are ordinarily encountered, and with a r educed number of cars a s 
high a s 60 per cent . 

The characteri stics of electric lighting se rvice, on the other hand, 
are quite different. Except in the case of occasional storms, the 
load may be closely predicted and followed up with necessary gen ­
erating capacity, and rapid fluctuations are practically absent. 

W A RREN & J Ai\fEST O\VN RAILWA Y SYSTE M 

The \Varren & J amestown Railway is a high-speed interurban 
road, approximately 21 miles in length , operating over a com­
parati ve ly level and st raight right of way between Warren, Pa., 
and J amestown, N. Y., at the southern end of L ake Chautauqua. 
The population of the territory traversed is estimated at 50,000, 
with r r.ooo tributary, not including a large summer population at 

load and fluctuations without assistance. Each unit complete of 
the new equipment occupies a floor space of 20 ft. x 47½ ft ., 
a llowing 4-ft. to 5-ft. passageways, which is equivalent to 3.65 
sq. ft. per ki lowatt, or 1.9 sq. ft . per ho rse-power capacity. 

•• 
THE SINGLE-PHASE RAILWAY SYSTEM 

BY CHARLES F. SCOTT, 
Con sultin g Engin eer, Vlestinghouse E lectric & Manufacturing Company 

It is the purpose of thi s paper to present some of the salient 
features of the single-phase railway system, and the results of the 
work which has been accomplished in the development of apparatus 
to meet the increasing demands in electric traction. 

The questions which a ra ilway manager is apt to raise with re­
gard to the single-ph ase railway concern is its suitability for his 
particular conditions, its present practical status and its cost. The 
answers which apply in one case may be misleading in others, so 
that the discussion of the subject must be general rather than 
particular. 

Th ere are two oth er questions which have been asked so often 
that they deserve a passing comment: 
Will the motor start with good torque 
and accelerate rapidly? Will it com­
mutate? Suffice it to say that' the sin­
g le-phase motor of the variety which 
I am considering do es start and ac­
celerat e and commutate. 

I .t is not the motor it self, but the 
single-phase system which the motor 
makes possible that is of prime im­
portance. And the syst em is of com­
mercial value only as it is able to oper­
ate electric r ai lway se rvice more ef­
fectively and economically than is 
practicable by other m ean s. 

SI N GLE-PHASE AND DIRECT--CUR­
RENT SYSTEMS COMPARED 

The sing le-phase system accom­
plishes the same r esults in car move­
ment that may be obtained by direct-. 
current equipments, but in many cases 
with less fir st cost, less operating ex­
pense, increased flexibility and greater 
simplicity. 

F IG. 23.- ENGI N E ROO M O F ATLA S T OOL COMPANY , SHOWI N G GENERATOR SOLE-PLATE 
CONSTRUCTION 

The radical difference between rail­
way systems u sing direct-current mo­
tors and those using single-phase mo­
tor s is not so much in the car or the 
power house as it is in the circuits 
connecting them. In the first place, the 
high voltage used o n the trolley wire 
does away with expensive feeders, 
and it a lso enables the current to be 
carri ed to a g r eater distance from the 
power house o r from the sub-station. 
Second, the sub-station employed in 

the various lake r esorts. H eavy h igh-speed car s will be used, 
approx imately 52 ft. over all, and with a normal seating capacity 
of fifty-four per sons, each car being equipped with four alternat ­
ing-current, 50-hp motors on 33-in. wheels. F our cars will be 
op erated at present, with two additional cars later on. 

P ower will be generated at the powe r house now operated by 
the W arren Stree t Railway, at Stoneham, 4 miles south of th e 
city. F or some t ime gas engines of the verti cal single-acting type 
have been use d fo r operating the present city railway system, and 
it is due to th e general successful experience from gas power that 
gas engines will be used for operating the interurban road. 

A noteworthy feature o f the new interurban svstem is that West­
inghou se single-phase apparatus is used thro~ghout, with 22,000 
volts transmi ss ion and 3300 volts on th~ trolley, which is of the 
W estinghouse catenary construction. A step-up transformer sta­
tion is located at the power house, and two step-down sub-stations 
about r mile distant from both Warren and Jamestown. These 
equipments contain transforming, switching and protective appa­
ratus alone. A s no direct-current is used upon the system it is 
impracticable t o employ storage batte r ies , so that the generating 
equipment will thus be required to sustain at a ll times the entire 
demand. In the present city system a 150-amp.-hour (r hour 
rating) sto rage battery is in use, which is kept floating on the line 
throughout the load fluctuations, to the relief of the gas engine 
equipment. In th e new plant the gas engines mtfst sustain both 

the singl e-phase system r equires simply a loweri ng transfo rmer. 
The sub-station for supplying a direct-current railway requires 
t he rotary converter and a set of lowe ring transfo rmers. Third. 
the number of sub-stat ions for a sing le-phase road is less than is 
required for di r ec t current , and these do no t r equire the attend­
ance which is necessary for the operat ion of rotary converters. 
It is these characteristics that peculi arly adap t the single-phase 
system to i1Jterurban and long-dist ance railways. 

CONSTITUENT PARTS OF SINGLE-PHASE SYSTEM 

The motor is the feature which has received particular interest 
and comment, for it has been conceded that if a · single-phase motor 
be available the other elements would follow as a matter of course. 
No one h as questioned the adaptability of control apparatus, trans­
fo rmers and high-tension line construction to the requirements of 
the single-phase railway system . T his simply involves the appli­
cation of well-known apparatus and methods to the particular re­
quirements of railway operation. But a perfected motor does not 
mark the completion of development work. Control apparatus for 
handling alternating current must be devised and constructed. It 
must be su itable for hand control for small cars and it must be 
adapted for the multiple-unit operation of heavier equipments. 
Still other forms must be su itable for operation interchangeably 
on either direct or alternating current. Transformers, line switches 
and other auxiliaries mu st all be combined into a workable equip-
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ment. Forms of trolley and overhead construction mu st be de­
veloped suitable for the new conditions of current and voltage. 
The announcement of a commercial single-phase motor, made in 
the paper of Mr. Lamme before the American Institute of E lec­
trical Engineers three years ago this month, was necessarily th e 
beginning rather than the end of the development of the system 
as a whole in all its details. 

ADVANTAGES PROVED BY SERVICE 

In how far have th e advantages claimed for the single-phase 
system been realized? Among the important features are the fol ­
lowing: 

A high-voltage trolley. construction has been developed and has 
proved to be simple, strong and thoroughly practicable . Thirty­
three hundred volts has been used and has proved to be safe and 
reliable. 

A sliding contact device which does not require reversing when 
the direction of the car is changed is found more satisfactory, espe­
cially for high-speed operation, than the trolley wheel. Its wear­
ing surface lasts longer than trolley wheels operating lighter cars 
on direct current. 

Transformer sub-stations supply current satisfactorily without 
feeders and without station attendants. 

The car equipments show simplicity and effectiveness in the 
control apparatus. Less than half the controller notches required 
for direct current give equally smooth and as rapid acceleration 
with alternating current. Platform controllers are simpler, as no 
magnetic blow-out is required. The multiple-unit control system 
is readily adapted for the operation of single-phase motors, and is 
in some points simpler than the control° of direct-current motors. 

The operation interchangeably by alternating current and by 
direct current is a feature of an important ~oad which operates 
large equipments on direct current in the city and on alternating 
current across country. 

Motors of four or five sizes have been built and show excellent 
commutating features. The commutators take a good polish. The 
motor windings are such that there is a practically balanced 
magnetic pull, even if the armature be slightly out of center. 
Although _the armature speed is higher than in corresponding di­
rect-current motors, the advance criticism has proved ill founded, 
as there h;ive been no bearing troubles. Th e oil lubrication has 
proved highly satisfactory. 

The foregoing features, which are the important elements upon 
,vhich the claims of the single-phase system are based, have been 
shown by actual operation to be entirely feasible and practicable 
and such as to inspire confidence. 

Difficulties have been met which have been annoying and vexa­
tious. The difficulties, however, have usually been due to some 
error in the general engineering features or to some specific point 
of weakness in the insulation or construction of some part of the 
apparatus. In other words, the troubles have not been funda­
mental and inherent in the single-phase system, but have been in­
cidental and capable of ready remedy. Some particular difficulties 
will be taken up further on in this paper. 

LEADING FEATURES OF SINGLE-PHASE SYSTEM 

As a guide to determine the conditions under which the adop­
tion of the single-phase system is advantageous it will be useful 
to review briefly some of its features which are particularly con­
cerned in its installation and operation. 

The Motor.-A motor which is protected from the trolley 
voltage and lightning disturbances by an intervening transformer 
winding, which has only 200 to 250 volts across its terminals, 
which may have its brushes grounded or short circuited without 
''flashing" or "bucking," and which may have full voltage thrown 
on its terminals without di saster to itself, is essentially a safe 
motor. The armature has a bar winding on s izes of 30 hp and 
upward. The increased curren t r equired at low voltage necessi­
tates brush capacity equivalent to t·hat on a direct-current motor 
of twice the output. 

The Control.-One usually thinks of the direct-current street 
railway motor as a variable-speed motor. Yet it is, in a sense, 
fundamentally a one-speed motor, for with definite troll ey voltage, 
weight of car and grade, the motor soon attains a definite speed, 
at which it continues to run until there is a change either in the 
voltage applied or in the load. If two motors be operated in 
se ries there is a second definite speed, which is about half of the 
speed when they are in parallel. Other speeds are obtained by 
lower ing the voltage on the motor by means of resistance , but 
thi s is inefficient and is admissible only in starting. 

Certain results follow. The speed of the car depends upon 
the trolley voltage. If the voltage be low, the spee d is low. The 
efficient speeds are fixed by the trolley pressu re and not by the 
motorman. The relation between speed on level and the speed on 

grade is fixed by the inherent characteristics of the motor. A 
given motor with definite gear ratio has its one definite speed de­
pending upon train resistance and electromotive-force. There is 
no range of adjustment like the throttling of an engine without 
the introduction of the wasteful rheostat. In a series motor the 
current determines the torque, and the electromotive-force de­
termines the speed. Hence, for speed control there must be volt­
age control. In the direct -current system efficient voltage con­
trol is not attainable, but with alternating current it is easily 
secured. The simplest method of variable voltage is by means of 
taps from the transformer winding. The low voltage required 
for starting is obtained from a low tap, and the successively higher 
voltages for increasing speeds are secured from successively 
higher taps from the winding. As there is no rheostat, the motor 
may run effici ently from any tap, thereby giving the motorman 
a control over his car movement which is not possible with direct 
current . If there be a tap giving a voltage higher than that re­
quired for normal running, it is available for giving a higher speed 
fo r making up lost time, or for supplying normal voltage to the 
motor when the line pressure is low. The car can run at any 
time at the pressure needed. 

The number of points required on the controller for smooth 
acce leration is much less with alternating than with direct current. 
The whole control system, in fact, is simply half a dozen taps 
from the transformer to the controller, by means of which any one 
of them may be connected to the motor. An intervening pre­
ventive coil enables the controller to pass from one point to the 
next without opening the circuit or short circuiting the two taps. 
T he controller may consist of a drum oi ordinary form on the 
car platform or of unit switches placed under the car and oper­
ated by a master controller. The latter type used in heavy equip­
ments and also when several cars are to be operated in the mul­
tiple unit system. An effective form of switch with magnetic 
blow-out has been developed for heavy currents. The switches 
are assembled in a compact group, thoroughly protected and easily 
accessible. 

Trolley Voltage.-Twenty years ago the electric railways of 
the United States, as measured either in miles, in cars or in 
kilowatts, comprised less than I per cent of what they do to-day. 
In thi s enormously rapid growth two features of the electric rail­
way h ave remained unchanged, although other elements have been 
greatly modified. These two features are: First, the se ries 
motor ; seco nd, the use of direct current at approximately 500 

volts. During this time the generating plant has changed from 
small belt-driven to large direct-connected units, and then from 
direct current to alternating current. High tension transmission 
circuits with rotary converter sub-stations have been common. 
Motors have increased in size and have been improved in design 
and in reliability and th e multiple unit system of control has been 
introduced for larger equipments. The trolley voltage, however, 
has been limited to approximately 500 volts on account of the 
limitations of the direct-etm ent motor and the inability to trans­
form direct current on the car from a high voltage to a low volt­
age. The general trend of electrical engineering has been toward 
alternating current at high voltage. Many can remember the 
time when the use of rooo or 2000 volts was decried as imprac­
ticable or unsafe, and when 5000 or ro,ooo volts was the limit to 
laboratory experiments. Progress has been made in design, in 
construction and in materi als until voltages, which not long since 
were :mpracticable, are now operated with greater reliability and 
safety than were the lower pressures a few years ago. Safety is 
very largely a question of m echanical excellence. In railway 
motors and control apparatus, in the mechanical equipment of 
heavy and high -speed cars, in overhead construction and in power 
house equipment, reliability is primarily dependent upon mechan­
ical excellence. 

While any considerable increase in voltage may not be safe on 
existing trolley lines , it is practicable by an increase in mechanical 
strength to offset the higher pressure and produce a high-voltage 
trolley system of greater reli~ bility and safety than the present 
construction for low voltage affords. Such a construction bas 
been developed into a commercial form in the catenary suspension 
of the trolley wire. An auxiliary stee l cable with a moderate sag at 
the center of spans supports at frequent intervals the trolley wire 
which is thereby maintained at a uniform height. It is adapted 
for high-speed running and it possesses a greatly increased 
strength. The excess cost of the catcnary construction over the 
cost of poles and ove rhead construction of the ordinary type is 
moderate, and , in a large measure, is justified by the ga in in me­
chanical reliability quite aside from the que stion of voltage. 

The Sub-Station.-To one familiar with an ordinary rotary con-
' vertcr sub-stat ion interest will center chiefly in th e neg:i.tive char­

acteristics of the single-phase sub-station. There is no rotary 
converter-a most essentia l link in the old sys tem, one which 
beh,aves remarkably well when all is favorable, but is inclined to be 



606 STREET RAILWAY JOURNAL. [VoL. XXVI. No. 14. 

fu ssy and obstreperous when the conditions are not to its liking. 
There is no synchronizing, no sparking, no flashing, no dropping 
out of st ep. T he transformers are not arranged in banks of two or 
three little ones, with polyphase switches and aux iliaries in pri­
mary and secondary, and the direct-current switchboard has dis­
appeared entirely. 

So much fo r what it is not. In its simplest form the sub­
station is a single transformer with its primary and secondary 
connections. Addi tional transformers, switches, lightning protec­
tion and instru ments are added as circumstances require. 

Short circuits have lost much of their terror. The altern ating 
current on short circuit is limited by the self-induction of the cir­
cuit, and a transformer is not disturbed by a "short" as is the com­
mutator and th e speed of a rotary converter. 

The difference in the effect of a short circuit on direct current 
and on alternating current is well illu strated in the underground 
circuits in New York City. In an II,ooo-volt cable system a fault 
in the cable causing a short circuit is usually confined within the 
cable and merely bu rns out a few inches of the conductor before 
the circuit-breaker opens. On a low-tension system, however, the 
currents are very large and considerable lengths of the condu ctor 
may be melted before the current is interrupted. In an alternating­
current system the normal current in a circuit delivering a given 
amount of power is less in proportion as the voltage is increased, 
anc:1, as the increase of current above normal is not as great on ac­
count of th e self-induction of the circuits and apparatus, accidents 
are less liable to be destructive. 

O P ERATION ON DIRECT CURRENT 

If the single-phase road is to be an extension of an ex1stmg 
road, it may be desirable to run the single-phase cars over the 
tracks which have a direct-current trolley wire. While single­
phase cars can be a rranged to operate from a direct-current trolley 
wire, it handicaps in some measure the single-ph ase equipment. 
The addition of res istance to the car eqmpment and the extra 
switches and the like fo r enabling the change to be made in th e 
current supply are obviously obj ectionable. I t is best , therefore, 
to keep single-phase equipments free from operation on direct 
current if it be practicable to do so. When it is found necessary 
fo r them to operate from an existing direct-current trolley wire, 
th e motors a re connected two in sen es fo r 500 volts, and if there 
be four motors the two pairs may be connected fi rst in series and 
then in parallel as in ordinary series. parallel control. The trans­
fo rmer is cut out, and the control apparatus and motors operate 
in substantially th e same way as those on an ordinary car. 

• SOURCE O F POWER 

The standard frequency fo r the single-phase motor is 25 cycles, 
(3000 alternations). Generators may be wound fo r single-phase, 
or current may be taken from one phase of a two-phase or a three­
phase generator. Current from the several ph ases of a polyphase 
generator may be used fo r operating different divisions of the 
railway. 

If power is to be taken from a power house which generates 
a higher fr equency it cannot be applied directly, but mu st be 
changed to 25 cycles. T his may be effected by a motor-generator 
se t. A polyphase motor taking power equally from each phase 
of the high frequency ci rcui t may drive an altern ator, either single­
phase or polyphase, fo r fu rni shing current to the single-p hase rail ­
way. The converting outfi t may be located in the main power 
house or in a sub-station as may be found most convenient. 

THE FIELD F O R SINGLE-PHASE R AILWAYS 

The development of a new and more efficient method fo r ac­
compli shing a given result often leads on and opens new fields 
which had not been commercially practicable before. Such is the 
case with the single-phase r ailway. T ht direct cur rent interurban 
railway has its limitations. If a region be sparsely settled the 
availabl e t raffi"t: will not show a profit on the cost of circuits and 
rotary converter sub-stations. T here is a material reduction in 
the investment and operating expense incident to the single-phase 
railway that will enable it to be built and operated with a profit 
in cases wher e th e traffic would not support a rotary converter 
system. 

On th e other hand, in heavy service the direct current has not 
made much headway, being handicapped by the heavy cost of sub­
stations and of conductors. H eavy and relatively infrequent trains 
are the hardest loads for sub-stations. For example, if sub-stations 
be 8 miles apart , each will supply 8 miles of track. A train running 
40 miles per hour will receive current from a given sub-station for 
12 minutes. In order that a sub-station may be continuously sup­
plying current to trains in one direction they must have a headway 
of 12 minutes. If they be an hour apart the current from each 
suh-station is used but one-fifth of th e time. Trains in two di­
rections will double the sub-station output, but as the peak load is 

considerable when two trains pass near a sub-station the load factor 
is extremely low. Therefore as the aggregate capacity of the sub­
stations mu st be large in proportion to the actual power taken by 
tfie cars, it follows that the sub-stations will involve a relatively 
large expense if th ey are equipped with expensive rotary con­
verters and r equire constant attendance, whereas the cost will be 
relatively small if they require simply lowering transformers hav­
ing an efficiency very much higher than the rotary converter sub­
station and not requiring attendance. The reduction in the sub­
stat ion is therefore of especial value when the service is infrequent. 
Moreover, the single-phase equipment by reducing the size of con­
ductors frequently enables the sub-stations to be more widely sepa­
rated. This poss ibility in th e reduction in the number of sub­
stations and in the aggregate capacity of sub-station equipment, 
as well as the elimination of rotary converters with their energy 
losses and their attendants makes practicable the operation of long­
distance roads which could be operated by direct current only at 
an excessive cost. 

The single-phase system th erefore decreases the cost of installa­
tion and operation for the kind of interurban service which has 
been successfully developed by the direct .current, and it extends 
the fi eld of commercial operation to include, on the one hand, 
rur al roads with relatively light traffic, and on the other, a heavy, 
infrequent , multiple unit or locomotive service for passengers or 
fo r freight approximating steam railway conditions. 

SI NGLE-PHASE _RAILWA YS IN OPERATION 

The single-phase railway which shows the most extensive opera­
tion as measured in car-miles, is the Indianapolis & Cincinnati 
Traction Company. Operation was begun over a short length of 
track J an. 1, and on f'.pril 1, 37 miles were covered. Since July 1 

·a regul ar schedule has been maintained over 41 miles, 37 miles of 
which is under alternating-current trolley and the remaining 4 
miles is under direct-current trolley in the city of Indianapolis. 
The company has IO cars, each equipped with four 75-hp motors. 
A maximum speed of 60 to 65 miles per hour is secured, and the 
cars are not only th e heaviest, but they operate upon the fastest 
schedule of any of the numerous suburban roads radiating from 
Indianapoli s. Some defects have developed in the equipment, 
which, however , have been incidental in character, and not in those 
new features wh ere t rouble might reasono.bly have been anticipated. 
It was found that the natural ventilation under the car was in­
sufficient fo r the transformer and a ventilating motor was added. 
A weak point developed in th e armature insulation when the cars, 
which had been ·running for some time by alternating current, 
were fir st run regularly over the direct-current lines into Indian­
apolis. One feature of th e new condition was the opening of the 
circuit with four motors in series, the motors having laminated 
fields which give greater fi eld di scharge than solid poles. The 
remedy was obviously the strengthening of the insulation. This 
brings out the interesting fact that operation on alternating current 
at 3300 volts with an intervening transform er is less severe upon 
the motor than operation on direct current at 500 volts. Experience 
showed wherein the control apparatus, suitable for both alternat­
ing and direct current, could be simplified and the apparatus re­
duced in quantity. The result is a control system which is rela­
tively simple and compact, although suitable fo r operation inter­
changeably between alternating current and direct current. 

The best verdict upon the working of the single-phase system on 
thi s road at Indianapolis has been given by th e operating com­
pany. • It is found in th e contracts which have been placed for ex­
tending the present line a distance of 16 miles ; al so in extending 
th e single-ph ase operation to the Shelbyville line, both to the 29 
miles which have been operated by direct current and for a 20-
mile extension. T he length of track is th erefore to be increased 
from about 40 to 100 miles ; the number of cars will be double the 
present number and all equipments will be similar. It is significant 
that a company which has been operating two substantially similar 
suburban lines, one by single-phase current and the other by 
direct current, should see fit to throw out the direct current and 
substitute single-phase alternating current. It may be noted that 
thi s course was taken, although the reverse was easily possible, as 
provision was made in the original contract for the single-phase 
apparatus by which it would be exchanged for direct-current equip­
ments if its operation proved unsatisfactory. 

Other single-phase roads which are operating Westinghouse 
equipments show a variety Of conditions, some having exceptionally 
sharp curves and steep grades. On the road between Derry and 
Latrobe, in Pennsylyania, 30-ton cars are started on a IO per.cent 
grade. The cars have platform controllers and are equipped with' 
four 50-hp motors. In some cases the initial operation has been 
handicapped on account of incompleteness, or through the use of 
temporary apparatus either in the power house or on the car. In 
its fundamental elements, howeHr, the operation is proving per-
fectly satisfactory. · 
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SOME NEW R OADS 
The extension to long distances will soon be shown in the carry­

ing out of the contract which has been closed by the Spokane & 
Inland Railway Company for 150 miles of r ailway running south 
from Spokane, Washington. The equipment will consist of fifteen 
motor passenger cars, each with four 100-hp motors, six motor 
freight cars, each with four 150-hp motors and six -+o-ton freight 
locomotives which may be in pairs for heayy trains. T h e engineer 
of this road has been intimately connected with the installation 
and operation of the single-phase road at Indianapolis. 

The most notable recent event in electric traction is the pur­
chase of Westinghouse single-phase locomotives by the New York, 
New Haven & Hartford R ailway Company. T he passenger trains 
on this road which enter Grand Central Station in New York 
run over the tracks of the New York Central Railroad for about 
12 miles. As steam locomotives cannot enter the new terminal 
station, and as the New York Central is equipping its track for 
direct current, it is imperative th at the New Haven trains be 
handled over 12 miles by direct-current power. Instead of chang­
ing from electric to steam locomotives fo r a ll local and through 
trains at the end of 12 miles it was decided to extend the electrifi­
cation and to do it, not by extending the di rect current, but by 
changing to alternating current. The single-phase locomotives 
will be designed so that they may operate interchangeably from 
direct current or from single-phase alternating current. 

The adoption of the single-phase system by one of the leading 
railroads of the country for its heavy and important passenger 
service is all the more noticeable; fir st, because it s officials a re al­
ready familiar with electric traction matters through the operation 
of many important city and interurban railways in New England, 
and second, because the obviou s thing to have done would have 
been to follow the example of the New York Central by adopting 
direct current locomotives. Probably thi s is the turning point, and 
the coming electrification of heavy railways will follow the con­
spicuous example set by the New York, New Haven & Hartford 
Railroad Company in adopting the single-phase system. 

•• 
ELECTRIC RAILWAY EQUIPMENT 

BY W. B. POTTER 

The annual meetings of the American Street Railway A ssociation 
are not only occasions for th e exchange of ideas between the oper­
ating companies, but they also affo rd an excellent opportunity for 
engineers concerned in the selection or development of the various 
appliances to study the present and future requirements in their 
broader aspect. 

Recent years have witnessed such radical changes in many details 
of electric railway equipment, that it is advantageous to occasion­
ally review the modifications made to meet the requirements of 
modern railway practice. Numerous changes are made each year, 
and while the general trend is toward improvement, the ultimate 
degree of perfection is only attained th rough the experi ence result­
ing from a thorough tri al of the new ideas under operating con­
ditions. In this respect the designing engineer and manufacturer 
owe much to the operating company, an obligation which should 
be, and I believe is, fully r ecognized. 

The limits of thi s paper will permit only a reference to a few of 
the features r elating to the development of the past few years. 

STEAM TURBINES 
No more prominent example can be fou nd to demonstrate th e 

rapid march of progress, than the introduction and successfu l opera­
tion of the steam turbine, of which there arc several types now on 
the market. The extent to which the reciprocating engine is being 
supersed~d is indicated by the sales during the past three and one­
half years of one type of turbine alone, which amount to ove r one­
half million kilowatts, of which about one-third arc for electric 
railway se rvice. These figures are mention ed for the purpose of 
emphasizing the r ecognized importance of the steam turb ine as a 
prime mover. 

As compared to the reciprocating engine there are several im­
portant advantages generally known, but perh aps not appreciated at 
their tru e value. The steam economy of a turbine at full load 
is at least equal and frequently higher than that of an enginee r of 
similar capacity, and at' fractional load s the degree of eco nomy is 
decidedly in favor of the turbine. This is owing to th e relative ly 
more efficient utilization of the steam at partial load and also the 
lower frictional losses. As the loacl facto r of a prime move r is 
comn1only less than full load, th e r esultant r elati ve economy o f the 
turbi11e is considerably higher than if it were judged only by a 
compa,rison of the steam consumption of both the turbin e and 
engin~ at full load- a comparison at one-half load wo11lcl more 
nearly rep resent the average operating performance of a railway 
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power station. The turbine has also the advantage of a better 
maintained operating economy, a s it is not dependent upon the set­
ting and fit of admi ssion and exhaust valves, the derangement and 
leakage of wh ich may reduce the initial economy of th e engine 15 
per cent, or even more, depending upon th e degree of attention 
which the engine receives. T he attendance and maintenance, as 
would be expected from a comparison of the mechanism, of the 
turbine and engine is in favor of th e fo rmer. The reliability has 
also been proven by extended ru ns and furth er by the accidental 
admission of water, which alth ough h armless t o the turbine, would 
have caused serious injury to an engine. 

The curv es shown in Fig. I illustrate the per fo rmance of a 
2000-kw Curtis turbine at di ffe rent loads and unde r various steam 
conditions, and show th e cha racteristically h igh economy at the 
fractional loads. Th e higher economy secured by superheating 
does not altogeth er represent an equ ivalent reduction in fu el, as a 
certain additional amount of coal is requi red to produce the super­
heating. T he net r esult, however, shows a saving in favo r of super­
heating. W hile the larger sizes of turbines have been more gen­
erally applied to driving alternato rs, they are adapted fo r direct­
current railway generators, and turbine sets of thi s character have 
been built up to 2000 kw. The turbine certainly gives great promise 
of being the only steam-driven prime mover of the fu ture fo r pro­
ducing electric power, and its usefulnes s is by no m eans limited to 
that particular field. 

MOTORS 

Each year bears evidence of the growing popularity of electric 
traction, and th e increase in traffic has naturally affected both th e 
size and weight of th e ca rs and the schedule speeds. The more 
onerous conditions imposed on th e electric apparatus to meet the 
eve r increasing demand for larger and heav ie r equipments, and the 
demand for greater seating capacity on systems already operating 
at 500 to 550 vo lts, has led to an increase in the generated voltage. 
'vVe have been accustomed to consider 500 to 550 as the standard 
direct-current voltage, but 600 volts is now bein& use·d to such an 
extent th~t it has r eally become the standard for th e power station. 
T he role of the manufacturer is to design and construct such appa­
ratus as will best meet the conditions of the operating companies, 
and it is, therefor e, the requirements of the operator that should 
be studied rather than the development of any particularly idea. 

T he direct-current railway motor has been greatly improved, and 
has undergone more changes in detail than is perhap s generally 
appreciated. T he old troubles of sparking and fl ashing at the com­
mutator have been practically eliminated. Previously it was con-
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sidered advantageou s to short circuit a turn on the field ,vinding to 
reduce the sparking at the brush es and in the controll~r, the idea 
beina to restrain the rapidity with which the magnetism of the 
mot;r changed, but several yea rs ago it was found that wh!le this 
provision decreased whatever troubles ~ccu~red, due to opernng the 
circuit , it was a positive cau ,;e of fl ashmg 111 case _the current was 
interrupted and sudd enly appl ied. F or example this trouble would 
occur on passing a section in sulator with the controller 01~, and 
more especially wh en operating with slee t on the trolley wire or 
run nina ove r a third rail with an uneven surface. 

The 
0

ficld coils as now made not only have no short circuiting 
turns but where metal spools are used, it is customary to split the 
,;pool ' and introdu ce an insulation into the shell to eliminate every 
fea ture of a short circuited turn. 

The armature revolutions of a motor as affecting th e peripheral 
speed of th e comnmtator h ave al so an effect on_ th e sparking and 
wear of the commutator. Th e armature revolutions further affect 
the per fo rmance of the bea rings, and while it would be poss ible 
to build a lighter and cheaper motor at highe: armatur: spee~s, _a 
ma ximum of 1500 r. p. 111. appears to be the highest desirable lirn1t 
as indicated by experi ence. 
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To meet the requirements of the higher voltage now more com­
monly used, and to further in sure the stability of the m otor as re­
ga rds fla shing, it is now the practice to provide a greater number 
of commutator segments; that is, the vo ltage difference per com­
mutator bar has been reduced to a lower figure . 

T he commutator being a revolving switch, it is important if 
sparking and flashing are to be avo ided that the brushes sh ould 
mainta in good electrical contact with the copp er segments. T he 
commutator being bui lt up of alternate sections of copper and mica, 
it sometimes happen s tha t the mica does not wea r evenly with the 
copper. In such cases the sparking becomes more pronounced, and 
there may even be se rious trouble from flashing; the most effectual 
remedy in such a case is to groove out the mica between t he com­
mutator segments to a dep th of about 1-32 of an inch below the 
sur face of the commutator. Many cases of troub lesome commu­
tation may be wholly cured by this expedient. 

T he performance of a motor for any service may be limited by 
its commutation, or, as is more commonly the case, by its hea t ing. 
T he heating of a motor is affected by the losses in both the copper 
and iron, but the relative heating effect of these two elements is 
qui te different. The copper losses predominate du ring acceleration 
and the iron losses when running at the higher speeds; the effect 
of the iron losses is, therefo re, to limit the capacity of the motor fo r 

48()0 

4600 

32000 
t; 
~ 4400 

~ 
JOOC'0 '-1 4200 

~ 
28000 t 4000 

26000 ! JtJOO 

"' Z4000 ~ '3000 

22000 i J400 

20000 ~ .3200 

18000 :z .. ... 
~ ~ 

10000 2.8 70 700 2800 

14000 2.0 65 650 ~00 

12000 2.4 60 000 2400 

10000 Z.2 .55 .560 2200 

8000 2.0 so .soo 2000 

0000 1.8 4 5 4.50 !BOO 

4 000 1.6 4 0 4 00 1600 

zooo 1.4 J 6 ,3,50 /4 00 

I 

ii 
I 

I 
I I 

N.YC&fl.li'.l?I?. LOCOl/10TIJ/E /'/o. 6000 
/ICC£LE/i'/ITIOII lEoT 

II C,1R MA'1N ToT/IL H'E16HT or hf"A'1H 4 .3J.6 m..,,s 
Tr.sTHA'GE 7c5EPl.9(1~ 

II 

I'\ Ill \ 
\ 

~ 
~ 

I -!\ ~ ~ I ~ \; 
I I Iii 

I \~ \! I \ I IV 

!11 I f "'f ~ l( 

~- rl II I 
,~ 
1" 

~\ I :: ,~ 
-1'- -lL, \,.,-

~ I \">. I\ 
I I ~ .. \ YOlTJ L NE I I /I 
I :-- ~~ V\. v"' ~~ I 
I I ~ V ~~, I I 
I " K I / 
I 
I - ,,r9-v "" 
I I/ I 

'\ 
,\ 

\ 
I/ I,..,----

0 1.2 JO J OO 1200 

,.o 26 250 1000 

.8 20 

.o ,., 

.4 10 

.2 ,5 

200 800 

,~o 600 

/00 400 

60 200 

/ /" \ 
~) I ,~L,, V \ 
I I ~v 

l I / 
V \ 

I 
/ .,.,-v \ 

/ ,_.- ---- \ '--

best cooling effect, but also to prevent depositing brake-shoe and 
c;a rbon dust or other injurious material upon conducting surfaces 
of the motor which cannot be conveniently cleaned. 

F or this reason it is inadvisable to provide ventilating ducts just 
at the back of the commutator ea rs, fo r any accumulation of con­
ducting dust at thi s point is sure to produce burn-outs. It has also 
been found advisable wherever ventilating ducts are provided 
th rough the core h ead to extend the slot insulation ~f the armature 
coils fo r some di stance beyond the end of the core. 

The use of oil in preference to g rease for the lubrication of motor 
bearings seems n ow to be unive rsally favored. Of the various 
methods which have been tri ed, a waste-packed jQurnal with an 
oil well, similar to the journal box of a car truck, has given the 
most satisfactory results. Nearly all the larger motors at the 
present time a re designed for thi s m ethod of lubrication. 

The mechanical injury to motor armatures usually results either 
from the a rmature striking the pole p~eces or the m echanical 
weakness of the armature binding. The former, where resulting 
from the wea r of the a rmature -bearing linings or loose cap bolts, 
can be avoided by a proper system of inspection, but the latter is a 
question of motor design. • 

T he strains to which the armature bindings a re subj ected, par-
ticula rly if the car is speeded above the normal by driving it with 

power down g rade, ar e not ordinarily appreciated. As an 
illustra tion , the weight of the armature coils in a 125-hp 
m otor is less than 200 lbs., yet the radial centrifugal strain 
of all the co ils at 1500 r. p. ni. is about 48 tons, giving a 
resultant strain of over 15 tons on the binding wires. Even 
if these wi res are st ro ng enough to hold the coils without 
breaking, they may stretch enoti"gh to permit a considerable 
movement of the coils in the armature slot, r esulting in an 
abrasion of the insulation. A n armature should be so 
bound th at th ere will be n o evidences of weakness at 50 per 
cent above the maximum normal speed, and the ultimate 
str ength of the binding or bursting speed of the armature 
sh ould be at least double th e max imum normal spe ed to 
insure the proper margin of safety. 

T he field coi ls of a motor, although subj ect to less poten­
tial than the armature, by reason of their location in the 
motor , are m ore subj ect to injury from occasional water. 
A distinct improvem ent has been m ade in the construction 
of th e fi eld coi ls by immer sing them in a bath of hot com­
pound under vacuum. The eff ect of thi s process is to 
thoroughly fill all air spaces with compound. This not 
only renders the coil m ore waterpro of, but also makes it 
more solid and less liable to injury from m echanical vibra­
tion. 

More attention is being paid to the fit of commutator and 
oi l well covers, whi ch, being fre quently opened, are now 
provided with machined seats in o rder to insure a better 
fit fo r the exclusion of dirt and water. 

0 0 
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With the increased capacity of the motors the strains on 
t h e gearing have very much increased, particularly on the 
pinion teeth, which ar e of weak er section than the gear 
teeth . To meet these m ore severe conditions a very high 
g rade of steel is r eeiuired, bo th with r espect to ultimate 
stren g th and elastic limit. The g rades of steel commonly 
used five or six year s ago w ould by no means answer for 
the pinions of th e large r motors built to-day. Not only 
a re t he strains severe, but owing to the overhang of the uECONOO 

FIG. 2.- ACCELERATION TEST ON NEW Y ORK CENTRAL 
LOCOM OTIVE 

continuous running. Although the service in which moto rs are now 
commonly used does not call fo r a continuous run of many hours 
at fu ll speed, without occas ional acceleration, the iron losses are, 
nevertheless, of importance, and more care than formerly is now 
exercised in the selection of the iron fo r armature. The principal 
cause of these iron losses are the eddy currents in the iron, and to 
eliminate these a special study has been m ade of annealing and 
japanning the laminat ions. 

W hile the temperature of a motor under given conditions is pro­
portional to its internal losses the actual temperature rise may be 
greatly influenced by ventilation to assis t in di ssipating the ac­
cumulated h eat. Forced venti lat ion by means of a blower, similar 
to those used with air-blast t ransformers, may be employed. By 
this means the temp erature of th e motors in any particular se rvice 
may be very much reduced, but the complication is such that it does 
not seem well adapted to the ordinary electric car. Forced ventila­
tion is, however , well suited to locomotive work where the blower 
may be carried in the cab. As th e motor commonly used depends 
upon its own rotation fo r ventilation, the a rrangem ent of the ven­
tilating passages must be carefully studied, not only to secure the 

pini on, the fa ce of both the g ear and pinion teeth, when 
new and doing h eavy work, are not in contact across their 
fu ll width. T he strain is borne principally by the end of 
the teeth nearest the motor , with the r esult that a shearing 

acti on t ak es place, which will som etimes break out a part if not 
the whole of a p inion tooth. As a pinion wears the teeth become 
thinner on the side toward the motor , so that a pinion which has 
been in service until its teeth match with the gea r across the full 
fa ce, m ay prove stronger under stress than a new pinion. 

The solid axle gea r i s- to be preferred to the split gear, and, were 
it not fo r the inconvenience of removing the car wheel, would 
doubtless be more generally u sed. The obj ection to removing the 
car wheel for the reason that its fit on the axle is impaired, may 
be overcome by the use of a wheel with an extended hub, on 
which the gear is shrunk, as proposed by Messrs. Doyle and 
Brinkerhoff, and in use on the Interborough Rapid Transit Rail­
way in New York. 

T he more severe dem ands of present se rvice have also neces­
sitated changes in the older type of controHers, as well as the 
development of new types of control and control appliances. The 
cylinder controllers have been improved by making the arc de­
fl ectors of a more vitreous material, less affected by the arc and 
productive of a much smaller quantity of conducting gas when 
opening the circuit under abnormal conditions. 
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CONTROLLING SYSTEMS the character of work formerly done will readily testify to the ad­
vantages secured by eliminating the dangerous practice of attach­
ing the wires by staples or other means to any convenient place on 
the under side of the car, and often without regard to the move-

For the control of equipments aggregating 200-hp and over, 
the type-M control, consisting of electrically-operated contactors 
or switches, is recommended and is being very generally u sed. 
It is not only possible to handle heavier currents and a higher volt -
age by contactor switches, but a further advantage lies in the J ~ i N.Y.C. &..HR.Rf;,jJJo;;iirivE No.600~ 
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General Electric multiple-unit system, the control may be either ~ ~ ~ f 1 
hand-operated or automatic in its action. In the former case the 
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required to replace fuses, which with the older types of e·quip­
ment were more fr equently blown, that the automatic ci rcu it 
breaker came into quite general use. On the larger equipments, 
however, where the circuit breakers had to be set for IOOO amps. 
or more, it was found difficult to provide space for them in a posi­
tion where the arc resulting from a short circuit would be free 
from danger of grounding to some part of the car. As a substitute 
fo r th e circuit breaker in this heavier class of work, many different 

F JC. 3. - Sl'EED RUN" CURVES OF NEW YORK CENTRAL 
LOCOMOTIVE 

mcnt of th e brake levers and compression of the springs of the 
loaded car. The best recognized practice is now to install all 
wiring in iron conduit. If properly done, with the ends of the 
pipes fitted with bell mouths or other provision to avoid abrasion of 
the wire, the car wiring should prove the most safe and permanent 

part of th e elec tri cal installation. 
The suggested improvements 

in wiring app ly with eve n greater 
force to the lighting and heating 
circuits, as these circuits have 
gen erally been given less atten-
tion than the motor circuits. As 
a so urce of fire, the lighting and 
heating wires are dangerous on 
account of their locati on in the 
roof or sides of the car, their in­
accessibility fo r insp ection and 
the fact that current is often left 
on these circuits when the cars 
are in th e car house. 

While m any of the preceding 
remarks have been based more 
particularly on the experi ence 
with direct-current appa ratus. 
the essential principles app ly 
equally to the alternating railway 
equipment. -

ALTERNATING-CURRENT 
APPARATUS 

FIG. 4.-ELEVEN-CAR TRAIN USED IN NEW YORK CENTRAL ELECTRIC LOCOMOTIVE TESTS 

During the past year there 
have been several in stallati ons of 
alternating railway equ ipm ents. 
and the outl ook is very promis­
ing for this class of equipm ent 
under conditions advantageous 

fo rms of fuses have been tried, but none has proved thoroughly 
reliable, with the exception of a fuse composed of thin copper rib­
bon enclosed in an insulating chute and surrounded with enough 
iron to provide a magnetic field. This copper ribbon fu se has been 
quite generally used on the larger equipments for the past few 
years, and has given excellent satisfaction. The same type of fuse 
is applicable to smaller equipments, and in many cases it may be 
found superior to the circu it breaker, as its r eliability is a strong 
point in its favor. A circuit breaker should h ave fr equent inspec­
tion, and in case of several repeated short circuits it may be so in­
jured as not to finally extinguish the arc without an amount of 
fl ame that m ay alarm the passengers. 

CAR WIRING 

Tt is a matter of favorable comment that the car wirmg is now 
receiving much more attention than formerly. Those familiar with 

to its use. Considered wholly 
from a t echnical standpoint, there is no question but that alter­
nating-c urrent motors ~an perform any service now done by 
direct-current apparatus, but the choice as ~tween alternating 
and direct current sh ould not be made without a full considera­
tion of the direct and indirect expense incident to either type of 
equipment. 

NEW YORK CENTRAL E LECTRIC LOCOMOTIVE 

As the street r ailways and the steam railroads are now becoming 
so closely identified, a reference to some of the re.:ent tes ts of the 
N cw York Central electric locomotive will not he out of place. 
T hi s locomotive has now nm over 21,000 miles with train s of va ry­
ing weights. The maximum speed attained with a train weighing 
278 tons, including the locomotive, was 71 miles per hour in a dis­
tance of abou t 4 miles. With the locomotive alone, the maximu m 
speed was 85 miles per hour, with the probability that the speed 
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would have been mo miles per hour had the run been twice the 
length . 

The accomp?.eyinQ," cur ves show tests made with an eleven-car 
train, including the New York Cent.ral dynamometer car, which 
were made for the purpose of checking the results obta ined from 
the speed-torque characteristics of the motor. 

Fig, 2 shows an acceleration test, all the r ecords of which were 
taken with automatic recording instruments. The draw-bar curve 
was taken by the dynamometer car, with no damping device or , 
dash-pot to control the fluctuations on the r ecording pointer. T h e 
compar ative steadiness of the pull of the electric locomotiYe will 
appeal to those who have seen a dynamometer record, witho ~1t the 
damping device, taken from a steam locomotive. • 

F ig. 3 shows the curves of a speed run 0\'er the test track with 
the ,;ame train. T he notch in the cun-e at about 190 seconds i$ 
caused at that point by the locomotive leaving an additiona l str ip 
of third rail which was fed from some distance away. 

The total weight of thi s locomotive is 97 tons, of which about 
70 tons is on the drivers. The nominal rated power is 2200 hp , 
althot:gh the output during acceleration has often exceeded 3000 hp. 
T he accompanying Fig. 4 shows this locomotive with the eleven­
ca r train attach ed. The weight of th e train , including the loco­
motive, was 433 tons. 

RECORD DATA 

In conclusion, I would call attention to the benefits that may be 
derived, both from an operat ing and manufacturing standpoint , 
from a record system covering th e mileage of parts and detail cost 
of maintenance of the car equipment. The records of the power 
and ::;uh-stations, which are more easily kept, seem to be fairly com­
plete, but of the car equipment, the records do not seem to be 
genera lly available in such form as to permit a compari son of th e 
relative merits of any particula r m ethod of operation or quality of 
material. If a uniform system could be standardized and the 
records submitted at each associat ion meeting, they wou ld be a val ­
uable source of in formation and a further incentive to improve­
m ents in the de~ ign of apparatus ;111d the methods of opera tion. 

----•♦+-----

CONSTITUTION AND BY-LAWS OF THE AMERICAN STREET 
AND INTERURBAN RAILWAY ASSOCIATION 

The fo llowing is the final form of the constitution and by-laws 
adopted Sept. 27. The changes from the form publish ed in the 
STREET RAILWAY J OURNAL for S ept. 2 are indicated by printing 
th e new words introduced in italic s and th e words str icken ou t 
in ·braclets []: 

CONSTITUTION 

N AME AND LO CATION 

I. a . The n am e of the a ssociati on shall b e the "American Street and In­
terurban Railway A ssociation ." 

b. The h ead quart er s of the assoc iat ion shall be locat ed in the city of N ew 
York. 

O BJECT S 
II. The obj ect s of the associa tion shall be as fo llows: 
a. The discu ssio n and recommendation of m ethod s of con struction , man­

agement and operation of street and in ter urban ra ilways, and of safeguarding 
the interests of the sam e. 
· b. The establ ishm ent and main t enan ce of a spi r it of co-operat ion a mong 

the members, and th e encou ragement of friend ly re lation s between the com­
panies and the public : 

c. The acquisition of experimental , statist ical a nd sc ien ti fi c knowledge r e­
la ting to th e construction , equi pm en t an d operation of street an d interurban 
railways and the diffu sion of thi s knowledge amon g the m ember s. 

MEMDERS 
III. The m embership of thi s association shall consist of two classes, as 

follows: 
a. Active m embers, con sisting of A m erican st reet and in te rurban ra ilway 

companies, or lessees, o r individual own ers o f street and interurban rail ­
ways. Each m ember shall be entitl ed to on e vot e, which shall be ea st by 
the properly-accredited d elegate. 

b. Associat e meml>ers, consi sting of individuals, co-partnerships an d car-. 
parations, who are [or have been at som e time] actively identified with street 
and interurban railway interests, and other person s who in the opi.nion of 
the executiv e committee have had experience of such a nature as to render 
desirable th eir connection with the association. The privileges of the a sso­
ciate members shall b e similar to those of the active members, exceptin g that 
they shall n ot be entitled to vote or hold office, nor shall they have the 
privileges of th e floor unless permitted by the association. 

AMENDMENT 
IV. This constitut ion ~ay be amended by a two-thirds vote of the members 

pr esent at a regular meeting, provided the. proposed amendment shall have 
the approval of two-thirds of the executive committee, and provided that a 
copy shall have been sent to each of the active members at least thirty days 
pr ior t o th e date of the meeting at which the proposed amendment is to be 
acted u pon . 

BY-LAWS 
ELECTION OF 11El\1BERS 

I. Every applicant shall signify his d es ire to the secreta ry, enclosing the 
requisite fee. All applications for membership shall be r eferred t o the exe­
cutive committee, a two-thirds vote of the member s of the executive com­
mittee by ballot being n ecessary to election. In case of r ej ection, the m em­
bership fee shall be returned. The executive committee shall report at each 
m eeti:ig the names oi new m ember s elected. 

OFFICERS 
II. a. The officers shall consist of a president , vice-presidents equal in 

number to the number of affiliated associations, a treasurer and a secretary. 
The officers shall assume their duties immediately after the meeting at which 
they are elected. 

b. Tl,e pres ident a11 d vice-presidents [and tre~surer] of the association shall 
be elect ed at the annual meeting of the association. All such elections shall 
be by ballot, and a majority of the votes of all members present shall be 
n ecessary to an election. The secretary a11d treasurer shall be appointed by 
the executive committee, a11d both offices may be filled by the same persoll. 

PRESIDENT AND VICE-PRESIDENTS 
III. The president shall be the chief executive officer of the association. 

He shall preside at th e m eet ings of the association and of the executive com­
mittee. In the absence of the pres ident, any duties devolving upon him may 
be performed by one o~ the vice-presidents. 

TREASURER 
IV. The duties of the treasurer shall be to receiv.e, safely keep and account 

for all moneys of th e association; to keep correct accounts of the same, and 
to pay al! bill s approved by the president. H e shall ~ake an annual re­
port to be submitted to the association. He shall give a bond to the presi­
dent in such sum, and with such sureties, as shall be approved by the 
executive committee. H e shall be paid a salary fixed by the executive com­
mittee. 

SECRETARY 
V. The duties of the secretary sha ll be as follows: 
a. To take minutes of all proceedings of the associa tion and of the exe­

cutive co'mmittee, and to enter them in books proper for the purpose. 
b. To conduct the correspondence of the association. 
c. To read minutes and notices at all m eetin gs, and to present papers and 

communications if the authors wish it. 
d. To collect a nd file for the benefit of the member s information and 

statistics regarding matters relating to the purposes of the association. 
e. To receive application s for membership, and to lay such before the 

executive committee. 
f. To attend to the publication of the proceedings of this assoc1at10n; and, 

in conjunction with the secr etaries of the affilia ted assoc iati on s, to the pub­
lication of the p r oceedings of such affiliat ed associations. 

g. To send n oti ces to all m ember s of the association at least · thirty days 
befor e each meeting, mentioning papers to be read a nd any special business 
to be brought b efor e the m eeting. 

h. To perform such other duties as may be required of him by the con­
stitution and by-laws, an d such duties as may be assigned him by the exe­
cutive com mittee. 

The office of the secretary sha ll be maintained at the headquarters of the 
association. H e shall be paid a salary f.xed by the executive committee. 
[He may or may not be in the employ of an active member · of the asso­
ciation.] 

THE EXECUTIVE COMMITTEE 
VI. a. Th e 'entire charge ancl. management of the affa irs of the association 

shall b e in the hands of an executive committee, which shall consist of the 
president , the v ice-presidents, and one member appointed by each of the 
affiliated associat ion s. The executive co mmittee shall m ake arrangements 
fo r carrying out the object s of the association. 

b. Th e ex ecutive committee shall hold a r egular meeting before each regu­
lar anBual meeting of foe a ssociation, and shall hold such special m eetings as 
m ay b e necessary. S uch special meeti.ngs may be called by the president 
or a ny five members of the execut ive committee. A majority of the members 
I five m embers] of th e ex ecutive committee sha ll con stitut e a quorum at all 
meetings. 1 

The secretary shall give S!lch reasonable notice of all meetings as the 
committee shall by vote prescribe, and all such notices shall, as far as prac­
ticable, specify the business to be brought to t he attention of the <:ommittee 
at such meetings. 

c. The executive committee may assign to its allied association, the Ameri­
can Street R ai lway Manufacturers' Association, the management of the 
exhibit features of the annual conventions, and it may arrange with the 
sa id Manufacturers' Association the d etail s of such entertainments as may 
be given in connection with the annual conventions of this association. 

d. ',he executive committee shall present a r eport. to each regular annual 
m eeting of the association, and shall include in such report the names of 
members elected during the year, and its recommendations for the future 
work of the association. 

MEETINGS 
VII. a. R egular annual m eetings of the association shall be held at such 

time between the 15th day of September and the 15th day of December, in 
each year, as the executive committee may decide to be best suited to the 
locality in which the meeting is to be held; the time to be decided upon 
and each m ember notified of the selection by the 1st day of May in the year 
in which the m eeting is to be h eld. Special meetings may be held upon the 
order of the executive committee. Notice of every meeting shall be given 
by the secretary, in a circular addressed to each member, at least thirty days 
before the time of the meeting. Fifteen members shall constitute a quorum 
at any meeting. 

b. At all meetings of the association discussion shall be limited to active 
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m embus, provided, however, that special privileges may b e a ccorded other s 
a t the will of the meeting. 

c. At any regular or special meeting, executive session s m ay be h eld. S uch 
sessions shall be open to active m embers only. 

ORDER OF BUSINESS 
Vlll. The reg ular order of business shall be: 
1. R eading of minutes of last m eeting. 
2. Report of the executive committee. 
3. Address of the pres ident. 
4. Report of the treasurer. 
5. R eports of standing committees. 
6. Reports of special committees. 
7. Reports from affiliated associations. 
8. Reading and discussion of papers. 
9. General business. 

10. Election of officers. 

COMMITTEE ON SUBJECTS 
IX. In order to secure continuity of work and uniformity of gen eral pu r­

p ose, a co mmittee on subj ects shall b e appointed ,each year by the executive 
committee. The function of this committee shall be to sugges t topics for 
the work of the Am erican Street and Interurban R ailway Association and its 
affiliated associations for each year in advance. 

The committee sh all con sist of one m ember fr om each of the affili at ed 
association s and a number from the American Street and Interurban R ai l­
way Association equal to the total number from the affilia t ed associations. 
The committee, a t each annual m eeting, shall present its plan s for the coming 
year. 

VOTING 
X . All votes except as herein otherwise provided shall be viva voce, and 

in case of a tie, the pres iding affic er shall [may] vo te. 

READING OF P APERS 
XI. All paper s r ead a t the meetings of the association must relate to m at­

t ers connected with the obj ects of the association, and must have b een pre­
viously approved by the executive committee. 

AFFILIATE D ASSO CI ATIO N S 
XII. This association shall do all in its power to prom ot e the welfare of 

other a ssociations organized with its apprQval to investigate t echnical m atter s 
connected with street and interurban railway con struction and operation. T o 
this end it will , in tbe followin g way, and in others which may b e d et ermined 
by the ,executive committee, assist in the work of such affiliated a ssociations: 

a. By au thoriz ing the f orma tion of [granting charters to] and app roving the 
consti tutions of such association s. 

b. By admitting to th e executive committee a m ember from each of such 
associa tion s. 

c. By g ranting financial ass istan ce t o such association s [fo r specific pur­
poses.] 

d. By edi ting, printing and binding the r eports of the proceeding s of such 
associQtio.ns. 

e. Through its secretary and committee it w ill assis t in a rranging for con­
vention s, suggesting suitable subjects for investigat ion ; it will fil e informa­
tion for r efer en ce and di stribution, and in every way endeavor t o stimulate 
interest in all of the affilia t ed associat ions. 

P A PERS, DRAWI NGS, E TC. 
XIII. A ll papers, drawings and m od els submitted t o the m eetings of the 

association shall r emain the p ro perty of the owner s, subj ect , however , to r e­
t ention by the ex ecu tive committee fo r exam tnat ion and u se, but at the 
owner's risk. 

F EES 
XIV. Active m em bers shall pay an admission fee of $10 and a nnual dues 

payable in advance based on gross earning s from railway operation durin g 
the pr eceding fi scal year s [ending June 30th] , of th e rcspcctii·e compa11 ies, as 
fo llows : 

Under 
fl etween 

GROSS R ECEJI·TS, 

$ig:ggg ~~i · ·1i1·00,ooo ::: :::: : :::::: : :::::::: 
100 000 " 250,000 . ........ ... .......... . 
250:000 " 500,000 .... . . ............... . 
500 000 " 1,000,000 . . ......... . .. . ..... . 

1.000:000 " 2,000.000. . . . . . . . . . . . . . . . . . 
2.000,000 " 3,00C,000 . .. .. .. . ............. . 
3,000.000 " 4,000,000 . ...... ............... . 
4,000,000 • 5,000,000 .. ..... ............... . 

g-ggg,ggg :: li,000,0P.0 . ....... ............. . 

7
,
000

,
000 

.. 1,000,000 . . ... . . . . . . . . . . . . . . ... . 
, 8,000,000. . . . . . . . . . . . . ........ . 

8,000,000 " 9,000,000. .. . . . .. . . . . . . . .. . .. . 
!),000,000 " 10,000,000. . . . . . . . . . . . . . . . . . . . . . 

10,000,000 " over. .... ... . ................ .. . . 

Annual 
Fee . 

815 .00 
~5 .00 
50 .00 
75 .00 

100 .00 
150 .00 

.200 00 
250.00 
300 .00 

350 .00 
400 .00 
450 .00 
500 .0fJ 
51\0 .00 
600 00 

Associate mem bers s ha ll pay in advance an annual fee of $..'i. 

A RREAR S 

Originall y 
Proposed . 

$25 .00 
/\0 .00 

100.00 
150.00 

250.00 

3/\0.00 

fl00 .00 

X V . N o mem ber whose an n ual paymen t shall b e in arrear s shall b e en­
titl ed to vote. 

W ITHDRAWAL 
XVI. Any m em ber m ay re tire from member shi p b y g iving written n otice 

to t hat effect t o the secretar y and th e paym ent of all a nnual d ues t o t hat 
d ate, but shall r em ain a m em ber, an d liable to the payment of ann ual dues 
until such paym ents ar e m ad e, except as h ereinafter provided. 

EXPULSI ON 
X VII. A m ember may be expell ed from t he associat ion by the vote of 

t wo-thirds of the m ember s present a t any regular m eet ing of the associa­
tion, upon the written r ecommendation of the execut iv,e committee. 

RULES OF ORDER 

XVIII. All rules n ot provid ed for in these by-laws shall be those found in 
Roberts' Rules of Order. 

A M E NDMEN T 

XIX . A ll proposition s fo r adding to or alt ering an y o f these by- laws shall 
be laid b.efore the executive committee, which shall bring them before th e 
next regular m eetin~ of the associat ion , if it shall con sider such course d e­
sirab le; and it shall be t he d uty of the committee to do so, on the request, 
in wr itin g, of an y five m em bers of the association . 

[The form of charter to b e gra,n ted by t he A m erican S treet and Interurban 
Ra il way A ssociation was omit t ed entirely.] 

•• 
MEETING OF THE CLAIM AGENTS• ASSOCIATION 

The m eetin g of the Claim A gents' Association was held a t 
R oom 1032, L a nd a nd Titl e B uilding, th e private office of Mr. 
Rhoads, claim agent o f th e Philadelph ia R apid Transit Company. 
The m eeting was o rig inally scheduled for Tuesday m orning, but 
as that was the time selected fo r the m eeting of the executive 
committees fo r di scussing the questio n of r eorganization, it was 
decided better to adj ourn the m eeting of the Claim Agents un ti l 
W ednesday m orning. In consequ ence, J ames R. Pratt, of Balti­
more, was appointed representative of the association a t the m eet­
ing of the executive co mmitt ees, and th e Claim A gen t s adjourned 
to insp ect the offices and m ethods of the company a t the main 
office at E ighth and D auphin Streets. 

The convention r eassembl ed in Mr. Rhoads' office W ednesday 
morning. In the a bsence of Mr. D ibbs, p res ident of th e asso ­
ciation, who has left street railway work, E. W . O 'Connor, of 
Savannah, was elected t emporary chairman. The roll call was 
th en taken and it was shown that fi fty companies were r epre­
sented at the m eeting . Mr. R enaud, of the New Orlean s R ail­
way Company, presented a r eport on th e m eeting of the execu­
tive committee in Philadelphia on June 12, and Mr. P ratt , of 
Baltimore, r endered a r eport of th e m eeting on Sept. 26. Upon 
motion m ade and seconded, it was agreed to accept th e proposi­
tion o f the par ent association to unite in the new o rganization. 
As thi s will inv olve certain changes in the by-laws of the Claim 
Agents' Association, it was decided to appoint a committee on 
by-laws t o draw up such changes and provisions as will be r e­
quired by the n ew plan. It was also decided to increa se the num­
ber of offi ce r s so that the executive committee should be seven, 
t o correspond with th e oth er associations. 

The regular business of the association was then t aken up. 
M r. F eeney, claim agent of . the Public Ser vice Corporation of 
New J er sey, spoke about the interesting articles on the subject 
of stree t r ailway fakirs which had appeared in r ecent numbers of 
" P earson 's M agazin e." H e said that th ese articles had been of 
considerable assistance to all street ra ilway companies in enli ght ­
ening the public as to the corrupt m ethods of thi s class of 
swindlers. H e believed th at it would be m ost appropria te if the 
association as a body should ext end a vote of thanks to th e pub­
lishers of th e magazine fo r th is service, and also t o th e author, 
Theodore W ater s. This motion was seconded and carri ed. 

Chauncey S. S. M iller , secretary and treasurer of th e Casualty 
Company of A m erica, then addressed th e m eeti ng. H e r efer red 
to a m ovem ent which had been initiated last summer in New 
York to secure co-operative actio n on t he part o f a ll companies 
which had been swindl ed by fra udulent accident cla ims, and stated 
that a m eetin g was to be held next month in New York t o con­
sider the advisabil ity of taking further steps to adva nce this cause. 
He invited the assistance and co-operation of t he Claim Agents' 
A ssociati on. The subject was r eferred to th e ex ecu t ive committee. 

Two papers were then present ed to the association upon acci­
dent claims, one by E. W . O'Connor , claim agent of th e Savan­
nah E lectric Company, th e other by J ames R . Pratt, claim agent 
o f th e U nited R ailways & E lec tri c Company, of Baltimore. Th ese 
will be publish ed n ext week. 

The fo llowing offi cer s were then elected: Presiden t , S. L. 
Rhoads, of P hiladelphia ; fir st vice-president, E. W . O ' Co nnor, 
of Savannah ; second vice-president , H enry G. B radley, of Chi ­
cago; third vice-pres ident , Andrew J. F arr ell, o f Buffalo ; sec re­
tary and treasurer , B. B. D av is, of Columbus. Executive com­
mittee: th e o ffi cer s and \Villi am H . R enaud, Jr. , of New Orleans ; 
H. V. D rown, o f Providence, and J am es R. Pratt, of Bal t imore. 

A vote of th anks was th en ex tended to the Philadelphia Ra pi d 
Transit Company fo r courtesies ex t ended during th e co nvention, 
and the meeting then adjourned. 

A ft er the meeting th e members were enterta ined at a banquet 
a t the Bellevue-Stratfo rd Hotel by the 'newly-elected president , 
Mr. Rhoads, of P hiladelphia. 

... 



PROCEEDINGS AT THE PHILADELPHIA CONVENTIONS-I 

PROCEEDINGS OF THE AMERICAN RAILWAY MECHANICAL 
& ELECTRICAL ASSOCIATION 

MONDAY MORNING SESSION 
Th e first meeting of th e American Railway Mechanical & El ec­

trica l Association was called to order at 11 a. m. by President 
C. F. Baker, who introduced H on. John ·w eave r, Mayor of 
Philadelphia. 

Mayor vVeaver.-It gives me very great pleasure as Mayor of 
Philadelphia to welcome you here to thi s convention. It seems 
to me that a convention of m anufacturers and others who are 
interested in the carrying of the public must be of great interest 
and importance, and the result s mu st be benefici al to th e traveling 
public. We all know that you get some benefit from it from an 
economical standpoint, because th e ve ry best ca rs and the very 
best equipment of ev ery kind is probably synonymous with the 
greatest economy. But what you and I suppose what every citizen 
in the United States is interested in is in having their welfare 
looked after, and I am quite sure that your meetings and the re­
sulting exchange of views must result in great benefit to the 
traveling public. I do not know of any oth er organization that 
represents more closely the public of the United States. I sup­
pose at some time or another the majority of all the men, women 
and children get into a trolley car, so that we can see that the 
majority of the A merican citizens are interested in electric cars 
and electric roads. The electric railway sys tem is· rapidly extend­
ing. Formerly we had the old horse cars on the streets. We now 
have electric ca rs, but they are not confined to the city ; they go 
out from th e cjty streets into the suburbs, and are even extending_ 
beyond the suburbs, because you have the great interurban roads 
that have been developed in the Middle W est so successfully, and 
are now being developed so successfully here in the East. I hav e 
been told recently that a great many of the trunk steam rail­
roads a re thinking of putting in electrical equipment for carrying 
their local trade, and just what ''local" means is a question, be­
cause the steam roads carry local trade for hundreds of miles. 

I am ve ry glad as executive of thi s city to welcome you, gentle­
men, here to thi s convention. I tru st you will have an exceed­
ingly profitable time and a pleasant time, and if there is anything 
that the city of ·Philadelphia can do to make your stay more 
pleasant, I shall be very glad, as chief ex ecutive of this city, to do 
it. I welcome you in behalf of the citizens of Philadelphia. I 
give to you the freedom of the city-the keys are yours. U se 
them as you like, and after you are through with your convention 
I tru st that when you leave here, wh er ever you go you wi11 carry 
a way with you some ve ry pleasant recollections of this good old 
city of Philadelphia. (Applause. ) 

President Baker.- Pres ident E ly, of the American Street Rail­
way Association, has kindly offered to g ive us a few remarks. 

Hon. W . Caryl Ely.-I am sure we a re all deeply indebted to 
l\Iayor W eave r fo r taking his time to come here this morning, 
and in behalf of the g reat city whi ch he represents extendino- so 
beautifully as he has cl one its welcome and its freedom. About 
th e key, of course, M r. Mayor, we all understand that th e key 
does not open up as mu ch as it did awhile ago. (Laughter.) 
That is from wh at we read in the outside newspapers. 

Mayor Weaver.- It opens the hear ts of the citizens. ( Applause. ) 
President Ely.-That is sufficient if it opened n o more. Mayor 

W eaver is going to stay here, probably out of courtesy while I 
deliver my remarks. I mu st, therefore, make th em ve'ry short. 
In th e first place, I wish to say, as president of the parent organ­
ization, that there has been a great deal of work done during the 
past year looking toward the closer affiliation and organization 
with the parent association, and the methods of work -to be pur­
sued by not only the parent association, but your organization 
and the others affiliated with the parent organization. What I 
wish to particularly impress upon your attention to-day is that 
there should be no misapprehension of the purpose of this move 
toward organization. It comes simply from the desire that there 
should be no unnecessary multiplication of organizations and to 
secure action by the existing organizations harmoniou sly and along 
well thought out and well developed lines. So the idea is that in 
some way, and in the way mapped and laid down, to get things 
together so that the lines of work to be pursued by the different 
organizations should be carefully thought out a year in advance, 
and that the investigation and the work devoted to the most im­
portant th ings that are _involved in the street railway industry. 
should proceed in each organization so that it will supplement the 
work of the other. Particularly do I desire to impress upon you 

thi s fact, and it is a fact that may be absolutely relied upon , that 
there is not one in the parent organization, not one among these 
who desires in any way to do anything that will detract from the 
dignity of this organization of yours. You cannot be prouder of 
thi s o rganization than are the presidents of the companies and 
those who worked in the ranks of the parent organization. I 
could not more clearly illustrate my ideas upon the subject thai1 to 
refer to the remarks of Mr. Beggs last year at St. Louis, when he 
was addressing your convention. His remarks present absolutely 
th e ideas that animate the minds of those in the parent organiza­
tion. Your work is of vast importance. As the Mayor said, 
probably at some time or another almost every man, woman and 
child in the country gets into and out of a trolley car, and the 
safety of that apparatus and the proper working of that apparatus 
and its adaptability for convenience and comfort are dependent 
upon the departments which you represent. Nothing could be 
more important than the apparatus which carries the people to 
co llect the coin that makes the business go. Therefore, that 
meth od of work and that dignity of that organization, that autono­
m,1s o rganization which you have had up to now, no one intends to 
in terfere with. The only thing is that we shall work together, and 
that the expenses attendant upon the running of the different 
organizations shall be paid at one time, to the end that the work 
does not fall into confu sion, and that there may be no misunder­
standing as to the value of the work and how much it costs. Upon 
that is determined what we may be able to do in these lines of 
work. _ So much has been said on this subject that probably noth­
ing more is desirable from me at this time, but especially do I 
des ire to emphasize the fact that no one wishes to interfere with 
th e autonomy of your organization nor put a halter or bridle on it 
or curb it or ride it to death, or compel it to do anything which it 
does not desire of its own free will and volition to do. This 
matter will come up for action at these meetings that are to be 
held, and, therefore, it is greatly to be desired that each one here, 
each delegate, gives a careful reading to the proposed form of 
constitution and by-laws, and if there are any objections now is 
the time that they are to be heard. It is to ·be a square deal and 
a fair showdown all the way around. Nobody to be subdued, 
nobody is to be silenced, muffled or gagged, and we want every­
body to talk, and out of that should come that which will be of 
imm ense benefit to these organizations, all of which are engaged 
in one work, although in different branches of it. I am glad to 
m eet you all here again. Each convention is larger than the other; 
each convention brings some new faces, and I am happy to say 
many, many old ones. This work that has been done here by the 
Manufacturers' Association is simply superb. This exhibit, as one 
walks through it, reminds one of the finest departments of the 
la rgest expositions that h ave been held in this country. Nothing 
cou ld be more beautiful, well arranged and adapted to inspection 
than the exhibits as they are arranged below. Where everyone 
pulls so true, to mention the names of individuals is invidious. 
A ll the members of the Manufacturers' Association, from the 
president down, have worked unremittingly for months, and to 
,ome of them has fall en a greater part of the work than to others. 
I have seen no evidence of shirking, but on the contrary everyone 
has stood forward to bear his full share. Not only is the Manu­
facturers' A ssociation to be congratulated by us on the result 
that has been attained, but it seems to me that as it is one of the 
first accomplished results of the movement toward organization in 
our lines of work, it speaks well for the success and the de­
sirability of the plan. I thank you, Mr. President, for the oppor­
tunity of saying these words, and I, in your behalf, extend to the 
Mayor your thanks and our thanks for his hearty welcome. 
( Applause.) 

Daniel M. Brady, chairman of the Manufacturers' Association, 
spoke of his early association with mechanics and mechanical men 
and of his warm feeling for them. He welcomed the visiting 
members and spoke of the efforts to run the Manufacturers' Asso­
ciation on an equitable basis. 

President Baker then read his address. 

PRESIDENT'S ADDRESS 

It affords me great pleasure at thi s, the third annual conven­
tion of our association, to extend to you all a hearty greeting. I 
note with keen satisfaction the goodly number of our members 
present; it certainly augurs wel_l for. the enthus~asm and ~uccess 
attendant upon our meetings. Smee 1t seems desirable to dispense 
with the reading of the papers in order to give us an opportunity 
for a thorough discussion of the same, it hardly behooves me to 
take up much of your time with a long address. 
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We have found a cordial welcome extended to us here, and 
there is an atmosphere surrounding this historical "City of 
Brotherly Love," which should be conducive to a full attendance 
and effective work. It is my hope that this meeting will surpass 
the excellent record of the past, and that a~ its close we can con­
gratulate ourselves upon its having been our best and most val­
uable convention. Although as an organization we are young, it 
has become a recognized fact, that our society l'ias done and is 
doing much to increase the world's stock of useful knowledge in 
matters pertaining to electric railway operation and maintenance. 
The improvement shown each year may well indeed be a source 
of pride and pleasure to us, and it is to be hoped that our excellent 
progress may be continued. This can assuredly be brought about 
by earnest attention and fr ee participation in the discussion of 
such subjects as may come before us. 

The question of the reorganization of the parent association and 
its relations with our association has received considerable atten­
tion fro1~ the committee appointed for that purpose, and their pro­
posed plans have been favorably commented upon by the technical 
press and the public• at large. While the details of this change are 
as yet to be fully decided upon, the general plan will surely appeal 
to all of us as being for the best interests of all concerned. 

The extension of the bounds of our association to admit of the · 
inclusion of the members of the maintenance of way depart­
ments has greatly broadened the scope of this association, and 
will, I am sure, be of benefit not only to the association, but al so 
to the individual members, whether they be of the mechanical, 
electrical, or maintenance of way department. 

If I may digress for a few moments I would like to say a few 
words relative to my feelings when elected president of the asso­
ciation. In a society having a so widely extended membership as 
this it is impossible for the president to know, personally, very 
many of the members who may be in attendance at our meetings. 
This is a source of much embarrassment to the presiding officer, 
but is one which can be greatly lessened if each member, as the 
opportunity may offer, will present himself to the president, make 
his acquaintance and let him make his. This would apply with 
equal force to our secretary, whose very efficient work as the 
only permanent officer of our society and the one on whom the 
president has to· depend in a great many ways, will be greatly en­
hanced by a large personal acquaintance of our members. It is the 
duty of each member to do all in his power to make such meeting 
n success socially, as well as an. occasion of making and renewing 
acquaintances, for promoting good fellowship and for bringing out 
and distributing useful knowledge in their various departments. 

One of the principal efforts of an executive officer of our rail­
ways and through him and his subordinates is to increase the dif­
ference between the cost of operation and revenue received. In 
this effort the departments represented by this ,iiSSociation can, 
above all others, materially assist. There are numerous channels 
through which this may be accomplished; one of the most im­
portant, to my mind, is system and organization properly laid out 
and applied. Desired results may often be obtained and success in 
small matters made possible without the necessity of. inaugurating 
anything that might be dignified with the term "system," as in such 
matters an officer would be able so to divide his time as to come 
in personal contact with much of the detaii ; but this can only be 
done where the organization is small, and where dependence must 
be placed on but few. In large companies covering considerable 
territory and employing many men, an ex ecutive officer is unable 
to go into much· of the detail or have frequent personal contact 
with his men. In this case success in the management of property 
is absolutely dependent upon good organization and system. The 
larger the company the greater is the necessity for a proper and 
adequate organization, since the executive officer must depend to 
a greater extent upon his subordinates. Any system to be success­
ful must clearly define the duties and measure of responsibility of 
each individual, so that if a failure occurs there will be no doubt as 
to who is to be looked to for an explanation and no difficulty in 
placing the responsibility. Lack of good system or absence of a 
good and reliable organization has caused many an executive officer 
to carry burdens and worries which might easily have been avoided, 
were the organization such that his subordinates could relieve him 
and thus enable the chief to devote more time to planning and 
systematizing his work. The details could then be more readily 
and satisfactorily carried out by his assistants, as scattered efforts 
are more oft en futil e, and concentration is necessary fo r success in 
large matters. An organization and system of this kind is not 
brought about at a single stroke, but can only be the result of long 
and patient study of the conditions surrounding the department, 
the personnel of the men in the department, and the hearty co­
operation of the subordinates upon whom the head of the depart­
ment mu st depend fo r attention to the detail s. We have already · 
taken a step in this direction in the report of the joint committee 
of the accountants' and our associat ions upon the standardizing of 

the blanks · and fo rms used in these departments. T hat this can be 
continued to good advantage there is no doubt but as local con­
ditions vary so much it is extremely difficult, if ~ot impossible, for 
any general system to be devised which will be applicable to all. 
W e can only strive by earnest study and hard work to improve 
our organizat ion and system of records and accounts in every con­
ceivable way in order that we may approach as closely as possible 
the ideal. A quotation from "System" occurs to me as being 
particularly pertinent to this subject: 

" N o good system ever just happened; it was wrought out by the hammer ' 
of concentrated though t on the anvil of hard work." 

This to my mind gives us the key note-concentration-and to 
admit of concentration it is necessary that the organization must 
be such as to permit of the details being taken care of by the sub­
ordinates, leaving the head of the department free for greater and 
more important matters I bespeak your careful thought and con­
sideration of this matter, as I believe it well deserves the at ten­
tion of each and every one of us, and to my mind can be easily 
made the means of a vast stride toward our goal 

It is with a feeling of deep and sincere .sorrow that I have to 
announce the heavy loss sustained by our association during the 
past year by the death of one of our most active and able members 
and officials, W . 0. Mundy. Mr. Mundy was one of the original 
members of the organization, and, by his strenuous efforts, con­
tributed very largely to the success of thi s society. 

The high character of the papers and reports previously pre­
sented has been fully upheld in those to be presented this year. 
They are a credit to the association and also to the writers, and I 
sincerely trust that the discussion will be free and ample, that the 
greatest possible benefit may be derived from our convention. 

E. W . Olds and Alfred Green made some remarks on the de­
cease of W. 0 . Mundy, and deplored the loss to th e association 
r esulting from his death. 

President Baker appointed a committee to draft suitable reso­
lutions on the subject of Mr. Mundy's decease. The committee 
was composed of Mr. Olds and Mr. Green . and one other to be 
_selected by them. 

Mr. Mower, secretary of the association, r ead th e report of 
the executive committee, containing details of the management of 
the association during the past year. He also pr esented the re­
port of the secretary and treasurer, in which was set forth that 
during the past year there has been added to the membership of 
the association IO company members, 59 active memb ers and 1 

junior member, making at present 38 company members, 134 ac­
tive members and 31 junior memb ers. The N ew Orl eans Rail ­
ways, on account of passing into the hands of a receiver, lost it s 
membership. 

The financial r eport showed cash on hand Oct. 9, 1904, $403.55 ; 
dues received from company members, $760 ; from active m em­
bers, $635 ; from junior members, $18, and miscellaneous r esources, 
$30.98, making a total of $1,847.53. Expenditures: printing and 
stationery, $454; postage, $68; salaries, $500 ; annual co nvention , 
$109.25; expenses executive committee, $191; miscellaneous, 
$29.48, a total of $1 ,351.73; leaving a balance in bank of $495.80. 
There is outstanding on the books quite an amount fro m active 
members and junior members, and there is one company member 
owing the association at the present time. The bills payabl e 
amount to $100.04. 

On motion, seconded and carri ed, the reports were accepted as 
read. 

Mr. Adams, chairman of the committee on organization , said 
that Mr. Ely had outlined the principal thought in co n­
nection with that subject. In the plan submitted, the points that 
will affect this association ar e in relation to finan cial assisancc. 
This organization is g oing to look to the parent association for 
support. This financial assistance, in the opinion of M r. Adams. 
is on e of the principal reasons for o rganizing. H e also referred 
to the question of the printing of the r eports of proceedings. 
which the parent asso ciation will take car e of, and set fo rth the 
des irability of closer relations between the associations. 

In answer to a question by Mr. Green as to whether thi s asso­
ciation will elect it s memb ers as usual, P resident Baker sa id that 
is for thi s association to determine. It would make its own co n­
stitution and by-laws, and this would be left largely the same as 
now, with possibly a change in the name. H e further said it had 
been suggested to call it the A merican Street Railway E ngin eer­
ing Association. 

Mr. Green expressed the opinion that the constitution of thi s 
associa tion as it now stands should not be ch anged, in reply to 
which Mr. Adams said he thought the constitution could be kept 
virtually on the same lines. 

M r. Olds, of Milwaukee, sa id that under the proposed plan the 
membership o f this association would not be restricted to the 
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companies who may belong to the parent association, but that 
the individuality of this association would be retained. He ex­
pressed the idea that the wish was to work absolutely in harmony 
with the parent association. 

Mr. McCulloch, of St. Louis, said it was not the intention in 
the plans suggested to diminish the authority or standing or 
prestige of the subsidiary organization. In regard to the mem­
bership, he said that the members were to be the railway com­
panies themselves, and also such associate members as should be 
elected, and that there was no reason why anyone interested, or 
who had formerly been interested, in street railway business 
should not become a member of the association and have all th e 
privileges of membership, except voting and holding office. 

Mr. Simmons commented upon the remarks of the Hon. W . 
Caryl Ely, expressing the thought that they should wipe out all 
feeling of any desire to curb these associations in their power to 
do good. Mr. Simmons also spoke of the amount to be sub­
scribed for the partial support of this organization by the main 
association, which can only be determined as events proceed. He 
said that the scheme of raising funds is to have each company 
pay in proportion t o its gross receipts, as the larger companies 
are going to derive far greater benefit than the smaller ones, the 
large company having at present a dozen different men repre­
senting different departments , while the small company will have 
but one man present. 

vV. E. Harrington moved that the ~ubject matter under dis­
cussion be placed in th e h ands of the executive committee. This 
was seconded and carried. 

A recess was then declared. 

MONDAY AFTERNOON SESSION 
President Baker called th e convention to order at I o'clock. 
Charles H ewitt, engineer of the Philadelphia Rapid Transit 

Company, extended an invitation to the delegates to visit the 
power houses and stations of the company, and mentioned that 
perhaps the most interesting station, on account of the newness 
of the installation of turbines and the high-tension alternating 
current, would be the Second and Wyoming Streets stations in 
the lower part of the city. 

C. H. Hile, superintendent of wires, Boston Elevated Railway 
Company, presented his paper on " Power Distribution." (This 
paper will be found on page 560.) 

L. P. Crecelius, of St. Louis, asked Mr. Hile about his experi­
ence with lightning troubl e at t erminal points , where the over­
head feeders joined on to the underground feeders, and what 
scheme, if any, h e had for protection at such points. H e said that 
was one of the weak points in connection with the cable over ­
head construction. H e asked particularly whether Mr. Hile used 
lightning arresters to avoid electrolysis in the cabl e. 

Mr. Hile replied that they had installed on every cable two 
lightning arresters , one at th e station end and one at the terminal 
end, wherever there is a terminal. Wh ere the current comes in 
on the overhead wire they install a lightning arrester, and their 
experienc e had been that they had very little trouble. He could 
only recall three instances in which it was beli eved that the un­
derground cable was injured due to lightning; whether it was 
owing to the good fortune of having the lightning arresters in 
\!Se or not he could not say. Some extra lightning arresters were 
also installed on the terminal poles. On iron poles it was th e 
practice to make the ground connection by running an insulated 
wire to the track system down the iron pol e. 

Mr. Crecelius thought that there would be some trouble from 
induction in this practice. He also inquired how Mr. Hile con­
nected his equalizers, and whether the circuit breaker s a-c ted auto­
matically in case of trouble on any particular section. 

Mr. Hile replied that the circuit breakers acted automatically at 
the power station only, that the feeder system or section might in­
clude one feeder or a h alf dozen feeders, depending on the size of 
the section, and if it h appens to be a feeder section, fed from 
more than one station, it meant more cables in that section, and 
the company depended on circuit breakers to cut-out at the sta­
tion to protect that section. They do not always do it, howen:r, 
In that case, if the section is badly di sabled, the first thing to do 
is to clear the section, which can quickly be cut dead at the power 
station, and get the crew on the ground, jump in with the other 
section and throw out the feeders which were disabled. 

Mr. Crecelius remarked that in order to accomplish that, it 
would be necessary to have a good system of communication and a 
good record of locations so that the repair crew could know where 
to cut-out. 

Mr. Hile an swered that the company had complete plans which 
showed eyery detail of location. Copies of these plans are kept at 
the power station, at the headquarters of the operating department, 
and at the headquarters of the department having charge of wires 

and conduits. An attendant is also kept constantly at the tele­
phone. In case of trouble the crews are directed to go to the point 
of trouble and cnt out the injured cable. The cables are identified 
by numbers so that the company does not depend wholly on the 
knowledge of the crew, although the crew is supposed to know. 
The records which are kept show that the crew was called to throw 
such a switch and cut out such a cable; it reports back so that 
a complete record is kept of everything that it does. 

H. H. Adams, of Baltimore, asked Mr. Hile what he considered 
was a good distance for the installation of lightning arresters on 
overhead construction. 

Mr. Hile replied that he could not answer the question off-hand, 
as much depended on local conditions. In hilly districts he would 
advocate a lightning arrester about every mile, or three-quarters 
of a mile. In certain districts of the country, especially in the 
\Vest, where lightning is a pretty serious consideration, he con­
sidered the use of lightning arresters as very important. He con­
sidered that the character of the country and the location had a 
great deal to do with the question, and that no definite rule could 
be laid down. 

Mr. Adams agreed with the previous speaker, that the desirable 
location of lightning arresters was largely a question of local studv. 

• He .sa id that for the past three years h e had kept a record of his 
equipment that had been injured by lightning, and had inserted a 
pin on a map of the system at such, points. He had found that 
crossings and at corners there is more likelihood of trouble from 
lightning than at other places. 

Mr. Crecelius stated that he had serious doubts about the per­
formance of lightning arresters without a well-grounded wire. 
He helieved that it wonld be desirable to ust wooden poles at 
terminal s, to avoid the inductive resistance introduced by iron 
poles. 

Mr. Hile replied that he thought this suggestion was a good 
one, where there was much trouble with lightning. He believed 
good resu lts would also follow from a good earth ground inde­
pendent of the system. 

Mr. Adams referred to a particular case bearing on this ques­
tion, from his experience during the past spring. He said his 
company had a line which ran out into the country, and on which 
there was considerable trouble from lightning. They went over 
the grounds, and where they had track grounds they put in a good 
ground plate and doubled the number of arresters and very ma­
terially reduced the trouble. In other words, it seemed to be a 
qu estion of more arresters, but that line wa~ equipped with wooden 
poles. 

E. A. Sturgis, of Worcester, said that his company had had a 
good deal of trouble with lightning, and had overcome it by form­
ing underground connections and putting in more arresters. He 
asked Mr. Hile for particulars in regard to the changing load 
at the Boston power stations. As he understood it, the load 
swings from one station to another by a variation in voltage. 

Mr. Hile replied that technically that was so. A heavy load on 
one station t ends to lower the voltage of that station, and the 
other stations get all the benefit of th e high voltage and ease up 
the pull on that station, even though having the heavier load. 

Mr. Hanna asked Mr. Hile his experience in regard to cement­
lined conduits, in which he said h e was much interested. 

Mr. Hile repl ied that his company had some 76 miles of cement­
lined iron pipe ducts, although it had not laid any cement-lined 
iron pipe conduits since 1895, and is not contemplating laying any 
more. He could not say that these pipes have ever injured the 
cables. The main objection he always felt to them was the fact 
in the case of any cable trouble, the cement-lined conduit seemed 
to distribute the trouble widely on account of the iron rings and 
the iron casing of the pipe. 

Mr. Hanna replied that for some time he had tried to discover 
some way of using cement-lined conduits so as to avoid the 
burning of the cables. They fonnd that the cement-lined conduit 
undoubtedly damaged th e cable. They had requested some chem­
ists to examine the pipes and cable about two years ago. These 
chemists had not yet made a report, but they had found enough 
to Know that not only does a cement-lined pipe greatly increase 
electrolytic troubles but there is also an actual chemical action 
on the lead, due to the cement, which is strongly alkaline. He 
had hoped that some way had been found of putting a covering on 
the lead sheath, or something of that nature to keep the cables 
from coming in contact with the cement. Their principal trouble 
had been in parts of the city where the drainage had not been very 
good. 

Mr. Charles Hewitt said that in Philadelphia practically th'" 
lines are tied together with heavy copper cables, which connect 
one-half of the stations without any reference to the feeder 
sections. If the tie lines are connected into the bus-bars on two 
stations which are near together, one station will cut out inside 



' 
SEPTEMBER 30, 1905.] STREET RAILWAY JOURNAL. 

of 5 minutes. Stations IO miles apart will work perfectly on a 
tie line, as the point of greatest drop will travel up and down the 
cable, depending on the load created by the cars, but with stations 
near together, say a mile or 2 miles distant from each other, a 
tie line connecting the bus-bars together would probably be im­
possible. 

Mr. Hile remarked that his ·company had stations tied together, 
but that the ties connect into the feeder sections. This keeps the 
voltage adjusted, and no trouble has been experienced from buck­
ing, except in cases where there was a bad ground in one station, 
which would throw the other station out. 

Hugh Hazelton asked if Mr. Hile could give any information 
in regard to the amount of amperes carried on a cable of any 
given size. 

Mr. Hile replied that ordinarily he would expect a 500,000-circ. 
mil cable to carry continuously about 500 amps. or 600 amps.; a 
1,000,000-circ. mil cable about 900 amps. or 1000 amps., and a 2,000,-
000-circ. mil cable about 16oo amps. or 170 amps. The average load 
on his company's copper would perhaps not equal 200 amps. for 500,-
000 circ. mil, and while the momentary loads would run pretty high, 
they were not sufficient to give any serious trouble. The copper 
was laid out more with respect to the voltage drop than to the 
current-carrying capacity. 

In reply to another inquiry in regard to iron pipe conduits and 
the precautions taken to prevent electrolysis and arcing from the 
lead sheath to the iron pipe, Mr. Hile said that his company had 
considerable 3-in. iron pipe, which was used as connections to the 
poles, and that iron pipe was also used to cross bridges and at 
certain places in the street. In those cases where there was 
trouble on the cable creating electrolytic conditions, it was custom­
ary to cut the lead and insulate it. He described in detail the 
company's practice of dividing the lead sheath into insulated sec­
tions, and said that he could not recall an instance where a cable 
breakdown had resulted from this cutting. 

Hartley Le H. Smith then referred to the point brought out 
earlier in the discussion with reference to tying stations together. 
He thought that the success of this practice depended upon the 
extel}t of the compounding used. If the series winding was strong 
enough, the station would not operate that way. If, however, the 
series winding helps to hold the electromotive for

0

ce up, but is not 
strong enough actually to raise it, as the load becomes heavier the 
station will operate smoothly. For this reason he did not recom­
mend considerable compounding. 

Paul Winsor, of Boston, said that their machine char,lcteristics 
are practically flat, the machines being compounded for a rise of 
potential. With a large distance between installations there was 
no trouble. He thought it possible to over-compound when the 
distance between stations was considerable, so that the drop in 
voltage from the stations was large. His company is running two 
stations within 200 ft. of each other, all one station, but with the 
machinery in different buildings, and he did not know of any case 
where the machines are as close to each other running that way, 
and he did not have any trouble. 

H. Le H. Smith thought that if machines are so adju sted that 
they will simply hold their electromotive-force without raising it 
or lowering it with the alteration of the load, ·and if the stations 
are near each other they are in a state of un stable equilibrium, or 
near it. On the other hand, if the distance between the stations is 
reasonably large, then it amounts to about the same thing as if th e 
machines had a drooping characteri sti c. 

Mr. Hewitt inquired if the machines referred to by Mr. Winsor 
were not practically shunt machines with the compound wiring 
practically cut out. 

Mr. Winsor answered that they were not ; that one station had 
direct-current machines, and that all are compounded and running 
practically flat. The other station contains 1000 to 1200-kw direct­
connected to 15 units, and they are all compounded the same way. 

Mr. Hewitt remarked that the machines in use by hi s company 
are compounded by about 50 to 75 volt s, and they maintain practi­
cally a flat voltage line. H e thought th e question of these tie­
lines without taps was simply a question of drop. Tf two stations 
are tied together with sufficiently large copper, and th ese stations 
are compounded, no matter whether they maintain the flat line or 
not, the stations will buck. H e did not see how it is possible to 
prevent it, unless the drop in the tie- line is sufficiently great so 
that the point of greatest drop will never r<.'.ach the hns-bar, hut 
run along the line. 

After some furth er discussion on this point President Baker an­
nounced that the next paper to be discussed was on " Power Sta­
tion Load Factor s." 

L. P. Crecelius , chief electrician, The U nited Railways Company, 
St. Loui s, then read his paper on "The P ower Station Load Factor 
as a Factor in the Cost of Operation." This paper will he fo nnd 
un page 563 of thi s issue. 

H. Le H. Smith said he thought th e subject of the load factor at 
stations had not r ece ived sufficient consideration, that it was to a 
considerable extent neglected absolutely, and yet it was one that 
was most intimately concerned in the effici ency of the station oper ­
ation. Th e load factor befo re th e m eeting was the r atio of th e 
average load to the maximum load ; h e did not think that to be th e 
ratio most significant in showing the efficiency of the station. In 
his opinion the ratio between th e actual load which the machines 
have had to the load they would have had if they operated at the 
rated load has the greater influence in the station operation. It 
is not r ealized, either, to wh at an ext ent that rati o alter s. Thi s 
ratio shows the average steam consumption of the engine, a thing 
that is usually neglected very largely ; it also shows th e electrical 
losses in the machine, although these are rather insignificant. 

Mr. Crecelius r emark ed that the establi shment of a new defini ­
tion for load factor was a subj ect that h e could not say much 
about. In hi s paper h e h ad considered the load facto r as the ratio 
between the average and the max imum load. 

O1arles H ewitt stated that in Philadelph ia they had six storage 
batt eri es, five of them being located in sub-stations and used for 
facilitating th e di stribution of the load and for steadying the load , 
that is, for obtaining regulation. The sixth battery is connected 
directly with one of the stations. H e could not give in percentage 
the load factor of the station s in Philadelphia, bu t though t it was 
about 70 to 75 per cent , that is the average of the various stat ions. 
They had a practice in Philadelphia of maintaining a full load on 
every engine throughout the day, by means of th e ti e-lines which 
have been referred to, but they transpose th e load from one sta­
tion to another during the day. In that way, no m atter what t ime 
of day it may be, or what the load may be, the en gin es which are 
runnin g are running at practically their m ost economi cal load. The 
storage batteri es no doubt assist very greatly in accomplishing that , 
and the effect of the batteries is very strongly noticeable in the 
operation of th e station. H e thought the merits of the storage bat­
tery lay more in assisting to maintain a good load factor , and in 
making it possible to tran spose the load from one station to 
another , than in r educing directly the cost of production per kw­
hour. 

Richard McCulloch, of St. Loui s, called attention to a difference 
in the two papers. In Mr. Hile's paper the load facto r is based on 
a period of operation of 18 hours, whik in Mr. Crecelius ' paper 
the load facto r is figured over a peri od of 24 hours. 

Mr; Smith referred aga in to the relation between th e two 
load factors which had been m entioned. He said that the ratio of 
the average load to the maximum is a measure of extent to which 
the machines are standing idle in the stations. It also has a re­
lation to th e labor item and is r ea llv an index of how oft en the 
engines are nm. The other load f actor is a measure of how 
economically the eng in es are workin g when they are run ning. 

G. S. Lawler, superintendent of th e power di stribution of the 
Boston E levated Company, in a written communication, said that 
the load factor of a system varies with th e sys tem and depends to 
a great extent upon the habits of the peopl e served by it. · The cost 
of operation is greatly affected by th e load fac to r , and when a com ­
parison is made of the cost of operation of two railway systems, it 
is essential that the load factor on which each is run should be 
known; also whether this load factor was obtained by the use of 
a storage battery. If so, the efficiencies of th e battery should be 
taken into consideration. H owever, knowing the load factor does 
not alwavs tell th e whole $torv, as the momentar v flu ctu <t tions mav 
al so hav~ considerable effect . · Therefo re, unless 

0

th e charac teristic~ 
of the system are known they cannot fai rly be compared. T he 
methods of rai sing the load factor in th e larger stat ions as used by 
Mr. Crecelius is the one u sed bv l\Ir. Lawler . H e had not been 
fortunate enough to be able to ol;ta in corresponding figures fo r hi s 
system which show results as clearly as do those given by Mr. 
Creceliu s, although hi s figures tend the same way. T hat was due 
to th e fact that th e load factor var ies with the time of the vea r . 
and th ey make most of th eir r epa irs not when the wear · and. t ear 
is the greatest , but when the load is light. tha t is, during the sum­
mer. Therefo re, the maintenance account is light wh en the load is 
heavy and heavy when th e loads arc light. On thi s account their 
total expenses may not vary with the load fac tor , and the r esults 
of the va riou s methods of operat ion are somewhat concealed. Of 
course when one statio n o ut o f a number is shut down, th e trans­
mi ssio n losses of th e dist ri ct fed hy thi s sta tion are increased, and 
unless there is considerable difference in th e economy of that sta­
tion o,·er the remainder, they must be carefn l that the increased 
tr ansmiss ion losses are not greater than th is difference. Again , 
th e:,;e transmi ss ion losses are not the onlr ones to be considered, 
because th ere are also th e sta11d-by losses and the losse~ du e to 
roo ling dllwn and star ting up fi res again fo r the station take11 o ut 
ll f ser vice . Where it is neressary to use the auxi liary statio ns fo r 
morn ing anrl evening, the losses may be considerable, but if the 
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station is only operated during the evening peak, these stand-by 
losses may become of less account. T hese stand-by losses plus 
the increased transmission losses may amount to considerable, and 
the real saving by this method of operat ion may not be as great as 
would be apparent at first sight. One thing that would favor the 
keeping in service at reduced load of the auxiliary station, would 
be its value in an emergency, for it would be immediately available 
to carry an increased load. This applies to fairly modern ma­
chinery, and not to antiquated machinery, which is very frequently 
found in systems which are the results of gradual growth. The 
old machinery should be run as little as possible, and therefore 
only during the peak loads. In this case, as it may be considered 
very cheap machinery, the fixed charges are small, and as it only 
runs for a few hours, its efficiency while running would not be 
very important. Again, where there are a ·number of units in 
a station, and a number of stations are used on the system, the cost 
of operation is not so dependent on the load factor as where only a 
few units are in use, for it is fairly easy to keep all machines in 
service during light hours loaded up economically by shutting down 
as occasion requires, and banking unrequired boilers. The ma­
chinery remaining in service will be running just or almost as 
economically as during the heavier loads. In this case the thing 
that varies most with the load factor is the cost of labor, and as 
the amount of labor during the day shifts is fixed by the peak loads, 
this amount would be nearly a constant no matter what the choice 
between the two methods. While it was important in order to 
keep down the cost of operation to watch closely each piece of ap­
paratus, that it may operate efficiently, he believed that the method 
of operation of the stations is equally as important and may mean 
considerable to the yearly operation expense account. 

After furth er discussion on this subject and also upon the dif­
ferent methods of employing storage batteries, the president an­
nounced that the association would now consider the report on 
controlling apparatus. 

CONTROLLING APPARATUS 

J. S. Doyle, superintendent of equipment, Interborough Rapid 
T ransit Company, New York, chairman of the committee on 
"Controlling Apparatus," then presented his report on this subject. 
This report will be found beginning on page 565 in this issue. 

Paul Winsor stated that the Boston Elevated Railway Company 
had put on 40 surface cars with multiple control, but that was done 
temporarily because the company found that the platform con­
troller was not large enough to handle the cars. 

E. W. Olds, of Milwaukee, said that his company was having 
constructed at the present time 50 controller equipments which 
were especially designed to take care of the large amount of cur­
rent required in a four- motor equipment. lt was proposed to use 
one of the K-types of controllers with two contactors in the cir­
cuit, the idea being that the controller contacts will be made before 
the closing of the main contactor system. By this method the main 
circuit is opened and closed underneath the car so that no case of 
short circuit can occur in the controller. He had found that most 
of the so-called controller accidents are caused not by the failure 
of the controller, but by some short circuit in the other apparatus 
which causes so great a flow of current that the ordinary cylinder 
controller will not break the arc. The wiring of this new Milwau­
kee controller is such that one side of the armature will be always 
positive, and the reversing is done in the fields. By this method 
it is possible to protect each motor with its own individual fuse, 
so that should a short circuit occur in the motor or in the wiring 
the individual fuse of that motor would blow, cutting out the 
motor. 

Mr. Olds referred to the fact that Mr. Case, of the General 
E lectric Company, was familiar with the new type of controller. 

F. E. Case said that practically the only thing he could add was 
that it is merely a partial step in the right direction, as he believed• 
that full contactor control, with the apparatus all located under the 
car, is the proper method. In the process of getting at it gradu­
ally the pla-cing of the principal contactors under the car is the 
right thing to do, and that ultimately the railway men would look 
at it in that light. He thought it a proper thing, perhaps, to get at 
it gradually, as this plan would be more convincing than to go at 
it hurriedly. In the event of a mistake having been made, which 
he considered improbable, it would be easy to dissociate the two 
parts and go back to the plain cylinder control by merely omitting 
the additional contact. 

W. D. Wright thought that they were all agreed that the removal 
of the controller from the front platform was a desirable step. 
Last summer his road had considerable controller trouble on the 
open cars. This year there had not peen as much, and as an experi­
ment they had two open cars running, on which the controllers 
had been swung around outside the dash. That gave more clear­
ance on the platform. The motorman handled the apparatus in 
the new position about as well as in the old position. Putting the 

controller outside the dash necessitated building the bumpers out 
a little. He asked Mr. Olds if the fuses he spoke of are in a po­
sition where it can be r eadily ascertained if they blow, and what 
type of fuse he used. 

Mr. Olds remarked that they had decided to adopt the enclosed 
fuse, which is on the no-arc principle, and that they are placed 
underneath the center of the car in a- box by themselves. He an­
ticipated very little trouble in locating a blown fuse. The fuses 
they are using are of sufficient capacity so that they will not blow 
on an ordinary overload; it would take a short circuit to blow 
them, and the circuit breaker or main fuse will take care of the 
overload. 

Mr. Pevear, of the General Electric Company, in reply to a ques­
tion, said that the controllers described by Mr. Olds will be ex­
actly like the ordinary K-type. controller, except in the fact of its 
altered position. 

Mr. Olds remarked that the method they are putting in is to be 
used only on the city equipment with four 40-hp motors. On their 
interurban equipment they use the type M controller. On the city 
equipment they use the K-28 type of controlled, modified to meet 
the changed conditions. 

George H. H ill, of the General Electric Company, said that the 
difficulty with a cylinder controller was not due to its improper 
design fo r the duty which it has heretofore been called upon to 
perform, but to an increase in the severity of the conditions. These 
conditions have approached gradually, and to them has been added 
the further objection of lack of space under the car which has made 
it difficult to produce a satisfactory small multiple control equip-

. ment . T he size of cars on city lines is gradually increasing and 
that will help matters out. The problem of furnishing full multiple 
unit equipment for double-truck cars in city service is feasible. 
- Mr. Doyle, of New York, remarked that the maintenance cost 

was in favor of the multiple unit system. 
R. C. Taylor, of Brooklyn, thought that in the discussion of the 

controller question one of the principal factors was overlooked­
the multiple unit control was being mixed up with the drum con­
trol. T he multiple unit controller, however, could be a drum con­
trol, or contactor, or any oth er form, provided it is big enough to 
do the work. All that was the matter with the controller at the 
present time is that it is not big enough for the work. He thought ' 
the operating men who are in charge of the equipment should 
create a demand for a good controller, and it would be supplied. 
He believed the controller should be put under the car. 

Edward Taylor, of Brooklyn, stated that his company had built 
and was operating in Brooklyn a new form of multiple-unit control. 
The main thing in designing this controller was to make it simple 
and yet effective. The main principle of the apparatus was a simple 
solenoid which is operated by a . rapid switch, which notched the 
controller up a step at a time. The rapidity of this movement was 
effected by a throttling device or limit set at any predetermined 
point. In connection with the controller the circuit breaker was 
operated automatically, as was also the air-brake equipment, thus 
making an automatic air out of the straight-air system. The point 
borne in mind in designing this control system was to have the 
normal position safety, so that in case any connections were broken, 
or any of the circuits interrupted the apparatus would go to the 
stop position. All parts were released by springs or by gravity, not 
depending on electric circuits. For instance, if the car should be 
running along with the controller on and the brakes off, and the 
pole came off, the controller would be turned off, the circuit breaker 
would open, and brakes would be applied. An original device was 
also used in connection with the operation of the magnets. Heavy 

.. currents were used at the start to insure a strong pull on th~m. 
Later, when the magnets were in operation, high -resistance was 
automatically put in circuit, which reduced the running current to 
as low as one-tenth of an ampere on the entire apparatus. A spe-
1:ial feature of a controller of this sort was that cars could be run 
singly in the city or in congested districts and could be operated 
together over the suburban lines. By placing a control apparatus 
on the trailers it was possible to operate the train from the trailer 
or motor car. This avoided the necessity of shifting the motor car 
to the head of the train at the end of the line. The experimental 
apparatus had cost considerable to construct, nevertheless the com­
pany estimates that if it was building a large quantity, this con­
troller could be built with the money that would be realized by 
taking off the other apparatus and the less amount of wiring which 
would be used. 

Mr. Olds stated that as he understood it, this K-11 controller 
was placed under the car, on a two-motor equipment. He thought 
that the work was along the right lines. Such a controller must 
necessarily reduce the numbecof parts and consequently reduce the 
expense, and he believed that the apparatus as described had con­
siderable merit.· 

On motion of Mr. Olds a vote of thanks was passed to the 
authors of the papers presented, after which the meeting adjourned. 
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TUESDAY MORNING SESSION 
On Tuesday morning F. G. Simmons, of Milwaukee, chairman 

of the committee on way matters, read a brief synopsis of his re­
port, with conclusions. W. Boardman Reed, of New York, 
opened the discussion. He reviewed the troubles that have been 
experienced with all types of joints since the first tramway days. 
He thought enlarging the surface of contact under the head of 
the rail and ,under the base of the rail would, if it were practicable, 
in a large measure overcome the difficulty, but to get this in­
creased surface, as is shown in one of the papers, is not prac­
ticable unless both the joint-plates and the rails are machined to 
a perfect fit. The day of the ordinary joint-plates, therefore, it 
seemed to him, was about past. 

A peculiar trouble had been experienced with the joints and 
the rails on surface lines in the borough of Manhattan. The rail s 
on these lines were laid on cast-iron yokes, perfectly rigid, in 
lieu of ties, the yokes being spaced 5 ft. between centers, and the 
e nds of the rails or joints supported on the yokes. Nine-inch 
girder rails, 107 lbs. per yard, with 36-in., 12-hole angle-bar joint­
plates, were used. At joints which were hardly loose enough to 
be noticeable, there was a fracture of the head of the rail, the 
break beginning about 2 ins. from the joint, at the gage line, and 
extending diagonally across the head for a distance of from 12 
ins. to 18 ins. One theory of the cause of this trouble is that the 
joint became slightly loosened and the hammer blow of the wheel 
pounding upon the head of the rail finally causes a fatigue of the 
metal, so that it gives way at the point of le~st resistance. It 
was fir st thought that this was due to extreme brittleness of rails. 
That this contributed in a large measure, he had no doubt, but , 
at the same tipie, analyses of the sections broken off did not 
show any great amount of segregation of elements or any great 
excess in either manganese or carbon. 

Joint-plates that support the rail by the base as well as the 
head, overcome, in a large measure, many of our troubles, and 
could these plates be made to fit the rail accurately there would, 
he believed, be no further trouble with joints. 

But, in his opinion, success cannot be obtained as long as de­
pendence is placed on the supporting of the rail by contact of 
surfaces which resemble sandpaper. There is always sufficient 
motion to finally wear off the sand. 

Rail manufacturers have done much to lessen our troubles by 
increasing the length of rails from 30 ft. to 55 ft. or 60 ft. , but they 
can do little more in this direction. The limit of length has been 
about reached, not only on account of the difficulty of handling 
in the mills, but also on account of the difficulty in handling on 
the street. He believed, therefore, that it behooved the construc­
tion engineer to follow on along the same lines as the rail mill ,• 
and if the rail cannot be made longer before it is in place, lengthen 
it by welding the ends of the rails together. 

Good results have been obtained in the welding of rails, or the 
making of contin uous rails, by electric welding and by the so­
called cast-iron weld. The most serious objection to either of 
these processes is the amount of machinery required. Though 
either process is practicable on large jobs, neither of them would 
ge practicable on small jobs, for t}J.e expense of getting the plant 
in operation would be prohibitive. 

Thermit welding has been recently introduced into this coun­
try, and would seem to offer many adv,antag~s. The process is 
so simple that any track gang can do the work, and, as stated 
in one of the papers, all the necessary tools and even the ma­
terial for several joints could be carried in one wheelbarrow. 
The expense is rather high, but any road that could afford to U§e 
a solid roadbed and 107-lb. rail could afford, he believed, to pay 
$5 or $6 a piece for perfect joints. 

The objection is made to welded-joints that in case of changes 
in the track layout the joints can only be cut out. Of course, this 
means the loss of the joints, but he could not see that it meant 
anything else, for rarely, in the case of a new layout, are we ab le 
to make the new work fit to the existing joints. This objection, 
therefore, would not appear to be very material. 

He was not familiar with Nichols joint, but it would appear, 
from what he had seen of it, to have some very excellent points. 
The sand surface mentioned before is covered over and a greater 
bearing surface is given both under the head, on the top 0£ the 
base and under the base of the rail. The riveting should hold the 
plates in place. W e know, however, that there is a certain 
amount of shrinkage in spelter. Would this not tend to leave 
some space, and consequent looseness, between the joint-plate 
and the rail? Would the spelter resist the hammering pressure, 
especially when not confined? Spelter is used with success for 
the bedding of wearing plates, but in this case it is confined by 
caulking where exposed, and even then the wearing plates do get 
loose. It is considered good practice, when using spelter be­
tween two surfaces, to bring these surfaces together , either by 

bolts or wedges, immediately after the cooling of the spelter. 
The machinery necessary for the Nichols joint, for sand blasting, 
reaming, riveting and pouring of the spelter, is almost as 
formidable as that used for either the cast-iron or electric weld, 
and this, it would seem, would militate against its general adop­
tion, except, possibly, again, on large jobs. 

Cast-welding has been used longer than either of the other 
methods. If the rail is properly treated, previous to the pouring 
of the metal, and the welding is done with the atJ10sphere at the 
proper temperature and when there is not too much humidity, 
and if the cast metal is of the proper mixture and poured at th e 
proper temperature, good results are obtained, but it seems quite 
difficult to have all of these conditions favorable. As a result, 
there is a considerable proportion, oftentimes, of failures of cast­
welded joints. 

Electric welding has certainly given magnificent results in many 
places where it has been tried. Buffalo offers one of the best 
examples of this method of rail fastening, and were it not for the 
cumbersomeness of th e machinery necessary, he knew of no bet­
ter method for the treatment of joints. 

He was one of the first to weld joints commercially with ther­
mit in this country, but , unfortunately, in neither of the places 
where thermit welding was done was the construction such as to 
give it a fair trial. In the first place, the yoke spacing is about 
5 ft. centers. On one line, wh ere 7-in. rail, 107 lbs. per yard, is 
used, the joints are suspended, so that had it not been for the 
fact that a line of ducts was laid underneath the end of the yokes 
and extending to within about 4 ins. of the base of the rail, there 
would have been an excellent opportunity for a fair trial of the 
thermit weld, but this small space between the base of the rail 
and the top of the duct line prevented proper access to the molds, 
and in a large proportion of cases the molds were evidently not 
properly applied or properly luted, so that there was a Joss of 
more or less metal when the joint was poured. Something like 
fifty portions of thermit were used. In some four or five cases 
ther e was a failure owing to the inexperience of the workmen 
and proper care not having been taken in the luting, and, in one 
or two of these instances, in consequence of the molds not having 
been properly made. These fai led joints were repoured, and at 
the end of the work forty-five joints were left in what was sup­
posed to be good condition. This work was done in about July, 
1904. All of the forty-five joints held until some time early in 
the spring of 1905, when there seemed to be several failures. 
With the coming of warm weather more fa ilures developed, so 
that out of the forty-five joints there were about thirty-six good 
ones. Pieces were cut out where the joints had failed and ex­
amination made of the fai led joints. It was found in each case 
that the defective joint had been caused by improper handling of 
the material or tools. In some instances the metal had been lost, 
so that the thermit only came an inch or two above the base of 
the rail. In other cases there was no adhesion between the ther­
mit and· the rail, showing that the rail had been improperly 
cleaned or not properly dried. Of the thirty-six joints that were 
intact in April, 1905, all are at date of writing in good condition. 
The result, though somewhat discouraging, was still sufficiently 
satisfactory to warrant him in recommending that thermit weld­
ing be used on about 5 miles of track that is now being con­
structed in the borough of Manhattan. This being new con­
struction, the rail is exposed and there is every opportunity to 
properly apply the molds. 

The second experiment made by him in 1904 was made under 
such conditions that he had little confidence that it would be a 
success, and yet the thermit people were anxious to make a trial. 
In this case the rail was 9-in. girder rail, 107 lbs. per yard, laid on 
yokes, with the joints supported. It was therefore impossible to 
get any metal whatever underneath the base of the rai l. The mold 
was so made as to cover the top of the base of the rail and the 
web up to the head. This did not leave sufficient metal of the 
rail itself connected to withstand the strain, and as a result the 
rails broke on the web. 

Mr. Winsor, of Boston, asked Mr. Reed whether there had been 
any bad effects from the heat on the head of the rail. 

Mr. Reed replied that there had not. It gets to a ve ry low 
cherryneat. Cars had been operating on one minute and a half 
to two-minute headway, a little over a year, and it would be diffi­
cult to find some of the joints. 

Mr. Clark asked Mr. Simmons what the percentage of poor 
joints was in cast-welding. 

Mr. Simmons said they had one company, now out of existence, 
that did very poor work. They had a loss probably of 3 per cent 
on their work. Another company, which they considered the best 
cast-welding company in the market, did the major portion of their 
joints, and on these they have had a loss approximating 1½ per 
rent to 2 per rent. For th e past three yea rs th ey have owned th eir 
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own apparatu s, and welded all thei r own joints, possibly 10,000 
in th e three years. T hey have not lost one joi11t nor had one bad 
io int out of these 10,000. 
· Charles H. Clark , of Cleveland , sa id they had a company cast­
weld for them on a 6-in. rail, and out of ab out 350 j oints, the 
next spring they knocked off fifty-two of them and welded them 
with electricity. 

Mr. Simmons said possibly there were adverse conditions-a 
poor fore man o•r poor workmen. He had never had such ex­
perience. 

H. M. S loan, of Chicago, said h e was a great advocate of a 
cast-weld. He thought h e had cast for less than 2 cents a pound 
on a 6-in. rail wi th 85 lbs. of m etal. H e had cast at a cost of 
$ I.I7 per joint , but could not always do thi s. In es tim atin g th e 
cost of a cast-joint they always figur ed $2, but it r arely cost over 
$1.6o for a 7-in. rail with 100 lbs. of metal. 

Mr. Voynow, of Philadelphia, called attention to the fact that 
if you take the weight of the rail, multiply it by t wo, and add IO 

per cent , you get the weight of the cast iron that it is necessary to 
use in order to get a cast -welded joint. 

M r. Simmons, in making a cast-weld joint, figures 75 per cent 
of good pig iron and 25 p er cent of soft scrap. 

Mr. Sloan said ther e was o ne thing h e poss ibly omitted in the 
cost of a cast-welding. His road being a small proposition, he 
was able to make temporary cross-overs and work in day time. 
He h ad cast with twenty m en 185 joints a day. As to going along 
at ni ght with a wagon and casting a few joints, that was imprac­
ticable. \Vith this first weld he spoke of, where th ey poured th e 
m etal on either side and depended on a uni on o f th e metal to 
hold the j oint, he di scovered no amalgamation abov e the joint h oles. 
When they changed to the next m ethod he des ig ned the m old t o 
extend over a space only 4 in s. lon g at th e top, or just suffic ien t 
to take in the b olt holes that were put th ere to help hold the joint. 

Mr. Cla rk , of Cleveland, said th ere were 2000 joints in Cleve­
land welded with a cas t-j oint. He did not beli eve there was o ne 
good one left now. 

Mr. R el d said th ere was in th e borough of Manhattan a con­
siderabl e a mount of 7-in. 108-lb. rail welded wi th cast iron. They 
had so me 9-in. 107-lb. to 109-lb. rail welded with cast iron. Gen­
erally speaking, they have had good r esults. The work was done , 
part o f it, in 1899 to 1901. A 7-i n. rail on Third Avenue under the 
elevated structure, where the work was evidently done under 
good atm ospheric conditi ons , gave excellent r esult s. The 9-i n. 
rai l on th e so-call ed Boulevard on the A m sterdam Avenue line 
th ey have not had as good r esult s with , bu t h e sh ould say far 
bett er th an th e average resu lt s. He did not bel ieve th ere were now 
5 per cent of the joints that were welded at that time but that 
were in good condition. A lot of old 7-i n. r ail s, very n earl y worn 
out in 1899 and 1900, welded with ca'it iron went t o pi eces. Re­
ga rdin g th e price, th ey made a contract t o do that work. H e did 
not recollect the exact fi gures, but som ewh ere b etween $4.50 and 
$5 a j oin t. Perhaps in Cleveland, they welded an old r ai l instead 
of new. He th ought it would m ake a g reat deal of difference. 

A. W . Pratt said, in reference to cast-weld joints, in th e city of 
Newark som e 15,000 or 20,000 joints have been welded on that 
system. O ut of that number: h e did not think there were very 
many that were bad. Some of that work was done on new track 
and som e on old rail. They cast-welded some old 4½-in. rail 
some thirteen years ago, and it was taken up this last summer. 
O n Market Street. in th e center of the city, from the Pennsyl­
vania Depot to th e foot of the Court House hill, they cast-welded 
Trilby rail that th~y put down new, and one could n ot see where 
the joints were. In reference t o th e cost of the joints when they 
cast about three yea rs ago, the cost ran from $3.23 to $3.48. not 
allowin g anything for maintenance. That is the mere cost of 
labor and material on a 7-in. joint. In r eference t o the shrinkage 
of the spelter in a zinc joint , and also th e fl ow in g of the metal, 
he would like to ask if any experim ent s h ave been made to de­
termine whether anythin g of that nature existed. It appealed t o 
him as being the most perfec t joint in railway practice. 

Mr. Voynow said th ere was quite a dispute amon g not only 
practical engin eer s. but many sc ientists, whether zinc shrink s or 
expands after coolin g. Some experim ents on th e zi nc castings 
seemed to show som etim es a castin g would shrink and sometimes 
it would slightly expand. That experiment is a delicate and com­
plicated on e. It is not as easy as it looks. As to th e fl owing out 
under hamm erin g. the h amm ering can occur only between the 
rai l and the metal when there is a space left. Wh en th ere is no 
space left between the m et al and the r ai l, hammering cannot oc­
cur. These joints have been in some streets in the ground for 
the last four and a half yea rs. and he had not noticed any differ­
<'nce from th eir condition wh en they were put in. There were 
two breaks in th e rail, and th ese occu rred on account of a flaw. 
H e thought the impression should be corrected with r eference to 

the cost of closing and opening of the street. It had been men­
tioned in the paper that it costs $1 to open and close a street. 
T hat is not so. Open in g and closin g so me streets may cost that, 
but it depends on how th e street is paved and how the ties are 
placed. Sometimes the cost will run up to $10 or $12. In Phila­
delphia they had cast-welded joints and were making n ew cast­
welded joints for rails that were past repair. Where they cannot 
repai r the joints, they are cast-welding th em, and it seems that 
for such a condition cast-welding is almost the ideal process. 
T he cost per joint is approx imately what Mr. Simmons had stated 
in hi s paper. Of course, under some conditions it runs higher. 

J. M. Larned, of Pittsburg, r eported 5000 cast-welded joints in 
P ittsburg that have been cast-welded for two o r three years. It 
cos t $4 a joint. It was a 9-in. rail that was cast-wr ided. The 
total cost of the Jo int ran up in asphalted streets to about $10. 
T he ave rage cost was about $7. They had as many as 100 men 
at work, and thought eighty joints was a pretty good day's work. 

Mr. Sloan thought paving ought not to enter into the co'st of 
any joint, because pavements differ so. 

E. Stiitz, of the Goldschmidt Thermit Company, pointed out 
that welding portions for a 5-in. rail would cost considerably less 
than fo r a 9-in. ra il. In the report the conclusion was based on 
a comparison between a 9-in. rail, in Mr. Pellissier's paper, and 
the price for the cast-welding as he understood it of a 5-in. rail. 
On a 5-in. steel rail it would cost about $3.30 for th e thermit part. 
T he outfit is extremely simple and inexpensive. 

Mr. Clark, of Cleveland, t old of the thermit welding of from 
2000 t o 2500 joints on hi s track this year, and gave interesting 
particulars of the m ethods used there in doin g this work on a 
large scale. 

H. F. A Klei nschmidt , superintendent of elect;ic welding for 
th e Lorain Steel Co mpany, upon invitation spoke a little on that 
process, saying in part: "There are a fe w things in connection 
with our process which I would like to call you r attention to. 
O ne thing is the elimination of the holes in the old rail. We 
have found that th e old bolt h oles cause a g reat deal of trouble, 
and in our process we can length en the bars to any extent to get 
beyond the bolt holes. Another advantage is that we do not go 
below the bottom of the rail. It is n ot necessary to excavate 
below the rail. It is just as easy to weld a joint that comes on 
top of a yok e as it is to weld a joint that is suspended. Another 
advantage is that we stand behind our joints and guarantee them. 
A ny poor workman ship which is due to our m en we make good. 
'Ne are welding in the neighborhood of 1200 joints a week at the 
present time. O ur equipm ent , as you see by these cuts, is pretty 
good sized, and it looks as though it mi ght be cumbersome. The 
machines have their own motors. Those who have used the 
process find, a s far as the equipment is concerned, that it does 
not give them as mu ch trouble as they might think I am ready to 
answer any que stions you might ask. I think if there is any one 
wh o would like to know any particular point I would b e g lad to 
enlight en him as far as I can. W e have one of our welding 
equipm ents at work in Camden, N. J., a nd if there are any in­
terest ed I would like to meet th em and have them go ove r and 
see th e process." 

:'IL-\I NTEX.\?\CE .\ XD EQl' I Pl\lENT OF ELECTRICAL EQUIPMENT 

The committee o n m ai ntenance and inspection of electrical 
. equipm ent, of which William Pestell, of New Y ork. is chairman, 
was then called upon to r eport. Mr. Pestell r eported in substance 
as follows: 

In considering the above subj ect we han tri ed to take into 
account all th e factors that enter into the operation o f equipment 
workin g- under different conditions. We have therefore written 
to all of th e railway companies in the U nited States asking for 
information regarding details of th eir operatin g conditions and 
the m eth ods pursued in caring for their equipment. From the 
information thus obtain ed we shall be abl e to deduce conclusions 
.!S to th e best mann er of handling equipment under the various 
conditi ons of urban, suburban and interurban service. We have 
been fai rl y successful in obtaining thi s information. and when it 
is complet e it will furni sh a mean s of determining how the dif­
fere nt conditi on s affect the maintenance account. The committee 
ask for fu rther time to carry on thi s work. as thrv belie\'e the in­
fo rmation when o nce obtained and properl y tabulated will enable 
us t o not only draw conclusion s as t o the best of th e yarious' sys­
t ems n ow in use. but to segregate the best points of each of the 
syst em s and to devise therefrom a system complete and of eco­
nomical value to us all. In thi s connection the accountants would 
be of incalculable value, as, after we were able to outline the salient 
points ot the best apparent system. they would he able to put it 
in conci se form so that it could he handled with the minimum 
amount of labor. We would call your attention to the fact that 
the list of questions as submitted appeals to many as being en• 
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tirely too much in, detail, and in many respects irreleval}t to th e 
subject. On careful examination, however, you will not e that 
none of the points included is such as can be lost sight of in a 
careful consideration of the subject. The comparison of the cost 
of maintenance of the equipment of one road with that of another 
is only fair when all the elements entering into its operation, the 
track over which it operates, character of service and the equip­
ment itself are known. The fact that we do not all of us have 
this information at hand indicates that we are not careful enough 
to consider all of the elements necessary to obtain the most eco­
nomical results in the maintenance of our equipment. When we 
consider the vast amount of money invested in our equipment, 
the depreciation and cost of maintenance, we realize the impor­
tance of an adequate system for following up and caring for the 
various details in connection with it. 

One point that shows up more clearly than any other in tabulat­
ing the answers to questions submitted is the utter lack of stand­
ardization of materials. It seems to me that a permanent com­
mittee should be appointed by this association to consider and 
suggest ways and means of standardizing various parts of our 
equipment. This has been attempted before, but results can only 
be obtained by working continuously at it, and we trust that this 
convention will take some steps toward starting the work of 
standardizing equipment. 

After some discussion on standardization by R. C. Taylor, of 
Brooklyn, and oth ers. Mr. Pestell explained that his idea was not 
standard equipment itself so much as standardization of the parts 
- the brake-shoes and things of that kind. He thought we should 
very soon be getting to work on that sort of thing. We have now 
thirty or fifty different types of brake-shoes. In the big con­
solidations of roads to-day the storeroom is filled with different 
kind of brake-shoes, and hardly any one knows just what to send 
out for any part of the line to take care of the equipment. It 

· takes a long while to get any one standard kind in service. The 
association should take the matter up with a view to getting some 
standard that we can all use, similar to the Master Car Builders. 

Mr. Doyle mentioned some of the great economies made pos­
sible on the Interborough lines in New York by virtue of the 
standardization of equipment there. 

W. H. McAloney, of Denver, agreed with Mr. Pestell in his 
suggestion. He thought i~ one of the most important offices of 
this association that the standardization of the parts be taken up 
and carried out to the limit. Such standardizing would not mean 
that everybody use a 40-hp motor, or any particular size or style 
of motor, but it would mean that, for example, for a given horse­
power motor the association would recommend a certain gear seat 
and width, so that the equipment carried in the storeroom even 
for different types of motors would be the same, consequently 
the stock would not be so large. That same plan could be ex­
tended to the journal boxes with the different types of trucks. 

R. B. Stearns, of Chicago, tho·ught thi s a movement in the 
right direction. On the elevated lines in Chicago there has been 
a good deal of standardization. but in the possible event of a co­
operation or interchange of all the lin es th er e would be a dis­
astrous condition of affairs in the storeroom. A s far as his par­
ticular locality is concerned, he was heartilv in favor of some 
move tending now to start this thing going so as to get on a 
standardization basis. 

In regard to the suburban roads of Chic ago, one road has 
already entered the city over the elevated lines, and it 1s not any 
question but that in a short time there will he abso lute necessity 
for further interchange, and those companies certainly fe el that 
they ought to get the benefit of a consensus of the opinions of 
all the intelligent men who are interested in thi s subject in other 
parts of the country. If it does not come sooner o r later in som~ 
substantial manner , similar to the way the thing was brought 
around by the Master Car Builders, there will be a local stand­
ardization in Chicago similar to what is going on in New York. 
He would very much favor some more radical move in thi s 
direction. 

Mr. Olds told how the standardization of journal boxes and 
brake-shoes had been going on in Milwaukee for nine years, and 
told the dimensions of the present standards. 

Mr. Pestell referred to Mr. Olds' remark, and said that he 
doubted if many others are doing th e sam e thin g. If this matter 
had been taken up in th e same comprehensive way by an order of 
men like this nine years ago, instead of having Mr. Olds' standard 
in Milwaukee and some other standard in Chicago, another in Bos­
ton and another in New York, he thought there would have been 
uniform basis. For that reason he believed thi s association should 
appoint a standing committee on standardization, appointing one 
member for a year or two years, anoth er for three o r fo ur, and so 
011. to make recommendations at the annual meetings. 

Mr. Olds said th at was in hi s mind whe11 he go t up. Stand -

ardi zation is a matter of great importance. W e realize that we 
,re advancing and that m ethods that are used to -day will no 
doubt be obsolete t o a very great extent in some parts, but there 
are parts that can be standardized, and there is no reason why 
we should not do it. H e said that he was in full accord with Mr. 
Pestell's suggestions. 

A motion was carried to appoint such a standing committee. 
Mr. Winsor, of Boston, wanted to find out if any of the mem­

bers were workin g on a mileage basis of inspection. The Boston 
Elevated has always inspected its cars once in so many days. 
He is trying to work out a mileage basis of inspection. 

Mr. O'Brien , of St. Louis, described his system. H e g ets th e 
mileage from the auditor' s offi ce and he sends out reports to the 
different forem en on the different equipments when it is time to 
watch for low bearings. One type of equipment wi ll run a longer 
mileage than another. They find it very satisfactory and not very 
expensive. They have one girl in th e shop office who keeps track 
of the mileage and sends out these reports. 

A very int eresting discussion between Mr. O'Brien, Mr. Win­
sor, Mr. Doyle and Mr. Stearns on th e plan of inspec t ing and 
overhauling by mileage th en took place. 

Pres ident Baker th en announced that the pres ident of the Phila­
delphia Rapid Transit Company had extended th e courtesies of it s 
power stations and shops, and had .invited an inspection of the 
subway. 

He then appointed as a nominating committee Mr. Olds, Mr. 
Pestell, Mr. Green and Mr. Hile, with the privilege of choosing 
themselves a fifth member. 

The morning session adjourned, 

TUESDAY AFTERNOON SESSION 
President Baker called th e meeting to order at 2:10 o 'clock, and 

announced that the paper on "The Power Station," by Fred. N . 
Bushnell, chief engineer of the Rhode Island Company, of Provi­
dence, R. I., was before the meeting for discussion. This paper will 
be found on page 583 of this issue. 

L. LeH. Smith remarked that l\Ir. Bushnell had a good deal to 
say in his paper concerning superheated steam, both for recipro­
cating engines and for the later style of mover. Mr. Smith sup­
posed that few of the members knew as much about superheated 
steam as they would like to know, and he was rather astonished 
to hear in con:1ection with- some of the latest stations that had in­
stalled the newer apparatus which was expected to operate only 
at its highest efficiency with superheated steam, that in some in­
stances they were operating without the superh eaters ; it was ex­
tremely interesting to have the heat efficiency of a modern station, 
as stated in the paper, in which the greatest apparatus is used with 
the steam heated, but in his opinion the efficiency stated is some ­
thing which is not at all extremely high; for instance , he knew of 
an old station, which has been operating for a dozen years, that 
has a heat efficiency that is extremely near the one which is stated 
in the paper, and what made it more significant is that in the sta­
tion referred to they are using a fu el which is high in h eat units, 
and hence expensive. The older stati on, to which h e referred, which 
has an over-all efficiency almost as high, uses inexpensive fu el with 
low heating values ; so that in th e case of operating th e old sta­
tion with old engines, and without any superheating, the expense 
would be less than in the new station. Another thing which he 
thought well worth studying, which was referred to in the paper , 
were the remark5 on the heat losses through the st ack. In mos t 
.-tations, as stated in the paper, there is a temperature at th e base of 
the stack of over 400 <legs., and in certain known instances it was 
as high as 800 <legs., although that is extreme. Th e author , th e 
speaker said, stat-eel th at it is usually considered that you have a 
high efficiency when you ,!, aye temperature that is lowest, and 
state s that that is often a mistake. The speaker said that he thought 
the author of the paper was correct in that statement. H e h ad just 
recently had an experience of th at in a station wh ere th e variation 
of the load on the station makes an alt eration of steaming wid e 
enough to have a t~mperature variation at th e stack of perh ap~ 
150 <legs. or :200 <legs ., but they found they were operating most 
economically at the rush hours, when they had th e highes t tem­
perature in the stack. The reason wa s th at under these circum ­
stances the excess of air was notably lower tlian wh en the sta tion 
was working on lighter loads. 

Some di scussion fo llowed by Messrs. Green and Smith , on 
superheated steam and cylind er lubrication. 

L. P . Crecelius remarked that he thought that the experience 
with superheated steam was confined more to men operating steam 
turbine stations. In th at case, the question of cylinder lt1hricatio·1 
does not enter to th e same ex tent as in the reciprocating engines , 
and a g reat deal highe1- temperature can therefore be maintained in 
the steam. He would like to hear fro m someone operating a steam 
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turbine on that question. There was no question about the econ­
omy of superheated steam, and the limitations imposed upon it, for 
r eciprocating engines, were the troubles one gets into in regard to 
the lubrication of valve movements and different parts exposed to 
this increased heat. He said that by referring to the tests of steam­
generating apparatus, one can see that the efficiency curve will con­
tinue upward with the superheat. 

"William Pestell offered a few words in connection with the regu­
lat ion of auxiliaries used in power plants. He entered a turbine 
plant a short time ago where auxiliaries were driven by steam 
engines as well as by motor drive, and what struck him particularly 
was the circulating pump for the condenser running at over 400 
revolutions in the case of the electric-driven unit, and in the case 
of the steam-driven unit at about 175 revolutions, the same vacuum 
being maintained in both cases. These were surface condensers; 
there was very little difference in the temperature, and the vacuum 
was something over 28 ins., and it struck him there must be a great 
deal of power lost all the time in taking care of so much water. 
The pumps were designed to take care of 50 per cent or 75 per 
cent overload, and worked all the time at that rate, whereas in the 
case of the engine-driven unit, the pump could be regulated in 
accordance with th e load factor on the turbine as the load changed 
from hour to hour. 

Paul \ ,V insor asked if any of the members had experience with 
centrifugal pumps for boiler feed water. He thought that the 
station could be cut down somewhat if they could get rid of the 
ordinary reciprocating pump. These latter pumps require much 
.. ittention in the way of new valves, etc., in the course of a year, 
and the expense of maintenance is considerabl e. 

C. 0. Mailloux remarked that he had seen in Europe last sum­
mer a 40-hp centrifugal pump of the multi-stage type used for 
water feed, against a pressure of something like 140 lbs. The 
manufacturers of the pump were ready to undertake to fu rnish the 
pumps to feed against any des ired pressure for any purpose what­
ever. He understood that similar outfits would be obtainable in 
this country before long. The idea of using such pumps has been 
brought to the attention of American engineers, and it was not un­
likely that they would be in use here. He called attention to the 
use of graphite for cylinder lubrication, especially at high tem­
peratures. 

Mr. Green thought that as the graphite went into the cylinders, 
it would deposit itself in the cylinder, and practically all of it stay 
th ere ; he did not think the graphite would be carried away with the 
condensed steam. The question of operating steam plants with 
economy in the matter of lubrication was an important one, and it 
is a question upon which engineers are devoting a gr eat deal of 
study at the present time. Some engineers can take a plant and 
operate it for j ust one-half the cost for lubricants per 1000 kw­
hours that others can. 

Mr. Mailloux replied that in gas engines the use of graphite has 
eliminated the difficulty Mr. Green r eferred to, where the deposit s 
of carbon choked up the cylinders so as to necessitate frequen t 
removal and cleaning of the pistons; as a matter of fact, the 
graphite enabled the same engine to w9rk for a longer period with­
out any attention whatever. It was natural to expect that graphite 
would stand h igher temperatures. One might consider that the 
lubricating properties of graphite might increase, rather than de­
crease, with increasing temperatures, and it was for that reason 
combined with the good r eports he had heard of graphite whe1~ 

' used in connection with gas engines, that he thought it was worth 
the while of station managers and operators to experiment with it. 
It was conceded by all that in all ordinary lubrication graphite is 
at an advantage. H e had used graphite many years ago in lubri­
cating street car axles with considerable success. 

L. R. Nash, of Savannah, thought he could throw a lit tle light 
on the question of the use of graphite compounds for cylinder 
lubrication in reciprocating engines. Something more than two 
years ago a plant in which he is interested made a trial of a 
graphite compound ; he thought it was called "Perfecto." The 
trou~le with most graphite is that it does not remain in suspension, 
but m the case he r eferred to, the suspension of the compound was 
perfect and there was very little deposit to it. The results had 
been extremely satisfactory up to two months ago, when he last 
heard from the plant. The cylinders very shortly after the use 
of the graphite compound began to take on a high polish. Further 
than that, the cost of lubrication was very much reduced. The 
compound c?st son:iething more than twice as much as a good 
grade of cylmder 011, but the quantity used was something like 25 
per cent, so that t~e cost . of lub~ication was not more than 50 per 
cent of t~e cost with cylmder 01!. He said it was the opinion of 
some engmeers that sooner or later this process of lubrication will 
result _in the. accun:iulation of graphite on the cylinder walls so that 
a cu_ttmg ':111 begm. H e h~d watched the plant in question with 
part,cular interest to learn 1f anything of that kind had happened, 

and there had been no evidence of this up to two months ago. He 
thought that in the case of cylinders running with that compound 
fo r two years, that if there was any trouble to be feared there 
would be some indication of it in that length of time. 

A H. \ i\Tarren, of Brockton, said he could confirm what Mr. Nash 
had said. They had been running for eighteen months their en­
gines with the graphite compound, and had found a very material 
sav ing in the cost of lubrication, and the cylinders are the best 
looking cylinders he had ever seen. There has been no cutting; 
there is a slig ht deposit on the cylinder head, but that has not 
bothered them in any way. 

President Baker remarked that the experience in Boston for the 
last two years had been the same as described by Mr. Nash. Their 
cylinders are more highly polished; the cost of maintenance re­
duced materia lly, and the cost of packing rings, bull rings, etc., 
has been materially reduced since they started the use of this com­
pound. They have about 1.5 per cent to 2 per cent of grap_hite in 
a high-grade cylinder oil. They had not had so much success with 
it in connect ion with superheated steam, and he did not know 
whether the faul t lay in the condensation of the cylinder oil with 
which the graphite is compounded. The consistency of the lubri­
cant is like a thick grease, with the graphite floating in it. 

President Baker then stated that the paper on "The Track 
Brake," by F. F. Bodler, master mechanic of the United Railroads 
of San Francisco, was before the meeting. This paper is published 
on page 590 of this issue. 

Paul \ i\Tinsor remarked that he was much interested in readino­
the paper on "Track Brakes" until he came to the last sentenc; 
which r ead: "It ought not to be used on curves, switches o; 
crossings, but should it be used, about th e only damage resulting 
would be a split shoe." He stated that a large portion of his 
r?ad is made of curves, switches and crossings (laughter), and he 
did not see how it would be possible to l\Se such a brake. 

Edward H . De':son said, as to app lying the brake on curves, so 
tar as th_e magnetic brake was concerned, there was no difficulty if 
1t was given lateral motion enough so that it followed the track. 
The effect of the magnetic pull is to hold the brake-shoe to the 
rail, and it naturally would follow the track. In the case of a 
:Vooden shoe p ressed down there would be no such tendency, noth­
mg to cause 1t to fo llow the rail , and possibly it would slip off on 
the pavement and be destroyed. • 

H. V. Schrieber said he was in Pittsburg a couple of weeks 
ago, and understood they were meeting with success in the use 
of the magnetic track brake. He r eferred to the fact that they 
used the brake on the W est Penn road, having taken off the air 
brakes on the interurban cars and put on the magnetic track 
brakes. 

J. W . Bridge said that he could verify what had just been said 
in connection with the magnetic brake used on the West Penn 
road, with which he was connected. They had removed quite a 
number of air brake equipments and replaced them with the mag­
net!c brake on account of the large number of dangerous curves 
which th ey have. They have a hand brake, used in connection with 
the magnetic brake, which operates on the same levers, and they 
sec1;1red very good results from the brake. The use of the mag­
netic brake had almost entirely overcome the difficulties from flat 
wheels. 

Mr. McAloney asked for further information regarding the 
trouble with air brakes. 

Mr. Bridge rep lied that the air brakes had been removed on 
account of the extremely dangerous grades. At Connellsville they 
go down a grade 14 per cent, right in the heart of the town, and 
they had two or three runaways, when the car slid down the hill, 
narrowly averting several bad accidents. The cars were examined 
and the brakes found in good condition. The grade was so sever~ 
that when the car got the least start it was almost impossible to 
control it. Another condition which made the track a little more 
dangerous was the prox imity to the coke ovens, the smoke from 
the ovens making a sooty deposit on the rail and it is almost im­
possible to stop the car on the track. The~ found they needed 
something to grip the rail in addition to the pressure on the 
wheels. · 

The pres ident then announced that the Question Box would be 
discussed. The Question Box will appear in the Oct. 7 issue of this 
paper. 

In connection with question No. 14, " Do You Use Felt Wicking 
or Waste Packing with Oil in Your Car Journal Boxes?" Mr. 
Alfred Green said that in his opinion in order to get the best 
results in journal boxes it is neces_sary to use a good quality of 
waste. In_ packing journal boxes everything depends on the way 
the waste 1s taken care of or soaked before it is put in the journal 
?ox, and the manner in which it is put in the journal box, and 
11_1 order to get the best results out of the journal box strict atten­
t10n must also be paid to the brass. The brass should be made 
so that the· outer edges of the brass do not touch the axle from the 
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time it goes in until it is taken out, so that one should practically 
carry the bevel back about three-quarters of an inch, so that when 
the brass is worn out the edge is still away from the ax le. The 
reason for this is that the edge .forms a regular scraper, and takes 
the oil off the axle, and does not allow it to go up under the 
brass. Therefore, one gets a hot brass. 

Another thing is that the waste should not go above the center 
of the axle; in packing a journal box, especially of the old type, 
where a change had been made from felt to waste for journal 
packing, he would recommend cutting out the two little shoulders 
in the bottom of the box, put there to support the felt, which 
gives an opportunity to put the waste in the proper form. Another 
difficulty in regard to the felt wick is that it cannot be changed 011 
the road; one must wait until the car comes into the house or 
jack up the body of the car enough to release the brass, and drop 
the box back to get the felt out. One thing which is very essential 
to keep in mind in connection with the waste is that it should be 
thoroughly soaked before it goes into the j ournal bo..<. 

C. 0. Mailloux sa id g rease was an excellent thing where power 
costs nothing, but where power costs something it should not be 
thought of. Those who used it would be deterred from so doing if 
they made dynamometer experiments and measured the current 
required to perform a certain schedule time. He found that in 
ordinary street car work the portion of train resistance which is 
due to journal friction is, after all, a ve ry small quantity. It is less 
than 4 lbs. per ton in almost all cases, and consequently the im­
provement which would be effected by varying the viscosity of the 
lubrication could not be very great, but the moment one departs 
from the fluid lubrication to one which is semi-solid, like grease, a 
marked difference will be found; the train res istance increases 
very greatly. 

In connection with question No. 16, "What is an Economical 
Figure for Lubrication (per moo car miles) of a 20-ton Car Equip­
ped with Four 40-hp Motors ?" Mr. Green said that it was a 
question entirely dependent on the men who are operating the road, 
on which factor the cost depended almost entirely. J. S. Doyle , of 
New York, r emarked that they operated at 19 or 20 cents, and he 
would like to h ear from the m en who operated at a cost as low 
as 8 cents and II cents per thousand car miles. 

W. J. McAloney, of Denver, said that it appeared that he was 
the highest priced man in th e cost s for lubrication. A short time 
ago h e made a special accurate t est on five different cars, the re­
sults of which in pints and cost were given. 

Three years ago, when they used g rease, the entire cost for lubri­
cation, including the motor bearings, journal bearings, gear cases, 
air compressors, etc. , cost 40 cents per moo car miles, which is 
a pretty steep figure, b11t 28 cents, the present cost, is also a steep 
figure. Even if oil shollld cost 40 cents and grease a less figure, it 
would be still more advantageous to use oil, from the fact that so 
many armatures were saved that were fo rmerly lost by the use 
of grease. The cars are kept in service. They do not lose one 
armature now where they lost ten before with the old g rease 
lubricant. 

J. W. Bridge remarked that the cost would depend enti rely on 
whether th e motor in use was a modern type or old type motor. 
The old type is arranged for grease lubrication, and certainly could 
not be run as economically as .some of the modern type motors, 
arranged solely for oil lubrication, He could not see how the 
figures could get down to 11 or 12 cents with that type of motor. 

Mr. McAloney suggested that time would be saved if it was 
understood, as he thought it was, that the di scussion emanated 
from the fact that they wished to lubricate the old types of motor 
with oil that were formerly lubricated with grease. 

W. Wallerstedt remarked that h e knew that they run mixed 
trains on some of the roads which had given the figures of cost, 
using both trailer cars and motor cars, and probably in giving 
these figures they had not separated the cost of motor car service 
from the trailer car service, and in that way they would get lower 
figures. 

C. 0. Mailloux remarked that the direction in which engineers 
must look for the increased cost of lubrication presents two prin­
cipal points, namely, they must seek to maintain the quali ty of th e 
lubricant and maintain the quantity. Lubrication costs money, 
because the lubricant deteriorates in quality and diminishes in 
quantity. The deterioration in quality is due to the presence of dust 
and cinders and other impurities. The deterioration in quantity is 
due to leakage. 

Mr. Green replied that a high cost of lubrication per moo miles 
does not come from any dust or dirt, but from the losses of oil in 
the ca r h ouse and the imperfect method of using it. 

Mr. Wright remarked that when it was attempted to cut clown 
the amount of oi l to the minimum it was very necessary that each 
drop of oil should reach th e journal. He gave figures obtained 
from a lubricator so designed that each drop would reach the 

journal. T here was no waste when th e car was standing. The 
amount of oil to which he referred was used only for lubrication 
of the journal bearings. 

J. R. Cravath said that the road which reported 8 cents per moo 
miles was the Metropolitan Elevated Railroad in Chicago. If the 
members would look a little furth er on in the Question Box they 
would see the type of oil-feed apparatus thi s company is using: a 
brass pin in a hole, a few thou sandths of an inch larger than the 
pin, size being varied according to the season. Another thing that 
had much to do with the figures was that they are offering a bonus 
to the different foremen for the best oil record. · 

Mr. Olds said that regarding the II -cent man, as he understood 
1t, those figures came from K ansas City, and he wish ed to say a 
word. He thought the figures were not made upon a test with the 
old type of motor, but with the newer type of motor, with the 
bearings packed with wool waste and lubricated with oil. H e gave 
further detailed result s obta ined by Mr. Smith of that road. Mr. 
Olds said h e fully believed in the oil bearing. T hat it not only 
reduced the cost of lubrication, but that it lengthened the life of the 
bearings. 

J. W. Bridge, of the West Penn Railway, described and sub­
mitted a sample of the oil cup devised on that road. 

The nominating committee then presented the foll owing nominees 
for office: 

President-H. H. Adams, Baltimore, Md. 
F irst Vice-President-F. G. Simmons, Milwaukee, Wis. 
Second Vice-President-J. S. Doyle, New York. 
Third Vice-President-Paul Winsor, Boston; Mass. 
Secretary and Treasurer-S. W. Mower, Detroit, Mich. 
Executive Committee-W. S. Twining, Philadelphia; Fred. N. 

Bushnell, Providence, R. J.; W. Boardman Reed, New York, and 
A. D. Campbell, Seattle, Wash. 
· On motion, the report was received and the secretary authorized 
to pass the ballot of the association for the nominees, which was 
duly done. 

President Baker expressed, in a few well-chosen words, his 
thanks to the members for their co-operation during the term of 
his administration. 

President Adams, First Vice-President Simmons, Second Vice­
President Doyle and Third Vice-President Winsor each acknowl­
edged the honor of their election to office, and promised to do all 
that lay in their power to advance the interests of the association. 

On motion of Mr. Olds a vote of thanks was extended to the 
retiring president, Mr. Baker, the motion being carried by a rising 
vote. The third annual convention then adjourned. 

••• 
PROCEEDINGS OF THE AMERICAN STREET RAILWAY 

ASSOCIATION 

W E DNESDAY MORNING SESSION 
The twenty-fourth annual meeting of the American Street Rail­

way Association was held at the Philadelphia Museum, Philadel­
phia, Sept. 27 and 28, 1905. 

W. Caryl Ely, president of the association, ·called the meeting 
to ord er at II :15 on Wednesday morning. 

The president stated that an address of welcome was to have 
been delivered by th e Hon. J ohn Weaver, Mayor of the city of 
Philadelphia. Mayor Weaver had been under the impressi on 
that the address of welcome was to have been made on Monday 
morning, and he had made such address to the members of the 
Mechanical and Electrical Association. In the absence of the 
Mayor, the memb ers of the American Street Railway A ssociation 
might consider that the words of welcome addressed to the affili­
ated associations would apply to the parent body. President E ly 
then delivered the following annual address: 

ADDRESS OF PRESIDE NT ELY 

For the third time the selection of the place of annual meeting 
has been made by the execut ive committee solely with the des ire 
to locate it at the place deemed by all to be the mo st desirable 
from the point of view of the association as a whole. The m erits 
of Philadelphia as a place of meeting were so conspicuous as to 
force themselves unaided upon the attention of the executive co m­
mittee. Yet notwithstanding the fact that pursuant to the new 
method of procedure, the tent of the association has been pitched 
here purely of our own volition, the courtesies and attentions 
which have been and are being showered upon us by the presi­
dent and other officers of the great company which has in its 
charge the street railway transportation interest s of the city , and 
of the chairman and officers and members of th e manufactur ers' 
and local committees which have assist ed in making all the ar­
rangements for the meeting, could not have been exceeded had 
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they been solely responsibl e for ou r being here. The conditions 
h ere for the holding of such m eetings as this are almost ideal. 
The fine h ot el wherein our headquart ers are located, together 
with the other hotel accommodations of the city, are ampl e and 
convenient in that regard. These buildings of the Philadelphia 
Commercial Museum and their accesso ries are splendidly adapted 
to the purposes of the exhibit s. P hiladelphia h erself po ssesses 
attractions to eyery patrioti c citazen scarcely equaled by my 
other ci ty. H er early history as th e first m eeting place of the 
Continental Congress, the birthplace of the Declaration of In­
dependence, the glorious part played by her and her sons in the 
\Var of the Revolution and as a meeting place of the F ederal Con­
g ress, are enforced upon our attention almost at every turn. She 
seems to have preserved more of the landmarks of the earl y days 
than any sister city. To us in our particular line she appeals not 
only by reason of her almost superlative position as a manufac­
turing city, but also as the place where the immortal Franklin 
conducted the experiments which perhap s m ay be charact eri zed 
as the foundation of electrical science. Manufac tures incidental 
to transportation are here conducted up on a large and interesting 
scale, and the electrical transportation interests of th e city are 
large and intensely interesting, but to crown it all a t thi s particu­
lar juncture in the affairs of this association , when we are about 
to take steps that will b ind us all together in · one harmonious set 
of organizations, working for th e common good together along 
well -defin ed and coherent lines, what place could be more fitting 
for our m eetin g than the City of Brotherly Love? 

In the general fi eld of elec tric railway work, the events of th e 
last year h ave been noteworthy. The work of electrification of 
certain portions of som e of the g reat steam railroads is pro gress­
ing, and although the proj ec t s under way haYe not yet been com ­
pl et ed, nevertheless th e continued investigation of th e subj ect 
has served to make more clearly appa rent the relations that ought 
to obtain between th e st ea m and electri c r ailways of the country , 
in order that the publi c, as well as th e compani es themselves, may 
r ea lize the g rea test ben efit s from th ei r opera tion. 

Many of the larger steam rai lroad systems are ch anging their 
policy regarding th e construction of electric railways from one 
of active and in som e cases bitter oppo sition to either passive 
acqui escence o r quiet assistance. This is an ,approximation to 
the conditions that ought to and so me day surely wi ll prevail. 

The ideal r ailroad situation, both from the point of view of the 
co mpani es and the publi c, would comprise a heavy long-distance 
railroad doing the freight and through passenger busin ess, ai ded 
by a li ght int erurban railway with frequent stations upon which 
the suburban and interurban passenger business would be tran s­
acted, and in connection with th ese two factors the street railways 
within and adjacent to the int ermediate and terminal cities would 
perform th e function s of ordinary street railways, as well as those 
of bringing to and taking from the depots of the fir st-mentioned 
syst ems travelers and th eir baggage. In thi s equation we have 
three factors, each of which suppl em ents th e o ther s, and if such 
a sys tem could be co nceived as having been construct ed at one 
and the sam e time with reference to the relations existing between 
th em we would th ere have exhibited th e idea l transportation sys­
tem. calculated to se rve the conveni ence and economy of the r ail ­
road compani es and the public in th e very high est degree. Pos­
sibly thi s idea l sys tem may not be h oped fo r, but a m odification 
of th e atti tude which has been heretofo re exhibited by the m an­
agem ents of nearly all the great steam railroad corporat ions to­
ward street and interurban railways may do a g reat deal to pro­
cure fo r all concerned the benefit s outlined. 

The_ co_nsolidati~n of small properties into large and strong 
orga111 zat1ons contmues, and may well be said to be the order of 
the day. We think it must be conceded that the public and th e 
companies themselves h ave been benefited in every instance. 
T hese large organizations have th e means with which to employ 
men of greater skill and experience in the mechani ca l and oper­
ating departments; to provide better tracks and equipment and 
g ive better service than would be possible upon small weak prop" 
erti es. · 

!he ~tandard of transportation employees is continually being 
raised, and all railway organizat ions are giving greater attention 
to the proper instruction of employees, thereby insuring better 
service and g reater safety to the public. The instruction car and 
other educational apparatus are now becoming regular features 
of the equipment of many of the large companies, wherein all 
motormen are required to demonstrate their proficiency in the 
operation of such equipments before they are given charge of 
cars. In many cases such instruction is supplemented by schools 
where lectures are given on technical and popular subjects b; 
men of prominence. 

The conditions attending street and interurban railway em­
ployment are continually being improved. The business is be-

corning es tabli shed and recognized as one offering solid and sub­
stantial rewards to the men who take it up as a profession and 
life work. Nevertheless it is a far cry to perfection. Much re­
mains to be done, in the accomplishment of which it is difficult 
to conceive a more pot ent instrumentality than thi s associatior, 
when r eorganized and rea djusted with reference to it s affi liated 
organizations and all others interested in street and interurban 
railway work. 

In the line of t echnical investigation, the work of the Electric 
Railway Test Commission at the St. L ouis Exposition is of great 
va lue. The testing began at St. Louis in the niiddle of June, 1904, 
and was continued there until the middl e of November, when the 
corps was tran sferred to A nderson, Ind. , where the t ests continued 
until the latter part of March, 1905. Immediately upon the com­
pletion of th e tests the commission proceeded with the editing of 
the report. It was expected th at the printed report would be 
ready fo r di stribution before thi s meeting, but by reason of the 
large am ount of work don e and the care required in the prepara­
tion of the published volume, it will not yet appea r for some little 
time. It will comprise a bound volume of about 500 pages octavo, 
and it is believed will be of g reat value as a contribution of fact 
concerning some of the things that have been long embraced within 
the realm of almost pure conj ecture. T he importance of such in­
vest igat ions, and indeed of all th e m easures now being t aken toward 
~ecuring th e facts concerning eYerything i1wolved in our business, 
and making th em available fo r all, instead of locking them up in 
the breasts of a few, cannot be. overestim rited. 

Notwithstanding the rapid advance iii the state of the electric 
railway a rt, I think it wi ll be conceded by all that the ratio of 
advance has not been what it should haYe been, nor indeed any­
thing like what it would h ave been if those engaged in the business 
had been brought properly in touch with each other through the 
medium of some recognized authority which was at one and the 
same time the repository of the experience of all , a common in­
vestigato r and cl ass ifier of facts and experiences, accessible to all 
for advice and assistance and always ready to furni sh desired in­
format ion. Causes must be revealed before defects can be finall y 
remedied, and th e ascertainment of cause depends upon thorough, 
ca reful, long continued and scientific investigation. 

With the growth of interurban roads, the necessity is becoming 
more and more appar ent of their owning, if not a ll, at least a 
greater portion of their own right of way. It is especia lly important 
where high speeds are des ired, as it is practically impossible to 
make fast time within the limitations created by vehicular traffic 
and the location of the ordinary highway. A ll now agree that 
wh erever practicable private rights of way should be acquired in 
the first instance of width s ample for the accommodation of double 
tracks, and in many cases it is considered desirable to grade the 
right of way and locate the first track and construct the bridges 
with reference to the future accommodation of a second track. The 
eyperience of the steam rail roads with double and single- track con­
struction is being repea ted by the electric interurban railroads. 
T here is practically no difference between them, except that of 
motive power. In all other things it woiild seem that good, com­
mon judgment would dictate that we avail ou rselves of the long 
experience of the steam roads. Double tracks are much simpler , 
easier and safer of operation, and the increased fixed charge occa­
sioned by the double track is, in the judgment of experienced oper­
ators, more than compensated by the saving in despatchers, signal 
men and other like employees, and th e injuries and damage ac­
counts, to say nothing of the greatly increased carrying capacity. 

In the consideration of thi s branch of the case are involved 
proper traffic agreements between interurban and ci ty roads, and 
the laying of T-rails in cities wh ere practicable to accommodate the 
deeper flange and broader tread of the wheels of the interurban 
cars. It is interesting to observe the growing tendency on the part 
of municipal authorities to recognize the good to be derived from 
the installation of T-rails in paved city construction. Th ere is also 
a noticeable recognition of the value of adequate terminal faciliti es 
for interurban roads in cities. In some places union depots are 
being constructed for the handling of passengers, freight and ex­
press, and especially is this true in the Middle W est. 

The convenience of passengers, especially commercial travelers, 
in the Middle West has brought about the adoption by the in­
terurban railway companies of Central Ohio and Indiana of a 
coupon book, which is known as the Ohio Interurban Coupon Book, 
and is recognized upon a number of connecting lines. This is not 
only proving a convenience to the public, but is having a tendency 
to regulate fares upon a better basis, which in a number of places 
have been fixed too low in the beginning, due no doubt to the mis­
conception of the cost of electric railway work which has so gen­
erally prevailed in the past. The element of mystery has been 
pretty well eliminated from the electric railway business, and it will 
be difficult for anyone to successfully demonstrate the possibility 
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of a lower rate of far e than 5 cents in cities, or from r½ cents to 
2 cents a mile upon first-class , well-constructed and safely-operated 
interurban railroads. 

While speaking of the features of safe operation, it seems proper 
to mention as a subject worthy of careful consideration the stand­
ardization of wheels for i,;terurban practice. In many places stee l 
or steel-tired wheels are being adopted. The bes t · operators agree 
that they should be productin of good results. 

It is pleasing to note that the adoption of safety devices is be­
coming more general. The fir st great burden upon th e directors, 
as well as the operating officers of street and interurban railways is 
the safety of the passengers entrusted to their care. The elimina­
tion of the grade crossings of steam railroads, the installation of 
block signals and other automatic signals, safety gates, etc., indi­
cate that in electric railway practice, as in steam, the minds of all 
traffic managers are on the alert to conserve the safety of the 
traveling public. 

Progress is being made in the problems involved in practical 
operation of single-phase electric railways. While the manufac­
turers and engineers have b~en experimenting in these matters for 
several years, it is only within the present year that railroads have 
been equipped with this system. The motors and equipment arc 
so designed that the cars may be operated on the standard 500-volt 
direct-current system in cities, and on 2200-volt single-phase al'. er­
nating current between cities. The principal advantage gained is 
that no rotary converters are necessary in sub-stations, stationary 
transformers being alone necessary, thus decreasing costs of plant 
and superintendence. The principal disadvantage which has de­
veloped has been the poor acceleration, but this defect is now being 
remedied. The further progress along this line of development will 
be watched with great interest, especially when considered in con­
nection with the problems which are attendant upon the electrifica­
tion of the steam railroads. 

It will be remembered that at Detroit three years ago much time 
was consumed in the consideration of the question of steam tur­
bines, and much doubt was expressed concerning them. The 
progress in the installation of th e steam turbine in railway-gen er­
ating stations affords another notable illustration of the rapid 
progress in the electric art. The Philadelphia Rapid Transit Com­
pany has recently installed turbine units of 6000-kw capacity each, 
and the Pennsylvania Railroad electric lines on Long I sland are 
operated by stem-turbine units of 5500 kw, while the plans of the 
New York Central in the neighborhood of New York include 60,000 
kw of steam turbines in units of the same size as that of the Phila­
delphia Rapid Transit Company. The devotion of so much of the 
time of the St. Louis and of this convention to the subject of power 
is not to be taken as an infringement of the prerogative of th e Me­
chanical and Electrical Association, but it is to be attributed to a 
desire manifested by the managers to follow up the subject con­
tinuously to some definite conclusion. 

The matter of fire protection in car houses has received a great 
deal of attention from street railway companies and insurance com­
panies during the past year. Tests of sprinklers h ave been con­
ducted at Cleveland, Ohio, an_d Newark, N. J. The Newark test 
was attended by W . Boardman Reed, engineer of maintenance of 
way and buildings, New York City Railway Company; Albert H. 
Stanley, general superintendent, Public Service Corporation of New 
Jersey, and H. S. Wilgus, engineer of way and structures, Brook­
lyn Heights Railroad Company, r epresenting this association. The 
question of insurance of street railway properties is closely linked 
with the important question of fire protection. For several years 
attempts have been made to establish a sys tem of insurance that 
would comprise exclusively street and electric railway risks. It is a 
subject of the greatest importance, and the belief is becoming 
general that a great saving can be effected in thi s item of general 
expense. On the reorganization of this association th ere will un­
doubtedly be established an insurance committee, which in connec­
tion with the Accountants' Association, will thoroughly investigate 
thi s matter, and undoubtedly make a report that will be of great 
value to all concerned. 

With this brief general resume of the progress of electric rai lway 
work during the past year, I will leave the subject and come to 
those that in their nature are fund amental ; those that affect the 
every-day life of the corporations, and in their last ana lys is prac­
tically determine their rights to exist and to hold and manage their 
property and enjoy the legitimate profits therof. At this juncture 
it may be interesting to note the magnitude of the interests in­
vo lved in street, interurban and elevated roads at present included 
in the electric railway industry. In the United States in the year 
1904 there were operated 993 roads, having a total of 30,187 miles 
of track, operating 75,904 cars and representing a total capitalization 
of about three and one-quarter billions of dollars, while in Canada 
there were 42 roads with a total of goo miles of track, 2639 cars 
and a total capitalization of sixty-nine and one-half millions of do!-

Jars. In add it ion to these Jigures, there are to he considered th e 
roads in Mexico and certain of the colonies of the United States. 
When considered in connection with billions of invested capital, the 
questions alluded to above become of all-absorbing interest and im­
portance to thi s ;:,ssociation. For many years past there has been 
evidenced in thi s and similar organizations a disinclination to di s­
cuss such qu estions, or even investigate them to any great extent . 
Within the past two years, however, there has appeared a growing 
desire in thi s association for the investigation of such quest ions, and 
the collection of accurate data and info rmation concerning them. 
With a view of ascertaining the subjects upp ermost in the minds 
of the men engaged in th e practical cons ideration of the problems 
to-day surrounding electric railways, I have within the past few 
1~1onths addressed inquiries, both oral and written, to man;' thought­
ful and able men, and am now ab le to state that from nearly e\'e ry 
one there has come a r espo nse pointing out the necessity for infor­
mation and the fact s. It may be of interest to you if I quote from 
one of the letters written liy an officer of thi s association, one who 
is th e active manager of an important property, and by reason of 
business association intimately acquainted with the operation of a 
number of other railway properties. My correspondent writes as 
follows: 

I hope and beli eve that the association will be reorganized at the coming 
meeHng along the lines which have been suggested and which have recom­
mended themselves to the executive committee, and the Bureau or Depart­
ment of Statistics and Information, which I have _con sidered would be of the 
gr eat est benefit to member companies, will be promptly organized and work 
begu n, so that the information obtained by it would be soon available for 
use. 

In the M iddle \,Vest a.nd on the Pacific Coast public opinion is being very 
rapidly crystallized by individuals presuming to represent public interest, to 
the end that municipal control and owner ship of publ ic utilit ies may soon 
become an issue in municipal and State polit ics 

A gr ea t mass of erroneou s informatio.n is being recorded and published, 
which is tending to influence the public mind, and which, if not r efuted in 
some manner by a r ecognized association or au thority by the publication 
of correct and verified informatio.n, wi ll ten d to seriously affect invested in­
ter ests in these utilities. It seems to m e that it is within the r easonable 
scope of our assoc iat ion to cau se to be circulated and wide ly publi shed stat e­
ments of facts that will controvert statements made by these self-constituted 
censors of the publ ic good. 

Others of wide experience, se ,·e ral of whom are perhaps in 
closer touch with public sentiment and what is going on in the 
world along these lin es th an any other individual members of thi s 
association, have said to me in substance: "The question is up : 
it will not down at our bidding; one side of the case only is being 
presented and argued, and the arguments in favor of the proposi­
tion are largely based upon alleged proposition s of fact that are 
either erroneous, or concerning which a gross misconception pre­
vails." Our side of th e case h as never been presented, nor indeed 
has any publication of the facts as we know them ever been made 
to the public. The fo rum resounds with the cries of agitators and 
demagogues , aided by many honest but misguided o r misinformed 
men, while among the representatives of the vast interes ts which 
are thus injuriously threatened silence prevails. Some have indeed 
taken th e position that a wave of sentiment is sweeping over the 
land that is fo unded upon error and will di ss ipate itself. That it is 
founded upon error we all believe, but at present the indications 
are that there is pretty nearly an unanimous sentiment in favor 
of taking means to assist in correcting the misunderstanding which 
seems to prevail. 

At the meting of th e New York State Street Railway Associa­
tion, held at Lake George last June, the feeling was pretty nearly 
unanimous that the .~ubject should be taken up and thoroughly 
investigated, and that association determined to actively ass ist this 
association in its invest igation in any way in which it might be 
called upon. In the most interesting paper there presented by 
Henry W. Blake, edi tor of the STREET RAILWAY JOURNAL, th e 
author said: 

It is now apparent that a serious wave of agitation in favor of municipal 
ownership, so-call ed, is sweepin g over the country; that the principle is un­
American and contrary to our theories of government which have so far 
proved so successful. * * * vVhat has been or can be accomplished in this 
direction under autocratic, bureaucrat ic or socialist ic governments is not the 
qucstic-n in America un less we adopt one or the other of these forms of gov­
ernn1ent. The question is, can or cannot municipal ownership and n1anage­
ment be more successful under our present forms of State and municipal 
government than the system which has operated so successfully in this 
country? So far, the educat ion of. the American people upon the subj.ect 
of municipal ownership has principally been academic, theoretical, hap­
hazard and unbusmesslike, generally conducted by those who have no prac­
tical familiarity with the subject. 

I must content myself with this brief quotation from Mr. Blake's 
admirable and very exhaustive paper, and commend the same to 
each and every one of you. 

At the twenty-eighth convention of the National Electric Light 
Association, at Denver and Colorado Springs last June, an ex-
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haustive report upon the subject of municipal ownership was read 
by A rthur Williams, of the New York Edison Company. The 
report is confined to the question as affecting electric light prop­
erti es, but its bearing upon railway interests is clearly evident, and 
the pamphlet of nea rly 200 pages · abounds in statements of fact 
that if given thorough and wide publicity, would undoubtedly do 
much to change the fee ling in the minds of the ordinary property­
o wning citizen and voter in our great municipalities. Mr. Williams, 
among other things, refer s to the statement which has been given 
general circulation, that electric lighting in Chicago costs some­
thing less than $60 annually per a rc lamp, and then shows from an 
exhaustive presentation of the figures and facts involved in that 
case that many important items of cost are deliberately omitted in 
the Chicago lighting accounts , notwithstandmg that the omi ssions, 
as he states. have been fr equently brought to the attention of the 
municipal authorities. Some of the items are the rental va lue of 
the offices occupied by the lighting department; se rvices rendered 
by other departments o f the city government, including the legal 
department, and that through which supplies a re purchased; the 
paving of the street s for original subway work, as well as for 
repairs, which is done by and charged to the street department; 
water, taxes, insurance, interest and depreciation. 

Mr. \ i\Tilliams further calls attention in hi s valuable r eport to 
the consular r eports upon municipal ownership, issued by the 
Department of Commerce and Labor of th e United States Govern­
ment during the month of May. He says that they seem to h ave 
been referred to by the press of the country as favorable to 
municipal undertakings, but that he has been able to find little, if 
anything, in them which justifi es thi s view. That making no allow­
ance for the omissions usually found in municipal bo okkeeping, 
with ve ry few exceptions they appear rather to support the op­
ponents of municipal owne rship and operation. 

Since reading Mr. Williams' report I h ave r ead the consular 
reports r efe rred to, which comprise the reports of United States· 
consular office rs upon the subj ect of municipal ownership from 1897 
to 1905. Even the brief examination which in the time allotted to 
me I have been able to give these r eports, convinces m e of the 
correctness of Mr. \i\Tilli ams' conclusions, and I commend the pam­
phlet, No. 2256 of th e Daily Consular Reports, to the careful 
attention of those present. • 

Within the last yea r the Mayo r of a g reat Middle Western city 
has ca lled to hi s a id the manager of the street rai lways in the city 
of Glasgow, wl1D has made an investigation and report. While the 
contents of the r eport h ave not been m ade public, it is my under­
~tanding, and those of others who have conversed with the expert, 
that the opinion of the expert, Mr. Dalrymple, is not favorable to 
municipal owner ship of stree t railways in the cities of this country 
under existing municipal condition s. 

Let u s pause fo r a moment and reflect upon the fact that in 
the neighboring city of N ew York, acco rding to statements in the 
Metropolitan press, one of the g reat political parties is contem­
plating prosecuting the coming municipal campaign upon the pnn­
ciple of municipal ownership of street r ai lways and other so-ca lled 
public utilities. From figures obtained from the presidents of the 
different railroads in the city of New Yo rk, it appears that there 
a re approximately 34,000 men employed in street railway work in 
that city. This number of men constitutes nea rly 6 per cent o f th e 
total vote cast in the last Mayo ralty election in Greater New York, 
and more than 50 per cent o f th e plurality received by the suc­
cessfu l candidate. If an ave rage wage of $6o a month is assumed, 
these m en are paid and r eceive m ore than $24,000,000 per annum. 
These figures a re the more r emarkable when it is considered that 
all, or n early all, of the~e 3 4 ,000 men h ave father s, broth er ~ and 
others eligible to vote who a re more or less dependent upon them. 

I think there could be little doubt concerning the probable t enor 
of a report from Mr. Dalrymple upon the desirability or non­
desi rability of this proposition in Greater N ew York. 

However, it is not my purpose to now enter upon a discussion 
of the doctrines involved in the question of municipal socialism. 
The foregoing are intended as mere allusions, made in order to 
attract your attention to the importance and desirabliity of in­
vestigation along certain lines intimately affecting the interest s 
which you represent, and brings us to the question of the reor­
ganization and r eformation of this association and those asso­
ciated with it. I take it that it will not be necessary for m e to 
make any extended statement at this time concerning this matter. 
The proposed new constitution and by-laws have been sent, to­
gether with a letter from your president, carefully explaining their 
pu rpose and all that has been done in relation thereto, to all mem­
bers of thi s association, and also, accompanied by a communication 
from the membership committee, to all non-member electric rail­
way companies, throughout the countries which are within the 
jurisdiction of the association. This propose,d form of constitu­
tion and by-laws wi ll now be brought before you for final action. 

They embody the result of two years' careful and thoughtful 
work, and it is believed by your executive committee and a large 
number of others who are prominent in the association, that they 
are well adapted to bring about an organization which will be of 
g rea t value. There are many questions of detail that will remain 
to be settled after their adoption, and I desire to say now, once and 
fo r all, that there is not in the mind of any of those who are re-· 
sponsible for the proposed changes a thought in derogation of the 
autonomy or dignity of any of the ,affiliated associations. It is in­
tended that in a well-defined and intelligent way the work of all 
th e associations shall be carefully laid out in advance, so that by 
harmonious and correlative work the greatest advantage may be 
secured from the united efforts of all. In determining the work 
to be done the various committees will be consulted, so that the 
final programme will represent and constitute the common judg­
ment of r epresentatives duly accredited from each of the organiza­
tions. In behalf of the parent organization, any intention to weaken 
or unnecessarily interfere with any of the affiliated organizations 
is expressly disclaimed. 

It seems proper to say that it is intended that there shall be a 
well-equipped general secretary's office, where will be properly col­
lected and cared for, information concerning electric railway prop­
uties and questions which may hereafter seem of such importance 
to the association as to require investigation. The accumulation 
of such data will be systematized, and the members of the associa­
tion will from time to time by announcements and notices be made 
conversant with the resources of the secretary's office, and in 
every way encouraged to call upon the secretary for information. 

It is also intended that a great deal of work shall be done by 
small compact working committees, whose records shall be kept on 
file in the office of th e general secretary, and that he shall be 
secretary ex officio of all of said committees. However, I find 
myself in danger of going too much into detail, and I will con­
clude my reference to this subject by saying to you that I heartily 
believe that the adoption of the new forms of organization and 
their careful working out will result in unq11alified benefit to all. 

The first product of the reorganization has been the Manufc­
turers' Association. It has succeeded almost beyond the most san­
guine expectations of. its promoters, and the exhibit which has 
been assembled here affords the very best justification of the change 
that has been made, Splendid as this exhibit is, it has been as­
sembled h ere without any expenditure of time or money on the 
part of any of the officers of this association. The Manufacturers' 
Association not only pays its way, but it has provided this hall, 
which is our meeting place, and in other ways is contributing to 
the comfort and convenience of the members of our different as­
sociations. I did not feel that I could close these remarks without 
referring specially to the gentlemen who, by their unremitting 
effort s, have assembled here this really beautiful and complete ex­
position of articles used in electric railway work, and provided so 
generou sly for our entertainment and pleasure. I feel, however, 
that I ought to warn you not to devote too much time to the ex­
amination of these exhibits, lest you be caught in the predicament 
of the fri end of Mr. Dooley, who, to use that gentleman's lan­
guage, "wint to th' Cintinyal in Philydelphy an' los' th' use iv his 
legs thravelin' fr'm th' di splay iv mohair shawls to th' mannyfacthry 
iv open-face watches." 

In concluding, I wish to return my sincere thanks to all the 
members o f the executive committee, and many others, both in and 
outside of this organization, but interested in its work, for the 
invariable courtesy and patience with which they have met many 
trying situations that have arisen during the past year, and with 
which they have always met my requests for ass istance. I trust 
that when you leave thi s place it will be with a feeling that this, the 
twenty-fourth annual meeting of this association, has been its 
crowning achievement. I thank you again for the invariable for­
bearance which has been shown to me as your presiding officer, and 
bespeal~ing a further continuation of it, I await the pleasure of the 
convention. 

The nex t business was the approval of the minutes of the last 
meeting, and they were approved as printed. 

The secretary then presented the report of the executive com­
mittee. This report consisted of the minutes of the various meet­
ings of the committee held during the past year, on Feb. 3 and 4, 
June 12 and 13, and Sept. 26. On motion of W. P. Read, of Salt 
Lake City, the report was accepted and ordered to be filed. 

The secretary then presented his annual report. 

REPORT OF SECRETARY AND TREASURER 

In substance the report of Mr. P enington is as follows: 
New members since last meeting: 
Chattanooga (Tenn.) Rapid Transit Company. 
Cleveland & Southwestern Traction Company. 
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Columbus (Ohio), Dayton, Springfield & Urbana Electric Rail-
way. 

Dubuque (Ia.) Union Electric Company. 
Fairmont (W. Va.) & Clarksburg Traction Company. 
Fitchburg (Mass.) & Leominste r Street Railway. 
Hampton (Va.), Newport News & Old Point Railway & Electric 

Company. 
Lansing (Mich.) & Suburban Traction Company. 
Macon (Ga.) Railway & Light Company. 
Madison (Wis.) Traction Company. 
Manila Electric Railroad & Light Company. 
New Haven (Conn.) Consolidated Railway Company, of New 

Haven. 
Philadelphia & vVest Chester Traction Company. 
Richmond (Ind.) Street & Interurban Railway Company. 
Sheboygan (Wis.) Light, Power & Railway Company. 
Spokane (Wash.) Traction Company. 
Wellston (Mo.), St. Louis, St. Charles & Western Railroad 

Company. 
Tacoma (Wash.) Railway & Power Company. 
The number of members Sept. 20, 1904, was rg6; eighteen new 

members have joined, six have withdrawn, and two have been 
suspended for the non-payment of dues, leaving 206 members at 
this date. 

The financial statement showed cash on hand Sept. 20, 1904, 
$7,646.56; receipts to Sept. 15, 1905, $5,278.29; expenses to Sept. 
15, 1905, $6,192.65; cash on hand Sept. rs, 1905, $6,732.20. 

Mr. Penington concluded his report as follows: 
As the executive committee of this association desires a technical man to 

act in the capacity of secretary, also a man who can devote his entire time 
to the work of such office, this is, in all probability, the last year I shall 
~e-rve the association as secretary. In looking back over the past ten years 
I can truthfully say that I have filled the office of secretary to the best of 
my ability. Of course, there have been errors made, but "to err is human," 
as everyone knows. I wish to take this opportu,nity of thanking the many 
friends, old and ne,v, whom I have made during the years of my work for 
their kindness and assistance, and, in case I have been unfortunate enough 
to have gained the ill will of any, I sincerely trust that it has not been last­
ing. I hope you will call upon me at any time in case I can render any 
assistance. 

President Ely spoke of the fidelity with which Mr. Penington 
had performed his duties, and he was sure that no one who had 
ever come in contact with Mr. Penington during the t en year s 
of his work cherished any feeling toward him but that of respect 
and warm friendship. The president stated that suitable resolu­
tions would be reported by a committee appointed for the pur­
pose, expressing the feeling of the members with regard to the 
service of Mr. Penington, with the hope that when Mr. P ening­
ton looked upon these resolutions he would know that they 
emanated from the hearts of his fric:;nds, 

On motion, the report of the secretary and treasurer was re­
ceived and filed. 

The president stated that a number of letters had been received 
from different persons expressing their regret at being unable to 
attend the meeting. The president further said that he wished 
at this time to express the thanks which he owed to the members 
of the executive committee and many other gentlemen connected 
with the association for their very kind and valuable suggestions 
made to him, at his request, concerning the remarks in his ad­
dress. The president stated that the next business would be the 
report of the committee on the reorganization of the association. 
As this was a very important matter, it seemed proper that it 
should be presented in its entirety, so that all might understand 
thoroughly the great amount of work and thoughtful investiga­
tion that had been bestowed upon the questio·n of reorganization. 

The secretary then read the minutes of the various joint confer­
ences between the representatives of the parent association and 
the allied organizations. 

At r o'clock the association took a recess until 2: 15 o'clock. 

WEDNESDAY AFTERNOON SESSION 
The president called the meeting to order at 2:15 o'clock. 
The president stated that he had addressed a letter in his official 

capacity to the presidents of the different street railway associa­
tions and clubs, asking for suggestions in regard to the plan of 
reorganization of the association. He was pleased to state that in 
every instance he had received replies, many of which were very 
interesting. The writers approved of the idea, and suggested 
that it might be possible to arrive at means whereby the work 
of the State associations might match in with the work of _the 
American Street Railway Association and its affi liated organiza­
tions. Some of these associations had formally designated dele­
gates to represent the associations at this meeting. Among them 
the New England Street Railway Club had design-.ted E. E. Pot-

ter; the Ohio Interurban Railway Association had designated 
Fred W. Coen and Harry P. Clegg; the New York State Street 
Railway Association had designated J. H. Pardee; the Massachu­
setts Street Railway Association had designated Messrs. E. P. 
Shaw, F. H. Dewey, R. S. Goff, E. E. Potter and H. C. Page. 

The president stated that he had written letters of invitation to 
attend the present meeting to all the past presidents of the associa­
tion and had received letters of regret from D. F. Longstreet, 
Robert McCulloch, ]. M. Roach, C. B. Holmes, Thom.as Lowry, 
Henry M. Watson and H. M. Littell. Some of these gentlemen 
had taken occasion to refer to the matter of the plan of reorgan­
ization in a very commendatory way. 

The president stated that he had also sent an invitation to some 
of the members of tne different State Boards of Railroad Com­
missioners and had letters of regret from some of them; also 
from the president of the National Association of Railroad Com­
mission ers. He was pleased to see a general manifestation in the 
interest of the work of the association on the part of the mem­
bers of the different State Boards of Railroad Commissioners. 

The president stated that the executive committee decided it 
would be a good thing to secure the attendance at the meeting 
of Henry L. Doherty, of the National E lectric Light Associa­
tion, who had been chiefly instrumental in bringing order out of 
chaos in the work of that association, and whose efforts had pro­
duced results which were very gratifying to the men in that 
branch of the business. 

Mr. Doherty addressed the meeting and said that he had never 
realized so keenly the scope and perplexity of the street railway 
industry until faced with the responsibility of delivering an ad­
dress upon the association work which it demands. The wide 
scope of this work not only dictated the necessi ty for wise plan­
ning of the individual company organization, but an equally wise 
and comprehensive organization of the association. The work 
in the street railway field required a knowledge of thermo­
dynamics, mechanical engineering, electrical engineering, legal 
matters, materials, amusements, municipal engineering, and espe­
cially regarding paving, proper relations with State and municipal 
authorities, the newspapers and the general public. The associa­
tion, to administer benefits to the fullest extent of its possibility, 
must be comprehensive, and therefore probably complex and ex­
pensive. 

Mr. Doherty referred to the fact that proposed changes in every 
organization are apt to meet with opposition from chronic ob­
jectors to progress. These persons forget that while all changes 
are not improvements, yet all improvements are the result of 
changes, and for better results changes must be made. He would 
suggest that the association be known as "The American Traction 
Association," because such title seemed to be comprehensive. 
He urged the necessity of well-located, well-equipped permanent 
headquarters under direction of a permanent secretary. The en­
tire organization of the association should be primarily intended 
to protect and develop the interests of existing properties, and 
ample funds should be provided from these properties to properly 
maintain the organization. 

He believed that it was recognized that the industry is so com­
plex in character that it is impossible to consider all matters of 
importance in one short annual session. It was also evident that 
all officers or employees of a company could not be absent at 
one time, yet there , was practically no earnest worker in a trac­
tion company, from the president down to the laborer, who would 
not be benefited by some convention scheme or other plan that 
by increasing his knowledge or acquaintanceship with other men 
in the same line of work, his labor would be rendered m ore val­
uable to the company. He considered the following divisions of 
self-evident value: Traction electrical engineering ; accounting; 
park and amusement superintendence; transportation superin­
tendence; traction law. He considered that the adoption of a 
"question box" on a comprehensive scale was the most valuable 
adj unct in any association work. He referred to the great value 
of the question box in the National Electric Light Association 
and the Ohio Gas Light Association. It had been arranged that 
all information collected by means of the question box shall be 
put in the hands of a competent revision committee, and from it 
a very comprehensive hand book would be evolved. Information 
held by one man can in this way be made common to the entire 
fraternity, and the field of research and experimental work can 
thus be reduced to that portion which is unknown to all. 

Mr. Doherty further said in planning the reorganization of the 
association that it was well to keep in mind that a special wave 
of antagonism seems to be passing over the country against cor­
porations, and this wave of antagonism was particularly directed 
against quasi-public corporations. The corporation is h eld up as 
the tool of the rich for the oppression of the poor, while the re­
verse was really true. In the superficial treatment of the press 
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and platform, the theory which gave th e cc;irporation birth is lost 
sight of. Some ent erpri ses, by their very nature, can only exist 
by the employment of imm ense amounts of capital. Ability to in­
corporate is simply a legal m eans o f co-operation. If such co­
operat ion is not provided fo r , the undertakings requiring con­
siderable capital would be o nly open to the few men who are pos­
sessed of the required capital, and these enterprises will exceed 
the capital available in large a mounts. Therefore the possessors 
of large amounts of capital could make these enterpri ses as pro­
ductive as th eir greed mi ght dictate. Legalized incorporati on is 
simply a means fo r co-ope rati on on th e part of capital, whi ch en­
ables the m en of m oderate means to join their inter ests a nd r ender 
their capital a s productive as that of the man possessed of g reat 
wealth. Abi li ty to incorporate is no t essentially nece ssary to the 
rich, but abso lutely essentia·l to other s. 

l\fr. Doherty further said that soon er o r late r those who want 
to ·see th e truth prevail r ath er than se nsati onal ism must take steps 
to give th e voter the r easo ns why the ability of inco rporation 
should be increased rath er than lesse·ned. Industrial associations 
for this reason should arran ge provision fo r communi cation and 
co-operation a mong them selves. A marked tendency toward 
more ri gid control on th e part of municipal and State authorities 
wa s ev ident . The State or city n ow presumes to prescribe the 
service r endered by quasi-public co rporatio ns, fi x the rates and 
assess them for taxati on. Owing to fa ulty tax laws, individuals 
and firms, and corporat ions other than quasi-public corporations, 
can escape th eir just burdens of taxation by se curing through 
concealment or oth erwi se, low assessment values on th eir prop­
erty, while th e quasi-publi c corporation, if co mpelled to pay tax es 
and fix ra tes on th e same valuatio n, is bound t o secure either in ­
adequate rates or unjust t axatio n burdens. For thi s r eason the 
quasi-publi c corporations must explore the r esources of political 
economy t o provide and enfo rce h onest tax ati on of all property. 
He menti oned this simply as an example why more intimate com­
munication sh ould ex ist b etween organization s such as the Ohio 
Gas Li ght A ssociation , the American Street R ai lway Association 
and the National. E lectric Light Associat ion. As a conclu sion to 
hi s r emarks, M r. Doherty 1nade th e fo ll owin g recommendations, 
based on many years of experience in associati on work: 

First.-Li sten to the recomme ndation s of your active workers 
with a receptive mind. 

Second.- Do not fo r get the fact that improvem ents cann ot be 
secured except by cha nges. 

Third.-Do not critici se unless yo u can see positive harm, and 
then sparing ly, unless you can offer som e bet t er sugges tion. 

Fourth.-Do not oppose the man wh o is tryin g to do the work. 
but support him. Put a premium o n interest in associat ion af­
fa irs a nd work in behalf of associati on advancem ent. 

Fifth.- Accept and act favorab ly upon the r ecommendati ons of 
workers aimin g to secure o rganization upon high er and broader 
lines. If th e plan suggested by them cannot be executed, dele­
gate authority t o either yo ur o ffice r s or a special committee 
cho sen by your o ffic er s to r eorganize under som e co mprehen sive 
plan which th ey may ado pt and fo r th e success of which they are 
willing to accept th e r espo nsibi lity. Give them full power to take 
all n ecessary steps. fi x initiation fee s, dues, accept new members, 
etc., and thus save was te of the most valuable thing required t o 
secure progress, viz .. tim e. 

The president expressed the thanks of the association to Mr. 
Doherty, and stated that at a proper tim e a r esolution expressive 
of such thanks would be adopt ed and spread on the minutes. 

The secretary then r ead th e proposed constituti on and by-laws 
o f the A merican Street and Interurban Railway Assoc iatio n. 
Since th e proposed co nst itution and by-laws were· p rinted in th e 
STREET R AILWAY J OURNAL for Sept. 2, a m eeting of th e execu­
tive committee h as been h eld. at which a number of changes h ave 
been embodi ed in it. The revised constituti on and by-laws are 
published in full on page 610 of thi s issue. 

The president declared th e subject of th e adopti on of the pro­
posed constitution and by-laws to be before the meeting for co n­
sideratio n. 

After some di scussion as to whether th e bond of the trea surer 
should be given to th e association or to the president. and whether 
th e annual fees should be based upon th e gross receipt s fo r the 
fiscal years "ending June 30," or "for the fiscal year of the re­
specti ve companies whatever th e date might be," the wording given 
on page 610 was adopted. 

C. S. Sergeant, of Boston, called attention to the fact that it 
is provided in article 2 of th e by-laws that the vice-presidents shall 
equ al in number the number of affiliated associations, and in article 
6 it is provided that the executive committee shall consist of the 
p resident, the vice-p residen ts and one member appointed by each 
of the affiliated associations, and that it was provided further that 
th e ~x ~~utive ~ommittee may admit affiliated associations, which he 

understood to mean new associations, and the question raised in his 
mind was at what time can they be admitted. If they could be 
admitted only at an annual meeting he saw no trouble, but if they 
were to be admitted at any other time he did not see how the 
vice-presidents could be made to correspond with th e number of 
affili ated associations. · 

Mr. Beggs answered that the admission o f affiliated associations 
could only occur at an ·annual meeting, and that there would be no 
troubl e on account of the points raised by Mr. Sergeant. 

H. H . Vreeland said that it had been evident to every member 
o f the association for a number of years that some change was 
n ecessa ry in the form of organization and the method of conduct­
ing the business of the association. A great change had come in 
connection with the properties which the association originally rep­
resented. At the time of it s organization th e association had to do 
with horse cars and horse car problems. There has been a very 
rapid evolution from that, and business had advanced in every 
direction save that of the methods of conducting the affairs of the 
association. It was recognized, when the association met in New 
York City some yea rs ago, that it would be impossible for the 
association to go ahead under the then existing method of holding 
meetings in cities to which it was invited by the local street railway 
companies, as such companies were required to assume practically 
a ll the expense o f entertaining the association. At the New York 
meeting it was first suggested that a Manufacturers' Association, 
similar to those associations which have been in existence for many 
yea rs in connection with steam railroad organization, should be 
organized, to take cliarge of the exhibits at conventions and the 
entertainment of th e association, so as to place the association in a 
position to go to whatever city it was thought best in the wisdom 
of the executive committee to h old it s convention. A year passed 
without any action, but th ere was a great deal of di scussion. Many 
of the members took the position that something intangible would 
slip away from th e association if th ey let any one take the manage­
ment of the exposition and th e entertainment of the association 
except th e railroad company in the city in which th e meeting was 
held. Fortunately, better judgment preva iled, and th e association 
to-day had an allied organization which had arranged at this con­
vention an exhibit and entertainment such as the association never 
had before in its history. This had been done without any expense 
to th e association or to the railroad management of the city. This 
has placed the association where it should be-in a position so that 
it can go to any city in the United States to hold its conventions, 
irrespective of any question of the ability of the local railway com­
panies to entertain the associati011 or any que stion of disposition 
to do so. 

Mr. Vreeland said that the time had now come when a decided 
change should be made in regard to the method of running the 
association. It had been ev ident to everyone who had been con­
nected with the association for some years past, that if the com­
panies were paying only $25 a year in dues they were not getting 
more than $25 worth of value out of it. Everyone had an oppor­
tunity o f considering and di scussing the changes proposed, as the 
question had been up for the last two or three years. Mr. Vree­
land referred to the fact that the organization of the American 
Railway Association, with which he had been connected for a mun­
ber of yea rs, and it s affiliated associations, is identical with the plan 
proposed here, and that in th e case o f the American Railway 
Association it had produced the very best results. Instead of some 
one in the East groping on a propos ition and another man on the 
Pacific Coast groping on the other end of it, they t ook all questions 
up and endeavored to establi sh a uniform standard. Among other · 
things, they have established a uniform standard time for the 
U nited States for th e operation of railroads, and have established a 
uniform system of rules and regulations for the operation of trains 
and telegraph orders, so that an engineer in Maine could run an 
engine in California or in any other State. The bu siness of the 
American Street Railway Association should be conducted in such 
mann er as to be of similar value to the members. There must be 
a change if the association was to go on: it could not go on as it 
had been doing. The proposed plan s had been considered at very 
great length, the committee had had the judgment of experts, and 
the association was now pre sented with a plan under which it could 
go on and work along higher lines, produce better results, and 
keep pace with the development of the industry. 

President Ely said that sometimes an erroneous impression pre­
vailed concerning the thought that underlies such work as this. On 
behalf of those who have been laboring on the proposition, the 
present executive committee and the past executive committees 
and others, he wished to disclaim any idea of doing some academic 
or theoretical thing. What they desired to get was something in­
tense ly practical; they had been moved largely by monetary con­
sideration s. The plan presented had a commercial purpose. The 
questions of what was going to be secured by the plan, what it 
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was going to cost, and where the money was to come from with 
which to defray the expense, were three hard business propositions 
that have exercised the minds of all who had worked upon the 
subject. The personnel of the executive committees for the past 
two years who had worked upon the problem was that of m en who 
1ad little time for sentiment; it was a hard bu siness propos ition, 
pure and simple. A great deal of time had been devoted to the 
consideration of the schedule of dues, and consideration was given 
to the number of companies in the different classes and what they 
would pay under the new plan. The benefits deriv ed by the com­
panies in the different classes and the amount of dues they would 
pay had been very carefully weighed. The larger companies, it 
should be remembered, are the ones that can get along th e best 
without such an association. The larger companies have so much 
revenue that they can afford to hire experts to determine every 
question that perplexed the minds of their managers, but the small er 
companies cannot do that. · The small companies have imposed 
in the past upon the good nature of the large companies in securing 
info~mation from them; the large companies cannot stand that any 
longer-the burden involved is too great. Mr. Ely said that a 
gentleman who has a great system of street railways wrote him 
recently that it could well afford to pay the association for a 

At the close o f Mr. E ly 's address Frank G. J ones, who tem­
porarily occupied the chair, put the motion to ad opt th e new 
const ituti on to a vote, and the proposed constitution and by-laws. 
as amended by the executive committee, and further amended by 
Mc Beggs' suggestion, were adopted. 

The secretary announced that th e Engineer s' Club and the 
Manufacturers' Club, of Philadelphia, tendered to the officers and 
members of the association th e privileges of the respective club 
houses fo r this week. 

Chairman J ones announced the appointment by President Ely 
of the fo llowin g committee on nominations: Messrs. Parsons, of 
Philadelphia; Vreeland, of New York; Sergeant, of Boston; Steb­
bins, of Columbus, Ohio-; Read, of Salt Lake City. 

Chairman Jon es ann oun ced the appointment by President E ly 
of the following committee on res olutions: Messrs. A llen, of 
Utica, N. Y; Rigg, of Reading, Pa. ; Smith, of Omaha. 

H. J. Davies, of Cleveland, stated that in line with the sugges­
tion in the address of the president and the recommendation of 
th e executive committee, he wished to move t he appointment by 
the president of a standing committee of five upon in surance and 
fir e protection. The duti es of thi s committee shall be to gather 
sta ti sti cal information and t o study the subj ect of fire insurance, 

GENERAL VIEW OF NORTH EXHIBIT HALL AT THE PHILADELPHIA CONVENTION, L OOKING SOUTH 

proper bureau of information to suppl y the info rmation that was 
asked from his company $1,000 a yea r in addition to the due s, and 
that money would be saved to hi s corporation in that way. Presi­
dent Ely referred to Mr. Goodrich, of Min\1eapolis, who had told 
him that he always tried to give the information that was asked 
for, arid to give careful thought and study to the preparation of it, 
but he said that the heads of depa rtments were very busy, and 
although he turned these reques ts for information over to them. 
coupled with the reques t that they r ece ive careful inves tigation and 
reply, he knew that much went out which was not satisfactory to 
him. It is not the larger companies that are benefited most by the 
association, but the small companies. Going half-way down the 
list, from the companies with a gross income of $50,000, to those 
with an income of $500,000, $1,000,000 and $2,000,000, those are com­
panies that have problems that are of sufficient importance to 
require thorough expert investigation, the same as those which con­
front the $rn,ooo,ooo companies, but whil e they have the demand 
for such information they have not the revenue to make th e special 
investigations. Therefore, the companies in the middle of the list 
will receive more benefit than the large companies. It resolves 
itself in thi s kind of co-operation to the point it always does­
where yon get m en enlisted together to work co-operatively for the 
mutual good-that those with the largest resources contribute the 
mos t,-th ose who could best get along without such co-op erative 
work, join in the work for the benefit o f others. It seemed to him 
that the list o f fees would be found to be well balanced, 

and m ore particularly the protection of street rai lway property 
against lo ss by fir e and the consequent loss to business. T h e 
more important part of the duties of the committee would be the 
subject of the better construction of car houses and better pro­
tection against loss o r damage by fir e, as the loss to the company, 
owing to interrupti on of business consequent upon fire, is much 
greater than the a mount which is likely to be collect ed from any 
insurance company after a fir e. Fire protection is more impor­
tant than fir e insuran ce. Properly protected car houses can be 
in sured at a much low er rate than car houses as they now exist, 
as a rnl e. A r educti on in rates would follow naturally the bett er 
protecti on of the houses. T he rates o n car hou ses a t present are 
much too high. R eports from more than 400 street railway com­
panies of the amounts paid by them for insurance in the past ten 
years, and th e amount of losses sustained, indicate that the losses 
have been less than one-third of the amount paid for insurance, 
so th at there has been g reat profit in the insurance of railway 
property t o the insurance compani es. This co mmittee could 
ve rify the figures and gath er information which will be of ben efit 
to every member of the association, ancl there would be presented 
to the committee plans for the insuranc e by street railway com­
pani es themselv es of their own property at actual cost. 

Chairman J ones put the motion, that the pres ident of the asso­
ciation appoint a standin g comm ittee of fi ve, to be known as the 
fire insurance committ ee, and th e motio n was carried. 

The meeti ng then adjourned, 
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THURSD AY M ORNING SESSION 
V ice-President Beggs called the m eeting to order at II o'clock, 

and stated P resident E ly was engaged on other business in con­
nection with the affairs of the association. 

T he first business of the meeting was the reading of the paper 
on "Notes on the D esign of Large Gas Engines with Special 
R efe r ence to R ailway W ork," by A rthur West. In the absence 
of M r. W est, J. R. Bibbins extracted the paper. This paper will 
be fo und on page 592. 

Chairman Beggs, in calling for discussion on the paper of Mr. 
West, sa id he was one who thought that great economies would 
be brought about in the production of power through producer 
gas engines, and th erefore pap ers such as that of Mr. W est were 
extremely interesting. Some three or four years ago, at a meet­
ing of the association , he had stated that he thought it would be 
possible to r educe the cost of power at least one-half by the use 
of gas engines. H e, ther efore , hoped that th e members would 
discuss the paper very fr eely. 

C. 0. Mailloux suggested that the paper by J . R. Bibbins on 
"The Applicati on of Gas Power to Electric R ailway S ervice' ' 
m ight be read ,and both papers discussed at the sa me time. 

Mr. Bibbins then presented hi s paper . (See pa1ge 594. ) 
Chairman Beggs, in c.alling for discussion on the papers , stated 

that on behalf of the association he wished to express thanks to 
the authors for the va luable work which they had put upon the 
pr eparation of these papers, and he hoped that the papers would 
draw forth some discussion and inquiry. 

C. 0. Mailloux, of New York City, thought the names of the 
authors which appeared in th ese papers were sufficient guarantee 
of the merit s of the papers. Mr. W est for many years had been 
eng'aged in the desig ning of steam engines of the Corliss type, 
and was considered at the time he left the steam engine field, if he 
had left it , one of the best authorities in the designing of steam 
engines; hence, in going into the designing of gas engines, he 
brought with him a most valuable experi ence. He said that Mr. 
Bibbins had for a long while given much study to the gas engine, 
and had been connected with the gas engine since it had become 
a fac tor. There was too much m eat in these papers to be dis­
cussed in detail , but there were one or two points which showed 
in themselves the progress the gas engine is making. At the last 
co nvention th ere was a referen ce to the subj ect of gas engines, 
and he had taken a part in the di scussion. H e called attention last 
year to the fac t that from the data at hand, the evidence went to 
show that the two lines in the diagram of comparative costs 
cro ssed at a value co rresponding to $2 or more per ton for coal. 
T hat meant for any value of coal corresponding to about $2 per 
ton , the two systems, the st eam plant and gas plant, were about 
equal. Thi s yea r Mr. Bibbins g ives a diagram where these two 
lines cross at $r per ton. He thought that was a very significant 
fac t. I t showed that the cost of the gas engine power must hav~ 
been grea tly reduced in some way. Either that has been brought 
about by r educing the cost of the machinery itself or the cost of 
its maintenance, or by increasing its effici ency, and it would be 
ve ry interestin g to him, in fact he considered it the most inter­
estin g fea ture of the entire paper , if Mr. Bibbins would give out 
of the va st fund of knowledge which he po ssessed on the subj eet 
some clew as to the reasons which have brought about that result. 
If that ratio kept on we mi ght reasonably ex pect to find that th ese 
two lines in the co urse of another year will start at zero and cross 
at some point near zero in th e cost of coal. The line representing 
the cost of power by gas engines has been flatt ened ; there is a 
smaller angle with respect to the axis of the cost of coal. While 
in most systems a lessening of expenses is largely due to the re­
duction in initial cost of equipment, to better methods of manu­
fa cture, and to a simplifying of the apparatus itself, yet he was 
interested in k nowing whether the increasing efficiency of the 
engine and the reduct ion of repairs and maintenance, may not 
have had a great share in reducin g that cost. 

M r. Bibbins replied th at he did not quite understand to what 
diagram Mr. Mailloux referred, whether it was to a paper presented 
by M r. Bibbins to the Ohio Gas Light Association. 

Mr. Mailloux replied that he had refer ence to a lecture on th e 
subject given by Ralph D. Mershon, before the New York Elec­
t rical Society. 

l\fr. Bibbins replied that he was not quite fa miliar with th e as­
sumption taken in the paper by Mr. Mershon, but assumed that 
M r. Mershon worked up his diagram for an electric lighting plant, 
in which th e load factor on the system is barely 25 per cent, usually 
lower than that. If reference was made to his assumption in the 
last sheet of the report, it would be found that he had taken a load 
facto r corresponding to an average plant, which is 66 per cent. 
T hat is really the greatest factor ,in determining the exact crossing 
of these two lines. H e was not familiar with the prices which 
Mr. Mershon used in preparing his diagram. The costs he had 

used are shown in the assumptions and they are quite recent. It 
will be noticed on the diagram th-at the lowest set of figu res referred 
to the cost of fuel only. There, of course, the gas plant has a 
great advantage. In the second set of fi gures the cost of fuel 
is represented added to the cost of operating. He had estimated 
the cost of operating, labor supplies and repairs at 0.5 cents per 
kw-hour. Without looking for absolute definit e information he was 
obliged to take the same figure for both plants, and he had shown 
that it was very possible in the gas plants that these items might be 
still less. 

Mr. Mailloux remarked that the price was high. 
Mr. Bibbins answered that such was the case, but as he had taken 

them for both stations th e comparison was not unfair. The other 
set of diagrams takes into account the fixed charges. The present 
cost of anthracite coal brings it well within the range of power 
plants generally. F or instance, it is possible to obtain in Cleve­
land and Buffalo, which ar e comparatively central points, pea 
anthracite coal at $3.12 per ton ; No. 1 buckwheat coal at $2.45 
per ton, and N o. 2 buckwheat coal ,a t $2 per ton. This, it could 
be seen, brings the anthracite producer plant well within the 
range of ordinary purposes. Where plants are located in the 
bituminous field or adjacent thereto, there would be no question 
about their economy. 

Charles Hewitt , of Philadelphia, said that he well appreciated 
the difficulty of preparing diagrams such as Fig . 10, as he had 
attempted on several occasions to prcpaire similar diagrams. He 
didn't, however, think that these should be accept ed without 
some question and some comment. He was not prepared to 
question Mr. Bibbins' line of cost for the gas plant, but the line 
showing the cost per kw-hour for the steam plant seemed to him 
to be open to question. Whether the diag ram represented the 
comparison between two particular plants or not , h e could not 
say, as he had not had an opportunity to r ead the text of the 
paper. If it did , all that he could say was that the steam plant 
indicated in the diagram is very uneconomical. A nthracite buck­
wheat coal runs between II ,ooo and 12,000 heat unit s per pound 
of coal. Fig. ro shows that this coal would run from 6.5 lbs. to 
8 lbs. per kw-hour. The poorest plant with which he was per­
sonally famili ar showed better results than that. H e was familiar 
with plants running non-cond ensing which showed 4.5 lbs. of 
coal from year's end to year 's end. The consumption will run as 
low with good coal as 4¼ lbs., .seldom over 4¾ lbs., and the 
average for the year will be 4-4 lbs. to 4.5 lbs. Running con­
densing with the same quality of coal, it is perfectly possible to 
run at 3.5 lbs. of coal. The saving in coal with the gas plant is · 
suffici ently large, it seemed to him, without magnifying and with­
out putting a curve in the diagram which shows an abnormally in­
effi cient plant. Mr. Hewitt furth er said that the same r esult was 
shown in Fig. 15, in which, it seemed to him, the difference be­
tween the cost of operating the steam plant and the cost of oper­
ating the g,as plant was magnified. Thus, with coal at $2.50 per 
ton , the diagram shows that the cost of operating the plant would 
be over 9 mills per kw-hour. H e was perfectly familiar with 
plants which are running at 6 mills with buckwheat anthracite 
coal , including all operating costs and repair s, but not the in­
t eres t on the plant. It is a very uneconomic plant that will run 
the year through at 1 cent. So that it seemed to him that if the 
diagram in question is intended to represent th e avera ge results 
throughout the whole country, it is very hi gh for the steam end 
of it, and therefore magnifies the difference between the two lines, 
assuming the cost for the gas plant is correct. H e expressed him­
self as not being quite clear in regard to the table fo r operating 
costs fo r the L ondon Metropolitan B oroughs. Thus Table IV. 
gives the cost for fuel, supplies, labor, r epairs and works, and 
then the total for elev'en plants; but the total did not agree with 
the other items, or with the total of 2.8d. , which Mr. Bibbins had 
quoted. H e also wished to know what is meant by the cost of 
" works ," which is by far the largest item. 

Mr. Bibbins replied that the r ecords of the British power 
plants are uniformly expressed in "works cost." Unfortunately, 
the head of the table has simply " works" instead of "works cost." 
That includes the four items: fuel, supplies, labor and repairs, 
without any fixed charges or manage ment expenses, and corre­
sponds to what in this country we call "operating expenses." It 
will be noticed that this paper is expressed in pence instead of 
cents, and therefore the cost, as he quoted them on the platform, 
was 2.8. Just belorw operating expense in the per cent of works 
cost, he had taken the works cost as 100 per cent and shown the 
distribution of expenses in the operating cost. The management 
expense increases that amount by 29 per cent in the case o-f the 
steam plant and .23 per cent in the case of the gas plant. 

As regards Fig. IO, he was somewhat apprehensive that that 
diagram would be misunderstood, and therefore had taken pains 
to mention that it referred to a non-condensing plant. The equip-
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ment at St. Louis consisted of the three-cylinder vertical gas 
engine belted to a generator and an ~ngine of similar capacity. 
It could not be expected to get the same economy out of these 
two plants as out of the large central station, not from the fact 
that the equipments were not equally comparable, but it must be 
borne in mind that the results were obtained with a non-con­
densing plant. He thought it was safe to say that the relative 
coal consumption between steam and gas plants would be about 
two to one. In the present case the ratio is higher, as the steam 
station is now condensing. He asked if that answered the qu~s­
tion. 

Mr. Hewitt replied that he did not raise any special question 
about the curves, except to state that it seemed a high line for 
the steam cost. The intermediate line in Fig. IO, B.HP., it 
seemed to him, would be a fairer average line fo"r stations run­
ning with anthracite coal. Non-condensing stations using anthra­
cite coal can be run for 4.5 lbs., and are so run, and that is one­
half of the difference shown on the two lines in question. 

Mr. Bibbins replied that,-assuming 4.5 lbs. of coal at the calorific 
value quoted by Mr. Hewitt, 11,000, that would bring the com­
parative efficiencies in about the ratio mentioned, two to one. It 
would be noticed from Table III., which gives the results from 
the Walthamstow station, that the average consumption was 1.78 
lbs. of coal per kw-hour for twelve days' operation, or, as stated 
further on, about 2 lbs. of coal for anthracite coal, including 
extra coke for banking and raising the steam required to blow 
the producer. As to the diagram showing the comparative costs 
of steam and gas, Fig. 15, he had probably erred in the matter of 
assigning a cost of .5 cent for the three items: labor, supplies and 
repairs. That, however, did not affect the relation between the 
two, and he preferred to assign that equal value, in order that any 
particular quantity might be applied to other data. It would 
readily be seen if any advantage could be obtained in the gas 
plant that the power gas line would be lower, and consequently 
the intersection of the two would be nearer the cheaper grade of 
coal. 

Mr. Mailloux inquired if Mr. Bibbins was able to give any in­
formation as to whether a change in the size of the plant would 
have any effect on the relative arrangement of these lines. 

Mr.. Bibbins replied that that was a difficult question to answer 
definitely. There was one point which had a bearing on it, and 
that was the fact that a small gas engine will show an efficiency 
quite comparable with a large one, therefore the choice of the 
larger engine is determined mainly by the capacity necessary in 
the plant running with the view of obt,aining ordinary higher 
economy. He didn't see any reason for the change in the relative 
costs of these various items in the smaller plant, provided the 
same number of units was used. The number o.f units, o,f course, 
has an immediate bearing on the operating cost . 

Mr. Mailloux said he did not think the qu estion had been fully 
answered. He had intended to add to his remarks that the ques­
tion of cost of installation, it seemed to him, had quite an im­
portant bearing on the upper line of total costs, and he would 
presume that the smaller plant would have a much higher cost 
per kw-unit than the larger plant, as is found to be the case with 
steam plants, at least within certain limits. In the present con­
nection he would also like to ask Mr. Bibbins to give information 
as to whether the cost per kilowatt of gas engines had not been 
considerably reduced within the last year. 

Mr. Bibbins replied that he agreed with Mr. Mailloux that the 
smaller plant would cost more per kilowatt, even though the same 
number of units were installed. At the same time the relative 
uneconomy of the steam plant will increase much more rapidly 
with small units, and this fact might readily more than balance 
the increased capital cost. The producer in smaller sizes is much 
more efficient than the boiler, and the same is true with the en­
gine, although it is impossible to tell whether the same relation 
will hold. He didn't think he was in position to give Mr. Mail­
loux any correct data as to whether the cost of gas engines had 
been reduced in the last year; that was something which was not 
in his field. 

Mr. Mailloux suggested that the floor should be given to L. C. 
Marburg, representing the Allis-Chalmers Company. 

Mr. Marburg said regarding Table VII., he would inquire if 
the overload capacities had been t,aken into account in comparing 
the relative cost of the steam engine and the gas engine. H e 
thought from the price given for the steam engine plant that it 
is evident that a reciprocating steam engine could be obtained 
which would have •a 50 per cent to 100 per cent overload capacity 
momentarily. He understood from Mr. Bibbins that the way he 
rated the gas engine is on the basis of IO per cent overload ca­
pacity only. That might explain the point brought up by Mr. 
Mailloux as to the relative cost per kilowatt in the case of the 
:iteam engines and gas engines as given in the paper. 
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Mr. Bibbins replied that the gas engines were rated at a 25 per 
cent overload capacity. The steam engine would have a greater 
overload capacity. 

Mr. Marburg answered that that naturally would explain why 
on the curve given as to the relative costs for steam engine plant 
a,nd gas engine plant the adYan tagc is in favor of the gas engine 
at such a low cost of coal as given. 

Mr. Bibbins stated that Mr. Marburg probably misunderstood 
the matter ; that Table VII. applies to the tender in the European 
plant, and it has no bearing on the diagram he had prepared. The 
diagram was prepared from the assumption shown in Table VI. 

Mr. Marburg replied that in that table the price of $40 per brake­
hp was given again. It would naturally be of interest to know 
what the overload capacity was. 

Mr. Bibbins replied that the basis for an overload capacity in 
the case of the gas engine was IO per cent. It was poss ible to 
assign an overload capacity in the same way on the steam engine. 
To take the steam engine at such capacity will give its best economy 
at about 8o per cent load, as is normally the case. He had taken 
the engine so that it would give its best economy at the average 
load of 75 per cent of the full load. If we take the engine on the 
basis of IO per cent below its maximum the steam consumption 
would be much higher, although the fi xed cost would be consider­
ably reduced. 

Mr. Marburg remarked that it would seem impossible to obtain 
a load factor of 66 per cent if the overload capacity of the ma­
chine is so small. That is a good load factor for a reciprocating 
steam engine. 

Mr. Mailloux said that the point which Mr. Bibbins made, 1t 
seemed to him, was largely influenced by the fo rm of steam motor 
used and its efficiency curve. One could see at once that it would 
be quite different in the case of steam turbines, which have a noto­
riously flat efficiency curve, and it seemed to him that if the com­
parison were made with the steam turbine it would be found in the 
first place that the line of cost for steam power would be much 
flatt er for a smaller angle than it now is, and in the second place, 
the cross line would go further up. In the case of the comparison 
of the gas plant predicated as the basis of the calculations of the 
steam turbine plant, the line at which the two would cross would 
be more nearly at $2. 

Mr. Bibbins inquired if Mr. Mailloux was assuming only IO per 
cent overload in the two cases. 

Mr. Mailloux said that he did not think it would be necessa ry 
to make an assumption in th e ca se of st eam turbine, because 
the efficiency curve is so nearly flat for three-quarters of its range. 
That if it was assumed that the normal capacity was IO per cent 
of the stalling load, that the comparison would be still more favor­
able to the turbine, and this would force the point of intersection 
between two curves at same point at least as high as $2 per ton. 

On suggestion of Mr. Mailloux, Mr. W . E . Winship wa s given 
the floor. Mr. Winship said he thought he could add a few figures 
on the gas-engine plant that might be somewhat interesting. They 
had installed fo.r the Gould Coupler Company at Depew, N.Y., a 
gas-engine plant consisting of three W estinghouse vertical engines 
rated at 235 hp each, with Loomis- Pettibone gas system. The plant 
cost .almost exactly $115 a brake-hp to install. They estimated that 
it would have cost $90 per horse-power for a st eam r: lant, equiva­
lent to the gas plant, excepting as regards coal consumption. In 
regard to the overload capacity, they figured that by installing 
a storage battery they could get the same overload capacity out 
of the plant. After the batteries are installed the plant will have 
cost about $130 per brake-hp, and for the same overload capacity 
as the steam plant. Their coal consumption, based on coal con­
taining 13,400 B. T. U. per pound, has been on a monthly average 
2.26 lbs. per kw-hour on the switchboard, with a load facto r on 
the plant of roughly 50 per cent for twenty-four hours' operation. 
On a series of days when their load power was approximately 6--1-
per cent or 65 per cent, the coal consumption went down to 2.02 lbs. 
as an average of the days when that condition existed. The lowest 
record for twenty-four hours' period of operation, when the load 
was especially good, was 1.79 lbs. of coal for a kw-hour on the 
switchboard. That load is very similar to what is used in street 
railway work. The peaks, when the load is heavy, are folly 60 per 
cent above the average, and when the peaks are lighter, they are 
fully 100 per cent above the average load. The co nclusions were 
that with coal at $2.30 per ton, and with the plant operated for 
about fourteen or sixteen hours a day, the steam plant and the gas 
plant would have just balanced each other, but that with the twenty­
four-hour operation the gas plant is more des irable. T n regard t,J 
the reliability of the plant , he could state that it has been fully as 
reliable as any steam-engine plant that could have been put in . 
They had only had the valves in the engines ground once, with the 
exception of one valve, which they ground twice. They used the 
splash lubrication. 
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:\Ir. \\'in~hip further ,;aid that thl'rt' an· two poi111,; w"nhy of 
illll'lltion in any ga,; l'll!-!"inl' i11,;1alla1io11. Thl'I"l' i,; a cnt1ci~111 
which could bl· mad<' in r<'gard tt1 thl' admi""'°ll uf till" l'llJ.!Jlll'', 
l',-:>l'ci;1lly ,, ht:rl' it i, l'kctric ignition. Soml' 11a·a11, ~1wul1l be 
prt1Yidl·,l for changing thl· 1g1111a~ whl'II thl· mad1inl· i,- in opaa-
11011. Till' ,pl·akl'r did 11<11 know .,f any l'J1gi1ll' in \\ hich that i,­
pro,·idnl for. .-\11<,tha lll'l·d is it1r ,Ollll' i11dic;11i11g i11:-tru111l'nt 
ior tk!t"n11i11i11g rough)~- tlw hl'at ct1111e111, of thl· ga:-. ( lf cnur:-e. 
then· arl' calon111l0 tn,; hy whid1 thl' hl·at contl'llb oi thl' ga:- may 
!ll' dl'taminl'd, but thlTl' i, 110 rough and rl'ady 111:-1n1111t·nt tt1 put 
111 thl' g·a, producn hou:-l'. Tlw nn·d ior ,uch an 11btru1111·111 1, 
e,;pecially pro11ttu11cnl in hituminou,; ga,; pl:1111, whtTl" th<' color tti 
thl' tlaml' dOl'" 1101 gin• any idea a, lt1 the hl·:tt t"t1llll'lll' .,f the 
ga,. Thl'rl' ought to he ~uch an i11,tn1111l·111. a111l it tlid 1101 ,l'clll 
to bl' a ,·l'ry difticult probkm 1,1 ck,ign ont·. 

:\Ir. 11 l·witt n·markl'd that it might ht· of inll"rnt t" ~tlllll' .,f 
the mt•mbt·r, 10 knuw thl' latl',t rt':-ult,; i11 ,lt'am turhine pl:t11b 
which ht· had rCcl'in·<l o·n)y a ft·w \\Tl'k, ai-:o frt1111 :"\l"w England. 
. \,; opposnl to thl' 2.26 lhs. ,ii co:il. which :-Ir. \\.i11,hip g;l\l' a, 
the an·ragl' for thirty day,. the rl',ult, :-ht1\\ 2.-4 Iii,. t,1 2.t> lh,. 
pa kw-hour with hituminou, coal. Thl· an rage i:- 2._; lh,. ior 
turhint·s a, again,t 2 1 .i lb,. for ga, t·ng·int·,. ( )11e .,f tht·,t· plant,; 
ha, fin· unih oi ahont 1000 kw; the ntht·r ha, two unit,, a nd he 
thought in the latta ca,l' thl're wnc ahout 1,:;00 kw u,ing :-npn­
hattd steam. 

:\Ir. Bibbin, ,tatt·d that in reg:ird to cha11gi11g thl' ignitn,, 
thl'rt• is a sy,tem in \"<>g-ue 1ww which makl', po,:-ihk the chang­
ing of an ignita \\ ht·n the eng-ine i,- running. l 11 the plant in 
Ph iladt'lphi a l'ach cylincln i, l'quippl'd with an igni ter plug, which 
ha,; two contact,. and l'ither ont· may ht· thrown in or out hy a 
littk ,w itch. Thnt· are iour different source, of curre11t fo r ,up­
plying- the ignitl'rs. and each cylinder i, pro,·iclt'<l with a double 
!,Cl ot 1g11iters. If one ni the ig·niterc- get,; into trouble thl' o ther 
can be quickly cut in. Ii an y of the gl'ntkml'n present werl' sut1i­
ciently inter<:sted hl· would he glad 10 go to the pumping ~tation 
with them an<l ,how thl'm the gas enginl' in practical operation. 

R El'Oln' <>X X0:'111 ;\'.\TIOXS 

The committee on 11omi11atio11s made its rl'port a t thi s point. 
J o hn B. Par,ons, chairman ui the committee on nominations, 
presentt'd the following list of nominee, : 

F o r pre sident, \\'. Caryl Ely, of Buffalo. 
F o r first Yicc-presi<lent. J ohn I. Bl'ggs, of :.\Iilwaukee. 
F o r second Yicc-prt'sident. Cah·in G. Goodrich. of :.\Iinneapo li s. 
For third Yice-pre,i<lcnt. Jam es f . Shaw,· o f Boston. 
(l"nckr th e new plan of o rgan iza ti o n the ml'rnbcrs of the cxecu­

ti Yc com mittee arc made up of the o fficer s an<l the presidents o f 
the affiliated organiza ti ons. .\ t a later period in the meeting, 
Pre,iclent Ely announced the fo ll owing members of the exccutiYc 
committee: H . H .. \dams, of Bal timo r e, o n behalf of the :.\le­
chanical .\,sociation. a n<l S . L. Rhoads. o-f Phil adelphia, on behalf 
of the Claim :\gent< ,\ ssocia tion. .\s th e Accou ntant s' Associa­
ti o n harl not yet elected a president fo r th e en suing year. the name 
of th e member of the executi,·e committee rcprl' scnting the 1\c­
countants' cannot he giH·n until rn:xt ,n:ek . ) 

On moti o n, the report of the comm itt ee o n nominations was 
accepted, an<l the !Secretary wa s au thori zed to cas t th e ballot of 
the associat io n for the g<.:ntkmen named, whi ch was accordingly 
<lone. 

In re spon se to calls for a speech, Presi cknt Ely remarkt'd that 
if he shoul<l say that the action taken by thl' as so ciation in <.'lect­
ing him again to th e pre:-iclency was not gratifying to him. he 
would not he telling the truth. but when ht' sa id that he had clc ­
,·oted a great ckal of tim e to the association for the la st year, 
and co nsid era ble tim e th<: yl'ar before. and that hl' co uld see that 
there was a lot of work to be don e durin g the coming year, to be 
comm<.:ncecl immediately, and that the mi:mhcr s ~hould ha,·e se­
lected so me other per,;0 11 a s presicknt to g-o aht'ad at the present 
tim e, for sc,·c ral rea son s, he would also he tl'llin g the truth. Ile 
said that when hi s friends had co me to h im and said ,·ery nice 
and ,·cry plea sant things, he had graYe doubts about whether tlll'y 
applied to him or not , and whether he reall y dese n-ecl all th at 
ha<l been said. He had said to the ~c: indiYicluals that it sel'med 
to him to be a tim e to put in a Ill'\\' man. The association had 
agreed upon a form of organization, and as he wa s not conceitccl, 
he thought there were a lot of men a,·ai lablc from whom a selec­
tion for president could have be en made, but it sL·cmc:d to him 
that he had been caught with the goods on and coul cl not get 
away, and, of course, he would ~tand. But th ere is a g-reat deal 
of work to be done, and the new plan of o rgani zation cannot 
succcc cl unless hard \\'Ork is put upon it ancl unless that work is 
participated in by all the leading members of the association. 
EYerybo<ly in the association must be called upon to co-operate. 

President ·Ely bclie,·e<l that if every member of the association 
di<l his duty , th e o rganization which wou ld result in a, couple 

.,f ) l'ar-.. woul,l hl· ~n biJ,!" aml useful 10 l"\"l'r\' meml>c-r that th<.' 
ct11111nt1n Sl·u~,· .,j :111 l'ullJll"Ctl·d with thl· assl;Ciation would ll·ad 
tllt'lll to ,:1y, "\\'hy tli1I we not iuauguratl' this t<.'11 )'l'ars ago? 
\\'hat \H'rt• ,n· 1l0111g? " I k l'.Xpressl·d l11s appr,·ciation of thc­
grt·at hont1r c:-onfl·rre,l upon him. Ill' woul1I do his hl·St with thc­
:t"btant'l• .,f tht• llll'lllhtTS, whid1 3S~i,talll'l' Ill· lrtlStl·d the-\' would 
;ill gin·, anti in conch1~io11, hl' ,k~irl·d 10 say that hl' app

0

n•ciatl·d 
tht" artion of tht• as:-nl'iation a, a ,·t·ry gn·at honor. 

~Ir. lkgg, sa1tl tliat hl· wishl·d to say ;1 word of appro\'al of 
thl· actit111 uf tht· 110111inating l'0111111i ttl'l" in thl· sekction of '.\Ir. 
Ely. .\s 111:rny of thl' 111t·111hl•rs know. thlTl' Wl·H· a 1rn111hl·r of 
g,·111k111,·n whu i11 thl· kindncs-.. uf thl'ir hc;in, approadll'<I him 
,1 ith thl' idl'a three days agt1 that hl· ~lwuld Ol' madl· till" pn·~i­
tlt·nt of tht• as-..t1riatio11. l ll• hat! takl•n thl' position that till' in­
cu111hl·nt llf the proitlenti;il oflict• at this juncture should not hl' 
rhallJ.!"l'd; that th t· fu tun· of thl' assol·iation <kJ>l'll<ktl largdy upon 
the work that hacl hl't'II 111Hkr co11sitkratio11 for thl· past I wo yl'ars, 
ancl ,)wuld he largl'ly left in the hand,; of thl· hl·ad of thl' asso­
ciation who had hccn so intimately t'Ollllt'Cted with it. '.\Ir. Bl'g-g-s 
appr t·ri:1t ,·d till' honor confl'rrl'd upon him in ~dl'cting him as 
the lir:-1 , ice-pn•~id cnt of thl' association. Ill• wi~lll'<l to pkc!J,!"c­
to :\Ir. Ely hie- hl'-..t -..upport in assistini,: ~Ir. Elv in what wa s to 
lw clone: . Ile unclt-r :- tood fully tht• hurckn,; wl;ich thl' prl·sidcnt 
\\a, assumi n g-, ancl he 1k,ir,·d to pll'<IJ.!"l' to thl· association the 
ht·,t efforts he rould gi,·e to its a<l,·ancl'llll'nt. I ll• did not know 
whethn :-1 r. Goo drich was pre sl'nt at thl' Sl'SSion or not, hut Ill' 
was glad that ~Ir. G oo drich had heen co11tim1,·d as \'iCl'-)lrl·;.icknt 
in tht• a,sociation, ;111d that tho se \\'erl' co111i11g into ofiice who 
Wt'rt' fallliliar with what was int,·n ckd to hl' acc o mplished under 
the lit'\\" iorm of constitution and bv-law s. 

The prl·sidl'n t said that thl· ch~ice of \'in·-prcsidents was an 
admirabk c111e. EYl'ry o ne kill'\\" from l' Xperi,·ncl' how wist' a nd 
ho\\' able an d how effectin·ly :\Ir. Beggs workt·d. It wa s a grt•a t 
thing- for the a,sociatio n to h a\'l' Sl'n-iCl'S likt· his at its disposal. 
It was worth money tn a nybody to han· J ohn I. Bl•ggs work for 
him. President Ely also s;1i<l that ~Ir. Goodrich was a n·n· ahll' 
man and a i; plendid o r ga ni za , an d from tlw talks he ha~! had 
with :.\Ir. Goo drich during- the past year, hl' knew that hi s heart 
\\·as in thi s work. The saml' \\'as true of :\Ir. Shaw, the third 
Yicc-presi<lent. 1\lth o ugh he had not bl·en a ml'mbl·r of the 
executiYe co mmittee during the past yl'ar, h,· had se,·aal times, 
at the inYitation of thl' president. left his work, and he thought 
th e members could rest assured that the affairs of thl' associa tion 
would be tak en hold of in a w;1y which would produc,· rci;nlts. 
Outside of the official pers o nnel of the organization there were 
a large number of gentlemen who werl' \"cry much intercstetl in 
th e \\'Ork who ha<l been freely called upon <luring thl' past year, 
wlrn had gi\'en ,·cry freely of their time and made most ,·aluablc 
suggestions. .\t some proper time in the future proper recogni­
tion sh o uld be paid them of their help. because they were \'Cry 
Yaluablc men. - As could be readily u1Hlerc-tood. so metimes a man 
working along lines like these has doubts as to thl' outcome of 
the plans \\'hich arc made. He had been g-rt'atly c-trengthe11t·d 
during the pac-t twenty-iou r m o nth s by the ~uggestions and hy 
the expressions of men notable in the wo rld of railwa,· achievl'­
mcnt. and he wanted to mention one. Y l'S tcrdav i1c was at 
lun cheon with Dr. \\'il son, thl' president of th e · Comn1t·rcial 
:.\I useum. Dr. \Vil son had i11\'itl'd Tlll'odorc N. Ely , who has 
charge of the entire moti\'e pow er of the Pl'nn sy l\'ania Railroad, 
to take l1111chco11 with him also. Th e re \\'a s a short talk hl'tWl'Cll 
them, and Theodore N. Ely reque,; ted a short s tatement from 
the president of what they wcre doing. Then Theodore N. Ely, 
who ha s been a member for vears of thl' l'.xecutiYc committee of 
the Railway Association, an~l also of ditkrent en~incering- so­
cieties , outlined what h,· thought as a roug-h sug-g-cstion, would 
he the plan they should ha,·c and what he said would he of im­
measurable alh·antage to the association. If he had been reading 
the propo sed form of reorganization cardully he could not ha,·e 
,;ketched and outlined it much better than h,· ditl. The sugges­
tion s h e threw out were \'try pleasing to the president at that 
particular monH.·nt. Theodore N. Ely further said that there was 
no question in the minds of the m en \\'ho to-day are directing the 
great railway systems, that the 11aster Car Builders ' Association 
a nd the 1'-laster ~lechanics' Association and thl' cliffl·rent organ­
izations relating- to steam railway work had hcl'n of immeasurable 
,·alue to the steam railroads. and had put forward by years the 
time ' of arri\'al at the present standard of steam railroad work, 
and he i;a id further that the wisest man, the man who can sec 
furthest to-day, can Sl'C hut a short distance an<l can form hut a 
faint impression of the work the members of the American Street 
and Interurban Railway Association were engaged in. The elec­
trical dc,·clopment is occupying and engrossing the attention of 
the foremost men in s team railroad work, an<l he argued great 
good to the railroad industry from this organization. 
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T he president , in conclusio n , said that if the m embers worked 
wisely and well, takin g good advice and fo llowin g it , and a ll co­
op erated, that in a yea r 's time he believed the associa tio n could 
make an ,amazing stride. 

Th e association th en took a r ecess for luncheon . 

THURSDAY A FTE RN O O N S E SSION 

President E ly called th e m eetin g t o o rder a t 2 :15 o 'clock. A t 
th e aft ernoon session th e pap t!r s on " The Sin gle-Phase R a ilway 
System ," by Ch arl es F. Scott, and on " E lectric R ailway E quip­
m ent," by W. B. P otter, wer e r ead. Both of these paper s a re 
publish ed elsewher e in thi s issue. 

There was a lengthy di scussion on these papers which will appear 
in a later issue. 

On m oti on of W. E. Harring to n the followin g resolutio n was 
passed: 

R esolved, T hat a vote of t ha nks of t he assoc iation be exten ded t o th e 
a uthor s of th e very i,nter esting and valuable papers presented at this conven­
tion; and b e it furth er 

R esolved, That this associat ion appr ecia tes th e courtesy of the m anu­
facturer s in permittin g the p r eparation of the char acter of paper s presented 
and th e attendance of their experts in connection ther ewith. 

On motion of Mr. H arring ton the following r esolution was 
a lso adop ted: 

R esolved, T hat all r egular standing committees of this association shall 
her eaft er con sist of thr,ee m ember s. 

Mr. Beggs, who was appointed chairman of the committee to 
prepare suitable resolutions with refer ence to the se rvices of Thos. 
C. P enington as secreta ry and treasurer of the association , offer ed 
the following on behalf of the committee: 

Wher eas, Thomas C. P enin gton, who has been th e secret ary and treasurer 
of the A m erican, Street R ailway Association for t en year s past, havin g sever ed 
his official r ela tion b ecause of the det ermina tion of the assoc iati on t o 
establi sh headquarter s in th e city of New York, a,nd th e n ecessity of contin­
uous attention to its affairs b y the secretar y ; ther efore, b e it 

R esolved, That th e A m erican Street R ailway Association d oes her eby 
r ecord a minute of it s earnest appreciation of M r . P enin gton 's fi d elity to its 
inter ests , his devotion. to its welfa r e an d the emin entl y hon es t a,nd sati s­
factor y m anner in which h e has di scharged the rust s imposed u pon him ; and 

R esolved, That M r. Penin gton 's r ela tion s t o the individual m em ber s of th e 
A m erican S treet R ail way Association have es tablished fri e,ndships which will 
last throug h life, and they part with his services as an officer with the d eepest 
r egr et and with lasting appreciation, of his kindly thought and attention to 
th em selves and their fri ends during th e m any conventit n s which have been 
held under his able ass istance. R espectfully submitted , 

J O H N I. BEGGS, 
C. G. GOOD R ICH , 
W . E . H A RRI NGT ON. 

Th e resolutions we re unanimously adopted l:Jy a rising vote. 
Mr. Beggs stated that fo r two yea rs pas t there had been a com ­

mittee of th e asso ciation upon the m atter o f rates paid by the gov­
ernment for m ail ser vice on the ca rs of the m ember s of the asso­
ciation. T hat committee had done nothing during the pas t yea r , 
and he th er efore offered the following resolution : 

R esolved, T hat a committee of th ree active m embers of this association b e 
appointed t o p res.en! t o and urge upon the honor able Postmast er-Gen eral and 
the honorable committee on postal a ffair s of the Con gr ess of th e U nited 
States th e n ecessity ~f allowin g and provid ing fo r much lar ger compen sation 
for carryin g the m ail s on street and in terurban rail ways, both fo r postal car 
and pc uch service, an d likew ise th e n ecess ity of m odifyin g th e cond iti ons 
under which such ser vice is performed. 

Th e resolution was adopted. 
• The p res ident appointed as a committee on U nited States mail 

service the following-named gentlemen: J ohn I. Beggs, o f M il­
waukee; G. Tracy Roger s, of Bingh amton , N. Y., and P. F . Sulli­
van, of Boston. 

The fo llowing report of the commi ttee on rules was presented: 

R EPORT OF STAND,\R D RULES COMMITT EE 

T he standar d rules committee r espectfull y su b mi ts the fo llowin g report : 
F irs t- A t the in st an ce of th e committee th e secretary sen t out a circular 

to all the member s of th e assoc iation, r eq uestin g sug ges tions applicabl e t o 
the last r eport of t he committee, together with an y ideas which would 
enabl e the committee to m ak e further progr ess in their work. Th e replies 
r eceived in dicated to the committee that th e rul es governin g city lines had 
to a large extent been ad opted. 

S econd- T he committee fi nds a diver sity of opinion s and id eas in r elat io n 
to th e rules for th e government of int erurban lin es , an d they r ecommend the 
ru les adopted b y th e A m erican R ail way A ssociat ion fo r t he operat ion of 
s team railroads, wh ich a re t he r esult of years bf study and exper ie nce, be 
adopted by interurban lines a s fa r a s p ract icab le, and we further r eco mm end 
that the secr etary of this associat ion furnish to each m ember a copy of 
these r ules, an d tha t th e m ember s of the associati on in fo rm t he s tandar d 
ru les committee as t o the applicat ion s of those ru les t o th e lines which they 
operate, makin g such suggestion s and r ecommendations to the committee 
as will be of value in th e prosecution of its work. 

The commit t ee furth er recommend s that the work of t he standard rules 

committ ee be cont inued, and that at least t wo members of sa id comm itte e 
sha ll be operator s of or fa mili ar with the opera tion of in terurban lines. 

Respectfull y submit ted, 
E.G. CONNETT E, 
W. E. H ARRI NGT ON, 
RO BERT McCU LLOCl l , 

J O H N J . ST ANLEY. 

On motion the report of the committee was adopted. 
T he pres ident appointed the following-named gentl em en as the 

rul es commi ttee : E . G. Connette, R icha rd M cCu lloch and E. C. 
Faber. 

T he president appointed as the committee on insuran ce th e fol ­
lowing-named g ent lem en : H. J. Davies, E. W . Olds and T . C. 
Pening ton. 

The committee on resolutions then reported a set of fo rmal 
resolu t ions, in which the thanks o f the association we re extended 
to the A m erican Street R ailway M anu facturers' Associa tion , it s 
officers and member s ; to J ohn B. P a rsons, pres ident of the Phila­
delphia R apid Transit Compan y, and the oth er offi ce r s and head s 
of depar tm ents of that company ; to the office r s of the P hiladelph ia 
& W est Chester Traction Company ; to th e passenge r r ail road 
associations fo r reduced rates; to D r. W . P. Wil son , directo r of the 
P h iladelphia Com mercial Museum ; to th e officer s of the E·nginee r s' 
Club, the M anufacturers' Club and th e Southern Clu b fo r cour­
tes ies during the convention; to M ayor J ohn W eaver ; to the citi ­
zens of P hilade lph ia ; to th e local press; to the local ente r tainment 
and reception committees ; to the hotels; to the local and long­
di stance telephone and telegraph companies ; to the local pos toffice 
officials and to all the civic, social and bu siness interests of th e 
city of P hiladelphia, wh o have contributed in so la rge measure 
to the success of th e m eeting. 

The resolutions were unanimously adopted. 
On motion of M r. Bean the following resolution was adopted: 

\ Vhcr eas, The Accountants ' Association will b e in session until Saturday 
afte rnc,on , Sept. 30, 1905, 

R esolved, That th is association do n ow tak e a recess un til the close of the 
last session of said Accoun tants ' A ssociation , a t wh ich time thi s assoc iation 
will stand adj ourn ed sine die. 

Th e m eeting then adj ourned. 

•• 
CONVENTION NOTES 

The arrangem ents for the convention h all and exh ibit features 
wer e mos t complete and showed g reat care and elaborate prepara­
tion on the part of the local committee of the Manufactu rer s' As­
sociation. T he exhibits are re ferred to at greater leng th else­
wh er e and will be described in extenso next week. The conven­
tion ha ll was imp rovised from a gallery over the south wing of the 
mu seum and which formerly was u sed fo r storage pu rposes. Here 
a spacious ha ll had been pa r titi oned o ff with do uble doo rs, an d the 
wall lined with paper t o intercept any soun d which migh t pene­
trate from outside. O n the three r emain ing sides a series of t all 
windows gave a ll the light 7md ventilation requ ired. T he hall was 
decorat ed with pott ed plants, and the plat forms with rows of 
palms and potted fl ower s. Behind the speaker 's ch air was a flo ra l 
des ign r eading, " Philadelphia, 1905, W elcom e. " T he hall was 
amply la rge enough to hold all those in attendance on W ednesday 
and on other days . A simila r room was provided at the other end 
of the ga llery fo r the accountants. T he A merican and M echanical 
Associations met a t the west end of the bu ild ing. 

TJie badges thi s year wer e ve ry tast eful. T hey were in blue an d 
gold, and /showed a doubl e-tru ck car mount ed upon a k eysto ne, 
up on which was a rep r esentati on of a Liber ty B ell. T he d es ig n 
was surrounded by two fl ags ,and surmounted by an eag le. As 
usual, five colo r ed ri bbons were 11sed, blue fo r the A meri can 
Association , brown fo r the Mechani ca l, oran g e fo r th e Accou nt­
ants, r ed fo r th e Manufac turers, and whi te for the g uests. F ol­
lowing th e practice las t year , every badge was numbered and an 
index was published, both alphabet ically a nd by n umber s, o f the 
attendants at th e conventi on. T h e index was p ub lished o n d if­
fer ent days and in several editions. Edit io n r cover ed the r egis­
tratio n fo r the fir st two days, and edit ion 2 , that o{ the fir st t h ree 
days. In view of th e la rge num ber of nam es recorded, the accu­
racy with whi ch thes e na mes we r e pri n ted is wort hy o f remar k. 

The Philadelphia R apid Transit Com pany and th e P h iladelph ia 
& W est Ch es t er T racti on Com pany issued book s containin g 
fo rty-eig ht ti cket s to each attenda nt at t he convention. T hese 
books wer e d istribu ted by the r especti ve sec reta ri es and were 
g reatly app reciated by the attendants. 

----.-♦----
T he inte rchangeable coupon t icket books have been placed on 

sale in Indianapoli s. They a re good ove r twenty O h io, t en Indiana 
and two M ichiga n lines . T he book se ll s for $ro, o r at a r educt ion 
of 16 2-3 per cent. I t cannot be p resented fo r payment on a r ide 
wh ich ca lls fo r less than two coupons. 
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THE BANQUET 

The annual banquc:t was held Thursday ncning, Sept. 28, in thl' 
cloYcr ball room of the Bellcrne-Stratfor<l, which had bl'c:n l'X­
quisitcly decorated for the e,·cnt with p:1lms and cut flowers. .\ 
touch oi appropriate sentiment was happily sc:cured by including un 
the: ~,age at one end of the ball room. partly ~c:rec11l'd am1<l banks 
of palms, a pcrfc:ctly comtrnctc:d modd of a i\C\\' York Hroad,,ay 
car, as built by the: John Stc:phcn~on Cnmpan_y. The nwdd was 
loaned for the occasion by the: J. G. Brill Company. :\nothl'r touch 
of "localism" that was fully apprl·ciatc:d by the: dinc:r~ was the 
sen·ing with the "Sorbet Transit" of a miniature: trolll'y car. :\bout 
2 00 gt1l'Sb c:njoyl·d the: unusu:1lly tine: ml'nu pro,·idnl 

The menu card was cleverly designed to rq1resent the grc:at con­
quest of Franklin in the field of electrical sc1cncl' and the mo1krn 
application of electricity to the traction i11<lu~1ry. The: de~ig11 in­
cluded an artistic presentation oi a ti~nre~ of Frankl111, actin~ as a 
medium for diYcrtin!-! the electric currc111 from till' clouds to a 
modern elec tric intcn;rban pa%cngc:"r coach. 

During the dinner J oh n 13. l'ar!'ons, president of the l'hil:itklphia 
Rapid Transit Company. ac tul as tuastma~l<"r. and added much to 
the enjoyment and success of the: eYening by his happy and well­
chosen introductions. Rc~pon~e~ to thl· tua~ts wnc: 111:1dl· :1s fol­
lows: "Franklin's Day and Our~." I Ion. J ohn \\" c:an:r, :\layor of 
Phila delphia ; "The Association." \\' . Caryl Ely; " Our Canadian 
Brethrl'n," George Ta te Blackstock. K . C.; " orporations and the 
Commonwealth," Thomas ::--:. :\lcCa rtcr ; " Stree t Rail way :\lanagc­
ment,'' J ohn l. Beggs; "The Trolley," Gen. Eugene G ritfo1; "The 
Ladies," J ames Rawle. 

---•♦ +- ~--

THE THEATER PARTY 

Im·itations to attend a theater party on \ \"cdnc:s<lay ncning were 
extended by the :\l anufacturcrs' Association to all those in at­
tendance at the co1wention. The entire seating capa city of the Ne\\' 
Lyric Th eater was secured and the attendance was very large. The 
play gin:n was J ohn C. Fisher's colossal production of "Babes in 
th e \\'ood," and it wa s hea rtily enjoyed by about 1800 of those in 
attendance at the c01wcntio11. ~o local hits were introduced in the 
performance, but th e production \\'as an excellent one, and th is 
method of entertainment pro,·cd \'ery popular, judging by th e de­
mand fo r tickets. 

•• 
THE RECEPTION 

The reception at the Bcllen1e-Stratfo rd, on Tuesday cyeni ng, 
\\'a s the most elaborate cYcr held at a convention of the associat ion. 
It was held in th e ball room and adjo ining foye rs at the hotel, and 
\\'a s attended by a large number of the delegates and lad ies. A 
list of th e patronc:-,scs wa s publi sh ed in our last issue, and in cluded 
ladies whose hu sbands arc p rom inent in Philadelphia rai lroadi ng, 
manufactur ing and social circles. The ball room itself was bca11 -
tifully decorated, and an o rch est ra on the stage furni shed excellent 
music for dancing, which \\'a s participated in by some of those in 
att endance. About half-past 10 an elaborate ~upper was served in 
an adjoining room, and most of the guests departed about 1 2 

o'clock. 

ANNUAL MEETING OF THE MANUFACTURERS' ASSOCIATION 

The an nual convention of the l\Ianufacturers' A ssociat ion was 
held on the aftern oo n of Sept. 27. Under th e co nstitution of th e 
association the terms of office of fi\'e of the mem bers of the cxccu­
ti \'e committee expired thi s year. Three of thl' sc were re -elected, 
and t he committee now con sist s of: J . R. Elli co tt, of the \ \Tcst­
ingh ouse T raction Brake Company; J ohn A. Brill , of the J . G. 
Bri ll Co mpany; Charles Knickerbocker. of the Griffin \Vhccl 
Co mpany; Char les K. King, of the Ohio Brass Company; George 
J . K obusch, of the St. L ouis Car Company ; Charles C. Peirce, 
of the General E lec tri c Company; H oward F. Martin, of th e 
Penn sylvania St eel Company; J ames H. McGraw, of the McGraw 
P ubli sh in g Company; J ohn W. Nute, of the St. Loui s Car Wheel 
Company; Frank C. R andall , of the National Electric Com pany; 
Newcomb Carlton, of the \ Vestin ghouse Elec t ric & Manufact ur­
ing Co mpany; William Wharton, J r. , of \Vm. Whar ton , Jr., & 
Company; Fred S. K enfield, of th e K enfi eld Publishing Company; 
E. H. Baker, of the Galena Signal O il Company; E. ;11. Williams, 
of the Sherwin-\ Vil Iiams Company. 

George Keegan was re-elected secretary of th e association. 
The executive committ ee, after the elec ti on, <l id not fo rmally 

o rgani ze, but E. H. Baker, of the Galena Signal Oil Company, 
was elected chairman pro tem. 

THE CHlCAGO S11 UA TION 

The public J11Cl'ting campai1-,'lt of ~byor Dunne, of Chicago, was 
beg-1111 bst wec:k. At the firs t of these meetings, held Tuesday 
neni11g, Sept. IC), at Lin~oln :\ \'cnue and Ro~coe Street, the ~tayor 
unfolded his "contract plan," for bringing the c:ompanics to terms. 
In cxplam111g- why he had abandoned his plan to condemn the: lines 
of the traction t:0111pa111es, accor<l111g to his dc:clared policy in 
n11111l·ro11s spec:ches during- tht· ci t,, camp:iign, ~la\'or Dunne said: 

"\\"hen I was m:iki11g- my campa.i1-,'ll last !'>pring I under~tood that 
the franchises had expired on only about :20 miles of tracks, of 
which the i:ity could take immedia te possession; that was the 
,\dams St rcc:t line. After my election I appointed special counsel 
to look into the matter and thl'\' found that the franchises had ex­
pired on 130 miles of Jim·, and that within two yc:ars franchises 
,,·,nild expirl' on I q miles of additional lilll'S, Thc:y found that 
w11h in two yc:ars 27.J miles ou t of a total of 700 will be at the dis­
posal of the city without condemnation proceedings. 

"Dming- the campaig-n we said we would offe r the companies 
fair, rl'asonalJk. ;111d full price: for their propl'rtics. Although we 
ha,·c endl':1yorcd in c:yery way tll get thl',c companies to place a 
price on th eir propl'rty, they ha,·c rcfmcd. \Ve agreed that if we 
couldn' t buy the propl'rtil's we would condemn them. \\ 'e advo­
catl'd that procl'eding, lil'cau~e we thought we had on ly a few miles 
o f track at our disposal. \\'c find 1h;11 all we ha,·e to do is to take 
possession o f thl' sc 274 miles of trackage, which co\'er the most 
populous di stricts o f Chicago. These 274 miles will reach 1,100,000 

people. 
"\\'c can dispossess the companies of these lines by placing a 

pol iceman a t each end of the track on which the franchise has ex­
pired. Th at is the si tuation as I found it when I presented my 
mc: ~sage to thl' City Council J uly 5, proposing that a company be 
organ ized to build a ~trl'et car systl'm fur the c:ity. , That plan has 
been before the pc:opk Ill'arly three months. It has bec:n calumni ­
atl'd and villificd. but no defect has bc:cn disrnvere<l in it." 

l\layor Dunne th en read hi s me ssage and commented on it. In 
rcfercnce to the referendum hl' declared: 

"No ordi~1a nce shall nc:r pa~s, unless over my veto, which does 
not contain a pr0Yis ion that it shall be submitted to the people for 
their appro,·al." 

T he l\ l ayo r said he favore d his "contract pl:in" to a purchase of 
the companies' propertie s, as proposed in his "city plan," because it 
would be six months before the question of issuing the ~iucller 
law certificates could be submitted to the people, and six months 
more to test thei r \'alidity in the courts. To save delay he pro­
posed th e contract plan. \\' ork could be begun at once, and the 
test of th e l\l uellcr law ce rt ificates could be had while the work was 
going on. 

"The company I propose to organize is a constructing company," 
he said. "E\'cry dollar it cams onr the cost of construction and 
operat ion and the payment of 5 per cent on the money borrowed 
will go to the city. T he City Cou ncil will pass on the plans and 
specificat ions, and on every contract made." 

The Chicago Ci ty Railway on Tuesday, Sept. 26, submitted 
terms on wh ich it asks a twenty-yl·ar franchise. The co mp:my 
agrees: 

T o interchan ge transfe rs an d route throu gh cars over Union 
Tract ion lines. 

T o rehabil itate lines with new cars und grooved rails, and to 
furn ish se rvice as req uired by City Council. 

T o accept a twen ty-year franchi se in lieu of all prese nt ri~hts 
and le t the city purchase after a stated time. 

T o change all cable lines to t rolley power, using unde rground 
troll ey in State S treet and down town if de si red. 

To sweep and sprinkle streets occupied by its lines. 
To fill , grade, pave and repair 16 ft. of street occupied by its 

lin es. 
To mak e public reports of its earnings. 
T o pay compensation on a pl'rccnt.age basis, increasi ng wi th 

leng th of g rant, char ging 5 cents fare. 

\Vith an o ffer variously estimated to be equivalent to $30,000,000 
o r $35,000,000 in cash to the city, and pro\'iding for the termina­
tion of all r ights under the ninety-nine-year act and ordinances, 
at the expirat ion of twen ty years, Genera.I Counsel E. R. Bl iss, o f 
th e City R ailway Co mpany, laid the entire t ra1ction proposi tion 
befor e th e Coi.mcil committee \ V cdnesday afternoon, Sept. 27. 

In th e e\'ent that the ci ty desires to own and operate the street 
cars at an earli er date, the ordinance provides tha t it shall have the 
right t o purchase the lines at specified times. the Council to insert 
the dates, by payin g th e cash value of the physical property at 
the time of purchase and al so the pri ce fi xe d by a rbitration as the 
value of the unexpired par t of th e franchises. 
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CONVERTIBLE CARS FOR SHREVEPORT COMPANY 

The Shreveport Traction Company has lately received from the 
American Car Company several of the convertible cars illustrated, 
built under the Brill patents. Shreveport is the second city of 
commercial importance in the State, and does a large busin ess in 
lumber and cottonseed oil. The convertible type mentioned is in 
considerable use in the Gulf States, where the climate is semi­
tropical. 

The sill step is a modification of the Narragansett type, and is 
wider than appears in the illustration, giving ample room for a 
secure foothold. The cover plates for the openings over these 
steps when the panels are drawn down may be plainly seen in the 
picture in their folded position. When the car is closed, these 
plates are raised flush with the floor and present an even surface. 
The value of this extra step will be at once recognized when it is 

CONVERTIBLE CAR FOR THE SHREVEPORT TRACTION COM-
PANY, SHOWING TW O OF THE PANELS REM OVED 

noticed that double trucks having equal sized wheels are used 
ut;1der the cars. With such trucks the car fl oor is too high to be 
easily and safely reached by a single step. The running board is 
the same height from the track as the platform step, and from sill 
step to car floor is same height as from platform to car floor. 
These heights are respectively 18 ins., 14½ ins. and 7½ ins. In 
the view of the exterior of the car two pairs of windows are 
shown raised at different heights, and a pair of sashes and panels 
are raised entirely into the pockets in the side roofs. The opera­
tion of raising and lowering the sashes is so simple that conver-

INTERIOR VIEvV OF SHREVEPORT CAR 

sion is practically instantaneous. The interiors are finished in 
golden oak, with three-ply birch veneer ceilings tinted a light 
green. The seat backs are provided with brackets between the 
backs and posts, which enclose the space an d also provide hand 
grips for the use of passengers in entering aind leaving by the side 
openings. The platform at front end of car is intended for use 
of motorman only, while that at r ear end is long and of the 
"Detroiit" type, divided with a hand rail. 

The cars are mounted on Brill No. 27-G-E-1 trucks, having 
solid forged side frames and wheel base of 4 ft. and 33-in. wheels. 
Each car has a motor equipment of four 40-hp motors. The 
length over the body is 30 ft. 8 ins. , and over the crown pieces, 
41 ft. 4½ ins.; over the panel from the crown piece, 4 ft. 6 ins. at . 
the front end, and at the rear end, 6 ft. 2½ in s. The width over 
the sills, 8 ft. 1 in.; width over the posts at the belt, 8 ft. 5 ins .; 
sweep of the posts, i½ ins.; distance between the center s of the 
posts, 2 ft. 7 ins .. The side sills are 2½ ins. x 7¾ ins., and the 
Z-iron sills, 6¼ ins. x 8 3-16 ins. x 15-16 in. 

THE NEW B. F. STURTEVANT COMPANY WORKS AT 
HYDE PARK. MASS. 

As far back as 1901 the growth of the B. F. Sturtevant Com­
pany, formerly of Jamaica Plain, Mass., demonstrated the need 
of a new location, and a fire in that year which destroyed a large 
amount of valuable machinery naturally hastened the develop­
m ent of a new factory. Thi s is now located about three-eighths of 
a mile north of the Readville station in the town of Hyde Park, 
and the plant comprises a group of buildings thoroughly repre­
sentative of the latest ideas in production economy. The com­
pany manufactures heatin g and ventilating .apparatus, industrial 
railway sys tems, general factory equipment, engines, dynamos 
and motors. The site consists of about 20 acres, with a frontage 
of 1300 ft. along the New York, New Haven & Hartford freight 
yards near Readvilfe, occupied by about a dozen buildings, with 
an aggregate floor area of 9 acres. 

An industrial railway system of 2-ft. gage connects all depart­
ments; spur tracks from the New Haven yards faci litate the move­
ment of raw material and products; traveling cranes, pneumatic, 
electri c ,and manual hoi sts and electric elevators are scattered 
throughout the works, and all machinery is motor-driven with 
the exception of the ventilating fans and air-compressor equip­
ment. T h e building construction is of composite chara.cter, con­
sisting of steel interior columns and main steel girders, with brick 
walls, timbered floors and plank roofs. Ribbed glass is used in 
all windows except those on the first floor. About 38oo Grinnell 
automatic sprinklers are in service; fire hose is stored in red­
painted boxes for emergency use; self-closing fireproof doors are 
installed between many of the departments; fire pails are fre­
quent in conspicuous places, and at night watchman service is 
maintained. 'Nater at 90 lbs. per square inch is available from 
the Hyde Park system, and a rooo-gal. per minute Blake Under­
writers' Line pump is in a house near the power plant. 

The boil ers in the power plant are of Stirling make, with a 
total rating of a-bout rooo hp, and the plant naturally contains 
mechani cal draft apparatus and a Sturtevant economizer. The 
generating sets we re built by the company, and are at present two 
in number , 100 kw and 250 kw. The power house supplies ,all the 
steam used in the different buildings, the steam pressure being 
r educed from 160 lbs. to serve different purposes. 

All the electrical distribution is carried out upon the two-wire 
plan at 220 volts direct current for both pow er and lighting. 
General illumination is supplied by General Electric no-volt en­
closed arc lamps tun two in seri es, and all special lighting is by 
16-cp, 220-volt incandescents. The air compressor in the power 
house is a Laidlaw-Dunn-Gordon machine with compound steam 
and compound air cylinders , distributing air at roo lbs. pressure 
throughout all the shops. 

There are about roo electric motors in the plant, varying in size 
from ¾ hp to 40 hp , all being of the company's own make. Both 
g roup and individual driving of machines are in use. All motors 
above IO hp are equipped with General Electric circuit breakers, 
enclosed fuses being used in smaller sizes. Starting boxes and 
controlling switches are located eith er on posts close by the ma­
chines, or in the case of some conn ect ed motors, upon the ma­
chine frames. Practically all the motors used in group driving are 
hung from the ceilings. At various points in the factory where 
power is required for t estin g or other temporary purposes, plug 
boxes are install ed upon certain of the vertical columns within 
easy r each of the floor. 

Several motors are effectively used in the pattern shop and 
foundry. In th e former, tpe flask shop band, cross-cut and sp lit­
ting saws, boxing machine and the lathe are all driven by a ro-hp 
motor, while the carpenter shop or pattern making division proper 
is equipped with two ro-hp motors which operate two band saws, 
a buzz planer and a double surfacer, five lathes, a dri ll press, 
core box machine and wood. trimmers. Both these motors are 
required in ordinary work, one se rving as a possible relay in case 
of accident. In the foundry, two 20-ton electric traveling cranes 
are in regular use, one upon each of the runways, and the floor 
between the runways is served by 1½-ton electric traveling hoists 
with ro-ft. span, built by the company. The cupolas are two in 
number, of Whiting make, 56 ins. and 72 ins. in diameter. The 
former is supplied with air by No. 8 Sturtevant pressure blower 
driven by a 30-hp motor, and the latter by a No. IO blower driven 
by a 40-hp motor. In th e brass foundry, blast for the furnaces 
is supplied by a No. 3 Monogram blower, and the entire ma­
chin ery, consisting of a spur cutter, a magnetic separator, a 
tumbling barrel and emery wheels, is driven by a 5-hp motor a,t­
tached to the wall. In the core department is a B lake wire 
straightener, driven by a 5-hp motor. 

All the elevators in the works are electrically driven. The 
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principal tra,·cling cranes are all uf \\'h1ti11g makt'. with Sturtl'· 
,·ant motors. .-\rmature punching~ and ro111111mator,-. arc ln11lt 
up in the uppcn110,-1 !lour of tlw fan and heater ~hnp. :1djo1111ng 
the testing building. The ~torage of co111111u1:11ors and part, i,-. 
effeckd 011 di\'ideJ pigl•on-hole~. numbered according to thl· shop 
scheme for quick rderenCl'. The armature baking room i,-. 40 it 
,-quarl', e111in·ly fireproof. and it conwins two ,-.1eam-lw:11nl haking 
o,·en,;, titted with ~hl'l't-iro11 doors and di"charge 1lt1c1'. .\t the 
other l'nd of the building is th e ~pl·cial ,-1<1reroo111 f<1r ckctr1t·;tl 
supplie~. The balance of this tloor and of the i11tt·nnl'd1atc Ilonr 
below is devotl•cl to winding, assl•mhliug an1l toting. The dn·­
trical designs are worked om in thl• uflicc buildi ng. 

llea,·y te,-ting is mo~tly carried out upon the tir,t tloor. line 
i~ a testing plate .30 ft. x 60 ft .. ,·ompkt.-ly equipped with ~te:1m 
and electrical connl'Ctions: engine,- may lw ru11 co11de1bi11g or 
non-co11densi1~. and eflicil·ncy tl'St", compounding te,-b and he:1t 
runs conducted. The winding ckpartml'llt 011 the third tloor i,­
arranged co11,·l·nie11tly with bench ,-..:ale,-. red fr;1me~. m;1g11et 
co111H·c tiu11s ;1 t inter\'als of 20 ft.. bmp bank" and arma ture rack,-. 
Small tra,·eling crane,- ;ind lwi,-.b an· co11,-.1;JJ1tl\' in u,-.e on thi ,­
Iloor. which is equipped with ;1 Iloor plate i, ;. !l',-ting motor,­
and blowers. :\ complete pcr111a11cnt switchh,1:ird fon 11 ,; part of 
the testing room e4uipme11t. and all direct-current voltages from 
80 to 550 are a,·ailable for tc,-tinµ:. a,- well as alternating ,·u ltage,; 
up to 2500. the latter bei ng u,-ed in insulation break-clown test,;. 
On the rear of thi,- ho:1rd a re circular hu ,;-ha r,-, to which tlexible 
cables may he clamped a,- m:iy be com·enient. \'ariation in nilt ­
ages is obtained hy operat ing motor-generator ,;et,;. Portable 
test tables and lamp banks are a,·ailah le ; a water rheostat plan t i,­
located on the roof. and instruments a re stored in th e oflicl', 
which is being elJuippl'd for cun·e tests upon samples of iro n 
u,ed in the machines. The fo undry of thl· co mpany supplies thi,­
mat erial. which run,- evenly mo,;t of the time, hu t wh ich needs 
checking magnetically now and then. 

Th e architects and engineers for the B. F. Stu r te,·a nt Company 
were Lockwood, Green e & Company. of Bo..;ton. The con st rnctio n 
nf thl' plant. includ ing th e entire indust r ial equipment manufacture, 
was carried ou t by the Sturte,·ant Comp.my. 

---++- ---

MINOR B. R. T. IMPROVEMENTS 

Some \'ery impo r tant improyements a r c t o be made at th e 
Ridgewood Incl ine a nd sto ra1ge ya rd of th e Brooklyn Rap id 
Transit Company. T hese a re to con sist o f new steel, concrete 
and ear th wo rk. new track wo rk on the ele,·ated st ructur e an d 
on the surface. and so m e spec ia l wo rk at 
Fresh Pond Road on th e L uthe r a n lin e. 
which will requi re some tap pin g and b last ­
i11g ior new track. .-\t the storage yard 0 11 
t he Lutheran line more than ~100.000 will be 
spent in new track work ~ inspectio n pit s. and 
a new inspl'cti on shop to cost $65,000. a lso 
a new bridge and considerable oye rh ead 
wo r k. 

mg in ,cr\'iet.•, and will mah· J50 of this 1ww tflle in all. The tin,t 
,h1pml'llt of the ordl·r for 150 will prol,ahly arri, l" in Brooklyn 
'"Jill' tmtl' ,lurmg Ja11u:tr). l )nl· fratnn." of the new car i~ the 
l'!lll11Jl;1t1on of the dangerous n11111ing hoar.I :\1101her frat11re is 
the tbe of four motor, llbtead of t\\o :is 011 the old c;1r. 

BOLAND INTERESTS PLAN NEW LINE FROM JACKSON TO 
DETROIT 

.\nicks of a~socia1iu11 h:J\'l• bn·11 forwankd lo th l' Sl·cretary of 
State of .\lichiga11 hy a new company \\ hich will construct a11J 
uperatl' a second electric railway from Jack,on tu Detroit. The 
Ht'\\' company is known a~ the Jack~on, Ann .-\rbor & Dc.-troit 
Ekrtric Rail mad Company. It is plannl'd to :1ccompli,h thc.­
JHtrpose of th e con1p;my hy cxtt·ntlrng the Boland hill", runnin~ 
from Ja ck,;o n to Dl·xtcr. This hne i,- now opcr:ited 111 conjunc­
t ion with the J ackson & Uattk Creek Traction Company. Tlw 
ofticers ;ind directors of tht· new company are: \\'. :\. Boland. 
presiden t: Ch arle~ \\ '. ( bhorn. ,·ice-president. and .:"\. S. Potter, 
secre tary a11d treas urer. The hoard of directors is as follows: 
\\'. :\. Bol:Jncl. of JI 1':assau Street. New \'llrk: Charles \\'. 
O sbo rn. with l{us sell Sagl'. of JI Na,sau Strl'el. 1'l'\\' York; 
N. S. Put ter. of th e Jack ,-on City Bank: 111111. Sila~ U. Dute-her, 
president of the I la mil ton Tru,-t Compa11y. uf Brooklyn. N. Y.; 
I l enry R. Carse, cashier of th e I lanon·r .:"\;1t1011:il Bank and a 
director in other N' ew Yo rk lm ancial institutions. 

----♦----

SEMI-CONVERTIBLE CARS FOR CHAMBERSBURG, PA. 

T he Valky Trac t ion Company. Ch :1111her,hurg, Pa., h :is lately 
recei ,·ed from the J. (~. Brill Company ;1 numlier of ~l•llli-con• 
,·e rt ible cars. Thl',-e cars h:1n· the patented "gruo,·eless post" 
arrangement, which does away with the runw:1y~. ur grooves, in 
th e post s an d th e trunnion,- on the s:ishcs. which were formerly 
em ployed. The ,;ash stiles arc ma1k of bra,~ . .ind there is a brass 
to n g ue-an d-groo\'e sliding connecti on between the two sa~h l' >-, so 
th a t the lower r ides upon the upper . \\'h en the tops uf both 
sashes are a breas t. catches which hold the uppn ,-a,;h in its low­
ered po siti o n a r e a ut o matica ll y relca,-ed. and both sashes arl' con­
d ucted into th e roof pocket hy means of a pair of ho w-shaped 
steel g uides whi ch extend from the top plate to the lower \'l'll­
t ila to r rai l with in th e pocket. Thi,- nry ,-imple meam of guiding 
the sashes into th e podi:t:ts is a decided impro,·eml·nt o\'er the old 
m eth od, pa rti cula r ly as it does not rl'quirc cutting groo,·es in the 
pos t s. an d also r edu ce,- th e wid th and depth of the roof pockets. 

Th e rearranging of the Thirty-Six th Street 
a nd F ifth ,\,·enul' termina l is progressing 
sa t isfac to rily. The total cost uf the improYe­
m en ts th er e will lie in the neighborhood of 
$350,000. Th ey includ e th e arra,nging of the 
suriace ya rd wi th in spec t ion pits. the ek­
,··a ted ya rd wi th a new inspect ion shop. th e 
boil er ho use with new retaining wall s. also 
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ex tensi\' e a lteratio ns to the U ni on S tation huilcling and the build ­
ing of a m achin e ,;ho p. Extcnsi,·e work is under way a t th e 
N inth A \'e nu e depo t o f th e ro mparny. located at Ni nth ,\,·en ue 
and T wenti e th S treet , o n th e ex tcn,-ion of the storage facilities. 
etc. A ll ca rs o f th e S e\' enth A vl' nu e, Van derbilt AH·nul·, Fif­
teenth and Co,urt Str ee t lin es arc handler! a t t hi s depot. which in 
the past has bee n cr amped fo r space. A t prl'sent the capacity of 
th is depo t is o nly 200 ca rs. \\ ' h en th e i111p ro\'e111ent s arc made 
th er e will be fa ciliti es fo r handling 400 cars. T he total co,-t of 
th ese a lt era tio ns and impro \' em ent s wi ll am o u nt to morl' than 
$400,000, di,·id ed a s fo llo ws : N ew tracks and rea r ranging c,f 
them, $65,000; exca ,·ating, $25.000; new shed s. $268,000: ll l'W shop. 
$25 ,000 ; new office and club house. $22,000. 

T he Brookly n Rapid T ransit Co mpany Sept. 22. pl aced an order 
with the Baldwin L ocom o ti ,·e \York s fo r 300 trucks. 150 seb. to 
be used on a new order fo r 150 cars o f the c01w crt iblc type, such 
as were fi r st placed in use du r ing the ea rl y sum mer and which ha\' e 
been des; ri bed in the STREET R AILW AY J ou RNA L. This is the second 
order that has been given fo r th is new type o f ca r. T he p laci ng o f 
it will do a way with many of the o ld type s ingle-t ruck ca r s rema in-

T he seatin g capa city of th e new cars is fo rty -four passengers, the 
seat s bein g of sprin g ca ne and t ra ns\'ersely placl·d. wit h till· ex­
Cl' pt1 0 11 o f fo ur lon gi tud inal corner seats. The Sl'ats an· 36 ins. 
lon g. le:l\· in g a 24-in. ai,- Je. A,; h in natural color constitutes the 
interio r fini sh, and th e ceilings a re of a soft porous wood and a re 
neatl y decorated. lfrn10\'al sashes arl' used in the \'Cstibule doors. 
Th e weight of a ca r and trucks with full electrical l'quipment is 
42,Rto lbs. Amon g th e buil1ler's specialties incl uded in the eq uip­
ml'nt are a ngle- iro n bum pers. " D edl'nda" 1,1,ongs, "Retrie,·cr" sig­
na l hel ls, rat chet brake hand les, " D umpit" sand boxes, etc. 

The gl' nera l dim ensions of the ca rs a re :..s follows: Len g th o ,·er 
the end panels. 30 ft. 8 ins., and O\'er the crown pieces a nd the 
vestibules. 42 ft. 8 im.; panel 0\'Cr the crown piece a nd the ,·csti­
bulc. 6 ft. Th e wi d th o \' er the sills an d sheath ing is 8 ft. 4 in s.; 
distance between th e cente rs of the posts. 2 ft. 8 ins. The side 
sill~ a re 4 ins. x 7¾ in s., and the end sills a r l' s¼ ins. x 6¾ in s. 
T he sill plates are 15 ins. x ¾ in . T he thi ckness o f th e corner 
posts is .1¾ ins. , and of th e side posts, .1!,,~ ins. The trucks arc 
o f the Brill No. 27-G- 1 ty pe for fas t and hea vy ci ty and subur ban 
ser \'ice,. having a 4-ft. wheel base an,j 33-in. wheel s. 
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FINANCIAL INTELLIGENCE 

WALL STREET, Sept. 27, 1905. 
The Money Market 

A decidedly firmer tendency characterized the money market 
during the week, rates for all maturities ruling substantially higher 
than those recently quoted, and from present indications a still 
firmer market is likely in the near future. The demand for funds 
from local sources has not been heavy, but the banks and other 
lenders continued to offer sparingly, even at the higher level. In 
addition to the usual outflow of funds to the interior for crop­
moving purposes, which promise to be heavy for several weeks 
longer, the local institutions will be called upon to meet other 
heavy demands within the next thirty days. This week the syndi­
cate payments on the Pennsylvania Railroad and the Atchison 
issues becomes due, but it is understood that the greater pa rt of 
these obligations have been discounted. Provision must also be 
made for the Oct. 1 interest and dividend disbursements, and later 
the payment of an installment on account of the Japanese loan 
will have to be taken care of, besides several smaller issues now 
pending. Gold engagements at London for import to this side have 
been increased during the week, the total now amounting to $5,929,-
000, and it is reported that $5,000,000 additional gold is en route 
from Australia to San Francisco. The future movement of the 
yellow metal, however, depends largely upon developments in the 
exchange and money markets, and the opinion prevails that unless 
demand sterling declines sharply, or money rates advance to a 
higher level, further large engagements are unlikely at this time. 
'l he European markets continue firm, but practically unchanged as 
to rates. At London discounts are quoted at 3 per cent, Paris 2Ys 
per cent, and Berlin 3¾ per cent. The bank statement, published 
a week ago, was more favorable than expected, the banks sustain­
ing a loss in cash of only $2,689,6oo. Loans decreased $9,381,300, 
and deposits decreased $13,157,400. There was also a decrease in 
the required reserves of $3,289,350, which resulted in an increase 
in the surplus of $599,750. The surplus now stands at $5,255,050, 
as against $26,251,025 in 1904, $14,56g,300 in 1903, $3,236,625 in 
1902, $16,293,025 in 1901, and $1,2442,600 in 1900. Money on call 
loaned at rates ranging from 3½ to 4½, most of the transactions 
being made at 4 and 4¼ per cent. Time money was quoted at 
4¼ and 4½ per cent for all periods from two to seven months. 
Commercial paper was fairly active and strong, specialists report­
ing a ready sale of the best names at 4½ per cent, and liberal sales 
of other names at 5 per cent. 

The Stock Market 
Trading in the stock market has been upon a somewhat larger 

sc::ile during the week, and although prices displayed more or 
less irregularity as a result of realizing sales, the general tone of 
the market ruled firmer. Speculation, however, has been largely 
of a professional character. Operations for foreign account at no 
time assumed large proportions, and judging from the volu'me of 
commission house business, public interest in the market con­
tinues extremely light. There was less apprehension regarding 
the monetary situation, further advances in rates for both call 
and time loans being almost entirely ignored. In the early deal­
ings prices were influenced to a great extent by the additional en­
gagements of gold for import to this side, the total now amount­
ing to nearly $n,ooo,ooo, including the $5,000,000 reported in 
transit from Australia to San Francisco. Further engagements 
of the yellow metal, however, are not expected, the inflow having 
been temporarily checked by the sharp advance in prime sterling 
bills to 4.8565. At the beginning of the present week the market 
was under heavy selling pressure by Western houses, which car­
ried prices off I per cent or mo·re, but in the subsequent dealings 
the upward movement was resumed, and the closing was near the 
highest of the week. Underlying conditions continue exception­
ally strong; gross and net railway returns, as a rule, show grati­
fying increases over those for the corresponding period of last 
year, and according to the reports from the Western traffic man­
agers there is every reason to expect a continuance of the present 
heavy movement of merchandise. Other favorable influences 
were the continued activity in the iron and steel trade the ad­
vance in the price of copper metal and the increase of 5~ cents a 
share in the dividend ctistribution in Anaconda Mining stock. A 
noteworthy, strong feature of the market was Canadian Pacific, 

which made a new high record price. Pronounced strength wa!. 
also exhibited in Readi_ng, Union Pacific, Great Northern, North­
ern Pacific, Illinois Central, Louisville & Na shville , Delaware & 
Hudson and Chicago & Northwestern. Toward the close there 
was heavy buying of United States Steel common on persistent 
reports of an early resumption of divid ends in the stock. Sloss­
Sheffield Iron & Steel and T enn essee Coal we re also strong 
features. 

The local traction issues were generally strong, especially 
Brooklyn Rapid Transit, which was heavily bought by P hiladel­
phia houses and by strong local interests. Th e streng th was ac­
companied by rumors that the Long Island Railroad Compa ny 
had acquired a large interest in the property. 

Philadelphia 
Trading in the local traction issues has been upon a much 

smaller scale this week, but the tendency of prices has been toward 
a higher level, in sympathy with the strength prevailing in other 
quarters of the market. The list included less than a dozen issues, 
only one or two of which developed any degree of activity. In 
the early part of the week interest centered largely in Philadelphia 
Company common. There was some disposition to sell on the 
part of the speculative element, which carried the price down to 
47¼, but subsequently there was an advance to 47¼, on what 
was considered good buying. At the close there wa s a reaction 
to 47½. Total transactions amounted to about 10,000 shares. 
Philadelphia preferred was practically neglected , the trading con­
sisting of a few small lots t 48½ and 48¼. Philadelphia Rapid 
Transit displayed moderate activity, and after an advance to 28¼, 
the price eased off to 28, a loss of ¼- Over 7000 shares changed 
hands. Philadelphia Traction responded to an increased demand 
by advancing from 99½ to 100¼, on the purchase of about 700 
shares. Consolidated Traction of New Jersey held firm at 83¼ 
and 83½. Union Traction sold at 62 and 61½ for about 700 shares. 
Other transactions included United Companies of N ew Jersey at 
267½ ex. the dividend, 150 United Railways of San Francisco pre­
ferred at 89¼, Railway General at 31/8, and American Railways 
at 53¼ and 53. 

Baltimore 
Trading in traction issues at Baltimore has beoo broader, and 

prices with few exceptions have shown an upward tendency. 
United Railway issues again furnished the leading feature, trading 
in them being stimulated by reported heavy buying by the pool, 
and by persistent rumors of a deal of some kind. Definite news 
regarding the company's future, however, was not forthcoming. 
Interest centered largely in the income bonds, which were heavily 
dealt in. From 66¼ at the opening the free incomes rose to 67¼, 
but later reacted fractionally. Upward of $30,000 changed hands. 
The certificates, representing bonds deposited, for the first tirrie 
sold on a parity with the free bonds, about $75,000 changing hands 
at prices ranging from 66 to 67¼ . The 4 per cents ruled qniet anrl 
firm, upwards of $70,000 selling at from 92¼ to 93¼. The stock 
displayed considerable activity, about 2500 shares being dealt in at 
prices ranging from 16¼ to 16¼ , while more than 10,000 shares 
of the deposited stock sold at from 16½ to 17½ , and back to 17. 
Other transactions included Norfolk Railway & Light 5s at 94, 
Virginia Electric Railway & Development Company at 100 and 
99¼, City & Suburban 5s at 114½, Norfolk Street Railway 5s at 
n3, and North Baltimore 5s at 121 ¼ . 

Other Traction Securities 
Trading in the Chicago market wa s more active than for some 

weeks past, and prices generally scored substantial gains over those 
ruling at the close of last week. Interest centered in the stocks of 
the surface lines, prices being influenced largely by the sharp rise 
in Chicago Union common and preferred in the New York market. 
There was also talk of important developments pending regarding 
the Chicago street railway situation. Chicago Union Traction 
rose from 8½ to IO, an advance of 1 ½ points, while North . 
Chicago moved up 4 points to 74 on the purchase of about 400 
shares. West Chicago advanced from 50 to 55, and a small lot 
of City Railway brought 192, an advance of 2 points over the pre­
ceding week's closing bid quotation. The elevated issues also shared 
in the improvement, about 400 shares of Metropolitan common 
selling at 25 and 25¼, while the preferred rose from 70 to 71 ¼ . 
Northwestern sold at 23, and South Side Elevated ruled firm at 
97. Ch"\cago & Oak Park common brought 4¼, and the preferred 
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sold at Ii and 16¼. Thi.' acti\'ity and s t rl.'ngth in Boston & 
\\·orcester common was the principal feature of the Hoston 
ma rket, upwards of 2200 sharl.'s changing hands, at from .!()1" to 
30¾, and back to 30!.1• The prefcrrl·d stock \\'as \\'Cak, the pncl.' 
run ning off 1Vi points to i 4 on the sale of small lots. ~lass:i­
chusett s Elect ric common broke from 16.1 •1 to 15, and closed :it thl.' 
lowest, aggregate transactions being about 8oo ~hares, but thl.' 
preferred held steady at 59 and 59½ . Boston Ele\"ated ::;nld at 
153½ and 154. Boston & Suburban common sold at 21 :ind 20, 

and the prefe rred at 66. \\ 'est End common was rl.'al.'tiouary, 
saks taking place at from 101 ;~ to 99}t and of the prderrl.'d at 
11 3½. In the Kew York curb 111:irket, Intcrborough lbpid Tramit 
\\'as considerably less actin: and weak, about 2500 sh:Hl.'s d1:111g111g 
h ands at from 216~s to 211 y_;, a loss oi 41/2 points . ):c\\' Urkans 
Rail way common declined from Ji to 30, bm lata rt·co, ,·rt·d tn 
36H. while the p referred ad\'ancctl from j~ 1 .1 to So. \\·ashington 
Rail \\' ay common sold at from 43 to 41.i.1 for <,oo sharl'~. Other 
tran,actions inclmkd So ,\merican Light & Tr:11.'ti ,)n :1 1 102. $20,000 
\\·ashington Railway 41,Ss at 90) 2, $35.000 Public ~l'n il'e 5 pl.'r cent 
notes a t 9i ~s and 9;- \~ and interc~t, $25.000 jl.'f~ey Cit~·. I lobokl.'ll 
& Paterson 4s at j6;2 and intl'rt·st, and $30.000 l 'nitl.'d Ell.'ctric oi 
X I.' \\' J ersey at i 5}~ anti interest. 

A nnouncements of di\'idl'1Hl payml'm and incrl'a~l.'d earning~ 
\\'l.'f l.' probably rl.'~ponsiblc for strenuotb nl<l\'l'11ll'llt in Cincinnati. 
Dayton & T oledo sl.'curi ties a t Cincinnati l:ist week. Some 4500 
,hares changed hands in small lots. adYancing· thl' price iro111 
z3}~ to 26½. Saks in the S pl'l" cent bonds amounted to $50,000 
wo rth, at an ad,·ance to 97}:1. Cincinnati. i\'1.'wport & Coyi11gton 
commo n took an upward 1110\'ement on new rumors oi \\' ide n t·r­
Elkins negotia tions for the propaty; it opened th e \\' eek a t 38¼ 
and adYan ced to 40½: sales, 28oo shares. Ci nci nn ati Stree t Rail­
way sold a t 147, a slight decl ine. D et roi t Un ited sold a t 95¾, a 
fr actional adYance, an d $16,000 worth o f th e 4½ per cent bonds 
sold at 94½. 

.:-\ record break ing week on th e Cl eYeland E x change. Cleve­
lan d & South\\' estern \\' as most ac tive, about 3500 shares chang­
ing h ands at from 12 to q ½. The report that the preferred diYi­
dend will be passed caused a drop t\\'o weeks ago, and since then 
in sider s haYC bel' n buyin g h ea\'ily. A pool to hold the preferred 
a t iO caused that issue to jump from so½ to 62 011 a few sales, 
aggrega ting less than 200 shares, and no more is to be had at 
less than 66. ~ onh ern Ohio Traction had another m oyement. 
adYancing fro m 22¾ to 25 on sales of about 1800 shares. l\Iunci e, 
H art ford & F o r t \\'ay ne made a slight decline on report that 
negotiations for the sale of the property to the \Videncr-Elkin s 
sy nd ica te were o ff fo r th e tim e bei ng, last sale being at 48. \Vest ­
crn O hio receipt~ strengt h<.:n ed sl igh tl y , selling at 15 1/s . Aurora. 
El g in & Chicago co mmon braced up again and sold at 20¼. 

N orth ern Texas bon ds so ld at 99. 

Security Quotation . 
The foll owin g tabl e sho ws the present bid qu ota ti on s for the 

leadin g trac tion stocks, an d th e acti\'e ho n<ls, as com pared with 
la st week: 

S ept . 20 Sept. 27 
American Railways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 521~ 
13oston Ele\' ated .................................................. 153 J!i:l\ '2 
Brooklyn R apid Transi t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,.~~" 72 
Chicago City ...... ............. . .................................. 190 195 
Chic3go L"n ion Trac ti on (common).......... . . . .. . . . . . . . . . . . . . . 8½ J23i; 
Chicago U.nion Traction (pr eferred) ............................. . 
Cle,· eland E lectric .... ... ...... .. ... ..... ............... , . . . . . . . . . 79 78 
Con solidated Tr3ction of New J ersey ... ........................ 82 82½ 
ConsoEdatcd Tr3ction of New J er sey 5s ........................ 109 109 
Detroit United . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 93¼ 931/2 
Interborough Rapid Transit ............. ........................ •215 212 
International Traction (common) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :H 39 
Internatic,nal Traction (preferred) 4s .: . .... . .............. . ..... 73 • 741/2 
Ma,nhattan Railway . ........... ... ... ........ . .............. . .... 165¼ 125¼ 
Massachusetts El ectric Cos. (common), ,. .... ................... l!i½ 15 
l\Ia ssachusetts El ectric Cos. (preferred)....... .................. 581/2 571/2 
:Metropolitan Elevated, Chicago (common) ........ ..... , ........ 2.'i 25% 
i\Ietropolitan Elevated, Chicago (preferred).......... . ..... ..... ,0 71 
i\Ietropolitan Street ......................................... .... 12fF's 12':i¾ 
~fetropolitan Securities . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 801{. 80:J,4 
New Orleans Railways (common), \V. I. ...................... .. 3G¾ 36 
New Orleans Railways (preferred), \V. I........................ 79 79 
New Orl eans Railways, 4½s .............................. . ....... 90¼ 901/s 
J\' orth American ................................. , . . . . . . . . . . . . . . . . 98 98 
Nor th J ersey Street Railway ...................................... 28 2-~ 
Ph iladelph ia Company (common) . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . 47% 4!1 
Philadelphia Rapid Transit ..................... , .. . . . .. . . . . . . . • 28 27¾ 

St"pl. ~'O 

PluJ3Jdphi:a Traction . . . . . . . . . . . . . .. . . . . . . ..... , . . . . . t•~• 
l'ul>hc S<"r\'lcc Corpur:ition 6 p<"r C<"nl JWI<"••................... ,U'<: 
l'ul>hc s .. n·1cc Cvrpor:ition cnt11icatt"S.......................... l-:Sl .• 

South S,d .. El .. , :11 .. J (Chicaco).......... .. . .. . . . . . . . . . . . . .. . • . . . :17 
Tl11rJ ,h .. nuc .................................................... 1:!i;4t 
J'"m City. ~lmnc:ipolis (common) ............................ 117 
l' 111011 Tr:ic1i,,n (l'hil:iJ .. lphia)............. . . . . . . . . . . . . . . . . . . . . • GI ¾ 
\\ ot End (common) .......................................... IOI.I 
\\ nt l·.nJ (prdt"rrcJ) ......................................... ,, • 113 

a Asl.ul \\·. I., "h<"n issut"J. • Ex•<li\'jd-,nJ. 

Iron arHI Steel 

:,; 
G9 •~ 
!17 

l:!6 
IW 'io 
GI~, 
~l 

113~~ 

The ·· 1 ron :\ge" says the past \Hck has carried further the re-
1narka bk buying 1110,·l.'llll'Ht th:it burst upon the iron marke t two 
,,.l.'l.'b agu. and the Sqitl.'mber tonn:ige is easily thl.' grcatest for a 
~111gl1." 111011th 111 the hi>-tory of the tralk. \'l'krans 111 the trade refer 
to the prl.'Sl.'llt market as the grl.'atest in which they ha,·e pa rtici ­
patl'tl. Tht· United S tates Steel Corpora tion has bo ught 40,000 
tons of lll.'ssemcr iron at $15 at furnace for ddi\'cry in September 
and Octobl'r. F urther iron \\' ill be requi red fo r Octobe r, a nd 
the corporation is l'xpcctl.'d to bl.' a buycr of Uessl.' mer a t the rat e 
oi .10.000 tons a nwtllh well into next y l'ar. The to tal of its pur­
cha,t·s in Sl'ptemhl'r is &J,ooo tons. Bessemer iro n is now squardy 
$15.50 at ,·alley furnace. Coke manufactu rers ha\'e advanced 
prices and are. chary of long com mitment s. Rail buying anti 
railroad l'quipml.'ttl :ire ~till the li:ickbone of the fin i~hed materia l 
111arkl.'l~. F ully 125 .000 tons of rails ha\'e been booked in the 
week. Th e st rin gency in st ruc tu ral mataial is more marked. 

---•♦----
u. G. I. INTERESTS GET WESTERN PROPERTIES- STORY 

OF CONSOLIDATION 

P apers ha\'c been sig ned trans fe rring fo ur important \Vestern 
traction compani es to a P hilad l.'!p h ia syn d ica te head l.'d by Randal 
I\l orga n, who is idcnti fi l.'d \\' ith th e United Gas l mpru \' ement 
Company. The propl.'rties and th e securiti es outstanding upon 
them are as follows: 

Prefe rred Common 
Bonds Stock Stock 

Indianapoli s Korthwestern Trac-
ti on Company .... . .......... $2-470,000 $450,000 $2,550.000 

Indianapolis \\'est ern . ......... 1,500,000 750,000 1,250.000 
Columbus, Buckeye Lake & 

Newark, ........... .. ....... 1,243.000 500,000 1,000,000 
Columbus, Newark & Zanesville. 1,250,000 400.000 850,000 

All of these roads were built, fin anced and managed by Tucker, 
Anthony & Company. It is understood that the sale in\'oh·es the 
transfer of about $14.000,000 in cash ancl securities. \Vhile these 
propnties arc not sold to the United G:is lmpro\"l.'ml.'nt Company 
as a company , the fact that the lmpro,·ement Company ha s large 
traction interests in Indiana and Ohio which connect with the 
abo\'c four roads makes it qnite possible that they will in time 
turn up in the ownership of these propt·rtics. 

In this connection a statement comin g from Phil adelphia is ol 
interest. It is to the effect that the purpost o f the United Gas 
lmproYement Company is to organize a separate co mpany to 
consolidate the important traction lin es in a nd around Indianapo ­
lis. In calling attention to the holdin gs of the United Gas Im­
provement in the territory mentioned. the auth o rity quoted says 
that in order fully to understand the extl.'llt of the company's in­
terests in Indiana it might be well to di\'idc them into two parts­
those which it is known practically to co nt rol and those in which 
it is rumored to be interested. Under the fir st cla ss there may be 
included the foil owing: ( 1) Indianapo li s Traction & Terminal 
Company, (2) Indianapolis Street Rail\\'ay, (3) Broad Ripple 
Traction Company, (4) Indiana Union Traction Company, (5) 
Fort \Vayne & Wabash Valley Traction Company, (6) Union 
Traction Company of Indiana, _(7) Indianapolis Coal Traction 
Company, and (8) Fort Wayn e, Van Wert & Lima Traction 
Company. These lines M cssrs. 1\Iorgan and Jones practically 
control. The other group- the lines in which rumor says the com­
pany is interested- arc Indianapolis & Northwestern Traction 
Company, Indianapolis & Eastern Railway~ Indianapolis & Mar­
tinsville Rapid Transit Company, Terre Haute Traction & Light 
Company, Evansville Electric Rail\\'ay Company, Richmond 
Street & Interurban Railway Company and the Indiana Northern 
Traction Company. The companies have a combined capital 
(stocks and bonds) of $rn3,300,ooo, of which, however, only $85,-
947,500 is issued. Th e to tal is divided as followc;: Stock, $45,-
250,000 authorized ; $44,667,500 issued. Bonds, $58,050,000 author­
ized; $41 ,28o,ooo issued. 
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AMERICAN RAILWAYS REPORT FOR YEAR ENDED JUNE 30 

The American Railways Company has issued its full pamphlet 
report for the year ended J un-e 30, 1905. The income account 
compares as follows: 

1905 
Gross . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $444,254 
Deductions* : . . . . . . . . . . . . . . . . . . . . . . . . . . . 180,757 

Net . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $263,497 
Dividends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234,742 

Surplus .............................. . 
Previous surplus ....................... . 

$28,755 
418,065 

Total surplus . . . . . . . . . . . . . . . . . . . . . . . . . $446,820 
Trankrred to fire insurance fund.......... 89,000 

Profit and loss surplus..... . . . . . . . . . . . . $357,820 

1904 
$443,196 

172,734 

$418,065 

$418,065 

* Includes expe,nses, taxes, depreciation, interest on funded debt, etc. 

The general balance sheet as of June 30, 1905, compares as 
follows: 

Assets- 1905 
Stocks and bonds ........................ $3,226,433 
Bills and accounts receivable ............. 3,427,441 
Office furniture, etc. ... . . . . . . . . . . . . . . . . . . . 3,253 
Eng. dept. inst. . . . . . . . . . . . . . . . . . . . . . . . . . . 1,216 
Discount on Joans paid .............. .... . 
Interest on bonds ....................... . 
Cash .................................. . 

23,812 
62,895 

Fire insurance fund investmen_t. . . . . . . . . . . 107,420 

Total .................. .............. $6,852,470 
Liabilities-

Capital stock ............................ $3,915,500 
Collateral trust convertible 5 per cent's ... 2,435,500 
Bills payable ....... . .......... ......... . 
Bill~ audited ........................... . 
Vouchers payable ...................... . 
Accident insurance fund ................. . 
Interest accrued ........................ . 
Taxes accrued ......................... . 
Insurance reserve fund .................. . 

579 
12,38o 

5,669 
10,148 
5,332 

Fire insurance fund. . . . . . . . . . . . . . . . . . . . . . 109,541 
Surplus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357,820 

Total ................................. $6,852,470 

President Sullivan says: 

1904 
$2,925,272 

4,865,311 
3,216 
1,347 
5,496 

52,870 
43,987 

$7,897,500 

$3,903,000 
2,448,000 
1,104,291 

5,551 
3,094 

10,200 
3,680 
1,618 

418,066 

$7,897,500 

"Gross earnings of subsidiary companies, $1 471,938; an increase 
over 1904 of $64,972, or 4 2-5 per cent; after paying all fixed 
charges, interest and taxes, the net income was $263,497; divi­
dends paid to the stockholders of the American Railways Com­
pany, $234,742: leaving balance of $28,755 to be added to the credit 
of surplus account, making the balance to the credit of surplus 
account, June 30, 1905, $357,820. 

"We sold bonds in the treasury of the company at a profit of 
$46,500 over the amount carried on our books. This amount was 
credited to the cost of the bonds remaining in the company's 
treasury, and is not included in the earnings of the company. 

"The total number of passengers carried was 33,222,013 show-
ing an increase for the year of 1,746,321. ' 

"During the year, believing it to be sound policy where our 
properties are so widely separated, we started a fire insurance 
fund for the purpose of doing most of our own fire insurance. 
For this purpose we transferred $89,000 from our surplus account 
to this fund. This insurance fund amounted on June 30, 1905, to 
$109,541, and is separately and securely invested. 

"On May 1 the $100,000 income bonds of the Springfield Rail­
way Company, Springfield, Ohio, matured and were paid off at 
par, showing a profit to this company of $19,988, which was 
charged off the capital stock of this company. 

-"D uring the year we purchased 413 additional shares of the 
capital stock of the Springfield Railway Company. The American 
Railway Company now own all but fifty-six shares of the entire 
capital stock of that company. 

"During the year we have sold $1,500,000 of the 4½ per cent 
bonds of the Altoona & Logan Valley Electric Railway Com­
pany, which bonds were in our treasury. With part of the pro­
ceeds we paid off all of the floating indebtedness of this com­
pany, which amounted to $1,104,291 on June 30, 1904. 

"During the year $12,500 of the American Railways Company's 
bonds were converted into stock, making the amount of stock 

outstanding $3,915,500. The pr ivilege of conver_t ing the bonds 
expired on Nov. 1, 1904. 

" During the year we have expended the amount of $36o,383 for 
extensions and betterments." 

•• 
EARNINGS OF THE CONSOLIDATED RAILWAY 

The earnings of the Consolidated Railway, which operates the 
electric lines owned by the New York, New H aven & Hartford 
Railroad, are as follows for the year ended June 30, 1905 : 
Gross receipts .... . . .. .... . . ................ . ....... $4,567,979 
Operating expenses . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 2,885 ,622 

Net earnings ...................................... $1,682,357 
Miscellaneous income . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13,391 

Total mcome . .. .. ................................ $1,695,748 
Charges, tax es, etc .. .. ............................... 1,264,414 

Surplus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $431,334 
Of this amount, $200,000 h as been paid as a dividend to the New 

York, New Haven & Hartford Company, and the balance has 
been carried to surplus account. 

•• 
REPORT ON NEW YORK ACCIDENT 

The N ew York Railroad Commissioners have issued their re­
port of the investigation conducted by them of the accident on 
the elevated line of the Interborough Rapid Transit Company at 
Fifty-Third Street and Ninth Avenue, which happened on Mon­
day, Sept. 11, and in which twelve persons were kill ed and more 
than forty injured. Two men are held responsible for the acci­
dent. Neither of these gave testimony before the commission. 
One is Paul Kelly, the missing motorman, and the other is Tower­
man Cornelius A. Jackson, who refused to give any testimony. 

The commissioners established that Kelly displayed the signal 
for a Ninth Avenue train, and that Jackson had his switches set 
for a Sixth Avenue train. They blame K elly because he ran by 
the Sixth Avenue signal when he was running a Ninth Avenue 
train, and also because he did not obey the company's rule to 
slow down on approaching curves. They blame Jackson because 
he set the switches for Sixth A venue, sending the train around 
the curve, when he should have had them set for the approaching 
Ninth Avenue train with properly set signals. This is the recom­
mendation concerning the new signal system: 

1. That the two signals at and near the switch point connecting the Ninth 
Avenue and Sixth Avenue southbound tracks be replaced by a double-blade 
semaphore sig.nal, one of these blades to govern the operation of the Ninth 
Avenue trains, the other the operation of the Sixth Avenue trains. The size 
of these blades and lights to be used in connection with them to be approved 
by this Board. 

2. That a stationary "slow" sign be placed at a proper point in a manner 
to make it conspicuous and so that it can be seen and read b y motormen of 
all southbound trains. 

3. That all southbound trains on the local track come to a full stop before 
reaching the above-mentioned semaphore. 

4. That a rule to the above effect be issu ed, properly posted and a copy of 
it properly delivered to every motorman , con ductor, - trainman and all em­
ployees in any ma,nner connected with the operation of the Sixth and Ninth 
Avenue lines. 

5. That the above rule be rigidly enforced. 

The report goes into a history of the wreck as gathered from 
the testimony of the officials of the road at the hearing. It tells 
about the tracks, the signals and t he equipment, and concludes 
its findings, concerning the motorman and the towerman, as 
follows: 

"That Jackson, the towerman, was in th e tower operating room 
about one minute before the accident occurred. 

"That the derailed train was running more than 15 m.p.h. when 
the head car passed over the switch points , and that no appre­
ciable reduction in the speed of the train wa s made after the head 
car passed the switch point until the derailment. 

"As a result of ouf investi gation we find that this accident was 
caused by Motorman P aul Kelly violating the company's rules in · 
running by a cautionary signal without reducing speed, and by 
running by a signal showing that the switch was set for a Sixth 
Avenue train , he running a Ninth Avenue one carrying proper 
signals for that line. 

" W e also find that Cornelius A. J ackson, the towerman, con­
tributed to the cause of the accident by having the switch and 
signal set for a Sixth Avenue train, when a Ninth Avenue train 
displaying proper signals was approaching the junction." 
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HIGH-SPEED LINE FROM NEWARK TO JERSEY CITY, WITH 
TUNNEL UNDER THE NORTH RIVER TO NEW YORK 

:\n :m nouncl'llll'llt that a,;,;un•,; thl' consununation of thl' plan 
for a high-spl'l'd l°ll'ctric railway from ~l'wark to jl'r~l'Y City, 
~- J .. with a tunnd unda thl· :--:onh Rin.-r to Xl'w York. was 
macle la,;t week. It is to the dfol"t th:u a combination ha~ bl'l'll 
fornwcl of Public Sl-r,·icl' Corporation and ~1 l·tropolitan Strl'l'I 
Railway intt>re:-t~ to carry out the project. 111 the inten·:-t of thl' 
plan two companie~ ha,·e been incorporall'll. une at :\lhan~·. thl' 
other at Tn·nton. The Trl'nton company is callecl till· lntl'rstate 
Tunnel Railway Company of ~ew )l·r~ry. and the Alh;my com­
pany is the Inter,;tate Tunnel Railway Company oi ~l'W York. 
The capitalization in l'ach C:IH' i,; $7.500.000. a11d thl· incorpora tor,; 
are thl· saml·. heing Thoma~ N. ~lcC1rtl'r, of Rt1111so11, X. J .. 
pn·~itknt of thl· Public Sl·n·ice Corporation: Charle;, :\. Sterling, 
of Ea~t Orangl·, X. J .. secrrtary of that compa ny : Albrrt B. 
Carlton. Yice-prr,;ident. and ~l a rk T. Cox. of East Orange. a 
director of the ~ame company: fh·rbert II. \ 'rrela nd. president 
of th e ~letropoli tan Sernritil'S Company: John 13. ~lcDonald. 
,·ice-pre,;iclent of the ~l et ropolitan: J oh n D. Crimmins and R A. 
C. Smith. di recton of that compa11). and llenry D. ~lacdona. of 
counsel for the ~l etropolitan. 

It is proposed to nm the new tunnel from Eril' and Twelfth 
Streeb. Jrrsey City. to the new general terminal station plannrcl 
for the Brooklyn Bridge. An application for th e necessary right s 
has been made to the Rapid Transit Co mmissio n. and construc­
tion \\"ill begin as soo n as the proprr permission j;, giYen. It is 
e::-timatrd that thr tunnel \\"ill take about three years to build ancl 
that it will cos t in the nl'ighborhood of $12.000.000. with the 
termin :il. S. L. F. Deyo will be chief engineer of th•~ company. 
and J. B. ~lcD onald. wh o built the K ew York Subway, will haYe 
general charge of the \\"Ork. 

In connection \\"ith the tunnel the Public Sen·ice Corporation 
\\"ill build a new high-speed line from Newark to J ersey City. and 
it is heli eYed that passengers from Newark will he landee al the 
City Hall. Kew York . in twen ty minut es, the r ide fro m Newark 
to Jersey City t aking fifteen minu tes. and fiye minutes more to 
go under the city. Arrangement s haYe been made also for a 
joint pa ssenger station at J ersey City, which will enable the E ri e 

then· will be four undl'r the ri\"(.-r between ~l'\\' York and Jersey 
City. Till' lir,;1 1s the PennsylYania tunnd. now in co11rsl" of con­
:-truction. and two of the othl'rS are o wnl'd h\' the Hudson Com­
panie;, of ::'\ew York. One of the~l·. now well· toward completion, 
is the old ~lorton Strt·l·t t11nnd. which was takl'n up ~omc.- years 
ago hy \\'illiam G. ~lc.-\doo. Till' accomp:rnying map !>hows the 
projl'cts now in conll-mplatinn. 

Two Sl·par:11e companies, to he e,·l·ntuall)' llll'fgl•c], Wl'rt' incor­
poratl'd in Trc:nt nn un Sl'ptemha .?.l for till' con,truc1io11, main­
tl·nance and OJH·ration of thl· propo:-l'd hi~h-spl'l'd ekctric railway 
bl'tWl'l'll ::--:l•wark and Jasey City. whid1 will hl' continul'<I llllller 
thr llmbon Rin·r hy tunnl·I to Xew York. Tlll'ir rnpl·ctin· cor­
pnratl' namr~ arr Xl'wark & 11:ickt·nsack Rin·r Railway Company 
and Jenl'Y City & I lal-kl'mack Ri,·l'r Railway Company. The 
capital stock of l'ach is $1.000.000, di,·idl'd into 10.000 shares. The 
amount nf capital paid in i~ $100.000 in each in~tance, and the 
incorporators. who arl' the sam l· for hoth companil's, :1rl' as fol­
lows: Thom as X. ~lcCarter. of thl' l'uhlic Sa,·ice Corporation; 
Charil• ;; A. Sterling, East Or:mge: .-\lhert n. C:irlton. Elizabl'th; 
J olm J. Burleigh, ~lerrhant ville; Anthony P. K 11sl'r. Bl'rnards­
villc: Th o ma;, C. B:1rr. Orange. and ~lark. T. Cox. East Orange. 

•♦• 

THE WESTINGHOUSE SINGLE-PHASE LOCOMOTIVES 
ADOPHD BY THE NEW YORK, NEW HAVEN 

& HARTFORD RAILROAD COMPANY 

The ,·l'ry int l'rcstin['." ,iml impo rtant announcl'ml·nt is made in 
thl' papl'r by C. F . Scott. publi shrd ebrwhl-rl' in this issul', that 
the Nl'w York. J'\l'W 1 l a \"cll & 1 la rtfonl Railroad Company is 
planning to use singll'-pha se lol" omoti,·es on its !'>)"Stem. It is 
lll'edlcss to say that this stateml·nt attractr<I thl· wi1kst attl'n tion 
at the co11\"e111io11. 

The co ntract takl'n hy the \\' e~tinghouse Company compri~l'S 
twenty-fi\"e locomotin';, fo r high -s pc:c:<1 passl·llgl'r Sl·n·in·. l'ach 
ol which will weigh approximatl'ly 78 tons. and will bl' capahlt• 
of maintaining a schedule speed of 26 n1.p.h. in local !'l'n·icl' with 
a 200-train train making stops every 2.2 milrs and reaching a 

· maximum speed of about 45 m.p.h. hl'twel·n stations. In express 
scnicl' a speed of from 60 m.p.h. to 70 
m.p.h. can be maintained with a train 
weighing 250 tons. To handlt· hea,·irr 
train s l\\" 0 or more locomoti,·l·s will he 
coupled togl'thlT a nd controlll'd from 
thl· forward cah by thl· multiple-unit 
control systrm. 

The motor;, will he of the \\'l' sti11g­
ho11 se si11gle-pha;,e commutating typl', 
which can hr usrcl with direct current. 
;,o that the locomoti\"e will he able to 
operate oyer till' diH·ct-c urrrnt section 
110w hl'ing installed by the 1"l'W York 
Cl'ntral Railroad Company. an impor­
tant feature, as thl· N cw York, :,,: l'W 
I Ia,·en & Ila rt ford Railroa d utiliz e!­
the track;, of thr latter compa ny be­
tween \Vood

0

law11 and the Grand Cl'n­
tral Depot in Kew York City. For a 
t ime the ser\"ice will he confined to this 
section. It is thl'refore with an eye to 
the future rather th an to present re ­
quirement s that thr alternating-c11rre111 
system ha s heen acl optl'd. 

ROUTE OF PROPOSED TUNNEL TO CONNECT LINES OF P U BLI C SER\'ICE 
CORPORATION OF NE\\' JERSEY AND T IIE ERIE RAILROAD \\'ITH 

l\lETIWl'ULITAN SYSTEl\l l N NE\\' YORK 

Each locomuti,· e will he equipped 
with four gearles;, motors and with the 
unit -switch system of multiple control. 
The motors \\"ill he permanently con­
lll'Ct ed two in series. On direct current 

Rail road to transfer its passengers direct to the new tunnel. 
The Erie has not yet decided on th e location for its new terminal, 
bu t it h as conferred with th e proj ectors of the new tunnel. and it 
has been decided that th ere shall be a joint station. 

The financing of the enterpri se, it is understood, will be in the 
hands of the Public S ervice and th e Metropolitan compan ies. 
According to the brief official stat em ent issued by the l\ l etropoli­
tan Company, "the Inter state Tunn el Railway Company will be 
controlled and fi nanced j oint ly by the Metropolitan interests, by 
the Public SerYice Corporation and the o th er interests which will 
furnish the traffic at the New J er sey end." Considering th e close 
physical connection between the tunnel and the Erie R ailroad, 
the conclusion is that the Erie is the "other interests," and will 
take a large part in financi ng the ente rpri se. 

With the present projected tunnel and one other yet t o be built , 

the pairs of motors will be o pc:ra tl'd in series parallel, and on 
a lt ernatin g current by ,·oltage control. The motors will be spring 
suppor ted and conn ec t ed by flexible dri,·e in such a way that all 
dead weight will be taken off the axles. On direct curren t each 
motor will be capable of developing a rated output of 400 hp. 

Congra tul ations are due to the management of this progressive 
road for th ei r courage and foresight in aclopting a system capable 
of meeting thei r future requirements, and to the manufacturing 
co mpany which has developed the apparatus for the system, 
whi ch makes the elec trical opera tion of large trunk railways a 
commer cial success. 

•• 
The Philadelphia Rapid Tramit Company i;. reported to have 

p laced a contract with the Pressed Steel Car Company for for ty 
steel cars fo,r its subway and ele\'ated lines. 
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FRANCHISE LITIGATION IN DES MOINES 

What is believed to be the beginning of extended litigation to 
determine the franchi se rights of the D es Moines City Railway 
and the Interurban Railway Company, in Des Moines , has been in­
stituted by the D es Moines Civic League in the District Court of 
Polk County. P etitions in quo warranto proceedings h ave been 

• fil ed against both companies with the city of Des Moines as j oint 
defendants in each case. In th ese petitions the Des Moines Civic 
League declares in brief that neither company has any franchise 
rights to operate in Des M oines. The cases, which will be tried in 
the equity courts, will be ass ign ed for hearing some tim e in January. 

It is generally understood that the cases will depend on the 
interpretation of the Turner franchi se of 1866, although many other 
franchises have been acquired. The Turner franchi se was a 
blanket grant giving the Turner company, known as the Des 
Moines Street Railway Company, the right to construct railway 
lines on any streets of the city l:hat it desired. The vital clause 
of this franchise is that which gave the company an exclu sive 
right to the streets for a period of thirty years from the time the 
first mile of track was laid, which was in 1867. This franchise does 
not place any time limit on its grant to the streets of Des ~oines, 
except that the exclusive right is limited to thirty years. The 
present street railway company, which has acquired the Turner and 
all other franchi ses, contends that the Turn er grant was a perpetual 
one, and gives th e company the right to operate it s lines on the 
streets of Des M oines for all time. 

The Civic L eague contends that there can be no perpetual fran­
chises under the Iowa laws, and holds that the Turner franchi se 
expired at the end of the thirty-year exclusive right in 1896. Ac­
cording to the statements of the Civic L eague the companies have 
no franchise rights to any of the streets of the city, except the 
rights acquired under the franchi se granted to the Des Moines 
Broad-Gage Street Railway Company in 1887. This franchise gave 
the company the right to six street s for a period of twenty-five 
years. This franchi se will expire in 1912. The Civic L eague also 
contends that the fr eight franchi se of the present street railway 
company, which was granted in 1895, e~pires in 1903, and th~t, 
therefore, the amendment thereto, grantmg the Interurban Rail­
way Company the right to operate its cars over the tracks of the 
D es Moines City Railway, adppted in 1903, was wholly invalid, 
because th e franchi se which it attempted to amend had ex­
pired several months previous thereto. It is al so contended that 
the ordinance of th e City Council granting the company the right 
to lay tracks on Second Street for freight hauling purposes is in­
valid, because it was never ratified by a vote of the people as pro­
vided by the code of Iowa. 

The following is a r esume of th e franchi ses under which the 
Des Moines Street Railway Company has operated: 

Turner Franchise.-Granted D ec. IO, 1866, to D es M oines Street 
Railway Company, for a horse line on any and all streets of Des 
Moines. Franchise made exclusive for thirty years from time first 
mile of track was. laid, but is silent as to whether franchi se rights 
continue after expiration of exclusive period. The franchi se al so 
provided that the company sh all pay a tax of 3 per cent on net 
receipts for city purposes each yea r in li eu of all other taxes. 

Broad-Gage Franchise.- Granted to Bayless, T eachout and Van 
Ginkel, of the Des Moines Broad-Gage Street R ailway Company, 
Dec. 20, 1887, for a perior of twenty-five years. Ordinance specified 
streets to be used by _s aid company as follow s : Center, West 
Walnut, Fourth Street s, University Avenue, East Sixth Street and 
East Grand Avenue. After ten year s £.om passage of ordinance 
the company is to pay annually ·to the city 5 per of its net earnings, 
but such payment is not to be constru ed as exemption from taxa­
tion same as other property. 

Consolidation.- By resolution of City Council, Sept. 5, 1889, con­
solidation was authorized of D es Moines Street R ailroad Company, 
Des Moines Electric Street Railway Company and D es Moines & 
Sevastopol Street Railroad Company. J . S . Polk effected this 
consolidation and first became identified with the D es Moines Street 
Railway syst em. . 

Electricity for Turner Lines.-Amendment passed by City 
Council, March 8, 1890, authorizing use of electritity instead of 
horses on lines operated under th e Turner franchise of 1866. 

Other Franchises.- Des Moines Rapid Transit Company, May 14, 
1888, and March 12, 188g ; Des Moines Belt Line R ailway Com­
pany, May 16, 1888; Des Moines Rive r Line Street Railway Com-· 
pany, Sept. 20, 1888 ; North Des Moines town franchise to all ex-
isting lines. . 

Final Consolidation.- In 1893 consoli dation of all existing street 
railway lin es with the Des Moines City Railway Company was 
affect ed, by which the present company claims to have acquired all 
franchise ri ghts granted to preceding companies. · 

Freight F ranchise.- By ordinance of City Council of Feb. 4, 1895, 
the Des Moines City Railway Company was g ranted privilege of 

ca rrying mail, express, freight and material fo r const ruction a1;d 
operation of its lines. Five per cent of gross receipts from mail , 
express and freight business was required to be pa id into city 
treasury fo r eight years from date of ordinance. 

Suburban F ranchise.-On J une 8, 1903, Council amended the 
freight o rdinance so as to permit suburban railway companies to 
operate over tracks of Des Moines City Railway Company. 

•• 
CLEVELAND COMPANY PLACES INSURANCE 

The Cleveland E lectric Railway Com pany, which has been active 
in organizing companies fo r th e purpose of insuring the properties 
of street r ailway companies against loss by fire, has made a three­
year 's contract with th e stock insurance companies, r eser ving the 
right to write IO per cent of the line, amounting to nearly $400,000, 
with · the traction mutual companies as soon as they become opera­
tive; that is, as soon as these companies have secured $20,000,000 
of sprinkled ri sks. Judging from present indications it will only 
be a matter of a short time before this is accomplished. A t the 
start th ese companies would not ca re to take the enti re line on a 
property like the Cleveland E lectric. As has been outlined in th ese 
columns, the Electric Mutual In surance Company will insure elec­
tric light and power stations and th e T raction Mutual Insurance 
Company will cover ca r houses that are equipped with automat ic 
sprinkler s. The two will be supplemented by a stock company 
known as the Associated R ailway Companies' Insurance Company. 
Th e stock company will not only insure power plants and sprinkled 
car house properties, but unprotected properties as well, at r ates as 
low as those made by the "old line" companies. The management 
of all these companies is in the h ands of Henry N . Staat s, of 
Cleveland, an insurance underwriter of long experi ence. · 

In placing its insurance thi s year the Cleveland E lectric R ailway 
was enabled, by r eason of th e fact that six of its ca r houses are now 

·protected by sprinklers, to secure a propos ition from the F actory 
Mutual Companies , of N ew E ngland, which heretofore have de­
clined to write policies upon car houses and th eir contents. By 
reason of thi s competition it was enabled to secure a better propo­
sition than ever befo re from th e "old line" companies. The pro­
posals were made under sealed cover, and the bid of the ' ''old line" 
companies was so low that the business went to them. 
V✓hile intimating that the new rates will effect a considerable 

saving in the cost of insurance, the official s of the Cleveland Elec­
tric Railway were unwilling, by reason of a pledge made to the 
underwriter s, to make public anything r elative to the per cent of 
saving made poss ible th rough the installation of sprinkler outfits. 
From a general agent of one of the companies carrying th e risk, 
th e STREET R AILWAY JouRNAL representa tive was enabled to secure 
a clear idea of the new proposition. This gentleman stated th at the 
stock companies imposed two conditions-that the insurance be 
written for three years, and that the companies be given all the 
business, except for the r eservation mentioned. 

In the past the Cleveland E lectric Railway Company has made a 
practice of carrying its own insurance on its fire-proof power sta­
tions and storage battery hou ses. Last year it carried insurance on 
$1 ,962,500 of property, including car houses, shops, etc. Under the 
new contract th e stations and battery hou ses valued at about $1,400,-
000 toaether with eleven car houses and contents, six of which 
ha;e al;eady been equipped with sprinkler system s, and the balance 
of which are now being equipped , make a total of $3,266,700 of 
preferred risks. ' 

A s soon as the remaining hou ses are equipped with sprinkler s, 
all of this property will be carried at about one-third the rate, which 
is as low as any given on sprinkled manu facturing property i~1 
Cleveland. Other property, including unequipped car houses , oil 
hou ses, cars in open yards. etc., aggregatin g $405 ,800, was also in­
sured. The investment for sp rinkler outfit s was about $1 20,000. 

Th e 80 per cent co-in surance clause will apply on all building 
items; the 100 per cent clause on all car items, and the 90 per cent 
clause on machinery in power stations. The dynamo loss clause , 
the lightning and the automatic sprinkler clauses will attach to 
policies . 

A couple alighted from a Market Str eet ca r at F ifty- Second 
Street, aft er getting transfer s. N o F ifty-Second Street ca r was 
in sight , so the young man said: " I t's only a couple of blocks; 
let 's walk." He was about to tear up the r ed transfer s wh en the 
g irl he was esco rting interrupt ed him, saying: " D o n' t do that ; 
g ive them to me." H e handed them over and she walked to a 
letter box and dropp ed them in the slot. To th e man's questi on­
ing look she said: "Oh! everybody o ut thi s way does that. Y ou 
see, th e mail man always finds am o ng a numb er of the transfer s 
dropped in th e box one th at is still good for a ride. So h e is 
able to ride several squares to th e next box, where he finds more 
transfers."-Philadelphi a '' R eco rd." 
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i9lJ,0..~. Car Drake; Th,imas .\. Stt'ele, \\"est Elizabt'th. l'a. 
:\pp. filed June 2i, 1905. Comprises independently opcralt'd 
brake-shoes engaging respectiYely the tops anti sidt's of the rails. 

i99,89J. Car \\'heel; John R. DaYies, \Vaukegan, 111. .\pp. 
filed Jan. q, 1905. :\ whl'cl cl·nter and tire haYing re;.:islt'ring 
recesses. a dowl'l pin joining said parts, haYin).! its innt'r end 
l'quippl'd with a bearing through which prt'SSllft' ma~· be exerted 
in drawing the dowel pin inwardly to free it from engagemen t 
with the tire. whereby the tin· may be detachl'd with,i11t drilling 
hol es therein. 

j 99.894. Automatic R ailway Switch; Fn·dcrick I{ . S. Ditmars. 
Gah·eston, Tex. App. filed l\larch 18. 190.5. \\'hen a trip 
mechanism is engaged by an approaching car the switch is thrown 
th rough a T-le\'Cr. Th e switch is normally held closed by a b ell 
crank le\'er, one end of which is attachl'd to the switch bar, while 
the o th er end is weighted. 

j99.896. Electric Contact Dl'\·ice; Robert \\" . Farrington. Buf­
falo. N. Y. :\pp. fikd Sept. 23. 1904. The bearing surface of 
the trolle,· wheel is made up of a ~cries of pi\'oted sh oes which 
successiv~lv make contact with the wire. presenting thereto a flat 
surface. th~reby secur ing a greater contact area than can be ob­
tained by the plain surface of the whed. 

i99,90i- Steel Car \\'heel: Frank \\'. Hudson . St. Louis, J\1o. 
:\pp. filed l\Iarch 31. 1905. A car wheel consisti ng of a soft st eel 
body portion and hard s teel inserts cast in the tread thereof. 

i 99,9()8. Ele\'ated R ail way; DaYid Humphrey, CleYC!and, Ohio. 
App. fil ed 1Iay 18, 1904. An eleYated structure of tubular con­
struction throughout supports cars running on a si ngle rail an d 
haYing a guard rail at the top. 

j 99,940. Automatic Switch Throwing Device: Clinton J . G. 
Rickerson. Colorado S prings. Col. App. filed Apri l 17, 1905. A 
forwardly and downwardly movable plate is engaged by the ap­
proaching car to throw the switch through rack and p inion 
mechanism. 

800.121. Car Fender; J oseph \ V. S eibert. \Vashi ngton , P a. 
:\pp. fil ed J uly 20. 1905. D etai ls of construction. 

•• 
PERSONAL MENTION 

J\ IR. G. \V. APPLER, who for two and a half years has occupied 
the position of superintendent of construction for the Northern 
California P ower Company, of R eading, Cal., h as been appointed 
general superintendent of th e Rochester, Syracuse & Eastern Rail­
way Company. 

J\IR. J. G. SCHMIDLAPP, of Cincinnati, well known to the 
fin ancial and railway interests of the \Vest, who is a member of 
the Taft party. now in the Orient, will leave the party shortly to 
visit Japan, where he will spe nd a month or more looking int9 
th e tra ction development of that country. 

J\1:R. E. H. McHENRY, fourth vice-president of the New 
York. New Haven & Hartford Railroad, who h as at present the 
supervi sion of th e engineering department of th e electrical divi ­
sion , will after Oct. 1 h ave direct supervi sion of the engineering 
department of the enti re New H ave n system. 

MR. ELM ER E. BARTON, assistant superintendent of Divi­
sion 1 of the \Vorcester Consolidated Street Railway, has re­
signed to take a position with t h e Rio Jan eiro Tramway, Light 
& Power Company, of which Mr. Frederick A. Huntress, for­
m erly gen eral m anager of th e \Vorceste r Company. is general 
man age r. 

MR. EDWA RD II . RICH A RDS, for m erly assistant general 
sup erintendent of the Bost on & \Vorcester Street Railway, has 
been appointed superintendent of th e Middlehoro & Monument 
Beach division of th e Southeastern Street Railway system. Mr. 
Richards has recently been superintendent of th e T aunton & P aw­
tucket branch of the same system. 

MR. B. B. WINCHESTER. of th e Philadelphia Rapid Transit 
Company, is to succeed Mr. Frank A. Polhemus as superinten dent 
of the New York & Long Island Traction Company. Mr. Pol­
hemus ·r eturns to Cleveland and will r ejoin the corps of the 
Clenland Construction Company, now building several electric 
railways in the West. Mr. \Vinchester's headquarters will be at 
H empst ea d , Long Island. 

MR. 0. A. HONNOLD has been appointed to succeed Elec­
trical Engineer Hayward. of the Utah Light & Railway Com­
pany, of Salt Lake City, Utah. Mr. Honnold has been with the 

company sine~ 1&)6. H~ is a graduate of Purdut' University. 
Aftt'r lea\'ing colleg~ Mr. Honnold was for two years with the 
Detroit L·nited Railway Company as assistant to th~ superin­
tcndent of cnnstruction. and was also two yl·ars with th~ Lachin<' 
Rapids l'own Company at J\lontn·al, Can. 

11O~. LUTHER ALLEN, one of Ck\'dand's most prominent 
business men, died a few d:iys ago as a result of an operation for 
appendicitis. For the past fi,•c )'l·ars Mr. Allen had been "~ry 
acti,·e in the building of electric railways. Ile was intcrest~d in 
the Tnkdo & \\' cstt"rn Railwa~•. the Clc,·eland, l'aiues,·illc & 
:\sht:ilmla Railway, the Buffalo, Dunkirk & \\'estcrn and th~ To­
ledo & Chicago Raih,·a~• . At the time of his d ea th he was pr~si­
dent of the Toledo & \\'estern Company, and formerly was pr~si­
dent of the Ck,·eland, Paines\'ille & Ashtabula Railway. Ile w3s 
intereStl·d in sen·ral banks and manufacturing institutions. 

J\IR. FRANK hO OKE R ALFRED, who is now associat~d 
with the Canadian \\' hitc Company, Ltd., as general manager, 
with headquarters in l\1ontreal. Can., wa s born D~c. 24 , 1866, 
and educated at th e Uni\'ersity of l\1ichigan and the Ohio Stat~ 
Uni,·ersity. From 1&~7 to 1&)0 he was engaged succl·ssh·cly as 
rodman, tran sitman and resident engilll·er 011 railroad construction. 
From 18go to 18g4 was with till' Norfolk & Western Railroad, 
during which time h e had charge of the field work in the con ­
struction of its terminals at Columhus, Ohio. From 1&J4 to 1896 
h e wa s with the engineering department of th e Hocking Valley 
R ai lroad. and from 1896 to 18()() was engineer of maintenance of 
way of the Clc\'eland, Akron & Columbus R ailway. From 1899 
to 1900 l\Ir. Alfred was engineer of maintenance of way of th~ 
\\'h eeling & Lak e Erie R ailway, and from the latter date till 1902 

wa s di\'i sion engilll·e r of th e Pere l\larquettc R ailway, of which 
company he h as since acted as chid engi nel·r. 

l\lR. FRANCIS H . PEABODY, senior mcmba of the firm 
of Kidder. Peabody & Company. of Boston, and director of th~ 
Bosto n EleYall'd Railway Company. di ed \'cry suddenly Satnrday 
mo rnin g. Sept. 2J, a t hi s summer home in Ben-rly, of heart fail­
ure. J\lr. Peabody was born in Springfield , Mass., Oct. 9, 1831. 
H e came to Bosto n at the age of sen· nteen and en tered the bank­
ing house of J . E. Thayer & B rother as a clerk. In 1865 Mr. 
H enry P. Kidder, J\Ir. P ea body an d Col. 0. \V. Peabody formed 
th e firm of Kidder, P eabody & Co mpany. Mr. Kidder died in 
1886, and at that time l\Ir. Frank E. Webster and M r. Frarik E . 
Peabody were admitted to the firm. Col. 0. \V. P eabody died 
in 1896. Mr. Robert \Vinsor was admitted to the firm in 1894. 
Mr. Peabody married April 27, 1854. J\Iiss Adelaide Kingsley, of 
Canton, J\lass. They have one son. l\lr. Frank E. Peabody, of 
Kidder, Peabody & Company. 

MR. EDWARD G. CONNETT E, for se,•eral years vice-presi­
dent and general m anager of the Syracuse Rapid Transit Com­
pany, with which h e h ad a long-ll'rm co ntract, has obtained per­
mi ssion from th e directors of the company to accept the posi ­
tion of general manager of the \Vorcester Consolidated Street 
Railway, of \Vorcester. J\lass. H e will assume his duties on 
Oct. I. Mr. John J. Stanley, of Cle\'Cland. who is intimately 
assoc iated with Mr. Horace E. Andrews. president of the Syra­
cuse Rapid Transit Company, the Utica & J\Iohawk Valley Rail­
road and Cleveland, Ohio, roads, will succeed Mr. Connette as 
vice-president. J\Ir. John E. Duffy, who ta s been superintendent 
of the Rapid Tran sit under !\Ir. Connette, will continue as superin­
tendent, but will ha\'e prac tical charge of the o peration of the 
system, it being Mr. Stanley's intention to spend o nly two or 
three days a month in Syracuse. The Rapid Transit will be oper­
ated by Niagara Falls power by April 1. Cars from Rome by 
the electrified \ :Vest Shore Railroad will come into Syracuse prob­
ably 0\'er the Burnet Avenue line of R apid Tran si t. 

MR. K. B. THORNTON has been appointed operating engi­
neer with J. G. White & Company, of New York. J\lr. Thornton 
wa s born at M o ntreal, June 23, 1873, and was educa ted in London, 
Eng. After taking a three years' conrse in electr ical and mechani­
cal engineering at the Central Techni cal Collegl', South Kensing­
ton, London, he returned to Canada, in J unc, 18g3, and entered 
the Royal Electric Company, M ontreal, working in the several 
manufacturing departments. and also in the testing and drafting 
departments. In September, 18g5. h e was transferred to the oper­
ating department of the Royal Elec tri c Company, which at that 
time was supplying light and power in and around Montreal. 
From that time until August. 1905. J\ lr. Thornton was inti­
mately associated with the constructi on, operation and engineer­
ing details in connection with the generation and distribution of 
light and power for the Royal Electric Company, and latterly for 
the Montreal Light, Heat & Power Company, which finally se­
cured a monopoly of all the electric companies in Montreal in 
1903. 




