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T he south shore of 1\Iassachusetts l3ay has long been 
known as one of the m ost delightful stretches of count ry in 
New England. From Boston Lig ht to Provincetown the 
coast abounds in historic association, picturesque scenery 
and maritime activity. T he long sand dunes of Cape Cod 
exert a peculiar charm upon the visitor , and the refreshing 
climate draws many tourists yearly to this a ttractive region . 

The southern portions of the cape are sparse ly settled 
and in winter barren and bleak. Highland Light, P eaked 
Hill Bars and Chatham are yearly the scenes of fur ious 
storms, which line the coast with wrecks and necessitate 
the constant vig ilance of the U nited Sta tes Life Saving 
Service. E lectric railway development has been slow in 
these regions, but more extended in the north central towns 
of the cape, such as P lymouth and F airhaven, which may 
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$150,000, and sup1 ·tO; he larges tc!l,..,g\1ite statue in the 
world. f:""tc '· "Y 

Brockton is a busy man , :__:_lg: city, over $6,500,000 
being invested in the boot and shoe industry. I ts population 
in 1900 was 40,063, and although it is a separate ci ty from 
Boston it may fa irly be said to fa ll wi thin the suburban 
limit, as its industries are c; losely tied to the New England 
metropolis by power fu l business interests. P ract ically all 
the leather employed in its shoe manufac ture comes from 
Boston , and the recent transgortation strike in that city 
threatened a paralysis in the shoe industry of Brockto n in 
the few days of its li fe. F urni tu re, carriages, boxes and 
candy are also produced in large amounts. 

T he Brockton & P lymouth road was chartered in 1899 
to build an extension of the Plymouth & Kingston Street 
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fa irly be considered part of the main body of Massachu
setts. 

One of the pioneer lines of this section of the State con
nects the city of Brockton, 20 miles south of Boston, with 
the town of Plymouth, situated on Massachusetts Bay, 37 
miles southeast of Boston. 

Plymouth is doubtless the most famous town historically 
in Massachusetts. As the scene of the landing of the P il
g rim F athers in 1620, the oldest community in New E ng
land and the ground where the cornerstone of American 
liberty was carved in heroism and privation, the old town 
with it s "Plymouth R ock," " Provide Hill ," monument and 
museums, stands to-day one of the most cherished spots in 
the United States . Its population in 1900 was 9592. It has 
nine churches, five banks, a public library, two weekly 
papers and manufactures hardware, cordage, shoes and 
wire. The F orefathers' Monument is 81 ft. high, cost 

Railway from its terminus at Kingston, via W hitman, to 
Brockton. In 1900 the road, then 6.49 miles long, was 
opened, and in the same year the P lymouth & Kingston, 
8.75 miles, and the P embroke Street Railway Company, 
7.35 miles (formerly operated) , were consolidated with thi s 
company, thus fo rming a continuous- line from P lymouth, 
via Kingston, P embroke and H anson , to \Vhitman. 

The populat ion served by the road is as follows: 

T owns on Line. 
Brockton (city) . . ... . .... 40,063 
Whitman . . . . . . . . . . . . . . . . 6, r 55 
H anson .. ............... 1,455 
P embroke ............... 1,240 
Kingston ................ 1,955 
Plymouth ............... 9,592 

Totals . ............... 60,460 

Adjacent Towns. 
Abington ................ 4,489 
Rockland ................ 5,327 
Hanover ................ 2,152 
East Bridgewa ter ......... 3,025 
Hal ifax . . . . . . . . . . . . . . . . . . 522 
P lympton . . . . . . . . . . . . . . . 488 
Doxbury ................ 2,075 

Grand total census of 1900, 78,538. 
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The total length of single 
track owned by the Brock
ton & Plymouth road is 

23.68 miles. From Brock
ton to the Pilgrim House, 
Plymouth, is about 27 
miles, the running time be
ing two hours. The com
pany has a traffic agree
ment with the Old Colony 
Street Railway Company 
(one of the properties of 
the Massachusetts Electric 
Companies) whereby the 
cars running from Plym
outh are operated by the 
Old Colony road over · its 
own tracks between \Vhit-....................... J k--·· _L 
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- man and Brockton, the 
~.,,,~,;'.',lt$_.t'*<~i'iK?,,,,~~~-· crews being changed at the 

former town. The line is 
MONUMENT TO FOREFATHERS, 

PLYMOUTH supplied with power from a 
main power station in 

Plymouth and a rotary cqnverter sub-station located at 
Bryantville, in P embroke, in the Mayflower Grove Park, 
the transmission line being I 3 miles long. The accompany
ing map shows the location of the track, which follows the 
highway throughout, the rails being laid at one side, their 
tops being level with the surface of the road. Excavation 
was made to the depth of the ties and rails, good chestnut 
and oak ties on 24-in. centers being put down, well tamped. 
Gravel ballast was used in \Vhitman, Hanson, Plymouth 
and in Kingston from Kingston car house to the Plymouth 
line. Sand ballast was employed in Pembroke and from 
the Pembroke line to the K ingsto,1 car house. Sixty-pound 
T-rail was used except in Plymouth, where g irder rail was 
required. A t road crossings the excavation was made to a 
g reater depth and a stringer laid on each of the ties, the 
stringer being held by outside and inside angle-braces, the 
rails being secured with substantial tie-rods and the cross
ing paved flush with the rai l. The heaviest piece of work 
is at a point about midway between \Vhitman and Kings
ton, where, to get a grade of about 6 per cent, a cut of ap
prox imately 8000 cubic yards was necessary, a portion of 
the expense being borne by the town of Pembroke. At the 
bottom of thi s grade is a substantial stone culvert. T here 
are nineteen turnou ts on the line, and the minimum radius 
of curvature of track is 35 ft. The (i per cent grade above 
mentionecl is 500 ft. long. An 8.8 per cent grade 300 ft. 
long occurs in P lymouth, and there are also grade~ of 5.3 
per cent 700 ft. long and 3-4 per cent 1000 ft. in length on 
the line. T he ties are 5 ins. x 5 ins. x G½ ft. and the joints 
standard four-bolt angl<'-bar. A ll new turnouts were made 
practically 200 ft. long. The ballast is about 8 ins. deep be
neath the ties. Steep grades were also paved. No trestles or 
bridges were constructed. F ill s 9 ft. wide were made at the 
,ops of grades, sloping r½ ft. to I ft. T here are r.59 miles 
c f double track on the lme. No. 0000 Crown bonds were 
used between vVhitman and Kingston, and the Clark bond 
of the Chase-Shawmut Company, of Boston, on the re
mainder. The only special work on the line consists of a 
Y-spur track running to the New York, New Haven & 
Hartford railroad station in Plymouth from Court Street, 
opposite the Hotel Samoset . A long turnout is huilt at 
lVIayflower Grove Park which enables the traffic to be 
handled with expedition. The track is drained by a .ditch 
at its side. 

The power station stands on the shore of Plymouth Har
bor, in the town proper and within a stone's throw of Ply-

mouth Rock. It is built of brick on pile foundations. Each 
pile is of spruce, 25 ft. long, IO ins. to 12 ins. in diameter at 
the butt end and 6 ins. to 7 ins. at the small encl. All piles 
were chamfered for a few inches from the end and a 
wrought-iron ring placed thereon, the ring being made 
from 3-in. x I-in. strap iron. The concrete capping of the 
piles forms the footing on which all foundations were 
started. Filling of broken stone or gravel was provided 
around the piles to grade up to the bottom of the concrete 
capping. The concrete consisted of one part best Portland 
cement to three parts clean, sharp sand and six parts broken 
stone, the broken stone passing through a 2-in. ring. Foun
dations of stone are built under the outside walls of the 
boiler house, boiler settings, heater and pumps. All stone 
masonry is composed 0£ large stones with flat beds and 
builds laid solid in Roslindale cement mortar thoroughly 
bonded and bedded. Ledge rock was used in all cases. The 
stack foundation is of concrete, built in layers not over 12 
ins. thick. Trimmings are of granite. Machinery founda
tions are of the best quality of hard brick laid in Portland 
cement mortar. The wells for condensing water and boiler 
feed-supply are built of brick with a concrete footing. The 
chimney is of hard brick, 125 ft. in height, cappe1 with a 
cast-iron cap at the top, with a cast-iron clean-out door at 
its base. The inside diameter is 6 ft. 6 ins. throughout its 
entire length. All fire brick is laid in fire clay. All piers 
start on concrete bed. The boiler room paving is of brick 
laid on edge in sand, with a slope of about 6 ins. per 
100 ft. toward the water pockets. All brick drain pockets 
are supplied with perforated cast-iron covers ½ in. thick. 

All floor timbers are of Southern pine. Each floor is laid 
with 4-in. plank and top board of f -in. birch or maple. The 
plank is spruce 7 ins. to r r ins. wide, grooved ¾ in. square 
and furni shed with hardwood splines. It was planed on 
one side to a uniform thickness of at least 3¾ ins. and is 
laid with close joints, planed side down, thoroughly spiked 
by two 7-in . spikes at each bearing. The floor boards were 
sawed in parallel widths of 3 ins. to 5 ins., 8 ft. to 12 ft. in 
length, laid at an angle of 45 degs. with the floor planking. 
The top floor is thoroughly oiled and levelled. The plank
ing for engine room and boiler house roofs is of spruce 3 
ins. thick, sound and free from wave and knots. The planks 

BURIAL HILL, PLYMOUTH 

are grooved t in. square, with 6 ins. maximum width. 
They are fastened with 6-in. spikes. The monitor is fin
ished on the inside with Southern pine boards and clap
boarded on the outside. All window frames and sashes 
are of white pine. Sashes are hung with 2-in. turned face 
steel axle pulleys, with Sampson cord and round balance 
weights, and are glazed with first quality double thick 
American sheet glass. Door frames are of Southern pine, 
with wrought-iron anchors, the doors being of white pine 
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Stairways have 8-in. rises and 9-in. treads. All roofs are 
covered with tar and gravel, using 6-ply felt roofing with a 
gravel edge of zinc 5 ins. wide. Gutters are of 16-oz. 24-in . 
copper. Water conductors are of 4-in. galvanized iron 
pipe. The boiler house roof is flashed with lead weighing 
3½ lbs. per foot and is hipped to carry water by the ends of 
the monitor. 

The power station is divided into two main parts, boiler 
room and engine room, separated by a wall. The engine 
room walls are painted with two coats of light drab above 
the window sills and with two coats of a darker color belo.w. 
The boiler room walls are dark for 5 ft. from the floor and 
whitewashed above. Boi ler settings are painted and white
washed, and the walls in the engine room basement , foun 
dations and piers are also whitewashed. E ngines and gen
erators are painted with two coats of dark seal brown and 
varnished. The smoke flu e and boiler fronts are painted 
with black graphite paint. The under side of all roof plank
ing was painted with two coats of white paint of pure 

port, Mass. Each is 16 ft. long x 72 ins. wide , I 7 ft. 2 ins. 
long over furnaces, contains r 12 3-in. tubes and is rated at 
125 hp. Shell plates and heads are open-hearth steel. The 
tubes are steel, the space between rows being a minimum of 
r in . All tubes are at least 3 ins. from the boiler shell , rivets 
l- in. diameter , and heads are stayed above tubes by through 
braces running length of boiler from head to head. Each 
boil er has two cast-iron nozzles 6 ins. internal cliameter, for 
steam and safety valves riveted to the shell. There are also 
dry pipes in each boiler to prevent priming, perforated on 
the upper side with J- in . holes aggregating the steam nozzle 
in area and drained by two ±-in . holes in the under side. 
Fusible plugs are provided with centers 2 ins . above the 
upper row of tubes. The blow-off pipes are 2½ ins. in 
diameter. Each boi ler also has one 12-in. brass steam gage, 
one combination water column and one internal brass feed
pipe 2 ins. in diameter. Two manholes, r r ins. x 15 ins. 
and IO ins. x 15 ins., are placed, one in the rear sheet on top 
of each boiler, the other in the front tube sheet under the 
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white lead and linseed oil. An Akron inlet pipe was laid 
from the end of the power station wharf to the well, with 
bulkhead, strainer and gate at its end, with cement joints. 
A ll plumbing was done according to the city of Boston's 
regulations. There are four steel roof tru sses in the engine 
room and four in the boiler room designed with a factor of 
safety of 4 against a tot;il wind and snow load of 40 lbs. per 
square foot area exclu sive of the roof itself. The boiler 
house trusses arc designed for an additional load of 10,000 
lbs. applied at any point of the bottom chord. Trusses rest 
on cast-iron plates built into the wall, and are held in place 
by anchor bolts, which are also built into the wall and come 
up through the plates, slots being left in the shoes at the 
encl of each tru ss for adjustment and expansion. Trusses 
are braced laterally in the plane of bottom cords, and have 
a minimum bearing of 8 ins. The engine room span is 52 
ft. , the boiler room span being 40 ft. Steel was supplied by 
the Pennsylvania Steel Company. The extreme dimensions 
of the boiler room are 41 ft. 4 ins. x 63 ft. 10 ins. The en
gine room exterior is 54 ft. x 76 ft. 8 ins. T he boiler room 
is lighted by eight windows 4 ft. 8 ins. wide, ro ft. center 
to center, and r r ft. 4 ins. high , in addition to the monitor, 
which can be opened and closed from the floor level. 

The boiler plant consists of four horizontal return tubu
lar boilers, made by Edw. Kendall & Sons, of Cambridge-

p 

tubes. The fronts are cast iron, with two fire doors each. 
T he ash pits have revolving dampers, planed joints, drilled 
hinge holes and turned pins. The tops and sides of furnace 
mouths are lined with a special quality of fire brick. ·The 
grates are 6 ft. square and were made by \V. \V. Tupper 
& Co., with t- in. air spaces and ½-in . iron bars. Each 
boiler is suspended by six cast-iron lugs riv eted to the shell. 
is provided with one cast-iron uptalte, air tig ht, and fitted 
with a hand damper to be worked from the floor. The 
boilers were tested at the works with warm water at 225 
lbs. per square inch, the working test being a ro-hour run at 
T 25 lbs. per square inch. The tube sheets are -¼ in. thick. 
Hand firing is used, coal being brought into the !;oiler room 
in small cars running on a track extending to the coal pocket 
east of the power house. Locke damper regu lators are used. 
T his pocket is a large wooden building built on 300 piles 
and has a capacity of 2000 tons. The building is 108 ft. 
long and 33 ft. wide, 41 ft. 7 ins. inside height. All timbers 
arc hard pine with spruce planking. except on the roofing. 
A ll coa l is weighed in the boiler room on a Fai rbanks scale. 
T he coal-handling apparatus was furni shed by the C. \V. 
Hunt Company. A boom 31 ft. long is mounted on a tower 
at the end of the wharf 42 ft. 3 ins. above the floor line, and 
coal is hoisted from the barges by an engine of the hori
zontal twin type size, about ro hp. The engine takes steam 
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through a 2-in . pipe running to the boiler house. The 
hoisting tub holds 1000 lbs. of coal, and the coal on reach
ing the top of its hoist is discharged through a hopper into 
a coal car , which runs by gravity down an automatic rail
way unt il it is emptied into the pocket. The firing car also 
holds one ton, and the car house track divides into two 
branches beneath the pocket valves, where the coal is 
finally discharged and the car run into the boiler house by 
hand-power . Ashes are carried out by this car and are 
dumped into a hole behind the bulkhead. 

Warren feed-pumps are used, and the feed-water is 
heated by two exhaust pr imary heater s supplied by the Na
tional P ipe Bending Company. Each has 200 sq. ft. of heat
ing surface and are rated at 600 hp. There are no inj ectors . 

All high-pressure steam pipes are made of lap-welded 
charcoal iron tubing, all work 2½ ins. and above being 
flanged. T he radius of bends is at least six times the pipe 
diameter, unless otherwise specified. F langes are provided 
with raised faces and caulking recesses, all flan ge fit.tings 
being cast iron and high-presrnre joints being made with 
corrugated copper gasket . Brass piping is used fo r all hot 

SAFETY STOP 

water connections between heaters and boilers. Low pres
sure piping is of fl anged cast iron . E xhaust and water pipes 
in the main are of lap-welded iron. Akron pipe is used to 
carry the overflow from the hot well and is laid with cement 
joints. All straightaway valves are of the Chapman Valve 
l\fanufacturing Company's make. All valves used in high
pressure work are extra heavy, and if 2½ ins. or above in 
diameter are made of a fla nged iron body with bronze seats 
and arranged with outside screw and yoke. By-passes are 
provided on all high-pressure valves above 6 ins. Such 
valves have ribbed bodies, and all valves have composition 
spindles. Low-pressure valves above 5 ins. have a flanged
iron body with babbitt seats, stationary spindles and indi
cators, excepting main exhaust valves, which are furnished 
with outside screw and yoke, with floor stands having pol
ished wheels and bodies. All valve stems are vertical as far 
as possible. Check valves are furni shed in all connections 
to traps. T he heater relief valve is set at 150 lbs. The 
heaters, tops of boilers, steam-supply pipes, drip pipes from 
the header , all feed pipes carrying hot water ( except brass 
connections in front of boilers) and the exhaust pipes from 
the cross-compound engine to the condenser, including all 
valves and fittings , are covered with the best grade of Keas
bey & Mattison sectional magnesia covering, using plastic 
covering not less than 2 ins. thick on larger pipes, heaters 
and boilers. T he high-pressure steam and water piping 
has adjustable supports on roller bearings at least every six 
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feet. The low-pressure piping is supported on non-adjust
able hangers, brackets or piers. Drip connections are from 
½ in. to 1 ½ ins. in diameter. Valves are provided through
out. The overflow from engine traps is carried into a main 
drip pipe 2J ins. in diameter. A 2-in. priming pipe valved 
at both ends is carried from the main feed pipe to the con
denser. All bolts are of Burden's iron. Provision is made 
for inserting thermometers in the main feed-water pipe at 
the entrance and exit from the heater. All unions used are 
brass , and red lead is used wherever flanges are screwed on 
pipes. All piping is guaranteed to withstand a working 
pressure of 130 lbs. and was installed by Lynch & \Vood
ward, of Boston. There are two Blake jet condensers in 
the_ station of the cross-compound vertical air pump type. 
The cylinder dimensions are 7½ ins. and 15 ins. high and 
low pressure, 18 ins. water, 15 ins. stroke, and 6 ins. and 12 
ins. , 18 ins. and 15 ins., respectively. The condensing cham
ber is 24 ins. in diameter and the exhaust pipe 14 ins. The 
condensers are cross-connected, to operate together if de
sired. The water buckets of the condenser pump are of 
composition, fibrous-packed, and the water valves of me
dimn rubber. Piston rods of the water cylinders are of 
T obin bronze and the steam cylinder rods are steel, the latter 

SPEED CHANGING OR SYNCHRONIZING DEVICE 

cylinders bemg cover ed with 2 ins. of asbestos, lagged with 
Russia iron and brass bands. The condenser injection 
nozzles are composition-lined, and an automatic vacuum 
breaker is supplied to each one. 

T he engine room contains at present three generating 
units. One of these supplies power to the transmission line 
and consists of a 300-kw General Electric three-phase alter
nator, revolving field type, direct-connected to a 450-hp 
horizontal cross-compound condensing engine made by C. 
H . Brown & Company, of Fitchburg, Mass. This engine 
operates at its normal rating at 125 lbs. steam pressure, 
with 26-in. vacuum, and is guaranteed to 14 lbs. steam per 
ihp-hour at full load. Its cylinders are 17 ins. x 33 ins. x 
42 ins., and its speed 107 r. p. m. The cylinder wall thick
ness is 1 ½ ins. high and 1 ! ins. low pressure. The clearance 
between the high-pressure cylinder head and piston 3-16 
in., or 2 per cent, with ¾ in., or 2.5 per cent, on the low
pressure side of the engine. The horse-power inlet port 
area is 20 sq. ~ns., exhaust port 23.9 sq. ins., the correspond
ing horse-power area being 84.21 sq. ins. and 91.6 sq. ins. 
respectively. The piston rods are of steel, 3 ins. and 3¾ 
ins. in diameter respectively. The large and small sections 
of the high-pressure connecting rod are 23.75 sq. ins. and 
13.36 sq. ins., while the horse-power rod areas are the same 
as the foregoing. The distance between centers of rods is 
126 ins., and the cross-head pins are of open-hearth steel of 
5-l ins. diameter and length. The crank pins are of the 
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same dimensions and material. The shaft is of Bethlehem 
steel, 12 ins. in journal diameter and I 5 ins. diameter at the 
fly-wheel and armature. L ength in journal s, 22 ins. The 
guaranteed regulation is 2 per cent from zero to full load 
The fly-wheel is designed so that the angular variation 
from mean position to uniform motion shall not exceed .18 
of I per cent at I 50 per cent load. Cylinders are of the 
four-valve type, made of close-grained cast iron. The fly
wheel face is 16 ins. and the engine is lagged by 2-in. thick
ness of carbonate of magnesia covering. 

The frame used on this engine, as will be seen from the 
view of the interior of the station, is of the heavy-duty 
Tangye pattern, to which the builders have g iven much at
tention since their advent into thi s fi eld several years ago. 
The correctness of this design is well attested by the show
ing of this engine under an overload of I 19 per cent , which 
occurred in this plant not long ago. This occurred during 
a snowstorm at a time when the other units were under
going some changes, and was, of course, the result of acci
dent. 

A feature of this engine is its capacity for handling high 
speeds and changeable loads in direct connection with elec
tric generators. The builders attribute much of their suc
cess in this direction to the use of a multiported gridiron 
valve, which enables them to reduce the valve travel and 
eliminate a great deal of the wear incidental to this motion 
and at the same time to realize the benefit s of a full steam
chest pressure in the cylinder under all conditions. This 
latter result is partially clue to the type of valve and par
tially to the double eccentric motion which is u sed on all 
sizes and which allows of the widest possible range for ad
justment and a cut-off up to three-quarter stroke. Another 
point in connection with this valve design is that by making 
the valve seats removable and separate fr om the cylinders 
the material for these parts. as we!! as the valves, can be 

300 KW THREE-PHASE ALTERNATOR 

more carefully selected; and as the des ig n is such as to 
a llow an overtravel, there can be no shoulder s formed, and 
the economic life of the engine is greatly prolonged. 

The speed changing, or synchronizing, device, which al
lows the speed of the engine to be varied some 10 r. p. m. 
while in operation, is controlled by a small switch placed on 
the switchboard, the operation of which is as follows: T his 
switch controls a type CA r-6-hp General E lec tri c motor , 
mounted on the engine frame underneath the gu ides, the 
motor being connected through a sprocket chain to a screw, 
which is in turn suspended from a trip-shaft directly under
neath it, as shown in the cut . The fun ction of this screw 
is to carry a weight from one side of the governor trip-

shaft to the other, so as to increase or diminish the effect of 
the governor balls. J\ s the governor trip-shaft extends 
right through to the hack cylinder head, so as to control 
the cut-off on both cnch of the cylinder, thi s arrangement 
makes a very simple connection. The device is giving the 
best of satisfaction. 

T here is in operation in thi s station quite a novel safety 
stop, which was used in this plant for the fir st time; it is 
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very compact and does not detract from the appearance of 
the engine. T his stop operates automatically to disengage 
the releasing gear in case of accident to the governor or 
belt, so as to entirely cut off the steam supply in less than 
one-half of one second. This same result can also be ac
compli shed by pressing one of the several push buttons 
located at different points about the station. The partic
ular point of advantage in thi s stop over those of the older 
type is that it acts on the releasing gear, becoming operative 
in less than the time necessa ry for one revolution, instead 
of closin~- the throttle, as with the other types. 

T he alternator has twenty-eight po les, is separately ex
ci ted by a 17-kw 125-volt gene1·ator, motor-driven from the 
550-volt ra ihvay bus-bars. It s fu ll -load current is 455 
amps. per phase, voltage 380 amps., with 8 per cent regu
lation at 100 per cent powe1· factor and constant speecl. The 
guaranteed efficiencies are 50 per cent load 90 per cent, 75 
per cent load 92.5 per cent, 100 per cent load 93.5 per cent. 
T he revolving field weighs 9 tons, the stationary armattu-e 
12 tons, foundation plates 4500 lbs. The fly-wheel effect is 
18,000 lbs. at 3{-ft. radius. The alternator feeds the step
up tran sformers for the trnnsrnission line. and also supplies 
alternat ing current at 380 volts to a G. E. 250-kw three
phase 4-pole 750-r. p. 111 .600--volt 25-cycle rotary converter, 
the voltage ratio being r .58. The overload capacity for two 
hours is 50 per cent. The normal output is 4 I 7 amps. on 
the direct-cm-r~nt side, the no-load voltage being 550 volts. 
The converte1· is fitted with a pulley for operating it in
vc1·ted as a clirect-cun-ent generator. Tt is self-excited when 
driven from the alternating-current side. The field rheo
stat is designed to secure a range of power factor from R5 
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per cent to 100 per cent with either lagging or leading cur
rents. The pulley and shaft are sufficiently rigid to permit 
the rotary to deliver 200 kw working as a motor. A belt
driven exciter, type I. B., 2-1¾-1200, 500 volts, is fur
nished also. A 37.5-kw oil-cooled reactive coil is supplied 
for use in compounding. The efficiencies are as follows 
for 50 per cent, 75 per cent, 100 per cent and 150 per cent 

INTERIOR OF BRYANTVILLE SUB-STATION 

load: 91 per cent, 93.5 per cent, 94.25 per cent and 94.5 
per cent. The total weight of the machine is about 21,000 
lbs. 

Additional direct current is supplied by a G. E. 300-
kw, 8-pole, 550-volt, 545-arnp., 105-r. p. m. railway gen

.--..,"" '¢~ • .,, 

room and contains one alternating-current generator panel 
with wattmeter and field rheostat as special features, one 
exciter panel with rheostat, one motor panel with automatic 
release rheostat, one alternating-current rotary panel, one 
direct-current rotary panel with· rheostat, wattmeter and 
starting switch on sub-base, one transmission line panel 
containing six 1200-amp. quick-break low-tension trans
former switches, two direct-current generator panels and 
two feeder panels. The usual complement of switches and 
instruments was furnished. In the high-tension circuit are 
two sets of 13,000-volt, 100-amp., triple-pole, single-throw 
oil switches, form K. Panels are of slate. Three sets of 
13.000-volt lightning arresters are placed in the outgoing 
circuit. 

The switchboard stands at a distance from the wall 
sufficiently large to permit easy access to its connections 
and bus-bars from behind, and all high-voltage wiring is 
kept as far as possible from attendants. The engine room 
is well lighted and exceptionally clean in appearance and 
convenient in arrangement. The power station was built 
by F. E. Gilbreth, of Doston. 

The transmission line between the Plymouth power sta
tion and the l\!Iayflower Grove or Bryantville sub-station 
consists of 13 miles of single three-phase circuit, designed 
to carry 400 kw at 13,000 volts with 5 per cent loss. Seven
strand No. 2 aluminium· wires furnished by the Pittsburgh 
Reduction Company are used, with a conductivity of 61 per 
cent, equivalent in resistance to No. 4 copper. The line 
runs on the highway for 6.5 miles and on it s own private 
right of way the remaining distance. Separate poles are 
nsecl on the right of way, the regular railway poles being 
strung with the high-voltage circuit on the highway, the 
wires being on cross-arms above the direct-current feeders 

,,.. 
.... ;"'fr..,.. ✓ 

erator, direct-driven by 3. 450-hp. Green
\Vheelock horizontal cross-compound con
densing engine, cylinders 16 ins. x 36 ins. x 
42 ins. , weight 120,000 lbs., equippe<l with 
l\I onarch stop. The high and low pressure 
clearances are 1.95 per cent and :? .7 per cent , 
and the inl et ports 18 sq. ins. and 90 5CJ. ins .. 
the exhau st ports being 20 sq. ins. and 116 

sq. ins. respectively. The high ancl km 
pressure piston rods are 3 l in s. and 4 in s. 
in diameter, the large and small sec ti, ins nf 
conn ecti11g rods being 21.6 sq. ins. and 12.6 
sq. in s. The length between rod centers is 
105 in s., the cross-head pin s 5 ins. in length 
and diameter and the crank pins 5½ ins. in 
each dimension. The shaft is Bethlehem 
steel q ins. in journal diameter. 17 in s. in 
fly-wheel and 24 ins. in journal length. The 
fl y-wheel weighs 17.5 tons ancl is 16 ft. in 
diameter. The intermediate receiver has a 
capacity of 58,000 cu. ins. and the throttle 
supply pipe is 6 ins. in diam eter. The maxi
mum cut-off is So per cent. 1fagnesia cov
ering is used, and the guaranteed steam 

~~ 
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economy 13 lbs. at 105 r. p. m. , 125 lbs . 
steam pressure and 26 ins . vacuum and 
most economical cut-off. The generator 
weighs 38.5 tons. The third generating 
unit is composed of a G. E . 200-kw, 550-volt, direct-cur
rent railway generator, direct-connec ted to a 250-hp l\1c
Intosh & Seymour engine. 

The transformer equipment consists of six 90-kw, 38o-
13.ooo volt oil-cooled G. E. units, guaranteed with overload 
capacity to supply two 200-kw overloaded rotaries at the 
end of the line. These are placed in the basement. 

The switchboard is located at the west end of the engine 

' . 

TRACK OPPOSITE MAYFLOWER GROVE 

and telephone wires. The full-load current is• 18 amps 
per phase. The town regulations called for insulation on 
the high-tension circuit conductors, double-braid water
proof covering being put on. The wire weighs 488 lfis. per 
mil e. Poles in the open are of chestnut. 30 ft. to 55 ft. in 
length , with 7-in. tops set 5½ ft. in the ground. The cross
arms carry four locust pins and are of Georgia pine. Wash
ers are used under all lag screws and double cross-arms 
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where the deflection is over 2½ <legs . to 3 <legs. a t highway 
a nd railroad crossings. The line is transposed every half 
mile, one wire dropping to a lower cross-arm for a single 
pole while passing beneath the others. Locke No. 3 choco
late por celain insula tors are insta lled, weighing 3 lbs. each 
and g uaranteed to 20,000 volts. T ies are made by two No. 
3 insulated aluminium wires 18 ins. long. H ead and side 
g uys of No. 4 or seven-strand No. 12 iron wire are used in 
a ll cases of unbalanced strain , as on curves and in swamps. 
Across the salt marshes , which are flooded at high tide, an 
additional fra me support is attached to the pole base to 
avoid gradual settling. ,S t raight spans are 125 ft. long, 
curves from 80 ft . to mo ft. , the sharpest cut ves having a 
55-ft. span. Cross-arms are 31 in s. x 4¼ ins. x 7 ft. Ninety 
per cent of the poles are 30 ft. long. Special construction 
was employed in passing the works of the P lymouth Cord
age Company. A box 4 ft . square and 6 ft . deep, inside 
measure, was sunk to its top in earth. T he pole to be set 
was placed in this box and the latter filled with concrete, 

,,, .;.: '11- ' , 
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continuous fu ll load is 35 <legs. C. T he rotaries are similar 
in regulation and reversibi lity to those in the power station. 
Each rotary occupies a floor space of 50 sq. ft., or .25 sq. 
ft. per kw. T he sub-station is amply lighted by five win
dows, as the clearness of the cut shows. T he fo ll-load ro
tary voltage is 600, and the no-load 550. Two 30-kw 
reactive coils are in stall ed for compounding the rotaries. 
The efficiencies are, at 50 per cent, 75 per cent and 100 per 
cent load, 89 per cent , 92 per cent .and 93.5 per cent. The 
total weight of each machine is 23,500 lbs. 

T he general cour"se of the sub-station wir ing is as fol
lows : T he high-tension wires enter the sub-station at the 
rear end under a shelter , passing through a slate slab 
drilled to receive porcelain tube insulators 7 ins. long, 
4! ins. in diameter under head and 3i ins. under 
shank. T hey then are carried inward and downward on 
line insulators to the lightning arrester s. which are mounted 
on wall immediately belo\v the 6-in. x 8-in. beam shown in 
the photograph. T hey then pass to the oil switches, going 

STANDARD OPEN AND CLOSED CA RS 

which was allowed to set thoroughly before any strain was 
applied to the poles. E ach pole was double-side g uyed at 
right angles to the line and fas tened to two 2-ton anchor 
stones by .g--in. eye-bolts, which show 18 ins. clear above the 
ground surface. Double-head g uys are on all poles set in 
water, with anchor stones set at least 6 ft. in the ground. 
T he line crosses the automati c coal conveyor of the Cord
age Company by special construction , the high-tension 
wires passing through bushed porcelain insulators hung 
by iron wire fastened to insulators set on a cross-arm at
tached to a channel iron , the latter being clamped to 2-in. 
iron pipes I I ft . high , these pipes being secured to the plat
form of the coal railway. 

The Mayflower Grove sub-station is a one-story brick 
building with a tar and gravel roof, the exterior dimensions 
heing- 26 ft. x 36 ft. It is designed for two three-phase, 25-
cycle, 200-kw G. E. rotary converter s, with .fr, step-down 
transformers, each rated at 90 kw. with a voltage on 
the primary of 13,000, secondary 380. T he rotaries are 
capable of operating two hours at 300-kw, with a tem
perature ri se not exceeding 55 <legs. C.. with the sur
rounding air at 25 degs. C. The temperature rise at 

thence to the transformers . T he t ransformer secondaries 
run to the reactive coi ls and switches, then through tile 
ducts under the floor to the rotary converters, alternating
curr ent side, lead-covered. T he direct-current cables pass 
<lown into the trench beneatht he converters and a re carried 
on insulators mounted on the 4-in.x 6-in. supports to the 
direct-current rotary panels of the switchboard. The 
direct-current feeders run out of the wall at the right of the 
switchboard, facing it. Three No. 4 lead-covered wires are 
run from the transformers to the lightning arresters. 

The switchboard is composed of six panels and is located 
in the center of the sub-stat ion near the wall opposite the 
door. Two are fo r direc t-current feeders, two for alter
nating-current rotaries and two for direct-current rotary 
service. No unu sual fea tures are encou ntered in the 
switchboard. Soapstone harriers are used in oil switche.s. 
A large park is operated by the company at Mayflower 
Grove. L ittl e Sandy n ottom Pond has an area of about n6 
acr es, and the park is equipped with a theater. carousel. 
launch , canoes, boats, refreshment booths, facilities fo r 
checking bicycles and horses, etc. A rest room for women 
is provided in the keeper 's house, containing rockers, cribs 
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and an emergency medicine chest for physicians' use. The 
park patronage is rapidly growing. On the heaviest Sun
day in June, 1901 , the road carried 13,226 passengers, and 
about 3000 people vi sited the grove. 

T he rolling stock consists of twenty-seven cars, classified 
as six vestibuled 8-wheeler s, fo ur short box cars, eight 12-
bench, three 15-bench , four IO-bench and two 8-bench open 
cars. There is al so one tower, one work car and one flat 
car in service, two Taun_ton nose snowplows and one P eck
ham rotary plow. equipped with two \Vestinghouse 38-B 
motors fo r running the fan and two G. E .-57s fo r pro
pulsion. T he closed cars wer e built by the Laconia Car 
Company and are 39 ft. 8 ins. over bumpers , 38 ft . 8! ins . 
over vestibules, seat forty passenger s and have a 29-ft. 4i 
in. body each. F rom center to center of seat s is 32-~ ins.; 
the seats over all are each 32 ins. and ai sles 20 ins . wide. 
T he width of body outside over posts is 7 ft. I I in s., and the 
height from bottom of bolster to t op of trolley plank 9 ft. 
2{ ins .. from fl oor to top of window sill being 27 ins. On 
each side are ten windows) with two at each end. Double 
swing ing doors are on the vestibules, sill s and cross-timbers 
being hard pine or oak. The floorin g is of f- in. hard pine 
and in aisles is corrugated to a thickness of 1¼ ins. T russes 
are of l-in. round iron. Two trap doors are built over 
each driving ax le and are corrugated f in. thick. Treads 
are I in . thick, body fr aming posts ash , the upper deck has 
7-in. overhang and the brake-staff is 1½ ins. in diameter 
below the ratchet. T here are two sand boxes on each car. 
Card racks hold I 1-in. ca rds. There are twenty No. 42 
v\Theeler rever sible seats, fo ur be ing corner seats, the re
mainder t ransverse. T he corner seats are stationary and 
36 ins. long. O utside each window are four iron window 
guards. Bur rowes curtains are used, mounted on H art s
horn rollers. Each car has two signal ball s and two steel 
foo t alarm gongs IO ins. in diameter. T here are eight in
can descent lamps inside e,1.ch car, one in each vestibul e; 
also two h eadlights in two circui ts with a three-way switch 
at each encl. Each car is equipped with fou r G. E.-52 mo
tors, with K-12 controllers rated at 27 hp on the hour basis 
of 75 clegs. C. temperature rise. The weigh t of the car 
body is about 13,000 lbs. 

T he trucks are of the double-motor swing bolster "8-B" 
type of the Laconia Company. T he length over frame is 
IO ft. 2½ ins. : length of wheel base , 4 ft. 4 in s. ; axle length 
over all , 6 ft. 2¾ ins. Axle diameter is 4 ins. Journals are 
of steam car type, 3½ ins. x 5¾ ins . T he truck width over 
frame is 6 ft. 2½ ins ., the width over journal boxes being 
6 ft. 8½ ins . From center to center of side bearings the dis
tance is 4 ft. 2½ ins.: the wheel gage is standard , with 2½-in . 
tread, the wheel diameter being 33 ins. and the weight 390 
lbs. , "Rochester" type. The height from rail to top of cen
ter-plate is 32 ins. The frame is of wrought iron , the jour
nal springs 1 in. x 5½ ins. x 4¾ ins. and the bearing springs 
IO-plate, elliptical, 42 ins. long, made up of 3-in. x f- in. 
steel st1 ips. T he Christensen air brakes are inside-hung, 
and the motor g-ear ratio is 4.78. The brake-shoe beams 
are hung with link hangers in rubber cushions. The pi lot 
board is suspended from iron hangers bolted to the frame 
and is 4 ins. from the rai l on one side of the truck. Bolsters 
are composed of two pieces of 6-in. channel iron riveted to 
the ~ide-bearing castings, suspended in a transom made of 
two bars of I-in. x 4-in. iron. These are riveted to the 
transom guide castings and act as seats fo r the elliptic 
springs. The spring bolster is prevented from violent side 
thrust by a spiral spring- located on each end. Yoke sus
pension of motors is used. 

There are three car houses, as shown on the map. The 
Plymouth house has four tracks, is 50 ft . and 23 ft . x 11 I 
ft . x 210 ft.; the Pembroke house is 24 ft. x roo ft ., with 

two tracks, and the Kingston house is 25 ft. x 6o ft. , with 
two tracks. The operating offices are in Plymouth. 

In 1901 the road carried 1,833,000 passengers. The 
transfer traffic was only 2 per cent of the regular paying 
traffic. In August , the heaviest month, the revenue passen
gers per car mile were 5.46; in December, 3.21. The winter 
headway on the Plymouth Division is one-half hour, and 
,.me hour on the \ i\Thitman Division. The average schedule 
speed of the cars in August , 1901 , was 9.96 miles per hour; 
in December , 9.72. The 1901 car mileage was 436,300 and 
the mileage per car operated 65,500. Twenty-four regular 
conductors and motormen and s ix teen other employees 
were on the pay rolls in December. The average coal con
sumption per kilowatt-hour of the Plymouth power station 
in 1901 was less than 3! lbs. In round numbers, about 400,-
000 lbs. of coal are burned per month. The Mayflower 
Grove sub-station operated 535 hours in December, 1901, 
its average load being 56 kw, with a maximum of 308 kw. 
The kilowatt-hours per car mile average less than 2! in the 
last ten months of 1901. Nine regular cars were operated 
in August and six in the spring and late fall. 

The road is operated on the telephone despatching sys
tem. At each turnout along the line is a cut-out box where 
a porta·ble instf·ument may be plugged in by the conductor, 
who carries a telephone on the car. All questions as to pro
cedure at turnouts are referred thus to the despatcher in 
Plymouth, who adjusts the meeting relations of all cars 
which are behind or ahead of time. The road is operated 
from about 6 a. m. to 12 midnight. The telephone system 
was install ed by Wentworth & Blake, of Boston. The offi
cers of the company are : President , J. D. Thurber; vice
president, C. I. Litchfield: treasurer , E . J. B. Huntoon; 
manager, Gardner F. Wells. Stone & Webster, 93 Federal 
Street , Boston , are the general managers of the railway. 

Wheel Wear on the North Jersey Street Railway 

Some particulars were published in a recent issue of the 
wear of wheels during 1900 on the North Jersey Street 
Railway. T he fi g ures for 1901 are just available and show 
some interesting fact s. The company discarded during 
1901 1764 chilled iron wheels, of which it had complete 
records. T hese wheels made a total mileage of 63,982,731 , 

· or an average mileage of 36,271. 
The records of the four wheels which made the highest 

mileages are in teresting. The one with the longest life made 
a mileage of 9:2,346 miles. It fir st ran under a 25-ft. box 
car fo r five months and seven days, when it was skid flat 
an d was reground. It was then put under another 25-ft 
box car , where it ran twenty-six months and nineteen days. 
when it developed soft spots. The circumference of the 
wheel when new was 8 ft. 8 ins. , and when worn out 8 ft. 4¼ 
ins. The second wheel made a mileage of 91 ,669 miles, also 
under 25-ft. box car s, and was in service thirty-three months 
and three days. Its circumference when new was 8 ft. 8¼ 
ins., and when worn out was 8 ft. 3¼ ins. \i\Theel No. 3 
made a mileage of 91,688 miles. It was· under a 25-ft. box 
car fo r eighteen months and twenty-five days and under an 
18-ft. box car eight months and ten days . It was finally 
rejected on account of a cracked hub. The circumferences 
new and worn were, respectively, 8 ft . 8¼ ins. and 8 ft. 4f 
ins. The fo urth wheel ran for 90,143 miles and twenty
eight month s and fourt een days . During this time it out
lived three mates, t wo of which skid-flat and one wore out. 
It finall y developed a doubl e flan ge. Its circumference 
when new was 8 ft . 8-?t ins. and when worn out 8 ft. 3 I 1-16-
ins. These were the four highest mileages, but there were 
a number of wheels discarded during 1901 that had made 
over 80,000 miles. 
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The Elmwood Car House of the Rhode Island 
Suburban Railway Company 

T he new car house herewith illustrated has just been 
completed by the Rhode I sland Suburban R ailway Com
pany and is located in the E lmwood distr ict of the city of 
Providence. I t is on the block bounded by E lmwood Ave
nue, R ussell , Melrose and T hackeray Street s, a. block about 
830 ft. X 200 ft. 

T he building already constructed , which is the first por 
tion of the structure which it is proposed to eventu.ally erec t 
on this block, is 36o ft . long by 200 ft. wide, and its front 
is set back about 100 ft. from E lmwood A venue. T he 
building is of brick with steel roof trusses and beams, cov
ered with 3-in . splined plank. T he roof , excepting the saw
tooth moni tors, is nearly fla t , and the flat por tion is covered 
witl1 tar and gravel. T he monitor s are covered with cop- GENERAL VIEW OF ,ONE SECTION OF INTERIOR 

------~--· _;;-;;;...·-~ ~~==-

EXTERIOR OF CAR HOUSE 

VIEW OF PITS 

per. The portion of the structure used fo r the storage ot 
ca rs is divided into three longitudi nal sec tions by brick fire 
\\'all s, \\' hich extend tl1e whole length of the building- and 

pass up through the roo f to a height of about 5 ft. above 
the flat roof. T he rain water from the middle bay of the 
roof passes to the sides of the building through scuppers 
left in the fi re wall s. A fourth bay of less height than the 
main portion is devoted to office, locker room, toi lets, heat
ing plant, storage rooms, stock rooms and oil rooms. 

T here are two p it rooms situated at one end of two of the 
track bays. T he floors in the bottom of the pits, as well as 
the main floor, are granolith ic dressed. The pit construc
tion is shown on the drawings . The timber upon which tl1e 
rail is laid can be removed and replaced, if desired. without 
disturbing the granol ithic floor. T he tracks have a pitch of 
2 in. in each 100 ft. length wise of the house, and each track 
is 2 in . lower than the next adjacent parallel track cross
ways of the house. These inclined planes are hardly per
ceptible in a view of the premises, but materiall y helped in 
fitt ing the fl oor of the buil ding to the grades of the sur
rounding streets. T he rail used throughout the construc-
tion is 60-lb. T, A. S. C. E. section. · 

T he pit rooms and all of the other se rvice rooms are 
heated by steam. The entire building is equipped with 
automatic sprinklers, arranged for the dry-pipe syste111 
The un der side of the pit room floors is also equipped in 
this manner. T he adoption of the saw tooth skylights wa~ 
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due to the recommendation of the fire underwriters, it be
ing held by them to be a better form of skylig ht , or monitor, 
as regards fire ri sk, than those with ver tica l sides. It is a 
much more expensive way to secure the light than the or
dinary type, and whether it adds greatly to the safety of the 
building is a matter of opinion. It is intended soon to con
cured on car-wheel cost from different street railway com-
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CONSTRUCTI ON OF STEPS TO PITS, ETC. 

the building, to prevent the possible short-ci rcuiting of the 
current by a trolley pole which left the wi re. 

All of the interior door openings are provided with auto
matic fire doors of woocl covered with sheet iron, the longi
tudinal fire walls having double fire doors at each opening . 
Exterior hvdrants and hose are also provided. The locker 
room is p1:ovided with metallic lockers made up partly of 
sheet metal and partly of expanded metal. T he exterior 

The Cost of Car Wheels 

T he recent communications published in this paper on 
the subj ect of the cost of car wheels suggested the impor
tance of fi xing upon some basis of comparison of cost of car 
wheels and the r eference to thi s standard of statistics se
cured on this particular from different street rai lway corn-

CAR HOUSE DOORS 

panics. \ Vith thi s in view the editors have secured, through 
the courtesy of a number of different companies, the actual 
cost and car miles run on a large number of different lines, 
most of them operating between 500,000 and 1,500,000 car 
miles per year. The total cost of wheels per year, divided 
by the wheel miles, of course g ives the cost per million 
miles . Seemingly this should tell the whole story. The 
figures, however, show that it does not. Other conditions 

doors are of wood and are trussed 
by diagonal rods, as shown in the 
cut. T he interior doors to the pi t 
room are covered with tin and 
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• are similarl y hung. This type of 
door is very strong and durable 
and cannot "settl e." 

The total cost of the building. 
equipped with heat, light and 
sprinklers, including heavy fo un
dations, was 7 4-10 cents per cubic 
foot. It was desig ned in th e offic e 
of Chief E ngineer George 1: . 
Francis, of the company, and 
under hi s direction, by J. H . 
O 'Brien , assistant eng ineer in 
charge of the building work . T he 
contractors were F. E. Shaw, 
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Providence, R. I., for fo undations; Horton & H emenway, 
Providence, R. I. , for superstructure; General Fire Extin
gu ishing- Company, Providence, R. I. , for heating and 
sprinkler system, and \ i\Tilliam \ Vharton . Jr., & Company, 
of Philadelphia, fo r special track work. 

---•♦----
In a recent suit for damages against the U nion Traction 

Company, of P hiladelphia, counsel for the contestants be
came in volved in a controversy as to whether the car from 
which the plaintiff alleged he was thrown some fi ve years 
ago had a center aisle. This question as to the construction 
of the car was raised so often that the representatives of 
the company decided to introduce the car as ev idence. 
f<'rom where it was unearthed does not appear, but at the 
noon-day session the jurymen were requested to step to 
the south side of the City Hall, where the car was standing, 
surrounded by a curious crowd engaged in speculating as 
to its purpose. 
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SECTION SHOWING PIT CONSTRUCTION 

influence the cost. Some of these are shown by a consider
ation of the conditions of operation ; others wi ll be spoken 
of later. 

A \ Vestcrn road reports the total cost of wheels for a year 
$479.72. There is no grinding nor rep lacin,c,· in this . T he 
total car mileage is 1,284,606 mi les. Supposing the cars to 
be al l mounted on single trucks, this makes 5,138,424 wheel 
miles and the cost per mi llion miles $93.33. T he wheels 
weigh 400 lbs. and are 33 ins. in diameter. J\ Southern road 
report s that its wheels average 35 ,000 miles, and as they 
cost $7.50 pressed on the ax le we may figure in round num
bers that the figure per million miles is $2q. A 30-in. 300-
lb. wheel is used. A wheel-grinding- machine has added ma
terially to the life of wheels. They are ground without re
moval from the axle. 

A road in the Middle States contributes omc interesting
fig-ures. The cost of wheels only for the year is $ r ,099--+2· 
T he miles nm are r.773 ,170 ; the average life of a pair of 
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wheels is 17,215 miles. T he wheel miles may be 7,092,680 if 
the cars were on single trucks, or 14,185,360 miles if 
mounted on double trucks. In one case the cost would be 
$ 155. ro per million miles and in the other $77.55 . T he latter 
figure would be low in spite of the fact that there is no 
charge for chang ing wheels nor for grinding. 

D. L. H untington, superintendent of the Spokane Street 
R ailway system, contributes some figures of unusual inter
est . T he wheels used are 30-in. 300-lb. and 22-in. weigh
ing 175 lbs. T he car mileage is 1,129,337 ; the wheel mile
age 9,034,696; the cost of wheels fo r the year $ 1,087 ; the 
labor in handling $358, making total cost of wheels $1,445. 
Thi s g ives a costper million miles of $161. T his is a remark
ably low figure when the extreme 'cost of wheels is consid
ered. M r. H untington says: "A wheel that costs us r.65 
cents per lb. at St. Louis costs us when delivered here 
2.80, the freight being r. 15 cents per pound. T his makes 
it difficult to compare our cost with that of an Eastern 
road." W ithout taki ng the freight into account, the fig ures 
are very good. Making fa ir reduction for freight cf1arges, 
the cost per million miles will be about $11 r. 

A nother very interesting set of fig ures comes to us from 
the Pacific Coast , from H . C. Campbell , of the City & Sub
urban Railway Company, of P ortland, O re. T he wheels 
used are 320-lb. 30-in. and 190-lb. 22-in. T he mileage of 
the 30-in. wheels was 7,985 ,000, while that of the small 
wheels was 5,962,056, a total of 13,947,056 miles. T he cost 
of the 30-in. wheels was $1 ,260.95 and of the 22-in. $349.40, 
making a total of $ 1,610.35 for the year, or $ 115.50 per 
mill ion miles. Considering the greater mileage, nearly 50 
per cent more, these figures compare well with those from 
Mr. Huntington. 

A road not far from Chicago using four-wheel cars sends 
the followi ng fig ures : \\Theels 33-in., weighing 416 lbs.; 
cost of replacing wheels, including new wheels, $r ,834.63; 
wheel mileage, 6 ,023,096. T his g ives the cost per million 
mi les $304.50. T his larger figure may be due to the fact 
that a ll costs were included. 

Mr. Evans, manager of the Q uebec Railway, Light & 
Power Company, has these figures: Standard wheel 33-in., 
weight 425 lbs. The wheel mileage for the year was 
4,357,800. F our-wheel cars are used, and the total cost of 
wheels on the line $ 1,324.80. The cost per mi llion miles 
comes out $304. 

The Tri-City Railway Company, of Davenport , Iowa , 
uses 33-in. wheels which weigh 400 lbs. The general man
ager, James F . Lardner , reports the total wheel mileage at 
9 ,177,392 miles . T otal cost of wheels for thf year 1901 is 
$1 ,948.ro, or, say $212.20 per million miles. 

F rom a railway company near Philadelphia we get the fol 
lowing figures: Car mileage, 2,288,386 miles , but the wheel 
mileage for the year is put at 2,892,059 miles. E vidently 
there is some mistake in the figures , for with fou r-wheel 
cars the wheel mileage would be 9,153,544, and with eight
wheel cars it would be twice that, or 18,307,088 miles. T he 
costs per mi llion miles, figured on these different bases, 
with a total cost for grinding and r eplacing of $1,51 2.37, 
is $523 for the first fig ures. On the supposition that the 
cars are on single trucks , the cost would be $165.23 per 
mill ion miles, while the last estimate of car mi leage gives 
$82.61. T he more probable figure seems $165. · 

A road in the extreme East sends us some figures which 
make the last-named figure appear probable. This road 
uses 30-in. 300-lb. wheels, with cars on single trucks. D ur
ing the year the company put fi fty new wheels in service. 
The total car mileage was 579,485. The manager reports 
that the wheel mileage was not accurately kept, but it may 
be properly assumed at 2,317,941 miles. The cost of re
placing, including- gr inding, was $365, or $157.31 per 
million wheel miles. T he wheel used had a ¾-in . flange 
with a 2¼-in. t read. 

Allowing for differences in the methods of keeping ac
counts and for the varying costs of performing similar op
erations on differ ent roads, we still have wide variations in 
fig ures, i. e., from more than $1,200 to less than $100. It is 
evident from the smaller differ ences that location has much 
to do with the cost of wheels. A level road has an advan
tage over one with long grades, where the brakes have to 
be applied continuously while the car is in motion . It also 
appears that roads having a large number of short riders 
will wear out wheels fas ter , by reason of frequent stops, 
than one having through traffic and getting a large propor
tion of its loads at its termini. T he roads carrying the great
est number of passengers should show the highest cost for 
wheels per million wheel miles . It may be found that the 
roads making the greatest daily car mileage will wear out 
their wheels most rapidly. Sharp grades , though not long, 
have a g reat influence on the wear of wheels. 

It is not at present possible to compare the cost of wheels 
per million miles run with the number of passengers carried 
i11 the same length of time. In a mild climate, where the 
streets are kept clean and the superintendent can keep a 
careful watch upon hi s men and bring them up to a high 
standard , wheels will have a longer life than is possible 
under other conditions. Costs will be correspondingly re
duced. 

----+>·-- - -

Trolley Wire Hangers Used at Minneapolis 

A peculiar fo rm of trolley wire hangers has been used by 
the T win City R apid Transit Company, of St. Paul and 
l\Iinneapolis, for a number of years, a sketch of which is 
shown herewith. T his hanger was designed in the first 
place to avoid the excessive breakage common with the old
fas hioned rig id hangers used on bracket construction. The 
hammering of a trolley wheel against a trolley wire insu
lator rigidly fastened to the bracket of the center pole ca used 
much trouble from breakages in the earlier days on thi s road 
as it has on all others. As seen from the sketch, the present 
hanger consist s of two clips mounted on the ends of 
a wooden stick 1} ins. square. T he stick serves as the 

This pieC'e fastened to 
bracket or span wire 

FLEXIBLE TROLLEY WIRE HANGER 

insulator. T he clip castings are driven on to the ends of 
this stick and a split pin put through to keep the casting 
from slipping off . The stick is suspended from the bracket 
or span wire, as the case may be, by a square link which fits 
so loosely over the stick that it can move back and forth 
through the link. This movement , however, is limited to 3 
ins. by split pin s located as shown. Thi s movement allows 
the strain on the trolley wire to equalize itself, which is a 
very valuable feature in preventing the breaking and tip
ping of in sulators. A s the blow of the trolley wire comes 
on the end of the insulated stick, which is 5 ins. from the 
actual point of suspension at the bracket , there is not as 
ri g id a blow as with the old-fashioned hanger, because one 
end of the hanger can tip up slightly to cushion the blow. 
The wood is also likely to be less brittle than the insulating 
compound used in the ordinary hanger. This hanger gave 
such good sati sfaction on bracket center-pole construction, 
of which there is a great deal, that it i.~ t1ow used on_ b,0~1' 
span and bracket work. 
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• Block Signals on Heavy Electric Railroads 

The prospective equipment of steam roads for electric 
suburban service and the high-speed electric suburban and 
interurban lines which are now being proj ected and built 
for frequ ent train service make the subject of automatic 
block signal systems suitable to duty on such heavy elec
tric roads of timely interest. There is in general much 
misconception as to the applicability of the block signal 
systems commonly used on steam roads to electrically 
operated roads. Automatic block signaling on steam 
roads has reached a high state of reliability, and it is the 
result of years of study and evolution. Electric roads will 
do well if they secure equally efficient systems, as the 
problem is a less simple one for electric than for steam rail
ways. Steam roads in this country almost universally 
make use of the track for signaling purposes, insulating 
one block from the next by insulating rail joints and de
pending upon the small potential difference maintained 
between the two rails of a track by two gravity cells in 
parallel to operate the relay instruments which govern the 
signals. When the track is used for a return circuit, as in 
electric railroading, the use of any kind of a track circuit 
for signaling purposes is out of the question on most sur
face roads, though a notable application of track circuit 
signaling is seen on the Boston Elevated, described later. 
Being shut out from the use of the usual track circuit for 
block signaling, he who designs a block signal system for 
electrically operated roads which shall be as simple in 
its elements, substantial and reliable as present steam road 
track circuit systems, has a difficult task. 

It may therefore be of value to review some of the prin
cipal work that has been done up to the present time on the 
electric elevated and subway roads of the country with a 
view to the possible application of such systems with 
proper modifications to lines operating on their own rights 
of way on the surface and in tunnels. 

In the STREET RAILWAY JO URNAL for September, 1901 , 

showing the apparatus by conven tional drawings. From 
this it will be seen that one of the track rails is continuous 
and is used for the railway return currents in the ordinary 
manner, being bonded to the structure at frequent inter
vals. The other track rail is divided into sections or blocks 
for signaling purposes, with insulated joints between 

BOSTON U.LVATED RY 
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FIG. 2.-DIAGRAM SHOWING CIRCUITS OF RELAY 

blocks. This block rail is, of course, kept insulated from 
the opposite return rail of the track by wooden ties, and care 
is taken to allow no electrical connection between the block 
and return rail. The train, upon entering a block, makes 
a short circuit through its wheels between the block rail 
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FIG. 1.-DIAGRAM SHOWING BLOCK SIGNAL CIRCUITS AT BOSTON "~ 

was an article by Howard S. Knowlton on "Train Move
ment Signaling on the Boston Elevated Railway." T his 
gave a good general idea of the system of sig nals there em
ployed, but some of the technical details of the sig nal ap
paratus, which were not included in that article, will no 
doubt be of interest to those who wish to look into the mat
ter more closely. The system employed on the Boston 
E levated is an interesting modification of the electro-pneu
matic system, which has been installed extensively on 
steam roads by the Union Switch & Sig nal Company, of 
Swissvale, Pa. This is the only electric road which has 
ever been equipped with a block sig nal system using a 
track circuit for the operation of signals. · 

Fig. I is a diagram of the signal circuits used at Boston, 

and return rail. This short circuiting causes the electro
pneumatic semaphore behind the train at the block en
trance to go to danger. The current for the track circuits, 
as well as for the operation of ·the signal air valves of this 
block signal system, is supplied by a motor generator giv
ing 100 volts run from the railway circui t. At each signal 
the 100 volt main from this dynamo supplying the signals 
is connected to the block rail through two 100-ohm resist
ance coils, as seen in Fi g . 2, which gives in detail the wir
ing at each signal. In this diagram, and also in F ig. I , it is 
seen that a relay is connected permanently across between 
the track and block rail of the section or block, which the 
signal in Fig. 2 g uards. Consequently when there is no 
train on that sectio n to shor~ circuit the relay a current w?ll 
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flow from the re turn rail , through the relay, to the block 
rail and to the negative side of the 100-volt signal circuit, 
throug h the 200-ohms resistance in the box of the signal 
next ahead of the one shown in F ig. 2. W ith a train on the 
Eection the current still flows th rough the resistance, but 
the relay is short circuited. W hen the r elay is short cir
cuited the signal under which it is placed is at danger, as 
the relay contacts are open and the circui t which closes the 

" clear." When no current flows through the signal mag
net the valve opens itself and lets the air out to allow the 
signal to fall to " danger." In shunt with the signal mag
net is an incandescent lamp. The relay is made polarized 
to provide against the possibility that the signal might be 
cleared by currents from the 500-volt circuit actuating the 
relay. 

R ef erring to F igs. 2 

~ ----10 □------1 

and 3 for illustration of the con• 
struction of this relay it is seen 
that it consists of two ordinary 
coils and a swinging coil be
tween them. Under normal con
ditions the attraction of the ar
mature under the main magnets 
makes both the contacts as indi
cated in F ig. 2. If the polarity 
of the main magnets is reversed 
by current from the 500-volt 
circuit ( as it might be by the 
train running onto sand or ice 
with the current on) the swing
ing magnet has its lower pole 
attracted to the opposite pole of 
the relay from that shown in 
Fig. 2, and thi s has the effect of 
springing the contact plate so 
that the contact at S is broken 
and the signal cannot clear. 
These relay contacts are made 
through carbon blocks. 

0 0 

FIG. 5.-AUTOMATIC ELECTRO-PNEUMATIC BLOCK SIGNAL , WITH AUTOMATIC TRAIN STOP 
ATTACHMENT, AS APPLIED IN THE SUBWAY OF TH E BOSTON ELEVATED 

RAILWAY COMPANY 

As usual in elevated railway 
practice the third rail of the 
road is made positive and the 
structure and return rail nega
tive. The positive poles of the 
generators supplying the signal 
circuits are grounded and the 
negative poles are connected to 
the block rails through resist
ances as explained. This ar
rangement of polarity was made 
to secure the benefits of the 
polarized relay. By this arrange
ment should sand or ice on the 
rail cause imperfect wheel con
tact with the ground or return 
rail the 500-volt current would 
flow through the relay in a di
rection the r everse of normal, 
and it would simply open the 
contact S and keep the signal at 
danger behind the train. With 
a plain non-polarized relay such 
a condition would close the re
lay contac"ts and clear the signal 
behind the train, which would 
be a very dangerous condition. 

T he electro-pneumatic sema-

electro-pneumatic air valve of the semaphore is conse
quently open. W hen there is no train on the block and the 
relay connected to it is energized a circuit is established 
in F ig. 2 as ·follows: From the I IO-volt dynamo signal cir
cuit D D and I I to the rear post of the polarized relay, 
through the swinging magnets of the relay and out to S 
through the two relay contacts, and thence through the 
signal magnet to ground. This signal magnet when ener
gized opens a valve which admits compressed air to the 
piston of th e semaphore and pushes it to "safety" or 

phore signals used are modifica
t ions of the pneumatic semaphores made by this company 
for steam railroads. They are held to "clear" by the pres
sure of air behind a piston, and fall to a "danger" positio11-
when the pressure is removed. The cylinder diameter is 3 
ins. and the piston stroke 4 ins. The air is supplied from a 
compressed air main running the length of the structure. 
At each terminal are two Ingersoll-Sergeant compressors 
supplying air at 60 to 80 lbs. pressure and geared to 40-hp 
Westinghouse motors. Any one of these is sufficient to 
supply the whole road with compressed air for signal oper-
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at ion. The arrangement of relay and resistance coils in the 
base of a signal post is shown in Fig. 4 and the signal com
plete in one of the subways in F ig. 5. Fig. 7 is a drawing 
of a signal on the structure. 

In connection with these semaphore signals, Figs. 5 and 
6 show the automatic train stop attachment that trips a 
valve which applies the air brakes should the motorman dis
regard the sig nal and run pas t it. A truck equipped with 
the automatic train stop valve is shown in Fig. 6. 

This is the first block sig nal install ation to depend on 
the current derived direc tl y from a continuously running 
generator for operation of signal magnets and track cir
cuits. S ince the motive power of these motor generators 
is in this case identical with the motive power of th e road 
the signals are sure to be supplied with current as long as 
there is current to operate the cars. 

Th e. electrical energy requi red to work the electro
pneumatic valves of a signal is .025 ampere at IO volts. 
T he power required to suppl y electri c current and com
pressed air to the 175 signals, sixty-one switches and fifty 
indicators of various kinds is about 40 hp for air com
pressors and 1 2 hp for motor generators. 

For many locations wh ere tracks are on the surface the 
use of a track circt;it of this kind would be probably im
prac ticable (aside from the undesirabi lity of giving up the 
value of one rail as a return conductor) because of the leak-

FIG. 4.-SIGNAL PEDESTAL CONTAINING POLARIZED 
RELAY, RESISTANCI:: COILS, ETC. 

age from rail to rail , which would be so large with the high 
voltage used as to g ive fal se indications by opening the 
track relays. O n the other hand, if the track voltage be 
made low, as in steam road practice, the interference of the 
500-volt current would be prohibitive. On an elevated 
and underground road of this kind, however, where track 
leakage can be kept down there is nothing against its use 

save · the loss of conductivity in the return circuit due to 
giving up one rail to block signaling purposes. 

Th ere are two aut; matic block signal systems in use on 
the elevated railroads of Chicago, both installed by the 
Rowell-Potter Safety Stop Company of that city. That on 
the South Side Elevated Railroad is a purely mechanical 

FIG. 3.-POLARIZED RELAY 

system for the protection of trains when standing at sta
tions only. T his was put on the road in 1893. The system 
put on the Metropolitan West Side Elevated Railway in 
1895 is a cornl~in2ti on electrical and mechanical system. 
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FIG. 6.-AUTOM ATIC TRAIN STOP VALVE APPLI ED TO TRUCK OF 
ELEVATED CAR IN POSITION FOR OPERATI ON BY TRIP 

ATTACHED TO SIGNAL 

These signals on the l\Ietropolitan have made a r emark
able record for reliabi lity, and only sixty failures to clear 
when they should are reported per 1,000,000 of signal 
operations . Some of these reported "failures" are prob
ably due to false reports made by motormen to get out of 
a charge of running past a danger signal. No failure to 
show danger and stop a train with a train in the block 
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ahead is reported. Although rear-end collisions have oc
curred in a fog on the Metropolitan_ road, none have oc
curred on that portion of the line equipped with the block 
signals. Only the crooked parts of the road have signals, 
the straight tracl<' is without. 

On the South Side E levated Railroad the mechanical 
system for the protection of the train at statfons works as 
follows: 

A distance of 300 ft. back from each station is a small 
semaphore signal. At this signal is a tread bar, which is 
in a position to be depressed by the wheel treads of the 
train. When the signal is at "clear" the tread bar is up 
so that the wheels can strike it. The tread bar is mechani
cally connected to the semaphore signal, and when the 
train goes by with the signal at clear its wheels strik~ the 

The system used for protecting dangerous portions of 
the Metropolitan Elevated is a comprehensive automatic 
block system, comparable in completeness and efficiency 
to those used on steam railroads. It can be used on blocks 
of any length, as it is not dependent on the distance to 
which power can be transmitted by direct mechanical con
nection from a train to a signal in the rear. The signals 
on the Metropolitan are operated to danger mechanically 
by the wheels of passing trains depressing a tread bar, but 
are released to go to clear by electricity. Since the install
ation of the Metropolitan block system numerous improve
ments have been made in the system offered by the Rowell
Potter Safety Stop Company for this class of work. These 
improvements have been in the nature of a simplification 
and standardization of apparatus, and it will be more in 

FIG. 7.-AUTOMATIC ELECTRO-PNEUMATIC SECTI ONS OF BLOCK SIGNAL AS APPLIED TO BOSTON ELEVATED ROAD 

tread bar and throw the signal to "danger." About 300 

ft. beyond each station, or 900 ft. from the danger signal, 
is another tread bar connected mechanically by a pipe line 
on rollers to the signal. When a train has left a station 
300 ft. it operates this tread bar, which throws the sema
phore to clear position. In connection with this system the 
Rowell-Potter safety stop was employed on the steam loco
motives, which applied the brakes whenever an engineer 
disregarded and attempted to run by a da nger signal. At 
the trial when these signals were accepted the engineer of 
the trial train was given orders to run. into the train ahead 
at a station, if possible at every station, but the train was 
stopped every time automatically. When the road was 
electrically equipped, however, the cars were not supplied 
with the safety stop valve, so that as at present operated 
the visual danger signals only are used without the auto
matic safety stop. 

• 

order to describe the system and apparatus as it is offered 
to-day, as adapted for both elevated and surface electric 
roads operating on a private right of way than to describe 
exactly the older apparatus used on the system of the 
Metropolitan, because the latter, while very satisfactory 
and reliable, is not the latest development of this system 
of block signaling. The general principle of the system 
used on the Metropolitan is the same as in the latest devel
opment of the system which is about to be described. 

The signals used are either standard or dwarf sema
phores. Unlike other block signal systems the Rowell
Potter makes use of power derived from the passing trains 
for the operation of its semaphore signals. This power is 
stored in what is called a power storing machine, the stand
a rd form of which is shown in Fig. 8. The power is stored 
by a set of springs in the casing C, which are wound 
through a pawl and ratchet by the up-and-down motion of 
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a tread bar, which is deflected by the passage of a car 
wheel. This tread bar is shown in Fig. 9. Each passing 
wheel causes a movement which winds up th e spring, 
and when the maehine is full y wound the tread bar re
mains level with the top of the rail, so that no further 
movement takes place until the springs will bea r winding 
again. The meehanism is released to throw the sema
phore to clear or to danger by a catch eont roll ed by two 
eleetromagnets mounted side by 
side, the top pair of which is seen 
in Fig. 8. If the signal is at clear , 
current sent through one of the 
magnets will release the power
storing mechanism to put the sig
nal to danger, at the completion of 
which operation another cateh 
holds the machine from furth er 
revolution until the other pair of 
magnets is energized, which a11ows 
the maehine to revolve another half 
turn to safety. The amount of 
power stored up is much more 
than would be necessary to operate 
the signal. The power-storing ma
chine is, of eourse, plaeed with ref
erence to convenient mechanieal 
eonneetion to the signal. A t each 
signal is placed a safety stop track 
instrument , Fig. ro, whieh is raised 
to an operative position when the 

~ signal goes to danger by direet mechanical conneetion with 
th e signal. This safety stop traek instrument takes the 
form of an inelined plane rai sed by a crank with spring
mounted shaft, and when raised presents to the valve
tripping meehanism on the car an inelined plane with a 
5 per eent grade, having it s highest point 4 in s. above the 
top of the rail. This inelined plane when raised will en-
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power-storage machine to send the semaphore to dan ger. 
Th e train is then proteeted by that signal and its safety 
stop whil e it proeeeds through the bloek. Suppose, how
ever, that by some defeet in th e apparatus the signal did 
not go to danger when th e train passed, and consequently 
stood elear with a train in the bloek . To provide against 
this dangerous eondition ex isting a second safety stop 
traek instrument is put something more than a train length 

FIG. 8.-POWER STORING MACHIN E 

beyond the signal. This instrument is also directl y con
neetecl to and operated by th e signal. Unlike th e first 
safety stop instrument, however , wh en the signal is at 
danger the stop is down and will not apply the brakes . 
\\Th en the sig nal is at clear th e stop is up and will apply the 
brakes and stop th e train. A train cannot therefore pro
ceed into a bloek on the assumption it is being protected 
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FIG. 9.-TREAD BAR FOR OPERATING POWER STORER AND CONTACT APPARATUS 
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FIG 10. - FLEXIBLE SAFETY STOP 

gage o f the rod on th e ear trnck equipment , F ig. Ir , and 
throw a valve to apply the brakes, either straight air or 
automatic, as the case may be. If a motorman fa il s to 
regard a danger signal, and run s past it , the brakes will be 
applied so that he wi ll be obliged to stop. Suppose, how
ever, that the motorman find s th e sig nal at clear and goes 
ahead . As soon as he reaches the sig nal the wheels strike 
a tread bar, closing a traek push-button , whieh has the 
cff ect by means of relays and oth er devices dcseribed later 
o f throwing current through the proper coils on the 

unless the signal has aetually gone to danger behind it. 
In thi s respect this system of block sig naling is radieally 
different from all others, and neeessarily so b~eause in 
oth er systems any derangement or failure of apparatus 
aets to put a sig nal to danger, and a sig nal will fall hy 
gravity to dan ger of it self unless constantl y held elear by a 
combination of eonditions. In th e Rowell -Potter system 
th e signals are put at danger onl y by th e positive applica
tion of artifieial force, the sourec of which may fail for 
many reasons by the breaking or sticking of parts , \i\Tith~ 
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out the provision of the second safety stop, which will allow 
no train to proceed unless there is a danger signal behind 
it, it ·would be quite poss ible for a signal to fail to act and 
show clear with a train in a block . \i\Thil e the system at 
fi rst g lance would appear to have g laring defects because 
of the fact that positive fo rce must be applied artificially to 

which moves one notch away from s.afety position for every 
train entering a block and one notch toward safety for 
every train leaving a block. By m eans of this counter any 
number of trains up to sixteen might pass into a block, but 
the signal would not clear at th e entranc e to the block until 
the last train had passed out. Of course with the safety stop 

Sectional Elevation 

in action not more tha11 one train could 
pass into the block at once without be
ing stopped. However, it is a suppos
able case that a train might overrun a 
danger signal and be stopped by the 
safety stop in strument, and that the mo
torman would then possibly proceed on 
into the block when the signal had been 

Section on a-b 
looking towards 
Equalizing Bar, 

~FIG. 1 I.-OPERATING ROD ON CAR 

move a signal to danger, it wi ll be seen upon a study of 
th e question that th e presence of th e second safety stop 
insures safety in spite of thi s. 

A train ha-ving passed th rough a block and into the fol
lowing block a sufficient distance, so that th e sign al of the 
fo llowing block wonld protect it agaimt a rear-end colli
sion should it com e to a standstill (a di stance of 300 to 500 

0 

0 

0 
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FIG. 12.-TRAIN COUNTER 

ft. 011 th e l\lctropolitan E levated), th e signal at the entrance 
to the block just pa~secl is cleared by the train depre~sin g 
another tread-bar, closing a track push-button, making an 
electrical contact, with the effect of establi sh ing a circuit 
through the clearing magnet on the power-storing ma
chine. The signal is then thrown to clear. A simple de
vice called a train counte r is introduced into the circuits, 

cleared by the passage out of the block 
of the precedin g car or train. Having 
done this, if the,re were no train counter 
in the signal circuit the second train in 
the block would be without signal pro
tection because the second train would 
have passed the electric contact track 
in strument at the entrance to the block 

Slrf't'l Ry.Jmunal which puts the signal to danger before 
the passage out of the block of the pre
ceding train had cleared the signal. 

T he train counter is a very simple electromagnetic device, 
F ig. I 2, which revolves the contact wheel None notch in one 
di rec tion for every train that enters a block, and one notch 
in the oth er direction for every train leaving the block. 
The signal clearing circuit is open and the danger circuit 
closed except when the notched wheel N is at zero, which 
position it assu m es onl y when as many trains have passed 
out of a block as have passed into it. 

This train counter does away with most of the serious 
objections that have always existed against block signal 
systems depending on the operation of track instruments 
rather than on track circuits. To be sure, the track instru
m ent system will not show the presence of a broken rail in 
th e block or a car broken away from the train, but in elec
tric railway work th ese featur es are not as important as in 
steam railroad work . To completely protect a road 
equipped with track instruments of this k incl all switches 
onto th e main lin e must have signals and safety stops 
operated in connection with the main line signal s so that 

0 

0 
e 
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FIG. 13.-UNSETTING RELAY 

no train can enter th e 
main line without a 
clear signal. and when 
it so ente r ..; will block 
all trains attempting 
to enter that section. 

There yet remains 
to be mentioned the 
unsetting relay which 
is put in each track 
push-button circuit to 
prevent every pair of 
wheels of a train being
counted as an entire 
train by the head c~un
ter. The tmsetting re
lay allows onlv the 
fir st wheel of a· train 

which strikes a track instrurncnt to operate the counter. 
This unsetting relay is shown in F ig. 13. When current is 
sent through coil R by the closing of the track push-button, 
armature r is attracted to make a relay contact at C, and ar
mature 2 falls by gravity and locks armature I so that ar
mature I cannot again operate until current is sent through 
the CQil marked "$et" <!!ld ar111ature 2 is attracted so as to 
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unlock I and break contact at C. T he batteries may be either 
primary or storage. On the Metropolitan Elevated Ameri
can storage cells are used, and are charged from the 500-
volt circuit at certain hours of the day. At some points, 
however, the batteries are connected permanentl y in the 
500-volt circu it \";ith lamp resistance, and charge and dis-

~. l'nr~ 
~ 

~ l'T 

<T i m 11, 7T• rrr ,-
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I 

which are next to the sig nals, are the danger and safety 
magnets on the power-storing machine, which allow the 
signal to go to danger and safety. 

Fi g. 15 g ives the danger and safety circuits of Fig. 14 
separated from the tangl e of circuits on the complete dia
gram. A circuit is established throu gh the S or sa fety coil 
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FIG. r4.- DIAGRAM OF CIRCUITS IN DOUBLE TRACK BLOCKING 

charge as the signals require current, being thus at all times 
charged. 

T he track instrum ent by which a passing tra in makes 
elec trical contact to operate the signals is simply a knife 
switch fo rm of pu sh -button, operated by one of the stand
ard fo rm of tread bars. The tread bar for operating th e 
switch is of course lighter and smaller than that used to 
wind the power-storing machine. 

In Fig. 14 are g iven all the elec trical circuits employed 
in the scheme of double-track blocking just desc ribed. In 
Figs. 15, 16 and 17 the complete diagram shown in Fig. 14 
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of the signal only when the contact disk of the train 
counter stands at safety. Current then flows through A A, 
and the contacts in front of coil S of the train counter. At 
all other times the contact wheel of the train counter closes 
th e circuit B B. and the danger or D coil of the signal and 
power-storing machine is energized. 

In Fig. 16 is the circuit of the unsetting relay and push
button which puts a signal to danger, and in F ig. 17 the 
unsetting rela? which cl ears a signal. Th e circuit estab
lished by the elec tric track in strnm ent or track pu sh-button 
in eith er case momentarily energizes coi l R of the unsetting 

r 

Battery 

FIG I 5.-DANGER AND SAFETY 
CIRCUITS OF SIGNALS 

FIG. 16 -CIRCUITS OF TRAIN 
COUNTER AND UNSETTING 

RELAY NO. 1 

FIG I7 -CIRCUITS OF TRAIN COUNTER 
AND UNSETTING RELAY NO. 2 

is divided up to enable a better understanding of th e ci r
cuits. Like letters refer to like parts and wires. The mag-
1:et S of the train counter is the one ·which is energized 
when a safety circuit is completed by a train passing out of 
a block and the magnet D being the one operated by the 
circuit completed as a train pa!"ses into a bl ock. 0 n each 
<: icl e of the train counter arc un sctting rel,iyc;, Curr<" nt 
Current sent throug h the coil R by a train enterin g a block 
establi shes a circui t through the relay contacts, whi ch is 
only hroken by the energizing of th e " <: ct" magnet of the 
unsctting relay, which is done when th e tra in passes th e 
(Jverlap push-button in strum ent. Th e D and S magnets, 

relay, which relay closes the ci rcuit to one or th e other of 
the train counter coil s, as th e ca·se may be , and locks the 
circuit closed to prevent the counter being operated re
peatedl y by every wheel in th e t rain . The "set'' coil of the 
relay unlucks and opens thi s ci rcui t so fo llowing trains can 
register on th e train counter \\'hen th e first train passes th e 
overl ap. 

A clea r compreh ension of circuit s used in block .signal
ing req uires close, hard stud y by those not accustomed to 
dl'al dail y with such circuits. \Vhile furth er explanation of 
the circuit diagrams of bloc k signal systems in thi s article 
mi ght be made, even to th e taking up of an entire iss ue of 
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this paper, it is probabl e that a close, careful study of the 
diagrams presented will serve the reader who wishes to 
thorough ly understand the circuits as well as further ex
planati ons, for it is only by such study that th ey can be 
got clearly in mind. 

The first requirement of any system of automatic block 
signaling is that it shall never give a fals e safety indication 
-that is, shall never show cl ear with a train in the block. 
It may be permitt ed to fail occasionally and stop a train for 
a short time by displaying a fa lse danger signal with no 
train in a block, but show safety when there is danger. 
never. Both th e svstems desc ribed in thi s article it wi ll be 
seen answer these ~equirements probably as closely as it is 
possible for commercial apparatus to come up to them. In 
the consideration of any new or untri ed system the im
possibility of fals e safety indications should be the first 
point looked into. 

---·•~---
Municipal Tramways in Great Britain 

BY A CIT Y AUDITO R 

The annual return ::i f the street and road tramways of 
the U nited Kingdom for the year to June 30, 1901, has just 
been issued by th e Board of Tracie. This retnrn , alth ough 
issued very late, contains much useful in fo rmation both in 
rega rd to company ancl muni cipal trannvay und ertakings. 
As the fi g ures g iven a re still compiled on th e lines adopted 
on th e introduction of tramways into England, thirty years 
ago, the in formation is not g iven in such a way as best to 
serve the purpose in view. I understand that r epre enta
ti ons have repeatedly been made to th e officia ls of the 
Board of Tracie to amend the form of the retnrn so as to 
meet the altered circumstances, but , of course, these offi
cials cannot see any reason why any change should be 
made. It is very likely that one of th e tramway associa
tions will require to tackle th e publication of the correct 
fi g ures, so that all th e necessary fi g ures may be placed in 
th e hands of those interested in tramways. 

From the return we gath er that th e total expenditure on 
capital account as at June 30 last was nearl y £27,000,000. 
ancl that out of 213 tramway undertaking·s 99 were owned 
by ioca l authoriti es, over 30 of the 99 being operated by 
th e owning corporations. T have closely examin ecl th e 
fi gures which have been g iven to th e Board of Tracie by 
th e various corporations in order to ascertain, if possible, 
the exact financi al position of the va ri ous mtm 1cipal tram
way undertak ings. Since 1894. when Leeds ancl Glasgow 
led the way, nearl y all th e principal cities and towns of 
Great Dritain have nnmicipali zecl th eir tramway system s. 
Various reasons were adduced by those corporations for 
taking the working of the tramways into th eir own hand s, 
but the chief reason was tl1at the local authorities would 
have in the tramway undertaking a veritable gold mine , 
out of which they would be able annuall v to reli eve the 
rates. I do not know that any corporation· in Scotland has 
yet el evated any part of the tramwa v profit s for th e reli ef 
of rates, but many corporations in E ngland h,we already 
clone so, ancl I have been anxious to find whether. in every 
case. these sums have reallv been earned. or whether sum·s 
have been paid over in r~li ef of rates that should have 
fo rmed a charge against th e tramway revenu e and should 
have been carried forward to meet depreciation . 

HUDDERSFIELD 

I think the Corporation of Huclclersfi eld was th e first 
municipality in the United Kingdom to operate its own 
tramways, and from the returns which have been from 
time to time published it would seem that the corporation 

has found the working of th e tramways no easy task. I 
find that th e net receipts, after deducting working ex
penses for th e year to June 30 last, amounted to £4,493. 
This sum does no t agree with the balance brought out in 
th e last-publi shed report of the corporation, and it would 
appear as if a rough-and-ready balance had been prepared 
for the Board of Tracie instead of g iving them, a;; is usual, 
the figure s appearing in the publi shed accounts. The bal
ance of net revenu e in th e accounts of the corporation for 
the year to March 31, 1901, was £ 5,161 , but when we find 
that from this sum has to be paid interest and sinking fund 
amounting to £ 15,000, and that at least £5,000 mu st be 
provided fo r depreciatioq, it looks very much as if a tram
way rate would very soon require to be again levied on 
the ratepayers of II uddersfielcl. This beli ef is strength
ened by a report which has recentl y been issued by the 
corporation for the nin e months' working to Dec. 31 last. 
From this ·statem ent it appears that, although the steam 
cars are ea rning 13i cl. per car mil e, th e result of the work
ing of thi s department is a heavy loss; ancl, strange to say, 
that a lthough th e electric system is ea rning over 11d. per 
car mile, th ere is a heavy loss here also. Surely any elec
tric system which cannot pay handsomely at 11d. per car 
mil e must be trem enclously overcapitalized or very badly 
managed . 

LEEDS 

Th e citv of Leeds was the next to tak e over the working 
of it s tra1;1way system . The corporation commenced op
erations in February, 1894, and since that elate the work
ing of th e tramways by the city has been very successful. 
The figures given in th e Board of Trade return agree with 
the publishecl accounts for the year to :March 25, 1901. 
The gross balance for that year, after deducting working 
expenses and certain sums for depreciation, amounts to 
£61,797. From this balance have been deducted interest 
and sinking fun cl charges amounting to £ 3 r ,058. Thi s 
sum is furth er reduced by £ 1 .ooo for income tax, £ 9.000 
for renewal of electric p·lant , leaving £ 21.058 which has 
been carried to th e reliPf of rates . I wou ld point out that 
the onl y sum spent 011 th e track during th e year amounted 
to £2,564, ancl no provi sion has been made for the renewal 
of the 33 miles of line. If th e corporation of Leeds had 
made such provi sion I clo not think th ere would have been 
anything left fr-.- th e rates . 

GLASGOW 

The Glasgo\\' Corporation took over th e working of th e 
tramway system during th e summer of 1894-a few 
month s after the L eeds Corporation had commenced to 
work its tramways. The tramway system at Glasgow 
is the largest in th e Kingdom , except that of the Io rth 
Metropolitan Tramway Company, in L ondon. The finan
cial results are g iven to May 31, 1901, and show net re
ceipts, after deducting working expenses, amounting to 
£117,388. O n a perusal of th e publi shed accounts we 
find that th e working expenses include a full allowance for 
the renewal of perman ent way. The following is a copy of 
the net revenu e accounts : 

£ s. d. 
Balance of net revenue .. ........ .................... 117.388 lO 6 

which was ap plied as follow s: 
£ s. d. 

Rent of·Govan & Ibrox lines ............. 5,057 14 7 
Interest on capital. ...................... 38,979 o o 
Sinking fund ...... ....................... 19,470 13 4 
Deprec iation ....... .............. ....... 29,758 16 7 
Payment to common good ........ .. . .... 12,500 o o 105,766 4 6 

Balcrnce carri ed to reserve fund. . . . . . . . . . . . . . . . . . . . . . II ,626 6 o 

This seems a very small balance on such a large turn
over, but it is explained in th e r eport that for nearly a 
whole year the bulk of the system was operated with 
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horses, and that the interest and sinking fund charges on 
the cost of the new electrical equipment is charged against 
the year's revenue. The corporation has acted wisely in 
accumulating all its reserves, which at May 31, 1901, 
amounted to £183,428, and this sum is to be applied in 
wiping off the old horse car system, so that the capital 
account will, in future, only contain the net cost of the 
electric system. 

HALIFAX 

The Corporation of Halifax commenced to operate its 
tramways in June, 1898, so that by th e end of March, 1901, 
they had completed nearly three full years' working. The 
net receipts for the year amounted to £ 9, r 10, but after 
meeting interest and sinking fund charges only £ 14,059 
remained, which sum was carried to th e borough fund. It 
is not stated whether the corporation actually applied this 
sum in relief of rates, and it is hoped that it did not, for 
during the year no provision was made for the renewal of 
the permanent way or for depreciation of plant . It looks 
very like as if in a few years a tramway rate will require to 
be levied to assist the corporation in meeting the interest 
and sinking fund charges. In looking back over the past 
three years' working I find that for the first nine months 
the net revenue was stated at 3.21d, per car mile ; for the 
next year it was stated at 1 .36d., and for the last complete 
year it only amounted to .48d. per car mile, and this un
satisfactory result was achieved on a tramway system with 
a traffic revenue of nearly 13d. per car mile. vVe cannot 
understand how any system earning such a handsome 
revenue cannot make a good profit. 

LIVERPOOL 

One of the largest municipal tramway systems in the 
United Kingdom is that of Liverpool. The corporation 
acquired the undertaking in 1897, and began to operate 
the system in September of that year. The corporation 
year ends on Dec. 31, and the figures in the Board of Trade 
return are those for the year to Dec. 31, 1900. More re
cent figures are, however, available, as the accounts of the 
corporation for the year to Dec. 31, 1901, have just been 
published. The balance carried to net revenue account for 
last year amounted to £148,621. The interest and sinking 
fund charges· amounted to £95,799, leaving a balance of 
£52,822. This sum is little enough on such a large sys
tem, including as it does the old horse car system pur
chased from the Liverpool Tramway Company to meet 
depreciation of permanent way, cars, etc., but the corpora
tion propose to take out of this balance the sum of £ 17,-
607 for the relief of rates. 

LONDON 

The London County Council commenced to operate the 
tramways, which were purchased from the London Tram
way Company, on Jan. 1, 1898, and the figures for the 
year to March 31, 1901, are given in the Board of Trade 
return. The total revenue for the year amounted to £462,-
896, and the working expenses , including £7,000 carried 
to the renewal fund, amounted to £400,186, leaving £62,-
710 to meet interest and sinking fund. After meeting 
these charges, the sum of £ 14,325 was carried to appropri
ation account. It is presumed to be applied in relieving 
rates. It is a little difficult to understand why the L ondon 
County Council should pay over this small balance in the 
relief of rates, as the sum standing in the renewal fund 
amounts only to £ 14,308, and very shortly the Council 
will be commencing operations for the conversion of the 
present system for electric traction . Th e present debt on 
the South London sys tem is about £ 850,000, which repre
sents the cost of the horse car system purchased three 
years ago. When the cost of th e conversion to electric 

traction is added to this large sum it is to be feared that, 
instead of having a small balance of £14,308 to hand over 

. in reli ef of rates, a tramway rate will require to be levied 
to meet a defi ciency. 

DOVER 

The total length of the D over tramways only measures 
4½ miles. The corporation obtained powers in 1896 and 
laid the first tramway lin es through the town. From the 
first the undertaking has been very successful , and the cor
poration has handed over the credit balance year by year 
i11 relief of rates . The city appear s to have overlooked the 
fact, however, that it is necessary to make provision for the 
renewal of the track and the replacement of the cars. T he 
credit balance is year by year decreasing, and the rate
payers of Dover need not look fo r much more relief from 
the tramways, as it will be absolutely necessary to retain 
the whole balance for renewals. 

HULL 

The Hull authorities obtained their powers to work the 
tramways in 1896, and on March 31, 1901 , they had about 
9½ mil es of route opened for electric traction . After meet
ing all working expenses and fi xed charges there remained 
a balance of the last year 's working of £ 37,06 1. Of this 
sum, £ 14,061 was carried to a reserve fund and the bal
ance of £ 23,000 handed over in relief of rates. The Cor
poration of Hull has acted wisely in retaining this sum of 
£ 14,061 in its own hands, as no provision whatever has 
been made in the accounts for depreciation . They call this 
sum a reserve. It is surely not really a reserve, as it will 
undoubtedly be required for the renewal of the perman ent 
way and plant. 

BLACKPOOL 

For the year under review th e Blackpool Corporation 
had a credit balance, after paying working expenses, of 
£ 13,479. This balance was appropriated as under : 
Interest and sinking fund . .... ... ... ...... .. ...... .. . . . . £ 4,642 
Instalment of cost of doubling line.. ... . . .. ...... .. . ... . 1,403 
In relief of rates.. . ....... ... .. ... ............ .. .. .. .... 7,434 

£13,479 
The corporation has a small r eserve fund of £ 2,678, 

but as no provision is being made for the renewal of the 
track and plant, it seems strange that the corporation 
should pay over the whole balance to relieve rates. 

SHEFFIELD. 

Sheffi eld Corporation took the working of the tramways 
into it s own hands in 1896, and on March 31 , 1901 , had 
22 miles of route in operation. The corporation is equip
ping th e whole system for electric traction. T he average 
revenue per car mile is very high, but th e expenditure is 
corresponding high, especially for a new undertaking. 
The working expenses for the electric system are g iven at 
7.725d. per car mile. I do not think there is any elect ric 
tramway in the Kingdom working at such a high fi gure 
as this . The g ross profit both for the horse and electric 
lines for the year to March 25 , 1901, amounted to £ 48,657. 
A ft er deducting interes~ and sinking fund from this figure 
there remained a balance of £ 21 ,817, of which £1 5,000 
was placed to renewal fund. The balance was carried to 
the relief of rates. 

The corporations of Bolton and Bradfo rd in E ngland 
and Aberdeen in Scotland seem to be doing very well. O n 
the other hand, I understand that th ere is a conside1·abl e 
loss at Blackburn, Plymouth and Portsmouth , so that in 
the case of these corporations th ere is no question about 
paying away fund s in relief of rates that should be applied 
in maintaining the tramway plant and equipment. 

I trust that an examination of th e returns of the Board 
of Trade, so far as they relate to municipal tramway under-
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takings, m ay cause corporations m E ngland to be more 
careiul in their financing. They ought cert c1 inly to be 
quite sure of their ground befo re giving away tram way 
revenue, which is not r eal profit. 

•• 
The Electric Railway between Stockholm and Djursholm 

Sweden 

This railway, which is owned by the Stockholm-Rimbo 
Jarnvagsaktiebolag, has a total length of 13 km, of which 
1 km is inside the city limits, and is single track, with turn
outs. The gage is .891 m. The maximum grade in
side the city limits is 4.8 per cent, while outside the city 
limits the maximum grade is 2. 5 per cent. The rai ls weigh 

eter. The trolley wire in the city is suspended from iron 
poles, and outside the city it is suspended from wooden 
poles. The largest span between the poles lengthwise of 
the road is 40 m. 

The motor cars weigh 21 tons without load, and are pro
vided with fo ur motors and pull ;:i trailer which weighs 11 
tons without load at an average speed of 30 km per hour. 
The controller s a re of the series parallel type. Some of 
the motors and controller s are made by :Mather & Platt and 
some by the A llmanna Svenska E lektri sk Aktiebolaget in 
Vasteraas, Sweden. The motors from thi s last named fac
tory are four-pole machines with single reduction gears 
and are each 35 hp. Iron trolleys of a peculiar form, as 
shown her ewith , a re used, and are reported to be giving 

ELECTRIC TRAIN ON STOCKHOLM-DJURSHOLM RAILWAY, SWEDEN 

27 kg per meter and are thoroughly bonded with protected 
bonds at each joint and cross-bonded every 100 m. 

The power plant is situated about midway between the 
two terminals of the line. Two cylindrical, sing le-flue, 
horizontal boilers furnish the steam. The combined heat
ing surface of these two boilers is 125 sq. m. The 
boilers furnish steam for three compound eng ines which 
make 220 r. p. m . Each of these engines is of 130 effective 
hor se-power and drives with belting a two-pole dynamo of 
the Mather-Platt make, which is rated at 1 5 0 amps. for 550 
volts pressure. A t 5 km from the power station at the 
Stockholm-Ostra station is an accumulator battery which 
contains 264 cells, and which, during three hours, gives a 
current of 184 amps. 

Five bare feed wires extend from the power plant. The 
current is carried to Stockholm by two of these wires, each 
having a cross-sectional area of 100 sq. mm, and to Djurs
holm by the three other wires, one of which is 100 sq. mm 
and the other two 60 sq mm in cross-sectional area. These 
feed wires are connected to the trolley wires every 500 m, 
and at these points lightning arresters are installed. 
The trolley wire is of hard-drawn copper 8.7 mm in diam-

good sati sfaction at all the speeds. T he maximum speed 
allowed within the city limits is 12 km per hour. The mo
tor cars are provided with seating capacity for forty passen
gers and standing capacity for thirty, and the trailers have 
the same capacities. The cars are all equipped with the 
Christensen air brakes, which were first tested thoroughly 
before the entire equipment for all the cars .was ordered. 
The cars are exceptionally well built, being almost entirely 
of iron and present a very massive appearance. The dis
tance between the terminals at Stockholm and Djursholm 
is made in the schedule time of thirty-five minutes, includ
ing the time for stopping at the seventeen stations along 
the road. The road is in charge of Lieutenant Victor 
Stahle as general manager and G. Karth as engineer. 

A bad head-on collision took place March 29 on the Chi
cago & Joliet Electric Railway, near Sag Bridge, Ill. The 
road is double-tracked, but one of the tracks was recently 
washed away, so that where the collision occurred the road 
was temporarily being operated as a single-track line. 
There was a dense fog at the time of the collision, and a 
disregard of orders is given as the cause of the accident. 
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Wheel Sections 

A considerable part of the difficulty which street rail way 
men have with wheels may be traced to light weights and 
improper sections. Much of the breakage and wear which 
is attributed to grooved rail s, badly designed special work 
and steam railroad crossings is often clue to poor wheel 
sections, shallow chill and weakness, which, in turn, are 

· largely the fault of bad design. 
Half a dozen years ago conditions were much worse than 

at present. Then wheels were oft en found so light that 
there was not sufficient strength available even in the spokes 
and hubs. The rims were proportionately small. There 
was not metal enough to make either a strong or durable 
wheel. A deep chill was out of the question. \;Vith no chill 
whatever there was an insufficient amount of metal to stand 
the service. 

Matters have been greatly improved. This is shown by 
the fact that guarantees are much larger than they were in 

nearly as strong as the soft fibrous unchilled part of the 
wheel. E ng ineers and superintendents in many instances 
do not give due consideration to this fact and in conse
quence the best results are not obtained. " 

Because the flan ge is chill ed thro ugh, and is therefore 
compartively fragil e, it does not fo llow that there is no way 
of imparting additional strength to it. A n increase of 
thickness above the root makes the support of the root of 
flange wider. This is possible even on a wheel for a 
grooved rail. 
r◄ or the most durable wheel a hard chill about three

quartc-rs of an inch deep is necessary. To obtain such a 
deep chill and at the same time retain sufficient strength for 
motor car service it is necessary to use a thick rim. Such 
a wheel \vill have a rim practically as thick as that of the 
Master Car Builders' standard for steam roads. It will have 
very littlP resemblance to the sections former ly popuiar. 
The reason for thi s is obvious. T he chill ed portion may be 
well considered as possessing no st rength whatever. In 
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FIG. 1.-STANDARD WHEEL SECTIONS OF THE LOBDELL COMPANY 

1895. The records prove that, in spite of heavier cars and 
greater speeds, wheels are lasting longer than they did then . 
This improvement has been made possible by the more 
general adoption of heavier wheels. One obstacle has been 
in the way of the wheelmakers in their attempts at wheel im
provement. This has been the whims of general managers , 
engineers and others who have the design and purchase of 
wheels in their control. Each one thinks he has good ideas 
in regard to wheel sections. Then there is the general Je
sire for something special different from what other people 
have; something that may be pointed out to a board of 
directors as "my own design ,'' "belongs exclusively to this 
road." These various ideas, which do not deserve a more 
dignified name than whims, differ by just enough in regarr] 
to treads and flanges to make any great improvement im
possible. So long as there is no uniformity so long must the 
manufacturer confine himself to making wheels to speci
fication. 

Speaking of this state of affairs Wm. W. Lobdell, presi
dent of the Lobdell Car Wheel Company, says: "All that 
the wheel manufacturer can do is to insist that the thick
ness of the flange shall be as great as conditions of the serv
ice will permit. The flange of a motor wheel, which has 
sufficient chill on the tread to render good service, will 
always be chilled through, and consequently cannot be 

addition to the chilled metal there must be also a sufficient 
quantity of metal added to provide the necessary strength 
in the tire. 

The engravings given in this article are from a number 
of sources and illustrate a great variety of forms now in use. 
They represent wheels in nearly every form of service from 
the standard T-rail to tracks with the narrowest of grooves. 
The first of these, Fig. 1, shows nine sections made by the 
Lobdell Company. In thi s diagram we have four sections, 
A, C, D and E, intended for grooved rails, while the last 
one, I , is the Master Car Builders' standard . A compari
son of these at once shows what a disproportionate thick
ness of rim there is between the two styles. 

Comparing the grooved rail wheels with each other one 
remarkable feature is at once seen. The amount of metal 
used to reinforce the flange is practically nothing in dia
gram C, while in E it is considerable. The flanges C, D 
and E, i11 Fig. 1,are practically the same and could be oper
ated in the same groove to all intents and purposes, but the 
strength of the flanges will be widely different. T he quan
tity of metal above or outside the point where the flange 
comes above the rail is of substantial use in supporting the 
flange, yet that portion of the flange below the top of the 
rail is no larger. 

Of course there are some conditions which precl u<le the 
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thickenlng of the wheel at this point, but in general this 
form can be adapted to almost any form of track. Fig. 2 

shows two sections and the outline of three sizes of wheel, 
showing how this additional metal may be applied to wheels 
of rather unusual outline. The diameters are respectively 
20 ins., 30 ins. and 36 ins. The wheels are standard on the 
Augusta Railway & Electric Company's line, Augusta, Ga. 
The 30-in. wheel weighs 300 lbs. While the outlines show 
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modern theory is that coning does harm rather than good. 
so far as curve work is concerned. 

The cone, however, has a real advantage in steadying the 
trucks on tangents and preventing them from running from 
side to side or "hunting." Coning, to some extent, also re
duces flange wear on ordinary rails. It is something of a 
question, however, whether a coned wheel is of any advan
tage on a grooved rail where the groove allows only ¾-in. 
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FIG. 2.-STANDARD WHE ELS AT AUGUSTA FIG. 6.-SECTION FROM 

rather heavy and deep flanges the additional metal is very 
valuable. It adds strength at the very point where it is most 
needed, making the flan ge much better able to resist shocks 
of all kinds and tending to prevent the annoying dropping 
off of large sections. 

The coning of these wheels is much greater than usual, 
amounting to 5-16 in. on the 2}-in.tread. The Lobdell 
wheels in F ig . I have about ¼ in. Coning was formerly 
supposed to be an advantage in enabling wheels placed 

GRAND RAPIDS 

play to the wheels at best and where dirt, etc., practically 
leaves the wheels without play. Under such conditions 
"hunting" is out of the question. In many cases the wheel 
takes its bearing at th e bottom of the groove. 

The wear of wheels on curves has long been a study 
among steam railroad men. After innumerable experi
ments with independent wheels for the sake of reducing 
friction when passing curves and the employment of ex
cessive coning in order to avoid having one wheel slip the 
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-·-- -------------~----- . _______ __., 
~ t r~d Ry.,l,,u ru:11 

FIG. 4.-SECTION FROM NORTH JERSEY STREET RAILWAY FIG. 7.-SECTIO~ FROM FIG. 8.-NARROW 

upon one axle to pass curves more easily, the 
theory being that the outside wheel rolled upon its large 
diameter, while the other bearing at a point where the wheel 
was smaller would have less 5lip. Unfortunately for the 
theory only one pair of wheels in a truck behave in this way. 
The trailing wheels instead of bearing hard against the 
outside rail so that coning is an advantage are prone to hug 
the inside rail so that the small diameter has the longer 
distance to travel. The trailing axle of a trailing truck is 
usually hard over to the inside of the curve so that the more 

· GRAND RAPIDS TREAD WHEEL 

moderately coned wheel solid on the axle has been found 
best. With a narrower tread this wheel has formed the 
basis upon which many of our best forms of street railway 
wheels have been modeled. 

Fig. 3 shows a section of a street car wheel used by sev
eral prominent street railway companies. It is a very good 
section where a flange so thick at the root can be used. The 
rounding of the corner of the tread of the outer edge is a 
good point and has been found very effective against chip
ping. It could be adopted in all cases with advantage were 
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it not for the fact that it adds to the width of the rim, and 
in many places this is entirely inadmissible. T he thickness 
of the rim could, however, be increased to advantage. With 
chill ¾ in. deep there is han.lly enough fibrous metal behind 
it to give the requisite strength. 

Mr. Bodler, of the North J ersey Street Railway Com
pany, has supplied th e section shovrn in Fig. 4. This is the 
standard section of flange on that road. It will be noted 
that the rim is thick and that there is an unusual quantity 
of metal in the base. There is, however, no extra metal in 
the rim outside the root of the flange. T he reason for this 
is found in the dimensions. The flange is ¾ in. hig h and I 
in. thick, measured from the back of the flange to the cen
ter of the fill et. This makes a "fat" strong flan ge. The 
weaker chilled metal is supported by a body of soft metal 
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above and outside of it. A long list of th ese wheels re
moved for various causes does not show one which had 
failed from broken or chipped flan ges. 

Fig. 5 is a section from W. B. Tarkington, superin
tendent of the Omaha & Council Bluffs Railway & Bridge 
Company. The flange of the wheel is ¾ in. thick. This 
flange is strengthened by the body of metal placed in the nm 
above and outside of it. Rounding the corner of the 
tread also tends to prevent chipping. The standard wheels 
are 33 ins. in diameter and weigh 400 lbs. 

The sections in Figs. 6 and 7 come from the Grand 
R ap ids Railway Company. F ig. 6 is qf a type the opposite 
of those just mentioned. The flange itself is small and there 
is no reinforcing of the metal above the root on the inside 
of the wheel. The weight of this pattern is 400 lbs., 
diameter 33 ins. The flan ge in Fig. 7 is of the same depth 
and the wheel of the same diameter but 20 lbs. lighter, yet 
the flange has considerably more metal at the root than the 
other. This metal does not increase the size of the flange 
where it enters the groove but adds strength at the root. 

Fig. 8 is a ½-in. flange I in. thick at the base. The tread 
is scant 2 ins. The form is peculiar, yet from its small 
depth and considerable thickness should be strong. 

Fig. 9 shows a wheel section from the Tri-City Railway 
Company, of Davenport, Ia., sent by J. F. Lardner, the 
general manager. A lthough it appears large for most 
grooved rails , yet the form is strong. The heavy body of 
metal at the outside of the flange above the level of the 
tread increases the strength of the flan ge materially. Re
ducing the thickness and height of the flange but retaining 
the metal at the point named would give a strong flange 
for g rooved rails. Compare this with some of the sections 
of L obdell wheels and a strong resemblance will be seen. 
This flange and section is not unlike that of Fig. IO, which 
is the standard on the Quebec Railway. 

In spite of the fact that street railways are badly handi
capped in selecting wheels by shallow, narrow grooves, they 
can obtain full y good results by using a wheel of proper 
section. The addition of metal on the inside or back of the 
flange can usually be done with very little or no mconve
nience and the result is satisfactory in all cases. 

•• 
CORRESPONDENCE 

Dr. Hutchinson's Paper 

NEW YoRK CITY, March 4, 1902. 

EDITORS STREET RAILWAY JOURNAL: 
I have read the editorial in your last monthly issue, dis

cussing my paper read before the American Institute o± 
E lectrical Engineers. 

The most ardent adherent of high initial acceleration has 
not claimed anything in its favor other than the saving in 
energy. Every other consideration is distinctly in favor of 
low acceleration from the point of view of operation, cost 
of equipment and the comfort of the passengers. If you 
had kept in mind the fact that my paper did not discuss the 
best schedule speed to adopt, but discussed only the best 
initial acceleration after a particular schedule speed had 
been decided upon , I think that much confusion would have 
been avoided. 

I wish to direct your attention forcibly to the fact that 
you misrepresent me in quoting me as saying, " The pro
posed schedule speed of the express service of the New 
York Rapid Transit line would prove impracticable." I 
said nothing of the sort. What I did say, as you will see 
by ref erring to the paper , is : "This table shows the prac
tical impossibility of accomplishing such a schedule on the 
assumptions of this discussion." If you will ref er to the 
paper you will find that one of the assumptions of the dis
cussion was that the motors were operated at their one-hour 
rated capacity during the period of initial acceleration ; any 
other assumption regarding the load of the motor during 
the initial period will change the motor capacity required 
for the schedule. 

Hence your statement that "If this schedule were in fact 
visionary one may as well bid farewell to all dreams of elec
trical rapid transit in New York or any other place" is a 
distortion of the facts, for which there is not the slightest 
basis in my paper. CARY T. HUTCHINSON. 

---•♦----

Reply to the Question of a Peculiar _ Break 
in a Cast Welded Joint. 

NEW YoRK, March 26, 1902. 

EDITORS STREET RAILWAY ] 0URNAL: 
It seems to me as if the break in the cast-welded joint 

described by Mr. Hands in your last issue is not a very diffi
cult one to explain. My theory is that the break in the rail 
itself was the first to occur and that it was caused by the 
cold snap which Mr. H ands mentioned in his communica
tion. The break throug h th·:! joint casting was then caused 
by a sudden blow on the protruding short end of the rail, 
struck either by an especially heavy car or by some heavy 
dray which was driven along the track. The lower part of 
this short rail was, of course, not supported, and if the 
nearest tie was some distance away from the break there 
would naturally be a considerable leverage to the blow. T he 
resulting break occurred in the weakest part of the joint, 
i. c., in the middle. I have never heard of a parallel case , 
however, and this explanation is theoretical only 

R. P. MASON. 
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NOTICE. 

Papers and correspondence on all subjects of practical interest 
to our readers are cordially i11vited. Our columns are always open 
for the discussio11 of problems of opcraticn, co11structio11, c11gzneer-
111g, accou1tti11g, finance a11d inve11tio11. 

Special effort w ill be made to a/lswcr promptly, and without 
charge, a11y reasonable request for i11formatio1t which may be re
aivcd from our readers and advertisers, answers being given 
through tlie colu11111s of the JoURNAL wizen of ge11cral interest, 
otherwise by letter. 

Street railway news and all information regarding cha11ges of 
offi,cc1·s, new equipme11t, extc11sio11s, fi1ta11cial cha11ges, etc., will be 
greatly appreciated for use in our news colitm11s. 

A ll matters illtcllded for publica tio11 i11 the current issues must 
be ,·eccived at our office not later than T,V cdnesday of each week. 

Address all co m111u11icatio11s to 
The Street Railway Publishing Co., 

Beard Building, 120 Liberty Street, New York. 

The science of accounting has attained such importance 
in street railway work that we have decided to establish in 
the STREET R AILWAY J ouRNi\L a special d epartment on 
the subj ect. This department will be in charge of J. F. 
Calderwood, auditor of the Twin City Rapid Transit Com
pany, who, despite his many and important duties as audi
tor of that corporation, has consented, for the benefit of his 
co-workers in the fi eld, and fo r the establishment of cor
rect methods of accounting, to conduct this department. 
The first article by Mr. Calderwood, in initiating this de
partment , will appear in our next monthly issue, and he and 
the editors of this paper cordially request the co-operation, 
not · onl y of street railway accountants throughout the 
country, but also of railway managers, in making this de
partment a success by suggestions or contributions from 
their experience on all matters pertaining to street railway 
accounting. 

The official opening last week of the third-rail sys tem on 
the Baltimore & O hio Railroad is a noteworthy event in 
heavy electric railroading. It is a somewhat remarkable 
coincidence that Baltimore, which was the scene of the 
Daft experiments in 1885 with a third rail fo r electric rail
way service, should have also been the city in which heavy 
electric locomotives were fir st put in successful operat ion, 
and now is the fir st place in this country in which the third 
rail is used for tunnel operation. Although the B. & 0. 
electric locomotives have been in use fo r eight year s, they 
are still the largest which have been built; and while experi
ence has indicated several particular s in which their design 
might be improved in detail, the fact that they have been 
handling the service successfully during this time is an 
exceedingly high testimonial to the ability di splayed in their 
design. The chief trouble with the overhead construction 
which was at first installed was its vu lnerability to the loco
motive gases in the tunnel, so that the adoption of a 
third-rail system, which is, of course, enormously cheaper 
to install , and cheaper also to keep in repair, was a neces
sary step. The problem of protecting thi s third rail against 
accidental contact while passing through the passenger 
stations at Mount Royal and Camden seems to have been 
satisfactorily solved by locating it in what is prac
tically an open slot conduit, and it was thi s portion of the 
work, now successfully accomplished, which has delayed 
the change from the overhead system until the present 
time. 

Pittsburgh is the latest city to adopt the rule of stopping 
the cars at the " near side" of the crossing, instead of at the 
further side. Several cities have attempted to initiate this 
practice, but so fa r as we arc aware have had to g ive it up , 
except in isolated cases, where special conditions have made 
it necessary to stop at both corners. From an operating 
standpoint there ar e several good reasons why the first 
corner is much more desirable as a stopping point than the 
further crossing . T he principal advantage, of course, is 
that a car must necessarily slow down somewhat in coming 
to a cross st reet in order to a void possible collision with 
vehicles on that street , and must often come to an absolute 
stop; if, th en , it stops again at the second crossing for pas
sengers, valuab le time is lost. O n the other hand, if the 
rul e was to stop at the first corner only, the motorman could 
select his time for crossing the street , could proceed on the 
early notches of hi s controller , then accelerate when the 
street was passed and the straight run ahead was open to 
him. The two chief objections to this plan are, first, that 
the public is not used to this method , and, second, that pas
sengers leaving by the rear platform do not have a crossing 
to step on , but have to leave tlie car at a point which may 
be, and often is, muddy. The fir st obj ect ion is not serious, 
but the second is important if it cannot be overcome; for 
even if the company is not responsible for the condition of 
the streets, the passengers will strenuously obj ect to being 
landed anywhere except at or near a dry crossing. There 
are two ways of overcoming this trouble. One is to have 
crossing flags laid from the curb to the point at which the 
rear platform of the car will stop. This is not a serious 
undertaking if done while a street is being repaved, and if 
this plan of stopping was well understood and in use, 
would be done as a matter of course. The other plan is 
to use the front platform as an exit and entrance; we do not 
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mean exclusively, for there would be many who would still 
board and leave the car by the rear platform, but as an 
additional wav of receiving and discharging passengers. 
Steam railroad cars are loaded and emptied at both ends 
and there seems to he no valid reason why electric cars, 
under most circumstances certainly, should not make more 
use of the front door than they do, as it would g reatly 
shorten the time of loading and unloading. The only serious 
objections to this plan are possible interference with the 
motorman and less supervision of the boarding and leaving 
of cars by the conductor, who would have two platforms to 
watch in~tead of one. The actual extent of the danger in
troduced by the latter consideration would be hard to 
estimate, but we do not think it would amount to much, if 
anything, because on many cars now, as for instance on 
Broadway, New York, both entrances are used, while safety 
gates could be employed, as in Minneapoli,s, if necessary. 
Some provisio11 would usually have to be made for screen
ing the motorman, but this need not be difficult. He could 
either be placed in a cab on the further side of the platform, 
as on the Chicago elevated cars, or else at the front end of 
a long platform, separated from the rest of the platform by 
vestibuled doors. In either case the doors could be made 
to slide or fold back against the sides of the car or vestibule 
when he changed to the other end of the car in order to 
give the full amount of standing room. 

We took occasion, in a recent issue, to refer to the evils 
resulting both to the public and to legitimate electric rail 
way interests by the indiscriminate giving away of street 
railway franchis es by public bodies. \Ve use the words 
"indiscrim{nate giving" advisedly, for while this phrase is 
usually used to designate the award of public franchises for 
small returns, we believe that just as much, if not more, 
harm is done by requiring too large a return from an indi-

. vidual or company requesting track rights. It might be ar
gued that a company proposing to build a line would not 
off er for the right more than the privilege was worth, and if 
it did no one would suffer except the company it self ; but 
both of these propositions are untrue, as will easily be seen 
upon consideration. When a city or town disposes of a street 
railway franchise it does :,o primarily because it believes 
that the community as a whole will be benefited by the con
struction of the road; the return promised by the builders, 
if any is to be paid, is a minor consideration only. A ny 
step, therefore, which the town takes to delay the comple
tion of the project, or possibly to defeat it altogether, is a 
direct injury to itself. We know of many cases where a 
town has actually prevented the introduction of rapid tran
sit unwittingly by following the course of asking too much, 
even when its propositioa has been accepted. For in stance, 
suppose two or more petitions have been received for fran
chise rights, and, irrespective of the standing of the peti
tioners, the franchise has been a warded to the person or 
company offering nominally the greatest inducements. The 
lower bidder may have been entirely responsible, ready and 
willing to carry out the project, and demanding only a fair 
profit for his investment. The successful bidder , on the 
other hand, may have been, and very often is, a promoter , 
who sees in a franchise a possibility of securing a margin 
for himself by selling out to someone else after the fran
chise has been secured, and who, consequently, is willing to 
offer extraordinary inducements if his petition be favorably 

dcted upon. After receiving the franchise he hawks it 
around New York , Doston or Chicago, and from one bank
er 's office to another, to be sold at the best terms. Nothing 
kills an electric railway proposition more quickly than the 
knowledge that it has been offered in this way to a number 
of financi al houses. As a result , the franchise is often not 
sold at all, until it finall y lapses, and rapid transit in the city 
in question is postponed for two or more years. By this we 
do not mean that the community serves its own interests 
best in demanding a short time for the commencement of 
constructiqn or for the completion of the road. The organ
ization and financing of a company necessarily take time 
fro111 even a bona-fid e bidder, and no responsible person is 
willing to run the risk of losing the money which he him
self has put into the preliminaries of a road through un
avoidable or intentional delays on the part of his contractor 
or banker. The most important requisite of a petitioner, 
from the standpoint of the town granting the franchi se, is 
the character of the person making the application, more 
important by a great deal than the comparative amount of 
the r eturns offered. If the lower bidder is known to be a 
hustler, a man who goes into things with the intention of 
carrying them out, is of standing in the community, and has 
a reputation to lose if he goes into an undertaking and does 
not complete it , his bid is a much better one to accept than 
one which is higher from a person who does not have these 
qualifications. 

The few isolated cases wh ich have arisen in this country 
of all eged damage to water pipes through electrolysis from 
railway circuits are estimated at their true worth by th e 
well informed. Thev are hardly ever or never considered 
by investors as constituting any clanger to the single trolley 
system, and any possibility of a change to any other sys
tem is rightly looked upon as absurd. The experience of 
twelve years or more of electric railway construction has 
shown that the possibility of trouble from this source can 
be avoiclecl by the exerci se of reasonable precautions in 
the installation, in which the co-operation of the water com
panies is desirable. It is somewhat surprising and amus
ing to the average American, therefore, to r ead in some 
of the E uropean publications the alarming predictions of 
the damage to water pipes which will ensue if the sing le 
trolley system is used. These predictions are usually ac
companied by distorted statements of the true sen timents 
and conditions in this country. To such as believe them we 
can only say that trouble from this cause is a no greater 
disturbing factor in the mind of the A merican street rai lway 
manager, and not so great, as the early difficulties from 
iGcluction with the telephone, which long ago disappeared 
with the application to this subj ect' of intelligent engineer
ing principles. As the question may arise, however, in 
some cities, we can do no better than to reiterate the general 
rule, that the eas iest way to secure entire immunity from this 
trouble is by friendly co-operation between the water and 
railroad companies. It is , of course, perfectly feasi ble in 
most cases, by adding plenty of copper to the rail return, 
fo r the rai lway company to accomplish . the result sought , 
which is the removal of all current froi~1 adjoining water 
pipe lines. But a much less expensive way of reaching 
the desired result , and one which wi ll usually be much 
more satisfactory to both rai lway and water companies, is 
to take the problem up together , and by the introduction at 
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points of insulating joints in the water pipe to accomplish 
better results than could be done by confining the changes 
entirely to the railway system. T he very fact that a water 
pipe system acts as a return conductor in any case indicates 
that it will be particularly vulnerable to natural earth cur
rents, which often cause trouble independent of any arti
fic ial electrica l circuit. These currents are frequently of 
considerable magnitude, as we stated last month in a dis
cussion on the reliabil ity of mi ll ivoltmeter readings, and 
protection against this danger, as well as that of any possi
bi lity of trouble from ar tificia l currents, can be secured by 
the same step. Our American readers are fa~i liar with 
the fact that most American water companies showed, dur
ing the early days when the electrolysis trouble was con
sider ed more serious than it is now known to be, a readi
ness to co-operate in ways to prevent this trouble; and we 
can only refer to the succes ful resul ts which have been 
secured by thi s practice to our foreign fri ends and others 
tc whom this incident st ill possesses some elements of 
anx iety. 

---•♦---
The Cost of Power 

vVe earnestly wish that the large operat ing companies 
would take up for their individual and mutual good the ac
tual production costs of power in electric rail way stations of 
various sizes. There has been in years past a vast deal of 
discu sion on the subj ect , and many figures have been 
brought fo rward g iving the cost of power as a fu nct ion 
of the stat ion capacity and load fac tor. T he figures have 
stood the test of exper ience fai rly well, but they have ref
erence mainly to stat ions of what we now regard as small 
output , a few hundred or a thousand kilowatts. The mod
ern electric rai lway uses electrical energy upon a scale that 
puts all the older estimates co the blush, and the whole ques
tion needs very thoroug h revision in the lig ht of modern 
experience and apparatus. T he per tinent questions to-day 
deal with the relative costs of power in stat ions of a few 
and of many thousand ki lowatts capacity, with the gain in 
passing from a 2000-hp to a 5000-hp engine and the like, 
and up to the present accurate data are almost or quite 
wanting. T he earlier inve tigations tend to show that the 
curve expressing variation of cost with output becomes 
so nearly asymptotic at an outpu t of a few thousand kilo
watts that there is little economy in fu r ther increase of out
put . But that was before the day of 5000-hp units. Mod
ern capacities and costs make an important var iation in 
some of the constants assumed, and should have a place in 
the problem. 

T his topic bears directly upon one of the most important 
problems in electric railway eugineering- the question of 
transmission to urban sub-stations, as against the operation 
of separate generating stations. Recent practice, based up
on local investigation of the conditions, has tended largely in 
the direction of power transmission upon an enormous scale, 
and the wholesale use of rotary converters , even in the face 
of the obviously large losses in the transmission and con
version, and the large extra amount of apparatus involved. 
Such is the practice fo llowed in nearly all the cases around 
the metropolis. On the other hand, some hig h authorities 
have g rave doubts of the economy of this procedure, and 
at least one very important and well-eng ineered system has, 
without hes itation, taken the other horn of the dilemma and 
has built a splendid system of auxiliary generating stations. 

O f course local conditions have a very important bearing 
on the result , but, speaking broadly, it either is or is not true 
that a 50,000-kw generating plant can produce power 25 per 
cent cheaper than five equally well-designed stations of 10,-

000-kw capacity each. W e say 25 per cent because there must 
be a margin of this order of magnitude to compensate for 
the necessary plant. At the present time figures ought to 
be available from systems of both kinds upon the requisite 
sca le to permit a sound basis of judgment. The question 
repeatedly arises, not only in our large cities themselves , 
but in the allied g reat suburban systems, and the answer 
to it has great economic significance. 

For the purpose of this inquiry the actual costs of opera
tion, should be taken as the basis of operations. But 
of even greater importance are the costs of opera
t ion, including all fixed charges and administrative ex
pense connected with the production of power. These 
items are seldom connected with the ordinary operative 
expenses, but when such a problem as the present is up for 
consideration they belong there and nowhere else. The 
costs of motive power, as generally published, are ex
tremely misleading, by reason of the omission of these im
portant fac tors, which may easily amount to a third of the 
total cost. T he item of depreciation, too, is one that belongs 
in this group and should be rigorously included. The gen
eral public has a most erroneous idea of the cost of motive 
power in electric ra il roading. It is popularly supposed to 
be a fa r larger proportion of the total cost thar. it really 
is, and when est imates based on mere operative expenses 
a re published the idea is disseminated that electric railways 
make enormous profit s because their power costs them only 
0.75 cent per car mile, or something of the sort. Then the 
3-cent fa re proposition bobs up again. But fo r the purpose· 
in hand we want the whole cost, to the last penny, from 
the two systems of electrica l di stribution concerned. The 
systems of working conductors are the same in each case, 
but in one instance we have, perhaps, a few more sub-sta
t ions than in the ot her. O f course, if the number were the 
same the feeding systems would also be essentially the 
same, but an increased number of sub-stations is a perfectly 
legit imate advantage of the transmission method. The 
comparative data would be tremendously interesting and 
va luable, and the real economics of the huge modern units 
would be brought out in dear relief. We earnestly hope 
that such an investigation will be set on foo t , for the sub
ject is of the utmost importance, and the facts are not yet 
known. We shoul d expect rather startling results, but in 
which direction we should not a priori venture to hazard 
a g uess. Q uite possibly the event might show the wisdom 
of a combination system. Incidentally it would be pertinent 
to investigate the economic bearing of the storage battery 
when used under the conditions obtaining in an immense 
system. 

There is often a certain reluctance about giving out 
figures of this kind, based in large part on the know~edge 
that certain local conditions make the total figures large, 
so that the station will not make as good a showing as some 
other s. T his is not a valid reason, however , because the 
main obj ect sought by all interested is not to determine the 
most economical station in the country, but the cost under 
varying conditions of operation. For this obj ect, all figures 
are valuable, and those from uneconomical plants may make 
clear certain facts which are now obscure, to say the least. 

\ 
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The Worcester Consolidated Street Railway Company 

The city of \Vorcester, Mass., " the heart of the Common
wealth ,'' has become the center of one of the most extensive 
interurban street railway systems in New England . Elec
tric lines radiate to every point of the compass, as can be 
seen by the map on the next page; and of these numerous 
roads all but six are controll ed and operated by the Con
solidated Company, which has gradually absorbed the out
lying systems and unified the city and suburban servi ce. 

T he six not included by the \Vorcester Company's organi -

\ Vhen the other lin es ar e completed it is probable that a 
different scheme will be adopted with them, possibly the 
chang ing of both motorman and conductor at the boundary 
and the paying of rental for the use of the car. This com
bination of urban and internrban traffic gives the manage:
ment of the rai lway a gr eat variety of problems to s;;'lve, as 
practically eve ry class of sc rvice is operated. One of the 
st riking novelti es on the road, the type of car adopted, is a 
result of using one style of rolling stock for both long and 
short di stance rider s. 

\ Vorcester is buil t on a very hilly country, but the city 

A BUSY CORNER IN WORCESTER 

zation are the \Vorcester & \Vebster, the Boston & \Vorces
ter, the Worcester & Providence, \ Vorcester & Blackstone 
Valley, ·w estboro & l\Larlboro and the H artfo rd & \ Vo r
cester , only the first of these being completed. The con
struction work of the Hartford & W orcester road is pro
g ressing rapidly, and it is expected to be running this sum
mer, but the other two are as yet onl y on paper, although 
the rights of way have been practically a ll secured. 

It is not the intention of this art icle to go out side the 
province o f the W orcester Consolidated Street Railway 
Company. All other systems which now enter, or expect to 
enter , Worcester must do so over the Con solidated 's tracks 
under special agreement with that company. The cars of 
the \ Vorcester & \Vebster, which now operate into the 
center of the ci ty, change conductors at the point of junc
tion of the two sysfems , an employee of the Consolidated 
collecting fares until the car leaves the lat ter's territory. 

has been laid o ut with more regard fo r this diversified and 
irregular surface than from the geometrical standpo111t, so 
that the grades are not either numerous or severe. The 
principal p leasure reso1·t is the park on Lake Quinsigamoncl, 
a bea!.!tiful body of water abou t six miles in length, to which 
the cars of the company run . An open-air theater has been 
built here, and <luring the season first -class performances 
are given. Another attraction cont rolled by the company 
is the "Oval,' ' an at hletic fi eld , where accommodati on for 
large crowds is prnvided, and the cars arc called upon to 
furnish transportation fac ilities. 

Tn th e early part of 190 1 R. T. Laffin was made g eneral 
manager of the system. l\Ir. Laffin is a thoroughgoing 
railway man, havi ng been for nearly twenty years in charge 
of one of the most i111p0rtant di vis ions of t he Tiostun E le
vated's lines, and hi s connection with the \Vorcester Com
pany not only relieved President F. I-I. Dewey from much 
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of the active management of the system which was demand
ing too much of the time he should have devoted to his 
other large financial interests, but enabled the road to carry 
out a great number o f much-needed improvements in all 
<lepart_ments which the increasing traffic made imperative. 
One of the first steps in this dir ection was the relief of the 
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congestion on l\fain Street, where the majori ty of the out
lying lines concentrated their cars, and a movemeut was 
~tarted to obtain permission to place a loop around the 

THEATER AT THE LAKE 

"Common" in the center of the city. The advantages of 
this improvement were immediately appreciated by the city 
author ities, and a double track has been laid around this 

square, which gr~atly facilitates the operation of the c~rs, 
not only by providing a place to load and unload passengers 
on the side street and rendering the stopping of the cars on 
Main Street much less frequent, but giving an opportunity 
for "magazining" so that cars can be held in reserve for the 
rush hours. Other constructions of a similar character 

have been made throughout 
the city, another notable ex
ample being at Salem Square. 
A large amount of special 
work has been needed, aggre
gating in valne some $60,000, 
and it has all been furnished 
by William Wharton, Jr. , & 
Company, Philadelphia. Be
sides this new work, over I 1 

miles of track made with T 
and light girder rails have 
been replaced by 95-lb. 9-in. 
grooved rail of the Pennsyl
vania Steel Company's section 
No. 222. The line to Fitch
burg has been practically re
built for its entire length and 
the roadbed been ballasted 
with stone and g ravel. Chest
nut ties are used in all new 
construction 7 ft. x 6 ins. x 6 
ins. placed 30 ins. apart, with 

!) the rail s supported on tie
plates. 

The electrical features of 
the line have received as care
ful consideration as the track 
work. Thousands of dollars' 
worth of copper for new feed
ers, bonding, etc ., has been 
used in the reconstruction. 
Each joint of the rails has two 
Crown bonds made by the 
American Steel & Wire Com-
pany, and th e four rails in 

double-track work are cross-bonded every 500 ft. 
All new construction is in charge of the superintendent 

of line and track, but repairs and repaving of the various 
divisions are carried out, if not 
too ex tensive, by the division 
superintendents. T he company 
keeps the pavement between and 
on each side of the tra,ks in con
dition, and within the city has laid 
clown a large amount of granite 
blocks. Grade crossings of steam 
railroad s have been avo ided bv 
the building of trestl es. Th~ 
company intends to further in
crease the safety of its patrons by 
the installation of a block signal 
system. A ft er considerable in
vestigation, the system made by 
the U ni ted States Signal Com
pany, of Watertown, Mass., has 
been selected. 

POWER STATIONS. 

All the lines of the entire Con
solidated system are operated by direct-current distri
bntion, notwithstanding the fact that the location of 
the various sections would appear favorable to the 
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adoption of the alternating current. 
the various costs of transformin g 
rect-current systems, which were 
then suppl ying the va rious di visions 
of the separate roads, to a unified al
ternating-current system, taking into 
account the difference in cost of new 
mac hinery and the prices which could 
be obtained for the old machines now 
giving sati sfacto ry service, a number 
of which arc quite out of elate, it was 
decided to be more econom ical, to re
arrange the distribution of the sta
tions so as to enable the shutting 
down of a few and the addition of 
storage batteries in certain localities 
vvhere they at present seem to be 

In calculating 
from the di-

needed. This plan has been followed out, and there is 
now being installed 111 the main power station at 

AN EXAMPLE OF THE NE W SPECIAL WORK 

vVorcester a 3000-hp generator to supplement th e equip
ment already in operation. This large generato r will sup-

1600 kw, of which nearly all the machin es will he sold. 
T his leaves a surplu s of power of qoo kw when the new 

ATHLETIC FIELD AT THE OYAL 

generator is completed. A 240-amp.-hour sto rage bat
tery which was fo rmerly used by the Worcester & Sub
urban Company in the city of Worcester has been moved to 
F itchburg, near the terminal line at a 13 per cent grade. 
T he shutting clown of the Leicester station has not been 
complete, as there is still a contract between the lighting 
and the railway company for st reet and house lightiu g, and 
some provision has had to be made for this service. O ne 
of the old generators which is in thi s stat ion has been belted 
to another and is operated as a motor for supplying this 
lighting service. There is a storage battery of 450-arnp.
hour capacity in this sta tion, which keeps the voltage on the 
motor practically constant, except at times of heavy loads. 
This regulation is further improved by a booster in the 
main power house. The stations mentioned have practi
cally been abandoned; they are kept in readiness for emer
gency use pending the completion of the extensions being 
made to the equipment of the main power station. The ne,v 
~ervice includes, th erefore, four power stat ions and two 
storag~ batteri es, distributed as follows: 

T he main power station at Fremont Street, \Vorcester, 
of 3650-kw generator capacity and booster of So-kw (200-
amp.) capacity; the Northboro power station of 87 5-kw 
capacity, the \!Vest Berlin power station of 450-kw capacity 
and the Leominster Park power station of 500-kw ca-

LAKE QUINSIGAMON D 

ply the decrease made in th e power capacity of th e com
pany's stations by th e ~-hutting dow n of stations a t Fitch
burg, l\1i llbury and Leicester, a tu tal capacity of ahoul 

pacity, with th e 240-amp-hour storage battery at Fitch
burg and the 450-amp.-hour storage battery at Leicester. 
,, \ complete desc ription of the generating- and distribution 
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system was given in the STREET R AILWAY J ouRNAL for 
September, 1900. Since then , however , the new 3000-hp 
unit mentioned above has been contracted fo r. This will be 
placed at the north encl of the F remont Street power station, 

----. 

ROLLING STOCK 

The consolidation of the number of small roads neces· 
sarily has given to the combined system a considerable di
versity in the type of car employed. Under the single 

CROSSING THE STEA1\'\ RAILROAD TRACKS AT GRAFTON 

where foundations have already been constructed. It will 
consist of a 3000-hp Reynolds-Corliss engine, made- by the 
Allis-Chalmer s Company , of 1Iilwaukee, direct-connected 
to a General Electric ::2000-kw generator. The engine is of 

management, however, this equipment is being gradually 
standardized into a uniform type, and a number of minor 
changes are being made, which have already shown their 
effect on the power consumption of the various lines. The 

standard car which has been adopt
ed is a double-truck fo ur-motor 
car, about 35 ft. over all, and all 
new equipment will probably cor
respond therewith. 

The company now has some 26o 
cars, divided about as follows: 

TRESTLE OVER RAILROAD TRACKS AT BERLIN 

Fifty 20 ft. and under, fifty 25 ft., 
twenty 30 ft., the remainder being 
mostly between 20 ft. and 25 ft. 
long. There is a g reat diversity of 
electrical equipment, trucks, etc., 
including various types of both 
\Vestinghouse and General Electric 
motors and Drill, Peckham, Bemis, 
Laconia and Taylor trucks. The 
companyis usingfour-motor equip
ments on nearly all of its double
truck cars, and has adopted the G. 
E.-67 motor as standard. A novel 
type of car, of which there are now 
fonrteen in use, is illustrated here
with. These cars were made by 
the Osgood Bradley Car Works, 

the vertical compound type and runs at a speed of 75 r. 
p. 111. T his addition to the capacity of the plant wi ll necessi
tate the installation of 1800-hp of new water-tube boilers 
mad e by the A ultman & Taylor Company and a 5000-hp 
twin verti cal condenser made by the Blake Steam Pump 
Works, 

\Vorcester, and are equipped with Laconia 8-B high
speed trucks, having a 4 ft. 4 in . wheel base. The 
cars have 30-ft. bodies and are 7 ft. IO ins. wide at 
the side panels. The seating capacity is forty, the 
seats being arranged in the peculiar manner shown, with 
five cross seats and two longitudinal seats on each side. In 
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thi s way an attempt has been made to meet the require
ments of a combined urban and interurban traffic which 
has proved very success ful. Two 
registers are used on all cars, one 
for cash fares ahd one for trans
fers. Those made by the Inter
national Regist er Company, Chi
cago, are used fo r cash and Lewis 
& Fowler registers are used for 
paper. The steps of the cars are 
being equipped wi th treads made 
by the Univ ersal Safety Tread 
Company, New York . 

th e cutter and places it in such a position that it could be 
observed by th e man driving the traction motors. J n thi s 

A number of G. E.-800 motors. 
which came to the Consolidated 
from the other roads , are having 
their armature windings changed 
from the ring to the drum type. 
All th ese motors which hav e so 
fa r been put back into service are 
found to work very well with their 
new windings. A special form 
has been made in th e winding 
room, and by leaving an open 
coil an almost symmetrical wind

INSPECTION AND WORKING PITS IN GATES LANE CAR HOUSE 

ing has been obtained. T his reconstruction of the old ar
matures not only considerabl y reduces the expense of 

wi nding, but will g ive them a longer life. 
Considerable interest has been shown 

by both th e railway officials and the ci ti
zens of W orcester this winter in the opcrac. 
ti on of a ro tary snowplow which has been 
added to the equipment . Althoug h the 
past year has not been one which would 
be remembered as extremely severe, there 
were several storms in which heavy snow
dri fts occurred on the interurban lines, 
and the efficient action of the plow saved 
the road from being ti ed up in a number 
of instances. 

way he could tell exactly when the cutter was doing too 
much work by the current consumption of the cutter 's mo

tor and could slack up th e speed of the 
plow. Th e maximum speed which was 
allowabl e in carrying a car through a drift 
was at all times readily ascertained by the 
driver, and no trouble was experienced 
from the blowing-out of the breakers and 
consequent stalling of the apparatus. 
O th er plows furni shed by the \tVason 
Manufacturing Co. , Springfield, Mass.; 
Smith & \ i\T all ace, \Vo burn, Mass., and the 
Taunton L ocomotive Manufacturi ng Co .. 
Taunton, J\-1ass., are also used. 

GATES LANE CAR HOUSE 

T he extension of the system has neces-

A view is shown of this plow, which is 
of the well -known single Ruggles type, 
made by the Peckham Manufacturing 

GENERAL VIEWS OF BOILER AND ENGINE ROOM, FREMONT STREET STATION 

Company, of New York, going through a drift. The speed 
uf thi s plow is regulated in an in genious manner. An am
meter is inserted in the ci rcuit of the motor which operates 

sitated the bui lding of a new car house, which is sit
uated on Main Street at the corner of Gates Lane, 
about a mile from the center of \Vorcestcr. The ca-
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pac ity of this car house, which covers considerably 
over an acre itself, and is built on a plot of land 
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layout is shown in the accompanying plan, which was made 
from the original drawings of the architect, F. F. Low, of 
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PLAN OF NEW GATES LANE CAR HOUSE 

THE FREMONT STREET POWER STATION 

of much greater extent owned by the company, is approx
imately 1 10 cars, which. with the numerous other build-

Doston, and the half-tone illustrations 
show some of the special features of the 
interior as well as a general view of the 
Main Street front. Everything that has 
been shown by experience to be necessary 
to · the equipment of an up-to-date car 
house has been incorpo!_lted in the design 
of th e lrnilcling. while a number of novel 
features have been added which are of ex
ceptional interest. The layout of tracks, as 
shown by the plan, is somewhat peculiar 
and provides what is practically an indi
vidual entrance to each interior track. The 
Main Street doubl e track has two tracks 
running into it in both directions, so that 
cars en tering or leav ing the house will not 
interfere with each oth er. Th e advantage 
of a system of this kind when all the cars 
are being run in the same direction, as in 
case of fire, is readily seen. The wash 

room is placed at one side of the car house, entirely 
out of the way of arriving and departing- cars. While it 

has a sin gle track running directly through it , there is 

EXTERIOR AND INTERIOR OF NOVEL WORCESTER CAR 

ings in use fo r this purpose, it is thought will supply suffi
cient storage for a number of years to come. The general 

an extra rail laid to gage on each side of this track, so that it 
can be used either as a double-track or a single-track room. 
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\Vhen used as the former, the cars enter, of course, from 
the transfer table at the rear "end. Directly in front of thi s 
room is placed a sand bin , which conta ins coils of pipe in 
the sand, for ,drying by steam heat. T he entrance to the 
sand bin is at the side, so that a flat car containing a loacl 
of sand can be readi ly unloaded into the bin from the wash
room track. The sand then passe_s over the coil s of hot 
pipe clown a sloping fl oor to the center and is discharged at 

WASH ROOM-GATES LANE CAR HOUSE 

the bottom thoroughly dry and in a convenient situation for 
supplying the sand boxes. 

A t the center of the building tracks arc laid upon which 

machine tools and running a fan for the forge draft. 
Adjoining the blacksmith shop, and made throug hout of 
the best fi r eproof construction, is an oil room. Along the 
side of the building are arranged small rooms containing 
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OPENING THE LINE AFTER A SNOW STORM 

the various supplies irnmecliateiy necessary in repairing 
cars, the pit foreman's office, lockers, etc. T he boiler room 
which supplies the steam for heating the building, clryin~ 

runs a tran sfer table made by the 
Taunton L ocomotive \:Yorks, of 
Taunton, Mass . This table is of 
the well-known design which has 
been perfected by thi s company, 
having spring ways on each side 
which are forc ed down to the 
longitudinal tracks as a car runs 
up on the transfer table or is be
ing removed from it. \ Vhen a car 
is being transferred from one 
track to anoth er on thi s tabl e the 
springs hold th ese inclines in a 
hori zontal position so that th ey 
cl ear perfectly all the other tracks 
and the rapid shifting of th e cars 
is made possibl e. Immediately be
hind the transfer table is a line of 
fireproof doors separating th e 
rear end of th e car house from 
the front. This rear encl is di
vided into two unequal parts, 
about one-third being used fo r 
storage and the remainder con
taining the pit rooms and th e 
work and store rooms. The loca
tion of these rooms is such as to 
greatly fac ilitate the repair of the 
cars, everything being in the im

1600-KW DIREC T-CONNECTED UNIT IN FRE MONT STREET STATION 

mediate vicinity of the work going on and so pl aced 
that repairs are made with the greatest rapidity. A black
smith shop is provided at the r ear of the first pit which has 
an equipment of tools sufficient fo r ordinary repairs on 
t rucks, etc. , including an electric motor for operating the 

the sand , etc., is provided with a track runni ng directly 
over the coal pocket, which is placed in front of the boi ler. 
In this way the coal car can be run in and dumped with 
g reat ease. 

T he inspection pit at the side of the building, which i:; 
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illustrated in one of the accompanying engravings, is of a 
rather peculiar construction. T he floor on each side of th e 
rails is lowered a foot or two so that work on the truck can 
be done iu a more comfortable position than where the floor 
is level with the track . This pit greatly faci li tates the rapid 

... 

of the room near th e inspect ion pit, where small repairs 
can be made. • 

T here is a small pond on the property of the company 
adjoining the car house, from which water is pumped to a 
30,000-g·a llon tank on the roof by a motor -driven pump in 

THE GATES LANE CAR HOUSE 

in specti on of the car s, 1,oth by ci1abling the in spector to ob
tain more daylight a round the trucks and to better get at 
the various parts wi thout assuming- a cramped position. 
Running under the pit tracks is a tran sfer truck for r e
moving wheels. T he \\'heels are removed i11 a manner 
somewhat o ut of the ordi nary. T he pair o f wheels 
shown in th e illustrat ion o f th e pit room arc placed 
1)vcr a rem ovabl e section of the track. After a car 
has been run over this secti on it can be jacked up by 
th e hoisL a t the side.and by removing th ese sections 
of rail a pair of wheels can be lowered to the trans
fer truck below without difficulty. A car body hoist 
at th e rear allows a t ruck to be r emoved and run 
back into the blacksm ith shop on the continuation 
o f the pit tracks. Tw,, jib cra nes are provided fo r 
the handling: of" m otors .and other heavy parts :n the 
pit room. \ Yith th e exception of th e inspection pits 
having th e lower platforms rnnning alang tl1 c sides . 

the sma ll pump house in the rear of the building. T hi s 
supply of water wi ll be used in g~neral throug hout the 
piping system of t he building, but the town supply is con
stant ly in readiness to be turned on in case of emergency. 
. \ number of fi re hydrants are placed in convenient places 

about the p remises, and a city fire-a larm box is 
located at the corner of Gates Lane and Main 
Street. A ll the room s are provided with an auto
matic spri nkler system conn ected to both suppli es 
o f water. A ll the g laz ing of the monitors, e tc., is 
made wi th wired glass. I n th e front corner of the 
structu re a h andsome offi ce building has been 
placed con taining the starter 's offi ce, clerk and 
receiver 's office. division su perinte ndent 's offi ce 
and locker rooms and lobbies fo r motormen and 
conductors. T h e lockers are made of expanded 
metal and arranged so that there is a large am ount 
o f free space wh ere the motormen and conducto rs 

Street Ry.Journnl 

CHART OF ORGANIZATI ON, WORCESTER CONSOLIDATED STREET RAILWAY COMPANY 

the girder supporting the rail r ests on wooden colu mns• 
in the inspection pits, as shown in th e engraving, these ar~ 
made of b:ick. The lighting of the pits internally is 
effected by mcandescent lamps placed in a p eculi ar socket 
having an inverted cup-shaped tin sheath to protect the 
socket from moisture. A work bench is placed at th e side 

can assemble when off duty. A t the corner of this build
ing, in addition, is a waiting room for passen o-ers contain-
. b 
mg a restaurant. T his latter is of g reat convenience to the 
~ompa~y, as it enables the employees to get their meals 
11nmed1ately at the car house when working on extra hours 
and at other times when it would otherwise be necessary 
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for them to procure their meals outside. The entire car 
house is supplied with a system of watchman's clocks, and 
an efficient supervision is kept at all times. A master clock 
is placed in the starter's office, which is connected to sev
eral automatic electric clocks throughout the building. On 
the front of the building there is placed a large clock, also 
operated from the master clock in the starter's office, which 
will enable the conductors and motormen to set their 
watches without leaving the cars. This clock is 3 ft . 6 in. 
in diameter, and its face, which is of ground glass, is illumi
nated at night by five 16-cp incandescent lamps, there being 
two lamp circuits connected to a double throw switch, one 
being held in reserve for eni.ergencies. The electrical cir
cuit between the master clock and the others is operated by 
a battery current from two cells, the master clock closing a 
contact once every minute. The figures on the dial are 
Roman numerals, so as to be readily distinguishable as well 
as having a pleasing appearance. All of this time service 
has been supplied by Blodgett Bros. & Company, of Bos
ton. At the entrance of the car house and directly in circuit 
with the main current supply is a circuit breaker and am
meter, and outside of the house in the same main is an auxil
iary circuit breaker. The ammeter furnishes a ready 
method of showing at night whether the electric heaters, a 
few of which are used in the building, are turned on or not, 
as well as indicating how much power is being used by the 
machine tools, etc. The lighting circuit is also supplied 
with a circuit breaker. 

All the floors in the pits are granolithic. The tracks, ex
cept over the pits, are laid on sleepers, with the ultimate in
tention of paving with common sidewalk brick. The total 
car house area per car is 552 sq. ft., assuming the exact 
capacity as being 109.53 ft. over all cars. The outside doors 
of the building were furnished by the Kinnear Manufac
turing Company, Columbus, Ohio, and are of the steel-

. rolling type. 
ORGANIZATION 

The Worcester Railways & Investment Company, which 
was organized about a year ago to control the Worcester 
Consolidated Street Railway Company and its allied lines, 
has a similar financial scheme to that adopted by the Massa
chusetts Electric Company, and has proved very satisfac
tory to both the financial and engineering interests. The 
Worcester Consolidated Street Railway Company is the 
operating company of the system, and the relations which 
its officers hold to each other are shown in the accompany
ing chart of organization. The .. £>perating head of the sys
tem is the general manager, who reports directly to the 
executive committee of the board of directors, which in
cludes, ex-officio, the president and vice-president of the 
company, and contains in all six members. The various 
heads of the departments, as shown in the chart, all report 
to the general manager. After the consolidation the sys
tem was divided into three divisions. The division super
intendents are men who were connected with the roads en
tering into the consolidation, so that they retain practically 
the same positions that they held before consolidation. The 
motive power and electrical equipment have, however , been 
consolidated under one head, the superintendent of motive 
power and equipment, which greatly aids in the standard
ization of the rolling stock and enables the company to ad
just its power distribution in the most advantageous man
ner. The superintendent of motive power and machinery, 
therefore , has two departments directly under him, as 
shown. The line work both for track and overhead ma
terial is also done in one department, which is subdivided 
into two divi sions. The officers of the company are as fol 
lows: President, F. H. Dewey; vice-president , A. G. Bul 
lock; secretary and treasurer, J. W . L ester ; general 

manager, R. T . Laffin; superintendent of motive power and 
machinery, William Pestell ; division superintendents, H . 
E . Bradford, J. B. Gorman and G. H. Burgess; superin
tendent of car shops, J. 11. l\1cMillin ; superintendent of 
line and tracks, George B. Shepley. The offices of the 
company are in the handsome new building of the Stak 
Mutual Life Insurance Company, on Main Street, the 
square, white top of which is seen above the other build
ings in the picture on the fir st page of this articl e. 

--~♦♦---

Arrangem~nts for the~. S. R. A . Convention at Detroit 

The American Street Railway Association will hold 
its twenty-first annual convention at Detroit, Mich., on 
W ednesday, Thursday and Friday, Oct. 8, 9 and IO, 1902. 
The local committee at Detroit has arranged for the Light 
Guards Armory for both exhibits and convention sessions. 
The armory is within easy walking distance of all the lead
ing hotels in the downtown dist rict of Detroit, and but a 
few blocks from the Campus Martius, which is the street 
railway center of this city. T he location of the armory is 
at the corner of Larned and Brush St reets. T he exhibits 
will , of course, be on the main floor and galleries of the 
armory. The convention will be in one of the assembly 
rooms, and the accountants' convention in one of the par
lors . The amount of exhibit floor space available, in gal
leries and on main fl oor, including aisles, will be between 
18,000 and 19,000 sq. ft. 

J. H . F ry, assistant general passenger agent of the De
troit U nited Railway, is chairman of the local committee 
on exhibits. Applications for space should be made to Mr. 
Fry, whose office is at 12 vVoodward Avenue, Det roit. In 
the announcement to possible exhibitors, which is being 
sent out by Secretary T . C. Penington, it is stated that 
space should be applied for by Aug. 1. As the space is so 
limited, compared with last year, it is not unlikely that the 
applications for space will exceed more than ever before 
the capacity of the hall, and the local committee will no 
doubt be obliged to r educe the space fr om that asked for by 
each exhibitor in many cases after taking into consideration 
the total amount applied for by all the various supply 
houses. In making applications, the amount of space and 
shape of space desired should be stated. It is earnestly re
quested that all exhibits be in place on the evening of Oct. 
7, prior to the opening of the convention. All articles in
tended for ex hibits must be delivered to the Light Guard 
armory by its agent or owner at his own expense, but the 
local committee has made arrangements with the R iverside 
Storage & Cartage Company to haul and deliver all ship
ments to and from the building, if desired, at low rates. All 
electrical connections for power and extra lights must be 
made at the expense of the exhibitor. T he local committee 
on exhibits will make contracts with carpenters, electrical 
workers and laborers at the regular price, so that the ex
hibitor s will not be overcharged fo r lumber, labor, etc. 
T hursday, Oct. 9, has been set apart by the executive com
mittee for the examination of exhibits. No session of the 
association will be held on that day, and no entertainmen t 
of any kind will be given by the local committee, so that 
delegates will have ample time to look at the exhibits. The 
headquarters of the association will be at the Cadillac Hotel. 
Other first-class hotels are the R ussell, ·wayne, St. Clair, 
Normandie, Gri swold and Metropole. 

D etroit is noted as the convention city of America, 
and the local street rail way people have had ample experi
ence in handling many dozens of conventions of various 
kinds each summer, so that no fear need be entertained but 
that the local arrangements will be excellent for the com
ing street railway convention. 
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Acceleration and Movement of Heavy and High-Speed 
Electric Trains * 

BY W . C. GOTSHALL 

Somewhat over a year ago the New York & Port Chester Rail-
road Company commenced an investigation upon heavy and high
speed electric traction. In the pursuit of this investigation there 
have been prepared by the engineer s of the New York & Port Ches
ter Railroad, and directly under the supervision of and by C. 0. 
Mai lloux, my associate, and myself, several hundred ' 'run sheets," 
the object of these investigations being, of course, to determine the 
economical and proper conditions of operation for the proposed 
service of the New York & Port Chester Railroad Company. 

I received the advance copy of Dr. Hutchinson's paper a few days 
ago. After reading the paper, it was apparent to me that the results 
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and conclusions arrived at by Dr. Hutchinson in this paper were 
diametrically opposite to those which we had obtained in the study 
of the technical details of electric train service proposed for the 
New York & Port Chester Railroad Company. 

On account of the difference between the results which we ob
tained and the conclusions of Dr. Hutchinson's paper, I will here 
call your at tention to a few of the typical run sheets which have 
been worked out by us and which are now the property of the New 
York & Port Chester Railroad Company. 

The paper which has been read purports to be, as stated in the 
first paragraph, a general solution covering all cases which can 
arise in ordinary practice of train movement. This statement is 
very broad-certainly broad enough to include, as a part icular case, 
high-spe'ed train movement such as would be required for rapid 
transi t service. It is more particularly thi s aspect of the paper 
which I propose to discuss. I t wi ll be my purpose to confine thi s 
discussion to the fundamental points upon which the treatment of 
the paper rests, so far as I have been ab le to grasp them by ex
amination of the curve sheets and by perusal of portions of the 
text. I may say that I am not quite prepared to look upon this so
lution as having a character and application quit e as far-reaching 
as the author 's statement would imply, for the reason that it fails · 

• Paper contributed in discussion of Dr. Hutchinson's paper at meet in g 
of the American Institute of Electrical Engineers, Jan. 24, 1902. 

to take into consideration some important points which generally 
involve and determine very important modifications in practical 
result s. We all agree as to the desirability .of finding and develop
mg graphical methods for computing and analyzing the various 
factors and elements involved in the problem of train movement 
under certain given conditions. I am not prepared to believe, how
ever, that it is wise to attempt a too broad or sweeping generaliza
tion by simplification at the expense of accuracy. The simplification 
is apparently obta ined, in this case, by making many of the con
ditions a functi on of one principal, inde2endent variable, which is 
called the "through acceleration" and designated by the letter A. 
Now, it is true that, in electric railroad work, as in other branches 
of our profession, in dealing with any problem we must always bear 
in mind the old adage that circumstances alter cases. These cir
cumstances assume a difference in ' relative importance in many 
cases to such an extent that, while they may be of minor considera
tion in some cases, they become the primary consideration, or, liter

ally, the independent variable, in other 
cases. Take, for instance, rapid transit 
work. In this case time is the paramount 
consideration; economy becomes a second
ary one-contrary to the author's conclusion 
that economy of power is the sole govern
ing consideration in the selection of an 
equipment. In high-speed work, the speed, 
in fact , is limited only by the absolute 
technical and commercial possibilities and 
impossibilities of the case. 

If I interpret the author correctly, there 
are, at least, seven assumptions which he 
has made, apparently to simplify the mathe
matical treatment of the subject, which as
sumptions are apt to be fallacious in many 
cases and to require modification in a lmost 
a ll cases. These assumptions are the fol-

If) lowing: 
'_;j First. 
:'i straight. 

T hat the line be absolutely 

Second. That it be absolutely level. 
~ Third. That the train resistance is con
~ stant at all speeds. 
lii Fourth. That a ll runs for the entire 

1 0 length will not differ materially from the 
average length of run. 

Fifth . That the power will be applied 
during the first part o_f the run only ; that 
is to say, only on the first part of the speed
time curve. 

Sixth. That the general-type curve can 
be used with simple corrections for calcu
lating the energy consumption under all 
conditions. 

Seventh. That the rul es and formul~ ap
plying to tramcar practice will also apply to 
rapid transit practice. 

I do not think that the conclusions of Dr. 
Hutchinson, or his method oi arriving at 
those conclusions, are at all applicable to 
practical conditions. In this paper Dr. 
Hutchinson has used and applied the letter 

A as a symbol designating what he chooses to call " through 
acceleration," which is a purely abstract idea, the physical mean
ing of which is not easy to realize. For the purpose of ascer
ta ining what range of value thi s term may have, I have taken a 
number of typical runs for the New York & Port Chester Railroad 
as they have been worked out and have determined the value for A 
for each of these runs. · These determinations are shown in Table I 

in the column marked " A." The variat ions for the individual runs 
in the values of this quantity are very great, the difference being as 
much as 200 per cent. I believe that Dr. Hutchinson intends the 
value of "A" to be a sort of average acceleration factor. If sudi' 
be the case, I call your attention to the fact that it would be im
possible to arrive a t any value of the average acceleration factor 
which could be used in practice from the results shown in Table I. 

This is due to the material difference in the lengths of runs, as well 
as to the grades and curves which influence the maximum speed 
attained. In Table r , under the column marked "angle," are shown 
the inclinations of the various acceleration lines. The column 
marked "coefficient" gives the numerical value of the "tangent" of 
the corresponding angle, which is equal to the corresponding rate of 
acceleration in m. p. h. per second. The variation in the value of 
these angles is, undoubtedly, of interest, but cannot be a matter of 
any great surprise. These variations might, indeed, have been ex
pected, since any conditions of the line other than that of a level 
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condition must of neeessity produce a different inclination for the 
line of acceleration, and, consequently, must determine a different 
value for the angle. 

It may be well here to give a st:mmary~ of the principal data in 
regard to this projeet. The project contemplates a four-track line 
running from the Harlem River to the Connecticut State line at 
Port Chester. Two of the tracks are to be used for express train 
traffic and two for local traffic. The total length of the main line, 
according to the present surveys, is 20.9 miles. The express trains 
will serve a total of eleven stations, making ten stops- the longest 
run being 3.II4 miles and the shortest run 0.689 mile, and the 
"average length" r.9 miles. The local trains will serve a total of 
twenty-two stations, making twenty-one stops. The longest local 
run is 1.853 miles and the shortest run (No. 10) is 0-428 mile, the 
"average" being 0.95 mile. The two main diagrams (Figs. I and 2Y 
show the speed-time curves for local train nms No. II (Fig. 1) and 
No. 20 ( Fig. 2). Some of the curves in Fig. 2 are reproduced 

RYE NECK 

different kinds of motor equipments g iving different accelera tions. 
These diagrams have been prepared with the greatest care, every 
precaution being taken to con sider, and to make due allowance for, 
every factor entering into the case. The data from which these 
curves were made were collated with the greatest eare, and may be 
said to be sub stantially free from any assumption or guesswork 
whatever. 

The curves themselves were drawn on a relatively large scale, in 
order to enable them to be drawn more accurately and to in sure 
greater precision in all computations made by reference to these 
curves. In the original diagrams the sp eed values (m. p. h. ) are 
drawn to a scale of IO millim eters per mil e and the time values 
(seconds)to a scale of 5 millimeters per second. The total ehart , 
showing the run diagrams for all th e express runs, is nearly 10 
meters long and is 0.7 of a meter wide. 

The curves were prepared with a view to being made as nearly 
expert-proof as poss ible. These curves constitute a part of the tech-
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separately in Figs. 2a and 2b. Table I gives various data in regard 
to the express runs. Table II. gives certain data showing the influ
ence of grades on the initial acceleration. 

The schedule time proposed is thirty-one minutes for express 
trains and forty-nine minutes for local trains. The schedule speed 
is, therefore, 40.58 m. p. h. for express trains and 25.6 m. p. h. for 
local trains. An allowance of fifteen seconds is made for stops. 
The mean speed (or average velocity) is, therefore, 44 m. p. h. for 
express trains and 28.9 m. p. h. for local trains. 

Eaeh ear is to be equipped with four motors, one on each axle, 
thereby making the entire weight available for traction. The total 
weight of ear for express service (fully loaded) is 52 tons, of which 
17 tons (34,000 lbs.) is the weight of the eomplete motor equipment. 
For the local service, another car has been under consideration 
having an equipment of four smaller and lighter motors, making 
the total weight of car 50 tons ( with full load.) 

The diagrams in Figs. r and 2, already referred to, have been 
seleeted out of a large assortment of similar diagrams relating to 
various conditions of service and operation because they show a 
comparison of the energy required for a given run with the two 

.. 

nical work recently submitted before the Railroad Commiss ioners, 
and the expert testimony corroborating them, as well as the manner 
in which they withstood the desperate attempts to discredit or 
criticise them on the part of the N ew York, New H aven & Hart
ford Railroad Company before the Railroad Commiss ioners, are, I 
think, a sufficient credential to entitle them to your consideration. 

These diagrams and the tables will serve to make my meaning 
clear in regard to the various assumptions made in Dr. Hutchin 
son's paper to which I have previously ealled attention. 

Let us briefly consider these various points. As to the fir st point , 
it is well known that no line is absolutely straight, and it is also 
well known that the eurves increase the res istance to traction in a 
manner which varies with the sharpness, or the " degree," of the 
curve. The inereased traction res istance due to curves tends to 
change the slope of the speed-time curve, and, eonscquen tly, affeets 
the form of thi R curve the same as an up -grade ; but it s influence 
does not end here, however. The increased traction resistance is, 
indeed, but a secondary consideration, introduc ed by the railroad 
curve. The principal eonsideration is the limitation which it sets 
to the speed that can be safely maintained on those eurves. This 



430 STREET RAILWAY JOURNAL. [VoL. XIX. No. 14. 

limitation does not operate so as to introduce any material modifi
cations in ordinary tramcar practice, but it becomes a very serious 
and important con sideration in r apid transit service. Unless the 
curve occurs at the beginning or at the end of the run, at which 
portions the speed is relatively low, it will be necessary to arrange 
matters in such a way that the speed will not exceed a certain limit 
at the time when the car reaches the poin ts at which it enters the 
curve. T his could be easily done by having a motor whose limiting 
speed would not exceed the safe speed for the curves ; but it is un
necessary to state that this would be inadmissible, because the mo
tor would be en tirely too slow to make time on the straighter por
tions of the run. It is necessary, therefore , in such cases, for the 
car to acc elerate to a relatively high speed, and for this speed to be 

TABLE II. 

EFFECT OF GRADES ON I NITIAL A CCELERATION. 

300 A Ml'ERE M OTOR 400 AMPERE MOTOR 

GRAD E 
Speed I Accelera tion Speed Accele ration 

Per Cen t. 
10 Seconds 10 Seconds 

After Coeff. In itial A ft er Coeff. I nitial 
S ta rti ng (V. T .) A ngle Start ing (V. T. ) Angle 

(M . P.H.) (M.P. H.)I 
D eg. Min. D eg. l\li n . 

l!.P + 2 0 10.2 1.02 45 31 17.4 1.74 60 7 
+ 1.5 11.3 1.13 48 30 18.4 1.84 61 29 
+ 1.0 12.4 1.24 51 6 19.5 1.95 62 51 
+ 0.5 13.5 1.35 5::l 29 20.6 2.06 64 7 

Le,• cl ll .O 14.6 1.46 55 36 21.5 2.16 65 3 
D ow n - 05 15.6 1.56 57 21 22.8 2 28 6li 19 

- 1.0 16.7 1.67 59 6 23.8 2.38 67 13 
- 1.5 17.8 1.78 60 41 24.9 2.49 68 7 
- ·!.C 18.9 1.89 62 7 25.9 2.59 68 53 

then reduced, either by coasting or braking, or both, so as to bring 
it down to the proper limit at the t ime of entering the curve. It 
may be necessa ry to aga in turn on the current and aga in accelerate, 
a ft er the curve is passed, in order to maintain the schedule speed. 
T he presence of curves, therefore, introduces what are called 
" notches," or " humps," in the speed-time or curve run. These 
notches not only affect the fo rm of the curve, but also have an im
portan t bearing on the energy consumption in watt-hours per ton 
mile. The paper of Dr. Hutchinson ignores them entirely. 

One such "hump" is shown in F ig. 2, in the curve A, where the 
speed is reduced purposely before enter ing a curve ( of 3 <legs. 
radius ), after passing over which t he electric current is aga in 
turned on so as to accelerate the speed again fo r a short time before 
coming to the next curve (also 3 <legs.), in anticipation of which 
the acceleration is curtailed, and some coasting is aga in allowed. 

A s for the second point, it is again well known that there is not 
a railway that is absolutely level from end to end, and it is also 
well kn own that grades materially affect the power r equi red at 
d ifferent parts of the line. T he pr incipal point of interest in co~-

with a given energy input will depend on the grade. I have tabu
lated (in Table 1) the values of the acceleration coefficient (see 
column headed "Coeff.), which is numerically equal to the tangent 
of the angle of acc eleration for the eleven express runs of the pro
posed New York & Port Chester Railroad going in the direction 
of Port Chester. The highest value (2.36 per cent, corresponding 
to an angle of 67 degs. 2 min.) will be found in start No. 7, which, 
as shown in per cent grade column, is on a down grade of 0.9 per 
cent. The lowest va lue (corresponding to an angle of 61 <legs. 1.8 
min.) is obtained at start No. G, which is on an up-grade of 1.714 
per cent. In starts Nos. 1 and 2, which are on a level line, the 
va lue is 2.15 (angle equals 65 <l egs. 3 min.). Table II. gives the 
values of the acceleration angles and coefficients for two different 
kinds of motor equipments on up grades and down grades of, 
respectively, 0.5 per cent, 1.0 per cent, 1.5 per cent and 2 per cent. 

It will be seen from this table that a 2 per cent grade, for in
stance, changes the acceleration coefficient materially. With the 
300-amp. motor the accelerating rate ( coeff.) of 1.46 on the level 
fa lls down to 1.02 on an "up" grade of 2 per cent ·and rises to 1.89 
on a "down" grade of 2 per cent. With the 400-amp. motor, the 
accelerating coefficient which is 2.16 on the level is 1.74 on an up
grade ·and 2.59 on a down-grade of 2 per cent. 

A s to the third point, it may be said that while there is no ma
terial error in assuming constant train resistance for all cases where 
the speed does not exceed 25 m. p. h., yet above those speeds there 
is a possibility of error, which becomes a certainty when the speeds 
reach 40, 50 or 60 miles, the amount of error increasing with the 
speed. This matter is now so well understood that a mere mention 
is sufficient. Very little reasoning will show that the increase of 
train resistance as a function of the speed cannot be left out of 
consideration in any computations relating to high-speed service. 
It was shown by Mr. Armstrong, in his very able paper before this 
Institute in 1898, that for a given run the maximum speed reached 
during the nm will increase as the angle of initial acceleration de
creases. Now, as the train resistance is a function of the speed 
which is higher than the first power (usually comprised between the 
values of ex19onent = 1½ and exponent= 2) it would follow that 
the energy actually consumed in the movement of the train is 
greater with low accelerations according to resistance values, be
cause the maximum speeds attained and maintained during the run 
are higher. Thi$ is shown graphically by special curves in Fig. 2, 
which, for· the sake of clearness, are reproduced separately in Figs. 
2a and 2b. In these diagrams, Figs. 1, 2, 2a, 2b and 2c, the letter 
A des ignates, in every case, curves having reference to a 52-ton 
motor car equipped with four motors and using 400 amps. in each 
motor in starting, whi le the letter B designates in every case 
curves having reference to a 50-ton motor car equipped with four 
motors, each using 300 amps. at starting. The curves "A" and 
" B" are the usual speed-time or run curves corresponding to these 
two kinds of equipment. 

The -curves 1-A and 1-B are the distance curves corresponding to 
these run curves-the ordinate value at any point on the distance 
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nection with the influence of grades in this case is the fact that a 
car accelerating on a grade will have its rate of acceleration modi
fied by the grade-that is to say, the slope of the fi r st part of the 
speed-time curve, or what my associate, Mr. Mailloux, designated 
in the Buffalo discussion as the "initial angle of acceleration ," with 
a given equipment having a definite gearing ratio, depends upon the 
grade. Now, we all know that with the present resistance method 
of speed control the energy consumed in a given t ime at starting is 
constant, independently of the speed, up to the point at which 
th e regulating or starting resi stance is all cut out, at which point 
the acceleration begins to foll o,v the so-called " motor curve." 
Y et, the rate of acc elerati on, ·that is to say, the ini tial angle of ac
celeration, and the distance covered up to the point at which the 
resistance is all cut out, may differ considerably, according to the 
grade. This means that the speed attained within a given time and 
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169 60.4 60.4 60.4 
100 67.0 57.8 57.8 
172 53.3 50.0 50.0 
142 54 5 38.4 50.3 
114 63.4 55.0 
158 57.6 42.7 55.0 
111 62.7 41,7 55.4 
142 60.8 48.0 51.5 
159 58.8 36.0 52.2 

2.15 
2.15 

+0.65 2.02 
+0.163 2.12 
- 0. 18 2.20 
+ 1. 714 l.80 
- 0.90 2.36 
+0.122 2.11 
- 0.261 · 2.22 
- 0.22 2.21 
+0.424 2.26 
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Deg. 1\11;. - - - - -
65 5 38.35 .::!54 
65 3 48.6 .23R 
63 40 56.0 .614 
64 45 51.2 .234 
65 34 34.5 .479 
61 0 40.0 .241 
67 2 46.35 .322 
65 45 38.7 .341 
65 45 50.1 .2415 
65 39 49.5 .469 
66 8 59.2 .467 

curve, as read on the scale of miles at the right hand of the dia
gram, being equal to the distance traversed by the corresponding 
train at the corresponding time point. 

The curves IL-A and II.-B are the power input curves, showing 
the electric power applied t o each car at every instant of time dur
ing which current is used. It will be noticed that while in Fig. 1 the 
current is applied in each ca se only once, namely, a t the beginning 
of the run, being shut off when the maximum speed has been 
reached, in Fig. 2 the current is again turned on for the run marked 
''A" corresponding to the 400-amp. motor equipment. The area of 
these power curves is, of course, equal to the energy consumption, 
usually expressed in kilowatt-hours. 

Curves III.-A and III.-B are the energy, or kilowatt-hour curves, 
corresponding to the preceding curves and obtained by the integra
tion of the same, the values being read by reference to the special 
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scale (killowatt-hours) at the right-hand end of the diagram. 
Curves IV.-A and IV.- B are special curves, to which we have 

g iven the name of intrinsic power curves. These curves show the 
power in this case being expressed n kilowatts. These curves are 
power in this case being expressed in killowatts. Th ese curves are 
calculated by reference to a simple and well-known formula ex 
pressing the relation between the speed and the power required to 
keep the car moving at that speed. The curves show two notches, 
which are due to different causes. The first , o r smaller notch, is 
due to the increase in train resistance caused by the addition of the 
motor and gearing friction, which are both excluded, being 
counted as part of the motor efficiency while the car is running. 
This notch occurs at the time-point when the current is shut off. 
The second notch corresponds to the point at which the motor 
leaves the down-grade on which the start was made. The moment 
that the car leaves the down-grade the energy required for trac-

RYE NECK 

Curves VIL-A H and VII.-B H are the corresponding intrinsic 
energy curves. Th ese curves are reproduced separately, together 
with the corresponding run curves, which are exac tly the same as 
in Fig. 2 (in Fig. 2b fo r the sake of greater clearness ). The intrin sic 
power and energy curves, calculated by our own formula, are also 
separately reproduced in Fig. 2a. A simple g lance suffices to show 
the radical difference bet ween the curves shown in Fig. 2a and th ose 
shown in Fig. 2b. vVith the assumpt ion of constant train resistance, 
the beginning and the end of the int rinsic power curves of Fig. 2b 
are very much higher than they should be, while they are ve ry 
much lower at the middle points corresponding to the highes t 
speeds attained during the nm. 

It will be observed that while the dotted line curve (V.-A ) in 
Fig. 2a, corresponding to the intrinsic power of the train having 
higher· acceleration, shows higher ordinate values than the solid 
line curve ( V .-B ) in the early par ts of the run, yet it shows lower 
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FIG. 2A 

tion of course instantly increases. In the case of an up-grade, the 
notch would have shown a downward slope instead of an upward 
slope at this point, the height of the notch being, of course, in pro
portion with the percentage of grade. 

These curves are calcuhtted by reference to formulze, which in
clude the variation of the train resistance as a function of the speed. 
This explains their convexity toward the time-axis at the beginning 
and at the end. 

Curves Nos. V.-A and V.-B are the integral curves of the preced
ing curves, which, consequently, give at each time-point the energy 
con sumed in train resi stance up to that point . The ordinate values 
for the power curves are expressed in kilowatt s, which may be 
read by the kilowatt scale :it the left-hand end ; the ordinate values 
of the energy curves V.-A and V.-B are expressed in kilowatt 
hours and may be read by the energy scale at the right-hand end 
of the diagram. 

Curves VI.-A H and VI. -B H are the corresponding intrinsic 
power curves, drawn according to the assumptions made in the 
paper of Dr. Hutchinson. These t urvcs a re calculated on the as
sumption that the line is level and that the tra in res istance is con
stant at 18.2 lbs. per ton, as stated in Dr. Hutchinson's paper . 

Yalues at the end of the nm, the two lines crossing at a t ime-point 
about midway in the nm , as cl ea rly shown on the diagram. The 
t otal intrinsic energy is slightly uuder 3 kw-hours for the higher 
acceleration and som ewhat over 3 kw-hours for th e lower ac
celeration. O n the o ther hand, th e corresponding energy curves 
in Fig. 2b retain through out the entire nm such relation that the 
dotted line curve (VIL-A H ) always remains above the solid line 
curve VII. -B H ) throug hout the entire run. From the form of 
the energy cun-es in Fig. 2a, which show clearly that the energy 
ac tually consumed in maintaining the speed is less for a high accel
eration than for a low acceleration, one would be led to look for 
greater economy with higher acceleration; whereas. from Fig. 2b, 
one would be led to expect the contrary result. These curves ill us
t rate the mann er in which an unwarranted assumption may lead 
to erroneous conclusion s. 

As to the fourth point, namely, the average length of nm , in the 
case of the New Y ork & Port Chester Railroad t he average length 
of run is r.9 miles (10,032 ft. ) for the express t ra in run s and 095 
mile (5,020 ft.) for the local train run s. T he longest express train 
run is 3.II4 miles and the shortest 0.689 mile. T he first col umn in 
the table g ives the length of all the eleven (II) express runs in 
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mi les. It will be seen that the longest run (No. 4) is 3.u4 miles 
and the shortest one (No. 5) is 0.689 mile. In the case of the local 
runs, the longest one is 1.853 miles and the shortest one is 0.428 
mile. It will be seen that there are not two of the express runs 
which are of the same length and that the range of variation 
is great. The same statement applies to the local run s. Referrin g 
again to the values of the factor which Dr. Hutchinson designates 
by the letter "A" and to which he gives the t erm " through acce lera
tion," it wi ll be seen that this va lue a lso va ri es widely, its highest 
value (for run No. 3) being .614 and its lowest value (for run No. 
4) being .234. The variations of this quantity ''A" are such as to 
show clearly that it is not an independent variable, but that it is 
itself a function of other things, such as the length of the run, the 
maximum speed attained, or of some other quantity. 

In regard to the fifth point, namely, the assumpti on that the 
power will be applied during the first part of the run only, it may 
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son 's paper, although they are evidently of too much importance to 
be thus slighted in any comprehensive solution such as this is as
serted to be. The difficulty o f dealing with them is increased by 
the fact that the percentage of energy due to these successive accel
erations depends entirely upon the peculiar conditions of the case 
and cannot in the pre,en t state of the a rt be foreseen or predeter
mined in any other way than by actually constructing the speed
t i me curve under the exact conditions. It is of interest to note in 
this connection that in Fig. 2 in the run corresponding to the mo
tor having higher acceleration the total energy consumption for the 
entire run is still lower than that required for the entire run with 
the equipment of the lower acceleration, notwithstanding the fact 
that, in the fo rmer case, a consequent acceleration occurs which in
volves an additional energy output of 0.62 kw-hours. I have 
also brought with me, and wi ll add to the di scussion, four addi

tional run diag rams (Figs. 3. 4, 5 and 6)*, two of which (Figs. 3 
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ue said that this is so mewhat related to the fir st, that is to say, it 
depends on the relative straightness of the line and has already 
been referred to in that connection. The necessity of reducing the 
speed either by coasting or braking so as to enter a sharp curve at 
or below a certain definite limited speed involves in most cases the 
necessity of again putting on the current and of again accelerating 
or rai sing the speed before coasting. An example of this is shown 
in Fig. 2 in the run in curve A already referred to, where the car, 
a fter attaining a speed of 53 m. p. h., is allowed to coast, so that 
by the time the car enters the curve the speed has fa11en down to 
42½ miles. The limiting speed for this curve (3 <legs. of curva
ture) being 50 m. p. h. , the car continues to coast until the speed 
has fa llen down to 41.r m. p. h., at which time the current is again 
turned on and the speed is accelergted to 45 m. p. h . T he diagram 
shows that the energy input curve, corresponding to this second 
acceleration, requires an expenditure of o.62 kw-hours , which, 
added to the energy consumed in the first acceleration (6.02 
kw-hours), makes a total of 6.64 kw-hours as the energy re
quired for the run . In some runs it may be necessary to have 
three, four, or more successive accelerati ons. These suppl emental 
accelerations are left out of consideration entirely in Dr. Hutchin-

and 4) show notches due to the necessity of reducing the speed on 
entering curves and requiring subsequent acceleration involving 
additional energy input . These curves give interesting information 
as to the expenditure of energy required for these successive accel
erations. These curves and the other curves also show incidentally 
some interesting results of the influence which a small increase in 
the time of the run exerts on the energy required for this run. The 
table on each diagram gives the principal data and results in regard 
to each diagram. 

As to the sixth point, namely, the use of a speed-time curve of 
general type fo r all cases and conditions, it is my opinion that such 
a curve, simplified as it must necessarily be, involves too many as-

umptions to be a safe and desiraole expedient. Without analyzing 
n ry definitely the character of the correction to the type curve 
which the author suggests and proposes to apply, I will say that I 
am inclined to look upon this correction with suspicion, not only 
because it ignores the important points just discussed, but because 
of the possibility of error in the cofuputation of the resuJting energy 

• 
* The run diagrams presented were those shown by Figs. 1, 2, 3 and 4, o n 

pages 46, 47, 48, 49 of the STREET RAILWAY JO URNAL for J anuary, 1902. 

• 
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input curve. The correction, as I understand it, consists in re
ducing the actual curve to an equivalent typical curve in which the 
entire acceleration is along a straight line, as shown by the dotted 
line M A A. It seems to me that this correction leaves room for 
doubt as to the form of the energy input curve, and, consequently, 
leaves room for more or less important error in the estimated 
energy consumption. I surmise that this is, in fact, another one of 
the weak points of Dr. Hutchinson's hypothesis. 

The seventh point requires no special di scussion, as the discuss ion 
of the preceding points has already made its fallacy sufficiently 
evident. 

I now come to the feature of Dr. Hutchin son's paper, which is, 
perhaps, of the greatest practical interest, namely, the somewhat 
radical conclusion which he arrives at, to the effect that, contrary 
to what has been hitherto believed, the economy of high acceleration 
is of secondary importance, if not negligible. At the top of page 34 

expected, and as shown by the compari son between Figs. 1 and 2, 
the shorter the run (Fig. 1) the greater is the economy of high 
acceleration. 

The energy required for the high-acceleration run in Fig. 1, as 
shown by the area of the large en ergy diagram furthest to the left, 
is 4-49. The energy required for making the same run under the 
conditions referred to in curve B is that shown by the en ergy dia
g ram furthest to the right, and is equal to 5.32 kw-hours. The 
data for both set s of conditions are g iven in the upper right -hand 
corner of the diagram. 

The figures for the energy input per car mile corresponding to 
curves A and B are, resp ectively, 6.52 and 7.72 kw-h ours-th e 
corresponding figures for the energy in watt-hours per ton-mile 
being, respectively, 125.4 and 154.4._ The increase of energy re
quired for the lower acceleration is, therefore, 23.1 per cent g reater 
with the smaller equipment giving the lower acceleration . The 
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the author says: "I have made these calculations for a number of 
cases to correspond with practical conditions; the result is always 
that the energy used per mile is less for the lower accelerations." 
On this point I absolutely disagree with Dr. Hutchinson. The com
parison already referred to between the curves in Fig. 2a and Fig. 
2b is, a s we have seen, opposed to thi s conclusion. The compari son 
of the energy curves on Figs. I and 2, in my o pinion, contradicts 
Dr. Hutchinson's conclusion entirely. The two run curves in each 
diagram, it will be noticed, are curves of equal area as well as of 
equal time, that is to say, the acceleration and coasting are arranged 
in both cases in such a manner that the run is made in the same 
time. 

The curves show readily the necessity for higher maximum speed 
when using the equipment consisting of smaller (300-amp.) m ot ors, 
giving a lower acceleration; and the energy input curves (3a and 
3b) show a material difference in the energy consumption per ton 
mile during the run, which difference is all the more stril,;jng if we 
take into consideration the fact that the curves (B) corresponding 
to the smaller motor involve a total train weight and an intrin sic 
energy expenditure corresponding to only 50 tons total load, while 
the curves (A) corresponding to th e equipment of larger (400-
amp.) motor involve a total train weight of 52 tons. As would" be 

same comparison in the case of Fig. 2 shows that the increase of 
energy in watt-hours per ton-mile in the case of curve B, a s com
pared with curve A, is 18.4 per cent. 

In di scussing the N ew York Subway Rapid T ransi t Road the 
author concludes that the proposed schedule is impracticable, and 
he states that a motor capacity of 14.9 kw per ton is beyond the 
range of practica l condition s. A s the conditions in the case of the 
New York & Port Chester Railroad express se rvice ar e, if anything, 
more severe, owing to the higher schedule speed, it would seem t hat 
the practicability of thi s proj ect would also fail to meet the require
ments of Dr. Hutchinson' s fo rmul~. The 52-ton car has an equip
ment of four 400-amp. motor s, operatin g at 600 vo lts, making an 
input of 960 kw, or about 18.5 kw per ton . If there sh ould be a 
di screpancy between what we have fo und to be possible and what 
the hypothesis presented in thi s paper admits or limits, I fo r on e 
think that the adjustment necessary to bring the two into harmony 
will have to come largely, in fact one might say wholly, from the 
side o f theory. ___ ___.. ___ _ 

The Manhattan Railway Company, of New York, fini shed the lay
ing of thirteen three-phase submarine cables under tlle H arlem River 
to connect sub-s tation s in the Bronx with its main power station. 
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The Selection of Electric Motors for Railway Service * 

BY W. B. POTTER 

The excellent paper by Dr. Cary T. Hutchinson on the subject 
of energy and motor capacity for electric trains shows a careful 
study of the problem, considered from an average basis. In dis
cussing that paper I shall endeavor to point out some variations 
from the average met with in th e practical consideration of motor 
selection. 

It may be stated as a general proposition that for a given sched
ule the lowest power consumption wi ll be secured with the lowest 
speed gearing that will insure with reasonable margin the per
forma nce of the desired schedule. The torque per ampere is pro
portionately greater with the low speed gearing, and the maxi
mum speed is also less; the first wi th respect to current fluctua
tions, due to improper handling of the controller, and the latter 
with respect to energy consumption, as influenced by the percent
age of coasting, being less affect ed in their lower values by un
skil1ed motormen. 

Motormen will frequently keep the power on until they apply 
the brakes, regardless of the requirements of the schedule, ~nd if 
gaining on the schedule will applythe brakes to slow down midway 
between stops instead of a llowing the car to coast, as they should 
do before reaching max imum speed. It is a well-known and 
proven fact that different motormen, by reason of different per
centages of coasting, may make a difference of at least 20 per cent 
in the energy required for the performance of a given schedule. 
The less frequent the number of stops the less will be the differ
ence between different men. The difference may be taken approx
imately at 2 per cent for each stop per mile, and the more nearly 
the calculated requirements approach the theoretical or best possi
ble economy the g reater the al1owance that should be made, as it 
is a fair assumption that none of the cars will be handled in a man
ner to secure the highest possible efficiency. 

When a close calculation of the energy is desi r ed, it is of ad
vantage to use the actual characteri stic of the motor under con
sideration rather than an average characte ristic, n ot so much on 
account of the difference in power, due to the characteristic alone, 
as on account of the shape of the speed curve, which may differ 
widely at free running speed with different types of motors. 

The free running spee d assumed by Dr. Hutchinson as 130 per 
cent of the speed at which the external resistance is cut out would 
imply that power was cut off before the car had attained fu ll accel
eration, and it would depend entirely upon the service requir e
ments whether such would be the case. Even 160 per cent is not 
sufficient for some motors. The free running speed wi ll vary from 
150 per cent to 200 per cent, the speed at which the resistance is 
cut out, that is, with motors of low saturat ion the car may double 
its speed on the motor curve. 

The determination of motor capacity, that is, the motor heating 
in a g iven service, cannot with desired accuracy be obtained from 
the average of a number of motors. Dr. Hutchinson has assum ed 
an average copper loss of 8.6 per cent of a rated input. This will 
vary from 5 per cent in the larger motors to 12 per cent in smaller 
motors, and different motors of the same commercial hp rating 
may vary 30 per cent to 40 per cent. 

The average cor e loss has been assumed as 3-4 per cent of the 
rated input, and this percentage between different motors will be 
found to vary between 2 per cent and 5 per cent, and with motors 
having the same commercial hp-rating the core loss of some will 
be found to be double that of oth ers. The following table will in
dicate some of the differences that actually exist between the mo
tors of several different manufacturers. 

PERCE:NTAGF. LOSSES OF INPUT AT RATED CAPAC ITY 

Field Armature 

Commercial P a ting Motor 
Total 

12 R 12 R Core T otal 

38 hg- ····----- ----- 1 4.'i'O 4.00 2.37 6.37 11.07 
38 4.60 8.80 4.92 8.72 13.32 
50 " 4.2) 2.10 3.45 5.55 9.75 
50 .. 4.33 3.36 4.17 7.53 11.86 
50 .. 3 25 2.80 4,80 7.60 10.82 
75 " ·-·- ---- ----- 3.20 2.50 2.93 5.43 8.63 

125 .. ----·-------- 2.48 2.40 2.12 4.52 7.00 

The ave rage service losses in th e motor as a whole have been 
assumed as an average of 9.4 per cent of the rated input, based on 
a maximum speed of 130 per cent. This average, both with re-

* Paper contributed in discussion of Dr. Hutchinson's paper at the meeting of 
the American Institute of Electrical Engineers, Jan. 24, 1902. 

spect to percentage and maximum speed, will vary materially with 
the character of the service; on frequent stops it may be a total of 
9.6 per cent, with 3.2 per cent in the fi eld and 6.4 per cent in the 
armature. With the same motor and infrequent stops the los,:; 
would be more nearly 3.4 per cent, with .6 per cent in the field 
and 2.8 per cent in the armature. As between different motors of 
the same rating for the same schedule, the total loss may be found 
to vary 30 per cent or more. 

As between speed at rated capacity and fr ee running speed, the 
core loss of some motors is constant within 5 per cent, while in 
oth er motors it may vary 100 per cent, being less at iull speed. 

The assumption that a motor will run one-quarter of the time 
at its commercially rated ir.put for its rated temperature rise is a 
fai r average, but actually the time will vary from 2 0 per cent to ~o 
per cent of the total time and depends on whether the motor 1s 
running closed or ope n, on the stand or under service conditions. 
In consideration of the variations that exist between different mo
tors, it would seem a reasonable assumption that calculated tem
peratures based on the average of a number of motors would not 
give the actual loss in the fields within approximately 20 per cent, 
or the loss in the armature within approximately 40 per cent, and 
combining these va riations with the difference in radiating ca
pacity of differen t motors, the result based on averages might not 
give the actual temperature rise within 100 per cent. 

The assumption that a motor as a whole will radiate continu
ously 3 per cent of its rated input is also a fair average, the varia
tion being approximately 2.5 per cent to 3.5 per cent. This, how
ever , does not g ive the distribution of losses in the field and ar
mature, which is important as affecting temperature rise, and from 
the above table it will be noted that the distribution differs widely 
with different motors. 

The commercial basis of rating a railway motor, i. e., "the hp
output giving 75 degs. C. rise for one hour's continuous run of 500 
volts on a stand with covers off," was selected several years ago 
by the writer after a careful consideration of what the commercial 
rating of a railway motor could reasonably be expected to cover. 

This method serves the commercial necessity of a relative meas
ure of capacity between different motors, and the current r equired 
to give a temperature rise of 75 degs. C. in one hour insures a sat
isfactory t est of commutation. It is furthe r a des irab1y severe test 
of the mechanical and electrical design of the .motor. 

A criticism of this method of rating might be that the voltage 
should preferably be 550 instead of 500 volts , as 550 volts is now 
the more common voltage. 

Seventy-five degs. C. rise was purposely taken at a higher tem
perature than railway motors should be operated in service, 65 
<legs. C. rise as a maximum and 55 degs. C. as an average being_ as 
hi gh a temperature ri se as is compatible with reasonable mam
tenance. 

Before selecting this method the subject was carefully studied 
with reference to g iving a significant rating applicable to se rvice 
conditions but the difficulty of doing this will be appreciated when 
it is under~tood that a tabulated statement of any one motor with 
different gear ratios , weight of cars and stops per mile includes 
roo or more different schedules. 

The nse of motors too small for the service, with resultant 
burning out from overload, is inexcusable, for not only are they 
expensive to rewind, but the delays and annoyance to passengers 
inc ident to breakdown is above all things to be avoided. Relia
bi lity of service should be the primary cons ideration in every case. 

The equivalent heating or reproduction of a given service by 
running the motor at th e current giving an equivalent I• R loss , 
and at the voltage giving the average core loss would be con
venient and correct, providing the effective amperes of the given 
service are determined and applied at the proper voltage. The 
voltage at which such test should be made representing in effect 
the particular cor e loss for a g iven service will vary widely with 
motors of different capacities, and even between motors of the 
same capacity having different core losses. 

Such a method assumes that for a common service there is :i 

certain current and voltage common to all motors of the same 
capacity, which, if run on a stand with this current and voltage, 
will produce in the motors equivalent losses and in their proper 
distribution and that the temperature rise of the armature and 
field so obt;ined will closely approximate th e temperature rise in 
actual service. 

The speed curves of railway motors materially differ; that is, 
they have different saturation curves, and, as before mentioned, 
the maximum free running speed in motors of the same rating 
may differ 50 per cent on the motor curve. Even assuming that 
the energy input in two cases is the same, the rate of input will 
not be the same due to variations in the saturation curve; that is, 
the average cur~ent will be the same, but_ the current as effecting 
the heating, which is the square root of the mean square, will not 
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be the sa me, unless motors have the same saturation curve. These 
va r ia t ions lead to the conclusion that a common current cannot 
he taken fo r various motors for a g iven se rvice , as, regardless of 
the ge ar ratio, the speed, torque and ampere constants of each mo
to r will not coincide, unless they have a speed curve of the same 
shape, which is seldom the case. 

As before mentioned, t he core losses of motors hav ing the 
same comm ercial rating may vary as much as 100 per cent, some 
core loss curves being nearly constant in watt loss throughout the 
workin g range of t he motor, wh ile others at rat ed load may be 
double th e watt loss at full speed. 

The core losses a re composed partly of eddy currents varying 
as a square of t he speed or voltage and partly of hystcrisis, vary
ing direc tly as the speed or voltage, and the relative proportion 
of these two losses wi ll vary g reatly in different motors. It is 
not li kely between different motors that the core lo ss of each will 
be composed of eddy currents and hysterisis in the same ratio; 
tint s th e speed or voltage that would give t he service core loss 
would be quite d ifferent with differe nt motors. 

In order that the sam e current and voltage shall apply to sev
eral m otors of d ifferent design or manufacture for a given serv
ice, it is necessary that t he motors be geared exactly the same 
speed, t ha t th e motors shall have identically the same efficiency 
throughout , that the shape of the speed curve or sa turation be 
ident ica l, that t he core loss curve be of the same shape and be 
composed of eddy and hystcri sis losses in the same proportion. 

It is needless to add that such un iformity doe s not exist, and it 
only remains to dete rmine how fa r the d ifference between similar 
types of motors of different manu facturers differ from each other. 
This is shown by the fo llowi ng t able of motors of different manu
fa cture, with the current and voltage to give the losses and their 
proper distributi on, the motors bein g geared to make the same 
schedul e. The acceleration is taken at 1.5 miles per hour per 
second in every case. 

DiMance, 750 feet Time, 54.4;:secords 
Commercia l rating Amperes Volts 

3!'; h.P· -· · · · - --·····-·~·············· 35.9·-···-·-·········· - ········· 310 
35 " ······--···················· · · 33.6 •••.... ·-············ ······· 344 
38 ., ·· ·· ····--············ ···· ··· · 32.4 ....•••••...•.••••..••••. ... 372 
38 " •·•• ••·••••••··•·••••• •• •· .... 3.3.4 .••••. ········ ··· ··-· ·· ·· ··. 351 

D ista nce, l mile Ti me, 227 seconds 
35 " ····· · ····--·······-·-········ 24 6 ....•... ·-····--······ · - ···· 478 
35 " ····· · ··-······-··········· · ·· 22.4 •..••••••• ·-··-······· ······ 452 
38 " ······ · ·- · ············· · ···-·· 22.4- •••••....••..•.....•.. ••.•. 458 
38 " ····-····-···· ••.. ·•····•····· 23.4 .... ·-···········-········· · 377 

T he above va lues for current and voltage would vary consider
ably with di fferen t percentages of coasting and different schedul es. 

Owin g to t he complex character of the core losses and speed 
curve a large number of calculations, o f which the above are rep
resenta t ive, indi cate the futi lity of compar ing or determining mo
tors by assuming an arbit rary voltage. The current and voltage 
must be predetermined fo r each particular motor and service. 

T his method of rating furthe r assumes that the temperature rise 
and the d istri bution of temperatures in a motor run on the stand 
will ho ld good under service condit ions. Experi ence does not 
indica t e this to be the case. A motor with a ventilated armature 
will g ive qiore nea rly the service temperature rise on a stand than 
a motor with poo rly ven tilated armature. Furthermore, with a 
large nu mber of starts per mi le, the motor is run either at rela~ 
tively slow speed or not runnin g at al l for a considerable portiorr· 
of the t ime, whi le with few stops on high-speed suburban service 
the motor is relatively cooled by the lon g-continuous run , with 
th<': r esult that in the fi rst instance the stand tests may g ive lower, 
and in the latter hi gher, temperatures, due to the relative dif
fere nce in radiat ion of the motor frame. 

For such determinat ion of the m otor capacity as is essential to 
the recommendation of motors suitable for a given service, experi
ence has shown the desi rabi lity of determi ning the losses and con
sequent heat ing of the fi eld and armature independently for each 
particular case. 

From a speed curve based on the acceleration and maximum 
speed req uired for a given schedule the pr oper gearing, winding 
and commutation of a motor suitable for the service can be ob
tained. Owin g to diffe rent lengths of runs, slow-downs at curves 
and the effect of g rades, the speed curves of different runs over 
the line may, and usually do, differ materially. Having established 
the speed curves for a given service, the fie ld and armature losses 
may be in tegrated by reference to the resistance and core loss 
curves of the motor unde r the varying conditions of control and 
running on the motor curve. 

Having determined the average loss in the field and armature 
for a particular service, the next step is to determin e the tempera
ture rise of the field-.i)-nd armature under these conditions. 

It is obvious that the most accurate means for determining the 
heating effec t for differen t losses is to test the motors under serv
ice conditions at a known loss in the field and armature, and to 
measure the actual resultant heating. 

To t his end the motors should be mounted on a car and oper
ated at various schedules and distances on a track, careful records 
being taken with recording instruments of the speed-time curves, 
amperes and voltage, the tests being continued until the motor 
temperature is constant. The temp era ture should be taken both 
by thermometer and by resistance, both with the motors closed 
and with the covers removed. From the known losses in the mo • 
tor during th ese tests there may be determined the degrees rise 
per· watt loss, both for the field and armature; the distribution of 
the losses in the two elements being represented by the watt loss 

•in the armature divided by th e watt loss in the fi eld. 
Having determined the ratio of losses for the particular service 

a reference to the temperature test s for the particular motor and 
ratio of losses enables one to det ermine th e degrees ri se per watt 
loss for the armature and field. It is then a simple matter of 
multiplication to determine closely the temperature rise of the 
armature and field for the proposed service. 

Several yea rs' experience with different methods of determinin g 
motor capacity have shown this to be the only rational and reason 
ably acc t1 rate method, as it takes into account all the variable 
factors. 

T he following table has been calculat ed direc tly from results 
determined under service conditions as described above, and shows 
in tabt1l ated form the capacity for a safe temperature of a 38-hp 
motor with different stops per mile, gear ratios and ton s per 
motor: 

LIST OF SCHEDUI,E SPEEDS FOR 38.HP. MOTOR 

500 Volts. 33-in. Wheels. Straight and Level Track. roper cent. 
Margin Allowed in Schedule. 

Stops Gear I per Ratio T O NS P E R !IIOTO I< 

Mile 

--- - --
4.5 a 5.5 1 6 6.5 1 8 !) 

¼ 4.60 22.3 21.7 21.2 20.9 20.5 20.2 l\l .8 19.3 IR.K 18.5 
¼ 3.94 23.3 22.!l 22.4 22.0 21.7 21.3 21.0 20.t l!l.(1 
¼ 3.42 25.0 24.6 24.2 23.7 2J.2 22.8 2:?.4 
¼ 2.82 27.6 27.0 26.5 26.0 

½ 4.60 20.!J 20.ii J0.2 19.8 19.!'; 19.3 18.7 18.2 17.6 17.3 
½ 3.94 22.0 I 21 6 21.2 20.9 20.5 20.2 ]9.8 

l~: ~ 1 1~-~ ½ :uz 23.5 23.0 22.6 22.2 21 8 21.3 21.0 
}f 2.82 25.6 25.0 24.6 24.0 

4,60 19.4 19.0 18.6 18.3 18.0 17.7 17.5 16.8 16.4 15.7 
3.94 20.3 19.9 19.6 19.3 18.9 18.5 18.2 17.5 16.8 
3.42 21.6 21.2 20.7 20.3 20 0 19.6 19.3 
2.82 23.0 22.6 22.l 21.6 

2 4.60 15.8 15.5 15.3 11\.l 14.9 14.7 14.6 14.2 la.!) 13.5 
2 3.94 16.6 16.4 16.1 15.9 15.7 15.5 15.2 14 8 
2 3.42 17.6 17.2 l ti.9 I 16., , 16 3 16.0 
2 2.82 18. l 17.8 17.6 . •• . .• 

3 4.60 13.7 13.5 I "·' ,,, '" , 12'.!l 12.8 12.5 12.2 12.0 
3 3.94 14.3 14.8 13.9 13.8 13. 7 13.5 

:::; 1 :'.:i 
3 3.42 14.!J 14.l 

l~:~ l!:~ l~:~ 3 2.82 15.4 15.2 

4 4.60 12.2 12 l l~.0 11.8 11 .6 11.5 11.0 10.8 
4 3.94 12.6 12.4 12.3 12.2 12.1 H.0 11.8 11.4 
4 3.42 13 0 12.8 12.7 12.5 12.3 
4 2.82 13.3 t:3. 1 

" 4.60 11.l 11.0 10.9 10.8 10.7 10.6 10.4 10.3 10.1 
5 3.9-1 ll.4 11.3 11.2 11 l 11.0 10.9 10.7 10.4 
5 3.42 11 8 11.6 11.5 11.3 
5 2.82 11.9 

6 4.60 10.l 10.0 9.9 9.8 9.8 9.7 9.6 9.5 !l.2 
6 3.94 10.4 10.3 10.2 10.l 10.0 9.8 9.7 
6 3.42 10.6 10.5 10.4 10.3 
6 2.82 

I 4.60 9.4 9.3 !l.2 9.1 !l.l 9.0 8.9 8.8 lj,5 
7 3.94 9,6 9.5 9.5 9.4 9.4 9.2 9.1 
I 3.42 9.7 9.6 9.5 

2.S::! 

8 4 60 8.8 8.7 8.6 8.5 8.5 8.4 84 8.3 8.2 
8 3.94 9.0 ~.9 88 8.8 8.7 I 86 8.5 
8 3.42 9.0 8.9 8.9 
8 2.82 

Max. 4.60 27.3 26.0 2!>.0 23.!'; 22.7 
Speed 3.!l4 2!l,ll , 2,.5 26.5 25.0 24.0 

*Double a.42 31.0 29.6 28.5 26.!l 25.9 
Equip. 2.82 ~;.o 33.5 32.3 30.6 29.5 

* Speed of t•motor equipment 5 to JO per cent fa~ter fo r sa me tons per m otor, 

Such a method serves as a rapid, convenient and reasonably 
accurate method of selecting a motor within the variations 
covered. 

This practical determination of the heating factors has led to 
marked improvements in the electrical design of motors, and the 
value and utility of these tests under service conditions can hardly 
be overestimated in their application to practical conditions. 

In closing, I wish to express my thanks to Messrs. E. D. Priest 
and E. H. Anderson for their assistance in the calculations inci-
dent to the preparation of this paper. 
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A Consideration of the Inertia of the Rotating Parts of 
a Train * 

BY NORMAN WILSON STORER 

The problem of calculating the motor capacity and the amount 
of power necessary to maintain a certain train service involves a 
cons ideration of whe"re all the power which is developed by the 
motors is expended ; of just how much is used in overcoming 
train resistance; how much in overcoming the force of gravity, 
and how much in overcoming the inertia. Th e train resistance 
is a variable quantity depending on the track, bearings, wind and 
speed. A considerable number of form uhe have been produced 
to assist in calculating the train resistance under different speeds, 
but at the best the amount to allow for train resistance is only 
approx imate. The energy required to overcome the force of 
gravity and the inertia of the train, however, is susceptible of the 
most exact calculation, but the latter part is seldom estimated 
correctly. T here is one element in the inertia factor which has 
been almost entirely neglecteJ, eith er because it has not been 
recognized at all or because its importance has not been appre
ciated. This feature is the inertia of the rotating parts of the train. 

It has been generally understood that armatures of small 
diameter and light weight are desirable because their small fly
wheel capacity makes easier braking, but it has seldom been con 
sidered that this means a lso less power developed by the motor. 
A recent investigation of thi s subjec t has led to some very in
teresting results. It is found that the wheels wi1h their low speed 
and the armatures, which usually revolve at a much higher 
rate than the wheels, together constitute an important element in 
th e determination of the power required for operating the train. 
A specific in stance will show thi s mo st clearly. Take the case of 
a double-truck car weighing 30 tons loaded. It has eight 33-in. 
wheels weighing about 700 lbs. each , and two motors rated, we 
wi ll say, at 150 hp each. The radiu s of gyration of the whee ls 
is about 77 per cent of the radiu s of the whee l. The center 
gyration of the wheel, therefore, moves at a rate 77 per cent of 
that of the train. The fly-wheel effect of each wheel then is 

equal to a weight of 7°~ = 415 lbs. when reduced to the speed 
-7i 

of the car. Eight wheels will therefore add 3320 lbs . to the 
inertia weight of the ca r. 

T he ar;natures have each a fly-wheel effect of 1400 lbs. at a 
radius of 6 inches. With a gear ratio of I8 : 53 the center of 
gyra tion of the armature wi ll move a di stance of 9.25 ft. for 
every revolution of the ax le, or for a corresponding movement of 

the car of 8.6 ft. Its relati ve speed is, therefore, 2- 2
-
6
5 = 1.o8 

R 
time s th e car speed, and the fly-wh eel effect is therefore 1400 X 
r.082 = 1640 lbs. r educed to the car speed. The two armatures 
thus add an equivalent weight of 3280 lbs . to the inertia weight of 
the car. 

The wheels and armatures together add an equivalent of 3320 
+ 3280 = 6600 lbs., or about II per cent to the inertia weight 
of the car: 

T he fo llowing paragraph will show the effect of a change m 
the gear ratios : 

With a gear ratio of 20: 51 the fly-wheel effect of the arma
tures would be equivalent to the add ition of 2400 lbs. to the 
inertia weight of the car. This together with that of the wheels 
adds a total of 5720 lbs. or about 9.5 per cent to the inertia 
weight of the car. 

From a considerable number of instances that have been taken 
the fly-wheel effect of the rotating part of an electric car is found 
to average about IO per cent of the ineTtia of the entire we1ght 
of the train. This means that Io per cent mo"re energy is stored 
in every t rain than is accounted for by the dead weight, IO per 
cen t more power is required for accelerating, IO per cent more 
energy is lost in braking, and the tra in resistance measured Ly 
the retardation in coasting is IO per cent below the true re
sistance. 

The actual increase in energy supplied to a train on account of 
the fly-whee l effect of the rotating parts is the energy in these 
parts which is lost in braking. The relation this bears to the total 
power developed by the motors is dependent on the number of 
stops, the speed at the time the brakes are applied and on the 
energy absorbed by the train resi stance. Where the stops are 
frequent, the energy lost in brakes may be from 50 per cent to 
75 per cent of the entire power developed by the motors, in which 
case the energy required by the rotating parts wi ll be from 5 to 
7½ per cent of the total. 

There are two simple methods for including this item in the 
ca lculations. The first is by basing the calculations on a weight 

• Paper contributed in discussion of Dr. Hutchinson's paper at meeting of 
American Institute of Electrical Engineers J an. 24, 1902. 

of car IO per cent h eavier than the actual in determinin g the ac
celeration and drifting. The st;cond is by assuming that the 
force required to produce a certain rate of acceleration is IO per 
cent higher than would be necessary if it were simply a dead 
weight. This is probably the simpler method, as it gives round 
numbers for calculations, as IO per cen t added to 91.3 gives 
practically IOO lbs. per ton as the force required for accelerating 
at the rate of 1 mile per hour per second. All that is neces
sa ry then in correcting calculation s for accelerations is to use thi s 
figure of Ioo !tis. per ton in stead of 91.3. It will give a good 
average correction, a lthough if great accuracy is des ired it will 
be preferable to calculate th e fly-wheel effec t of each of th e ro
tating - parts of the train separately. It will u sually be found 
that for slower speed se rvice, where the gear reduction is con
siderable, t hat more than IO per cent will be required, while for 
hi gh-speed interurban work, where it would really amount to very 
littl e anyway on account of the small number of accelerations, 
the amount to be added for the correct.ion will be less than IO 

per cent. 
As will be read il y recognized thi s factor wi ll also enter into 

the determ ination of the train resi stance from the coasting line. 
J u '.'. t how much of a correction wi ll have to be made on this ac
coun t depend s somewhat on what is considered to be the train 
resistance. If this includes the friction in the motor then the 
t rain resistance obtained from the coasting line will be IO per 
cent lower than the actual train resistance. On this assumption 
if the retardation in coasting is .2 miles per hour per second, the 
train res istance wi ll be 20 lbs. per ton in stead of .182 as <;alcu
lated by the ordinary method. If, however , the train resistance 
does not include the fricti on of the motor the correction neces
sary to be made for inertia of rotating parts wi ll be small, be
cauo-e it wi ll be nearly ba lanced by the motor fr iction. Wh en 
th e train is coasting, the inertia of the rota tin g part is added to 
th e inertia of the dead weight of the train in tending to keep up 
the speed, while the fricti on o f the motor is tending to reduce 
the speed. \ i\Then the train -is accelerating, or moving wi th 
rower on the moto rs, the motor friction is taken into account in 
the effici ency curve of the motor so that the train resi stance to 
be used in calculating the acce leration should properly not in
clude the motor friction. It will thus be seen that the error due 
to motor friction and the inertia of the rotating parts will tend 
to counterbalance each other in the dete rmin ation of the train 
resistance from the coasting line. F or accurate determination s. 
however, the train resistance should include a considerat ion . of 
both the inertia of the rotating part s and the motor frict 10n. 
The most accu rate way to obtain this is to plo t th e friction curve 
of the motor and to obtain th e inertia of the armature and wheels 
ei ther from tests or from calculations ba sed on the drawings. 

It may be considered that thi s is an undue refinement, but i f 
the matter is carefully investigated it will be fo und that the 
motor friction is quite a considerable port ion of the to tal train 
resis tance, in the same way as the inertia of the rotating parts 
is a considerable portion of the inertia of the train. 

It is understood t hat general solutions for the rai lway problem 
may be offered which will give fair approxi mation of the motor 
capacity and the amount of power required. It is understood 
than any good eng ineer with a fair amount of experience can 
give a pretty good estimate of the power required fo r a given 
~ervice, even when considering the capacity of the motor accord
ing to t he old horse-power rating. But where accuracy is re
quired, every known element should be considered at its proper 
Yalue and there will still be at best enough variable quantities in 
the rai lway problem. The most reliable estimate for tra in re
sistanc e should be u sed; the inertia of the rotating parts should 
be obtained and considered; the weight of the entire ~rain 
should be known; the acceleration and power curves should be 
ca refully plotted and the average heating effect in the motors 
should be accu rately determined before any large equipment is 
fina lly decided upon. 

----.♦----The National Conduit & Cable Company, Times Building, Park 
Row, New York, has secured a contract valued at nearly $100,000 
for trolley wire to be used in the construction of the Sydney City & 
Suburban electric traction sys tem, Austra lia. The contract was 
obtained through R. W. Cameron & Co., of 23 South William 
Street, New York. As already mentioned in these columns, the 
init ial equipment for the Sydney power station, representing an ex
penditure of some $8oo,ooo, was allotted to the General Electric 
Company, and it is proposed to extend the station shortly at an esti
ma ted cost, with equipment , of about $500,00~. It may be well to 
state that the tenders now being invited by rhe municipal council 
of Sydney for the equipment, etc ., of electricity supply works have 
no reference to further contracts for the Sydney electric traction 
system which is being built by the New South Wales Government 
Railway & Tramway Commissioners and not by the municipality of 
that Australian city. 
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The Relation of Energy and Motor Capacity to Schedule 
Speed in the Moving of Trains by Electricity * 

BY CARY T. H U T CHI N SON, P h. D. 

Thi s di scuss ion shows snch serious mi suuderstanding of the 
paper that I wil l state its scope before refe rring to the remarks in 
det ail. One of the most impor tant fac tor s in consider ing train 
movement is the initial acceleration . My purpose is to show the 
effect on the energy a nd motor capacity o f using different initial 
acceleration s. T o thi s end it is necessa ry to keep all other con 
ditions constant, otherwise the result is due to a change in more 
than one condition and cannot be estimated accurately. 

I have therefo re elaborated a method that g ives the effec t of 
va rying the initial acceleration on the energy and mot or capac ity 
required for any fi xed schedul e speed over any di stance. That is, 1 
di scuss the r esults of making. e. g:, a schedule speed of 15 111. p. h. 
fo r a di stance of 2000 feet , with any assumed init ia l acceleration . I 
do not di scuss the differences due to va rious schedul e speeds, al
though thi s is a simple deduction from the data g iven. N early 
every participant in thi s di scuss ion ha s mi ssed thi s point, and has 
ass umed that the discuss ion was on the rela tive value o f h igh and 
low schedule speeds. 

T o bring out the effect o f varying one qua nti ty a ll others mu st be 
kept constant . It is therefore necessary to u se a genera li zed motor 
cur ve applicabl e to all sizes of motor. T he general cur ve that I 
g ive is the average from a number of tramway motors now made by 
the two chief companies. 

The crit icism that these curves are not applicable by r eason of 
the varying va lues of the motor losses is cl ea rly without fo unda
tion ; different motor characteri sti cs will effect similar changes for 
an initia l acceleration : better absolute result s will be had with a 
better motor , worse with a poorer , but the rela tive results wi ll not 
be altered. 

The paper is based on certa in assum ption s ; one is that• the mo
tor ca rri es only the " rated current" during the period o f initial 
acceleration. I have deduced the curves on va riou~ other ass um p
tions o f load during the initial acceleration up to 50 per cent over 
loa d ; the rela tive resu'lts are not changed mater ia lly thereby, al
though the motor capaci ty required is changed. T hese cun-e sheet
were not publi shed ; th ey would haw made the paper too 
voluminous. 

P erhaps the best answer to the genera l cri ticism of the "theo
ret ical" and " mathematica l" nature of thi ~ paper is a compari son of 
the results g iven by these cun·es wi th results ob tained inde
pendently. 

In the issue of the E lrctrica l TVorld of J an . 25. 1902, the fo llowing 
da ta ar.e gi,·en of the equipment adopted by the cng;neers of th e 
Manhattan E leva ted after long inves tigat ion: 

S chedul e speea, 14.7 m. p. h . 
Length of run , 1775 ft. 
Stat io n st op, 14 secs. 
Running t ime, 68 secs. 
Tot al time, 83 secs. 
Ini t ial accelerat ion , 1.5 m. p. h. per sec ond. 
Reta rdat ion a f te r braking, 2 m. p. h. per second. 
E ne rgy used per ton mile, 77 wa tt -hou r s. 
Train we igh t (equivale nt ), 174 to n~. 
Equipment adopted , 8 G. E.-G6, 1000 rated hp. 
Ki lowatts per ton. 4.3. 
Starting cu rre nt per m otor, 200 amps. 
L oad at st z. rting, 100 per ce nt of rate d capacit y. 

From these data the average velocity V = 17.7 111 . p. h . and the 
through accelerat ion A= .26. 

The ru le g iven in the paper is : The best initial accel eration to 
adopt is that acceleration g iving the minimum moto r capac ity. 
S ince these motors are used a t their ra ted capacity during initial 
acceleration , as is assumed in the paper, the cun e sheets are ap
pli cable except in so fa r a s they a re modified by th e fact that th e 

· bra kin g retarda t ion adopted is 2 m. p. h ./sec. instead of 3, as used 
in the paper. Th is will make a ve ry slight di fference in the r esult s. 

Curve Sheet 14, fo r A = .26, g in s fo r th e in it ia l accelerat ion for 
the min imum motor capacity 1.5 111 . p. h./scc ., ag reein g exact ly with 
the fi gures determ ined by the Manhattan 's eng in eers. 

Curve Sh eet 13. at thi s initial accelera ti cn . gives fo r the energy 
required 75 wat t-hours per ton mile . T he Manhattan's engineers 
fi nd 77 ; the agreement is substantially perfect. 

Aga in, from Curve Sheet 14, the motor capaci ty required is 
. 165 X 1775½ = 6.8 kw per ton. 

T he capac ity adqpted by the Manhattan 's eng ineers is 4.3 kw per 

* l'orming pa rt o f th e disc ussion o n D r. Hu tc hinso n's pa pe r read before 
t he A me rica n Tnstituk of Electr ica l Engin eers, Jan. 24, 1902, bu t contr ibu ted 
a fte r adj ournment , 

ton. T his d ifference is. materia l. An exa mination of the curve 
sheets of the motor adopted- the G. E.-66--shows at once the 
reason. In the paper it is assumed that th e sum of the core and 
copper losses a t r ated load is 12 per cent of the rated capacity. 
Curve Sheet 14 is based on this assumption, which, as I have sa id 
before, is a fa ir assumption. It happen s, however , that th is par
ti cular motor has a very low hea t loss, the sum of th e copper and 
core losses being only 7.8 per cen t at rated loa d. The motor ca
paci ty depend s directly upon thi s loss. Reducing the capacity found 
fro m Curve S heet 14 in the ratio o f 7.8/12-that is, th e ratio o f the 
heat losses at ra ted load-gives a motor capacity of 4-42 kw per 
ton fo r a motor such a s the G. E .-66. Thi s figure is practica lly 
identical with the value adopted for the Manhattan equipment. 

In other words, the engineers of the Ma nhattan E levated have 
un con sciously followed the rule contained in this paper and have 
adopted, after laborious in vest iga tion, motors givin g exactly the 
same init ial acceleration and the same energy con sumption as 
wo uld have been determined in a few moments by the curve sheets 
of my paper had they been ava ilable ; and wh en proper allowance 
is made fo r the difference in the hea t lo sses, practically the same 
motor capaci ty per t on . The engineers of the Manhattan Company 
e,·idently do n ot believe in high initia l acceleratio11 s. 

T here is little that requires a detailed reply in the di scu ssion of 
the paper. Mr. Stot t and Mr. Ger ry both state that it is a " recog
nized fact" that maximum accelera tions g ive maximum economy. 
T his, of course, I di spute ; and as they offer no testimony to sup
port their position, it must be taken merely as a matter of opin ion. 
Mr. Gerry and oth ers confuse schedule speed with in itial accelera
tion and seem to think that I am arguing for low-schedule speeds. 

M r . P otter 's paper gives interest ing data on the individual char
acteri stics of d ifferent motors, bu t has no pa r t icular bearing on my 
paper. We all kn ow that moto rs differ, and for thi s very reason it 
was necessary fo r me to assume an average motor. Mr. P otter has 
probably no t a tt empted to tes t the application o f th ese curves to 
practi cal conditions or he would not have sta ted hi s belief that they 
were not applicable. 

M r. Gotsha ll has presen ted a number of in teresting curves show
ing the " run s" on hi s proposed New York & Por t Chester road. 
T hese curves are merely paper estimates, made in the same general 
manner a s some of my curves a rc made, but fo r specific motor s. 
By addin g a di scussion of the effec t of g rades and curves ( which I 
purposely omitted, since they are a rbitrary) , Mr. Got shall attempt s 
to show that the r esult s o f my paper a re not applicable to p rac ti cal 
condi t ions. H e finds g reat d iffic ul ty in comprehending the mean in g 
of the quant ity "A," t he "th ro ugh accelerat ion"; in fac t , I think 
tha t it would hardly be an exaggeration to say that h e has n ot yet 
comprehended it . In the verba l di scuss ion of the paper he an 
nounced hi s di scovery that thi s quan ti ty A , wh ich he declared I had 
ca lled constant, had very di fferent va lu es for the different " run s" o f 
h is road! After thinking the matter over he offer s in the written 
di scussion another interpretat ion in these words : " In his paper 
Dr. H utchin son has used and applied the letter A as a symbol 
des ign at ing what he chooses to ca ll ' th rough acceleration,' which 
is a purely abstract idea, the physical meaning of which is not easy 
to realize. * * * The varia t ion s fo r the individua l run s in the 
,·alues of thi s quantity are very g reat , the differences being as much 
as 200 per cen t. I believe that Dr. H utchinson intend s the va lue of 
A to be a sort of average accelerat ion factor. " 

I think it is hardl y necessa ry to comment upon these quota t ion s. 
l\I r. Got shall , aga in r eferring to my un fort unate qua ntity A, 

, , hows that he find s great difficulty in grasping the meaning of "in
dependent var iable." H e says : " Referring · aga in to the values of 
the facto r which Dr. Hutch in son designates by the letter 'A,' and to 
which he g ives the name 'th rough accelerati on,' it wi ll be seen that 
thi s value also va ri es widely, it s highest value (for run No. 3) be
ing .6q a nd it s lowest value (for run N o. -+ ) being .2J +- The 
, •ariatio11 s of this quantity A arc such as to sh ow clearly that it 
i~· not an indc f c11dc 11 t variable, but th at it is itself a f 1111 ctio11. of 
ulh c,· tlti 11 gs. s 11 ch as th e lc11 gth of ru11 , the 111axim u111 sfccd at
ta i11 cd, or of so111c other qua11tity." P oss ibly he means by '·~nme 
other quan ti ty" that it is a fu n ction o f the understandi ng of the 
reader , or the want th ereo f. 

Mr. Gotshall also seems to th in k that he can use such motor ca
paci t ies as 18 .5 kw per ton. S ince the weight of motors. cont rol 
lers. brakes and sundry elec tri cal eq uipment is very approxi mately 
70 lbs. per kw, thi s mean s that 1300 lbs. will be r equi red fo r these 
r ar ts alone. It is difficult to sec how the remaining 700 lbs. is suffi 
cient fo r trucks, ca r body and passengers. T hat no such motor 
equi pmen ts will ever be used is a safe prediction . 

rv1 r. Dod d, in hi s di scussion, has taken the data and fo rmul~ of 
my paper and by handling them in an incorrec t man ner has deduced 
cer ta in results which are directl y oppos ite to my resul ts. H e starts 
with equation ( 18) of the paper and makes it an arbitrary subst itu
tion of TOO = a s ; using the rcsultin$ equation , he calculates three 
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tables. For each of these tables ·the initial acceleration, the brake 
power and the di stance are constant. By assuming more or less use 
of the motor curve he gets several schedule speeds, and from them 
calculates the energy consumption. He then plots the schedule 
speeds so obtained in terms of energy consumption for the three 
different initial accelerations. This final curve sheet, which is the 
summation of his paper, offers no basis for comparing the same 
schedule speed with different initial accelerations. A ll that it does 
show is the difference in energy required for more or less use of the 
motor curve, with constant power, for the three particular in it ial 
acceleration s assumed. In Table A, for in stance, a schedule speed 
of 14.02 m. p. h. is obtained, with a velocity of 165 per cent of the 
rated velocity; whereas in Table B the schedule speed of 14 m. p. h . 
is obtained with a velocity of II2 per cent of the rated velocity. 
These two values are n ot comparable, as they are obtained under 
entirely differen t conditions. 

In addition, l\fr. Dodd uses the wrong equation to calculate the 
input. If any equation of this character is to be used, the equation 
(23) is the correct one and not (18). 

The misunder standing of the purport of the paper shown in the 
greater part o f the discussion is in striking contrast to the clear 
view of it s scope shown by our president. His statement of its 
bearing on the gen eral question could not have been improved. 

•• 
Dr. Hutchinson's Method of Determining Best Initial 

Acceleration * 

BY LOUIS DUNCAN, PH. D. 

Mr. Hutchin son's paper is va luable, as it brings out clearly the 
fac t that a max imum train acceleration does not always mean an 
increased economy. The factors which he has taken into account 
have been n eglected in th e ordinary treatment of the subj ec t. A 
high acceleration mean s an increased weight, and the added weigh t 
makes the en ergy per car mile for the same schedule about the same 
fo r all acceleration s wi thin the limits imposed. The tests which 
have been publi shed, showing in creased effi ciency for high accelera
tion s, have been made on train s with constant weight s and with the 
same motors. T hey are not applicable to the practical case in which 
the motors must be designed to fit the acceleration. -

It should be di stinctly understood that in the paper the schedule 
is fi xed, and the ques tion di scussed is the best acceleration to make 
this schedule . The motor curves are apparently taken from actual 
result s obta ined from machin es now on the market and in operat ion, 
so there should be no question of thei r approximate accuracy. 

The paper is important because it has lifted the question of train 
acceleration out of a rut and put it on a level of common-sen se 
engineerin g. 

----♦----
Statistics of th~ Tramways in Great Britain and Ireland 

The official report of the tramways of Great Britain and Ireland 
for the year endin g June 30, 1901, and required by the House of 
Commons, has just been published. It conta in s the fo llowing 
among other interesting facts: 

England Scot land. Ireland. United 
and Wales. Kingdom. 

Capi tal authorized: £ £ £ £ 
By shares .. •.........•........ .. 11 902,374 ;"5-J.500 2,3U0,922 • 14,955,796 
By loans and debentur~s ..•. ••.. 22.6!J6,\J l3 3,580,926 643.411 29,921,250 

----
T otal .......••••.••••••. 34,59(),287 4,33:3,42(i 2,944,333 44,877,046 

----
Capital paid up: I 

Shares ............. .•..•. ....•• 7,564,099 302,753 1,527,672 9,394,5~4 
Loans and debentures........... 11,695,325 3,451,763 :H8,661 15,495,749 

Total. •.••.. •.• ········ 119,25-9,424 3,754,516
1 

1.87'6,333 24,890,273 

T otal ca:;,ital expended.. 20,238,445 1 3,&72,785 2,687,793 26,799,023 

Length of line..... ..... .... .. .. 1,040 116 149 1,305 
· Number. Number. Number. Number. 

Miles. Miles. I J\liles. I Miles. 

N umber of cars.. ..... ....... ... 5,051 1.204 555 7,184 
Total No. of passengers carried.. 932,052.219 186,837,823 79,236,716 1,198,226.758 

Gross receipts •.......•..•• •••••. 
Opera ting expenses •••••.••••.. 
Net receipts .......•..•••••••.••. 

4,,i&.775 
3,652.047 
1,141,728 

£ 
743,068 
569.056 
174,012 

£ 
424,219 
304,076 
120,143 

£ 
5,961/62 
4,525,179 
1,435,883 

* Forming part of the discussion on Dr. Hutchinson 's paper r ead before the 
American Institute of E lectrical Engineers Jan. 24, 1902, but contributed 
after adjou· ment. 

A division is also m ade between those belonging to the local 
authoriti es and those n ot the property o f the local authorities. 
T his info rmati on is contained in the fo ll owing table: 

Tramways belonging to local! £ · £ 

than local aut horit ies .. •• • 10,261,517 12,741,359 

LENGTH OPEN TO TRAFFI C . 

Double. Si nJ2; le. Total. 

Miles. Miles. Miles. 
428 261 689 

257 358 615 

99 

114 

au thonties ••• ••.•..••••. 1 8,638,682 14,057.664 
T ramways belonJl: ing to otherl 

--- --l----1 --- --- - --,- -
T otal United Kingdom . . 18,900,199 26,799,023 685 619 1,304 213 

•• 
Tests on Power Consumption in Liverpool 

In a recent paper before the Briti sh E lectri cal Engineers by J. 
Swinburne and W. R. Cooper par tic ular s are g iven of some tes t s 
made on the L iverpool E levated Rail way with special motors de
signed to secure h igh acceleration. T he total length of thi s line is 
10.5 km ( 6½ miles), with seventeen stations. Up to the present 
this distance has been nm in thirty-two minutes, or a t the r a te of 
about 20 km ( 12½ miles) per hour. Tests with new rolling stock 
haye shown that thi s time can be r educed to 20-4 minutes, the t ime 
at station s r emaining eleven seconds, as before. T he total w eight 
of the t r ain, in cludin g passengers, during the tri al run was 46.3 
tons, the tota l carrying capacity of the train being 154 passen ger s. 
T he energy required increased from 250 kj . per tonn e km ( no ·watt
hours per ton mi le to 310 kj. per tonne km ( 137 watt-hours per ton 
mile) or 6.35 uni t s per train mi le. T he total cos t of producing and 
t ran smitting thi s energy would be about 3d. per train mile. In the 
fo llowing table is given a summary of the results obtained: 

Old System 

Mean speed ••••.. . ••••••.•.• •••. 12½ miles (;?0 k m. ) 
N o.ofs tops .•• ....... ...••... . _. Hi 
Mean time at sta tions ..••... • ••. 11 seconds 
Mean distance between statit ns .. 729 yards (666 m.) 
Watt.hours per ton mile .••...... 110 
Accelerat ion......... ... ........ 1.6 feet (U.44 m.) per sec. 2 

Retardation .....••••...•..•... .. 3 feet (0.!J t m.) per sec.2 

Accelera ted Service 

19½ miles (31 km.) 
I(i 
11 seconds 
729 ) ards 
13i 
3 feet (0.91 m ) pe r sec. 2 
4.8 feet ( l. 26 m.) per sec.2 

Street Railway System in Plymouth, England 

The extended description, publi shed elsewh ere, of the street 
1 ail way system in Plymouth , Mass. , makes a referen ce to the str ee~ 
railways of P lymouth , E ngland, of interest. T h e t ran sporta tion 
facilities of the city are really one with those of it s n eighbors, 
Stonehouse and Devonport, the th ree town s bein g indeed but on e, 
and with their imm ediate suburbs compris ing a population of 
about 250,000. 

The London & South Western and th e Great W est ern Railways 
conduct a spec ial service of t rains through the three town s. 
T he bulk of the city traffic is, however, carri ed by the elec tric 
street lines. Of these there are th ree separate companies: The 
P lymouth Corporation Tramways Company, th e D evonport & 
D istrict Tramways Company and th e London & Provincinal 
T ramways Co mpany. 

The P lymouth Tramways Company is a muni cipal corpora tion, 
and operat es, at the present t ime, 12 miles of sin gle track, run s 
thirty car s, and is n ow opening a new ro ute of 2½ miles of track. 
The company ca rri es, on an ayerage, 66o,ooo passen gers per 
month. T hi s company is still extendi ng its power house and 
openin g new routes. 

T he Devonport & District T ra mways Company is owned largely 
by American capitali st s, and i_s m :111aged by an Am erican. The car s 
were purchased in P hiladelphia. T hi s co mpany operates 15 miles 
of track and is about to commence work, if it has n ot already done 
so, on an additional 12 miles of track. T h e t r affic on th ese lines, 
wh ich pass th rough D evonport and suburbs and past the R oyal 
Dockyard, is ve ry h eavy and con stantly increasing. The com
pany wi ll sh o rtly require several n ew cars, in fa ct plans are now 
being submitted to th e manager . It is the purpose of thi s com
pany to run out into the count ry, and, if poss ible, connect D ev on
port with Tavistock , about 14 mil es distant. 

The Lon don & Provincinal Tramways Company leases from the 
Devonport Corporation the 2 miles of track connecting Plymouth 
wi th D evonport. These tracks run right through the heart of the 
three towns, and the traffic is very heavy. The whole equipment 
is th e pro perty o f the Devonport Corporation, and the present 
company's lease is for twenty-one years. 
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An Analysis of Street Railway Operations in Germany 

BY WILHELM MATTERSDORFF 

The operating results of certain street railways in Germany, 
when ana lyzed and represented graphically, develop interesting 
curves which have been investigated by the writer and described in 
detail in the Zeitschrift fur Kleinbahnen. The followin g abstract of 
the more important principles brought out in the paper has been 
prepared, with the belief that the consideration of the subj ec t from 
this standpoint will furnish material useful to the engineer as a 
basis for the preparation of his calculations, as well as o f interest 
to the practical street railway operator. 

The construction of the diagrams was passed upon two axes of 
reference, for which the work performed by the 
street railways in car kilometers per year was used 
as abscissas and the ratios of the most essentia l data 

of street railway companies are not suffici ently detailed to permit 
of the various data being arranged in their proper classes. F or 
instance, the traffic density of th~ Grosse Berliner Strassenbahn in 
the period 1872-1889, for which there were no statist ics availabl e 
as to the length of railway operated, was taken as approximately 
one-half the total length of track. 

In Fig. 1 curves are g iven showing the relation of t raffic density 
to car kilometers run for various railways. F rom a study of these 
curves the following principle may be established: 

Traffic density at first increases rapidly with the number of car 
kilometers run, then less rapidly, and fina lly reaches a limiting 
11a/ue beyond w hich there is no increase. 

This principle applies, however , onl y when there is a uniform , 
progressive increase of car kilometers. If the development is not 

Relat ion of Gl'oss Receipts to Ca, Kilometers relating to their operation as ordinat es. It is to be 
noted that the data have not been used directly, b11t 
in a form tliat expresses the mutual reJations of each , 

80 ,--:..1---,,,--t---+----+---+---+---J -_-_-_-_- ! ~~:::
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as ' gi\'cn herewith: 10 

( 1) Th e relation of " density of car traffi c' ' to z 
number of "car kilometers run." j w 

( 2) The relation o f " income per car kilometer" to :2 
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" car kilometers nm'' or " traffic density." ~ ,o ~ -').__ 
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(3) 1he relation of "expenses per car kilometer '' "" ~ 1 

to the above. ~ ,u __ ]:-::__ 
In accordance with thi s plan, eight large street rail - = · '"'"· 1 · -..... 1 

way systems, so far as their annual reports were "" >. . :~ c 

available, have been investiga ted. Th e systems in- ! 
30 

1
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eluded are the foll owing: Grosse Berliner Stra5sen- 20 1....-----+---

balm, Hamburger Strassencisenhahn , Mi.inchener 
Tramhahn (Munich ), Dresden er Strassenhalm , 1,i 

Deut <c he Strassenbahn in Dresden, Breslau St r<1 ~~en-
cisenbahn . Kolni schc Strassenhahn (Cologne ) . and. 
\Viener Tramway, of Vienna. 
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I. TR AFFI C DENSITY 

Traffic density is construed as meaning th e density 
of the car traffic, or the number of car kilometers made each yea r 
per meter of railway. The term railwa:y , as here 11se cl , is taken in 
the sense defined by the Verein dcutscher Strassen- und K leinbalm 
V cr,c•alt1mgcn, as "length of streets along which tracks a re laid and 
operated for public convenience according to establi shed sched
ules." Tracks in switches, car houses, etc .. are omitted in this figure. 
A kilometer of street containing a single or double track is reckoned 

2()00------ ,>+
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FIG 2 

uni fo rm . as in ca se of a sudden extension of the railway mileage, 
with a decline, at the same time, in car kilometers, ther e will be a 
falling off in the traffic density until normal conditions are again 
reached. 

Upon examining the individual curves, we find that of all the 
railway s th e Grosse Berliner Strassenbahn has reach ed a stage 
where the service approaches m ost closely to the limiting value. 

The traffic upon the busiest streets of Berlin can increase 
but very little in the future, and all additional traffic must 
be directed to other paths. The greater part of the increase 
in car kilometers during recent yea rs has come from the 
ex tension of railway lines in the outer di stri cts made possi
ble by the introduction of electricity , but in the future 
there can be no such rapid growth in average traffic density. 
A simila r condition of affairs exists with regard to the 
operations of the Deutsche Strassenbahn in Dresden, while 
the systems of Bres lau and Cologne have not yet in stalled 
electr ic ca rs, and therefore show an undeveloped t raffic 
density . The curve for the Dresdener Strassen!Jahn since 

+ Grosse Th:r liu<r Strcsseuuiihu . e Jl res,lne, ~lr;iss nlialm _ __ __ the introduction of electricity begins to approach the hori-
x Wione r T ran,w ., y I ----l + !\ <>I ner " ---- zontal at a rapid rate. The 1\1unich railway is now in --'/ 
: ~:;,:~:':~

1

1
;•~ 1~'.~~;'~P~" ______ ] * Breslaue r " ------··-·· creasing rapidly with respect to traffic density, owing to 

~o 
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• the small railway mil eage combined with a rapid increase 
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FIG. I 

as I km. Practically all of the trackage of the lines considered in 
the accompanying analysis is " double" track. The idea of traffic 
density, as applied to a large street railway with it s branches, 
establi shes a certa in average value for the traveling population 
of the streets as well as for the transportation fac ilities of 
ra ilway lines. This expressi on may be used also for the 
purpose of ascertaining the average interva l between cars, 
which, of course, wi ll be a fictitious quantity, but none the less 
characteristic for a railway system. To arrive at this result , the 
traffic density is divided by the ave rage time of operation in a year 
expressed in minutes. The reciprocal of the quantity found will be 
the headway. For example, the average headway in the case of 
the Grosse Berliner Strassenbahn for the year 1900 with an 18-hour 
day, 56,000,000 car kilometers and 234 km of railway, is 

234X18X365X6o . --- - --= 1.65 mmutes. 
56,000,000 

It will often occur that rough approximations must be employed 
in calculations of this character owing to the fact that the reports 

t em exhibits special peculiarities that are noticeable. Al
though it shows rapid fluctuations as r egard s performance. 
yet all values for traffic density, with but four exceptions. 

li e on one curve. In its middle portion, covering the period 1884-
1891, a depression is observed that is to be explained by a decline in 
traffic density and by the extension o f railway mileage, but other
wise it ascends in an even manner to the end, where it approaches 
the limiting value as shown by the horizon tal tendency. 

A comparison of the absolute value of the traffic density in 
individual cases is also of considerable interest, even when only 
approx imate accuracy can be secured. With the same numbe r 
of car kilometers the traffic density is smallest in cities wi th large 
suburbs spread over extensive areas, while in cities with a com
pl ex railway system and large traffic it occupies a mean position. 
The largest traffic density is found in those cities havtng com
paratively small suburb s and a railway system with few branch 
lines. In illustra t ion of thi s, the following results a re given for 
the railways under discussion , which are based upon 3,000,000 ca r 
kilometers : Cologne, 62 ca r kilometers per meter railway and s½ 
minutes car headway ; Dresdener Strassenbahn, 60 car kilometers 
and 5 minutes h eadway ; B erlin , 78 car k ilometers and 5 minutes 
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headway; Munich, roo car ki lometers and 3.5 minutes headway; 
Deutsche Strassenbahn , roo car kilometers and 3.5 minutes head
way; Breslau, 108 car kilometers and 3.2 minutes h eadway; Vienna 
rr3 car ki lo m eters and 3.5 minut es h eadway. Of th e above rail-
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FIG. 3 

way systems Cologne shows the least traffic density, whi ch is t o be 
asc rib ed to the extensive suburbs lying o utside the city limit s, th at 
must be served by long lines. Next in o rd er is th e Dresdener 
S t1-assenbal111 with it s exten sive suburban branch es. Ber-
lin in it s interior has a compl ex system, whi le the snr- ~ ~ 

an increased mmzber of car kilometers, they decline, and the direction 
th en is that of a curve asymptotic with a line running parallel to 
the abscissa. 

The receipts per car kilometer ,may be rai sed artificially by limit
ing the car kilometers run, but it will fall again if the number be 
increased. 

Fig. 3 g ives both th e traffic den sity and the r eceipts per car 
k ilo meter o f th e Munich tramway compared with car kil o met er s 
run , and sh ows very cl early the r elation s existing between traffi c 
density an.d incom e. It will r eadily be observed that an increase 
in the val ue of the o ne is accompani ed by a decr easP of th e other, 
but naturally the amount of fluctuati o n in rece ipts and traffi c 
density ar e n ot always in th e sa me rat io. 

Fig . 4 shows the inco me of t h~ various railway system s in rela
tio n t o traffic density. ·wh en compared with Fig 2, it leads t o th e 
remarkable deduction that th e max imum of receipts on all th e 
li nes under di scussion ii es between 3,000,000 and 4,000.000 car kilo 
meter s_; this diagra m establi shes th e fo ll owing values for traffi c 
density in times o f maximum inco me: D resden (Deutsch e Strass
enbahn), 195 car k ilo meters per meter railway and 3 minutes 
(Dresden er Strassenbahn ). 70 car kilometer s and 5 minutes head 
Vienna, roo car ki lo meters. and 4.5 minutes headway; Dresden 
(Dresden er Strassenbahn), 70 car kilometer s and S minutes head
way. In Brcslau a nd Cologne th e maximum may not have been 
reached; at any rate the conditi o ns a re difficult to interpre t owin g 
to the irregular developm ent oi the operations. The max imum 

rounding pa1-ts are tra, er sed by a large n umber of branch ;::\?. ~ 
lin es made necessary by the rapid growth of population in ., "'gi The Areas Correspond to Total Amounts. 

so 7r( £- fil e¢ .,... tJ") The Operating Cocffident is showu in per cent 
these direction s. Greate r traffic den sity is found in Munich, ~ ~ ~ gi gi :ll ,,, oflucorne. 

with it s small suburbs, and al so in Bre~lau, which ha~ no 70 'IT171

6867
~ ~ '- ~ ~ ~ ! ~ ~ ; ~ ~ ~ ~ ·s.:• 

suburban lin es worthy of notice . The Vienna Tramway - = ~ ~ ~ ::,: :-. 
0 ~-~.!: 61 ~ 

shows the greatest traffic den sity of all upon the basis of -" -"' _ "" "' ,~ I tiO ,:rs 3,000,000 car ki lometers, and also the greatest den sity in :: l;tj ~ _ 2!- -.'.'."_~ " _,,, 

an absolute sense, the value being 270 car ki lomete r s per j · ·t,. .,,,_ ~0 ~ .,,,_ ,,, , 

meter o f railway, a s compared with 240 for th e Grosse :2 "
0 

"'r,;11~ ~ j ~ ;f g i :;- ...,,_ ; ~ ~'- -:;- :----,---, ~~ ,u% 
Stra ssenbahn. G .r.i ~ i i ;;- ~~ " <> ~ r----... __ _ 

Again, if we inquire as to the number of car ki lometers ~ ; u · " "\ .r. .,, Jl ~~ ;;i ;t-. ffi . fr .:.. :,.;,.;; 353-tJ..
1 

34 
32 

31. 5 :! L ')j L '. 

each rai lway mu st run to attam a common tra c density, -~ 
30 

" ·' ~~·' "'· ' 

we y, ill fin d that , in accordance with the size of the sys- ~ .,.;.;- " , 
tern , the amount wi ll be small est for those rai lways havi ng - --i.'...:_-1--,-,_....;(-.-'-j:~·1

i:.-.,...'~ 

2ti.i 
21. ;i ~ 

a la rge ki lometer performance. Upon a basis o f 200 ca r 
kilometer s per meter railway, the number of car kilometers 
in 'fv(un ich is about 9,400,000; in Dresden ( Dresdener 
Strassenbahn ) , about 12.000,000; in Vienna , 16,000,coo; in 

20 

10 

Derlin, 30,000.000, and the correspondi ng length s of ra il
way are, for Munich, 47 km ; Dresden, 6 km ; Vienna, So 
km. and Berlin, 150 km_ 

<?.cl Qo O .... r-5 ..,; ~ 
~ g ,- C'I oo -. - - ... ::i § ~'° ~ 

II. GROSS RECEIPTS 

T he r elation o f gross receipts and car kilometers has 
been di scussed hy the writer in an article appearing in the Elcctro
tccl111ischc Z citschrift .* It w ill suffice here to call at tention to Fig. 

Car Kilomete rs in I\1 ill ions :a 
Btree t R ailway Journalr 

FIG. 5.-GROSSE BERLI NE R STRASSE NBAH N 

of income per car kilome ter in th ese large cities is attained with an 
average car h eadway of about 5 111inutes. 

Fig. 4 records the fac t that the lines entered upon 

R el~tion_of C~ross recei_ph: 
to T ra ffic Deus.i.t)7 

their development with a traffic den sity of about 50 
car ki lometers per meter railway or with a car head
way of from 7 to 8 minutes . The latter value corre
sponds to an actual average headway of ro minutes 
after a llowing for special trips. 

A con sideration of the absolute value of the re
ceipt s per car kilometer is a lso of interest. The re
ceipts of the Gro sse Berliner Strassenbahn exceeds 
those of the other r a ilw ays, but show a mor e rapid 
decline than in Munich and Vienna; they fall below 
those of the last -mentioned city at about the density 
point o f 200 car kilometers per meter railway, and 
below those of Munich at about 170 car ki lom eters. 

T he maximum income of the Dresden er Strassen
balrn is 62 Pf. at 70 km per meter, whil e Berlin and 
Vienna r eceiYe the same income with 170 car kilo
meter s per meter, or 2.5 times the former. If we as-

10 sume the max imum income of Vienna corresponding 
AJ,..,., ; ~t iuu1e, h,, ,

1
" " -" to 67 Pf. and 102 car kilometers per meter as a basis, 

L....._ _ __c ___ 
50
- ----

1
...1.
00
---"-- -

1
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000
--__c--__J"

5
:-::-
0
--J__--"°..J.

0
-----' we will find that the traffic density of Berlin must be 

FIG. 4 

2, and to state the result of this investigation , which may be ex
pressed a s fo llows: 

The receipts per car kilometer increase rapidly at first with 
tar k ilom eters run, but so on reach a maximum, after w hich, with 
---;;-i899, Vol. II. 

Street Railw•u Juurnal increased to l so car kilometers, or by so per cent, to 
attain the same income. 

The average receipts for the yea rs under considera-
tion are: Berlin, 61 Pf. per car kilometer; Vienna, 58 

Pf. per car kilometer; Munich, 53 Pf. per car kilometer; Dresden 
( Dresdener Strassenbahn), 53 Pf. per car kilometer; Cologne, 46 
Pf. per car kilometer; Breslau, 41 Pf. per car kilometer; Hamburg, 
40 Pf. per car kilometer; Dresden (Deut sche Strassenbahn), 32 Pf. 
per car kilometer. Owing to the fact that in most cases the records 
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for the last decade only were available, the average va lue as here 
given may be too low, as, for example, that for Hamburg. 

III. OPERATING EXPENSES. 

It is very difficult to collect reliable and satisfactory statistics of 

It should be mentioned that in Figs. 5-13 th e numb er of car 
kilometers run per year is useJ as the abscissa; this differs from 
the method employed in Figs. 1 and 2, but has th e advantage that 
the diagram of each fiscal year is a measure of the total operating 
expenses. By this method, i!lso, the individual items of cost as 

T ABLE !.- TRACTION COSTS 

Miinchener Trambahn (Pfennige per Car Kilometer. l Pf. = 0.238 Cen ts) H a m burger S trassen-f.i,enbahn 
(Pfennige pe r Car Kilometer) 

H orse- Power 
11 

S tea m-Power Elect ri c P ower Electric Power 

1------------- ----------------- . 

Drivers Stable 
Costs Total 

Engineers I 
and Materials 

F iremen 

Engine 
Mainte
rian ce 

Total I Motormen C urrent 
C osts 

Mainte
nance 
Power 

Station 

T otal Current 
Costs 

1890-91 _ --- ---- 4.5 15.0 19.5 2.4 7.0 3.8 13.2 
1891-9".l ---- ---- 4.1 14.3 18.4 3.7 5.!) 2.9 12.5 
1892-93 -------- 3.8 14.0 17.8 4.0 6.2 2.5 12.7 
1893-94 ----- --- 4.3 15.2 19.5 4.3 5.9 3.5 13.7 

}~litii~ :::::::: t~ 1t* 1a u g-~ t~ ~g -:i-.a 5.9 3.3 
3.6 
1.7 
u; 
2.4 
1.5 

13.4 
12.4 
11.2 
10.3 
11.0 

7,7 
4.U 
4.7 
5.0 
5.1 

16 
2.2 
2.4 
2.-1 
2.1 

9.3 
6.8 
7.1 
7.4 

1896-97 . --- --·- 4.7 14.9 19.6 4.4 6.7 3.1 14.2 4.0 5.8 

i!!lfo?~~~~~~;
1 

__ l_:_! __ , __ U_l_ il!_
1

1 H __ i! __ !!_ !i:!_
1
i __ !_~; ____ ~_I_ 

Average··· -- 4.5 I 14.5 19.0 4.1 I ll. 7 3.1 13.9 3.9 5.2 [ 2.2 

9.2 

11.3 
---------

5.4 

~ •) ,.~ 

7.5 

operating expenses, as the methods of bookkeeping in use by 
street railway companies arc extremely varied. However, the writer 

TABLE II 
Average E xpenses and Coefficients of Operations (Pfennige per Car Kilometer. 

1 Pf. = 0.238 cents) 

"' <U 
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------------1 --- - -- -- --- ---- -- ---

Grosse Berliner St ras,enbahn _. _ 
Miinchner Tramb,hn __________ _ 
Hamburge r Strassen-Eisenbahn _ 
Dresdner Strassen bahn _____ • _ •• 
Deutsche Stras.senbahn •• •• ____ _ 
Breslauer Suasseabahn _____ . __ _ 
Wiener Tramway----··· ·-·--·· 
Kolnische Strass, nbahn 

Average-- -·----- ···· ····--

14.0 
13.0 

8.G 
10.9 
9.5 

13.0 
17.3 
(6.9) 

12.2 

11.0 
8.0 

11.0 
9.0 
8.8 
8.5 

10.4 
(15.8) 

9.5 

6.0 
6.0 
5.0 
5.0 
5.0 
2.7 
7.2 
5.4 

5.3 

2.0 0.7 34.0 
3.0 0.9 32,0 
1.0 0.4 29.0 
1.3 1.7 27.9 

u 18.~ ~*·t 
3.7 4.8 43.5 
1.1 11 30.1 

2.0 1.7 31 U 

54.0 
59.0 
71.0 
61.8 
7:.!.0 
66.0 
80.6 
66.0 

66.3 

has attempted to classify the available material according to a 
uniform system under the following heads: 

I. Salaries-including all wages of conductors, inspectors, etc. 
II. Power- including fuel, maintenance of power station an<l 

wages of motermen, or else fodder, h ostl ers and drivers. 
III. Maintenance and repairs. 
IV. General expenses. 
V. Taxes and rentals . 
Int erest and sinking fund accounts are not included among ex

penses as here given. 
Upon the basis of this classification, the evolution of expenses 

for the eight street railway systems is represented in Figs. 5-13. 

~ 

:1.J a.8 -1.1 4.i 1:,2 0.1 5.4 5.7 
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FIG. 6.-MUNCHENER STRASSENBAHN 

In the case of the Cologne railway, the management a:nd power 
costs could not be separated. 

Table II. shows the average operating expenses of each railway 
as compared with the absolute figures, an d Table I. the actual trac
tion costs of the Munich railway subdivided ace0rding to horse, 
steam and electric power. 

g iven in the various classes may be summed up without such con
fusion as might r esult if there were no common zero line for ab
scissa. 

The evolution of expenses is subject to fr equent fluctuations, 
although one might expect it would have a more regular course 
than that for incomes. Apparently the flu ctuations in administra
tive economy have a more direct, more extensive and inevitable 
influence upon th e expenses of street railways than upon the 
receipts, even when managers have direct oversight, so far as pos
sible, of th e financial side of the business. The general adminis
trative conditions exercise a weighty influence upon almost an 
departments of the system; they stand in close relation to the rates 

r ...._,,__ 
.,.-
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;o ~~ ,.., 3 ,.., ,.., 

-i"" 
f 10 " 
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"The Operatiug Coe fficient 
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o f wages and to the costs of fodder, coal, ekctric current, mat e
rial s, r epairs, etc. There are also other causes which h inder the 
regul ar development of expenses that are outside the province of 
t he manager. For instance, the Breslauer Strassen-Eisc nbahn, 
in accordance with the terms of its agreement with the city, ha s 
1m-dcrtaken th e cleaning of th e stree t s, thereby assuming an addi~ 
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tional expense burden, the amount of which is largely dependent 
upon weather conditions. In this connection it may be noted that 
the weather has a direct effect upon current consumption. Such 
considerations as these show that, in order to derive a basic prin
ciple for the development of expens~s, it is first necessary to form 

50-t--,-----, 

in Breslau (1889-1893), and in Vienna (1893-g6). Increased ex
penditure on account of salaries and wages appears to have 
brought about this unusual condition in Berlin, while in the other 
cities it is to be attributed chiefl.yto failure of the harvests and con
sequent higher costs of fodder. The expenses of the Berlin rail-
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an average rate by disregarding all fluctuations that may lead to 
confusion and error. 

The expenses per car kilometer varies in general with receipts. 
Expenses per car ki lometer are subjec t, however, to frequent, 
sudden and temporary fluctuations; they decrease with a large in
crease in kilometers run, but with smaller increases they fluctuate 
and return to a general level. 

Taking up the discussion of the individual railways, we find that 
the operations of the Grosse Berliner Strassenbahn (Fig. 5) shows 
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way for the year 1900 were also abnormally high (the operating co
efficient was 59 6 per cent against 53 6 per cent in the preceding 
year) ; although the g reater part of the system had just been in
stalled with electric power, thereby increasing the car kilometers 
run. The r eason for this unusual condition is to be found in the 
difficulties that are always encountered when a large system tries 
to adapt new methods to its requirements, furthermore, in the use 
of both accumulators and overhead-trolley cars, in changes of 
traffic rates, and in the ext ension of the railway's zone of opera-
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the most uniform development and the most striking similarity 
between the ratio of expenses per car kilometer and receipts. 
Munich, Hamburg, Dresden (Dresdener Strassenbalm) and Bres
lau also exhibit a similarity of conditions in this respect. Of 
course there are exceptions to this rule in periods of abnormal 
expenditure. Such a period is observed in the case of the Berlin 
railway from the years 1889-1891, as shown by Figs. 5 and 14; and 
like periods have been experienced in Munich (18g2-93, 1893-94), 

FIG. 12.-WIENER TRAMWAY 

tions. In Hamburg, on the other hand, the expenses fell from 33.5 
Pf. in 1893 to 203 Pf. in 1897, a result, undoubtedly, of the in
troduction of electric power, as the items of salaries and general 
expenses for this period showed a decline of only 9 per cent and 
15 per cent, respectively, compared with 55 per cent for traction 
costs and 57 per cent for maintenance. 

Table I. gives an interesting comparison of traction costs for the 
Munich railway under horse, steam and electric installation. The 
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tabulation of the data was made under extremely favorably condi
tions by reason of the uniform system of accounting and identity 
of management. The average traction costs during a period of IO 

years for horse-power were 19 Pf., for steam-power 14 Pf.; with 
electric power during a period of 6 years the costs were I I Pf., or 
only 58 per cent of the costs for horse-power. T he average cost 
of electric current was 5.2 Pf. and of maintenance of power station 
2.2 Pf., making 7.4 Pf. altogether, as compared with 14.5 Pf. for 
stable, fodder and general supplies with horse-power. Such a 
comparison of data taken from actual practice goes to show that 
the introduction of electric power in a railway system should bring 
about g reat econo mies. Unfortunately, there have been many in
stances where the returns with electric power were not so satisfac
tory. The cause for such fa ilures, if not traceable to errors in 
management, will be found in the assumption of abnormal financial 
burdens upon the part of the company as a result of a lowering 
of traffic rates, or an extension of the field of operations out of 
proportion to increment in earning power, or of increased taxes 
and rentals. 

In Fig, 13 the total expenses in pfennigs per kilometer are given, 
from which a comparison may be made as to the absolute posi
tion of the various companies in this respect. It will be observed 
that Vienna stands first on the list, but some allowance must be 
made for the higher standard of valuations prevailing in that city 
as compared with German cities. 

In Table II. the average operating costs of the eight different rail
ways are given, itemized as follows: Salaries and wages, 12.2 Pf.; 
fodde r and current, 9.5 Pf.; repairs, 5.3 Pf.; general expenses, 2.0 
Pf. ; taxes and rentals, 1.7 Pf. According to these figures, the item 
of salaries and wages composes 40 per cent of the total operating 
cos ts, power 31 per cent , maintenance 17 per cent, general ex
penses 6.5 per cent and taxes 5.5 per cent. 

Finally, in Fig. 14, some of the statistical details in regard to the 
ope rations of the Grosse Berliner Strassenbahn are graphically 
represented, and a consideration of them wi ll enable the reader 
to derive other relations not directly shown. 

Notes on Massachusetts Railroad Commissioners' Bridge 
Specifications 

The Massachusetts Railroad Commission has adopted a new set 
of specifications for bridges carrying electric railways. The 
specifications were drawn by Prof. George F. Swain, bridge en
gineer to the Commission, and contain many interesting features 
of design. Some of the more important details follow: 

Yellow pine is recommended for all wooden bridges, and rolled 
medium or soft steel for all main parts of metal bridges. Piles 
may be oak, pine or chestnut. 

Clearance shall be at least 6½ ft. on each side of the center of 
all straight track at a height of IO ins. above the rail. Where 
tracks are curved the clearance is calculated on the basis of a 45-
ft. car, width 8 ft. and distance between truck centers 20 ft. The 
lower edge of the running board must be at least 9 ins. inside of 
any g irder and at least 6 ins. above it. All through bridges must 
have a head room above the rail top of at least 15 ft. for a width 
of 6 ft. over the railway track. The width between truss centers 
must not be less than 5 per cent of the span. 

Ties are to be of hard pine, minimum dimensions, 5 ins. x 7 ins. 
x ro ft. long for single track, maximum clear spacing 8 ins. 
Wooden guard timbers 6 ins. x 6 ins. must be bolted to every third 
tie by a ¾-in. bolt, to keep the ties in place. 

T o prevent a derailed truck from running far from the track, 
even if it is derailed before reaching the bridge, inside guard rails 
shall be provided, of the same form and height as the track rails, 
extending 50 ft. beyond the bridge and coming to a point in the 
track center. The guard rails must be extended around a curve 
if the approach is not of easy curvature or tangent. These rails 
shall be 8 ins. clear inside the track rails and spiked to every tie. 
O uter rail elevation must be provided on curves. 

In the case of combined highway and electric railway bridges 
the ties must be 6 ins. x 6 ins. x IO ins. spacing, 8 ft. long, with at 
least 2 ins. planking, minimum dimensions. 

For single spans the fo llowing types of structure shall be 
adopted unless peculiar circumstances prevent, viz.: 

Span Feet Structure 
Up to 20 Wooden stringers or rolled beams. 

20--- 30 Rolled beams or plate girders. 
30--- 70 Plate girders. 
70---100 Plate girders or riveted tru:;ses. 

100---125 Riveted trusses. 
125-200 Riveted or pin trusses. 

Over 200 Pin trusses. 

Pony trusses are to be avoided when possible. In special cases 
the board will a llow them in 70-ft. to 90-ft. spans. Trestles may 
have bents of piles, framed timbers or steel with stringers, as per 
above table. P lans must show all details, dimensions figured, 
name of railway, location of structure, what it crosses and material 
used. 

In calculating the strncture weight, timber shall be taken as 4½ 
lbs. per foot board measure; rails, guard rails, spikes and bolts at 
not under 100 lbs. per linear foot of each track, and the total 
weight of floor above stringers at not le:,s than 300 lbs. per run 
ning foot for each track. Stringer spans and floor systems of all 
trusses and girders must be proportioned to carry cars of either 
of the following types: 

(a) A double-track car, loaded, weight 30 tons ; Lota! wheel 
base 17 ft.; each truck wheel base 4 ft. 

(b) A double- truck car, loaded, weight 40 tons; total wh eel 
base 25 ft.; wheel base, each truck, 5 ft. 

In highway bridges the following additional loads shall be as
sumed on the highway floor: 

City bridges. One hundred pounds per square foot of surface ; 
roadway and sidewalks or a con-:entrated load of 20 tons on two 
axles 12 ft. apart. For trusses or girders, 100 lbs. per square foot 
floor surface for spans up to 100 ft.; 80 lbs. for spans over 200 ft., 
intermediate spans in proportion. The uniform load is to cover the 
floor within 2 ft. of the rails. 

Suburban bridges. For floor and supports, 100 lbs. per square 
foot or co ncentrated load of 12 tons on two axles 8 ft. apart, as 
described under city bridges. For trusses or girders, 8o lbs. per 
square foot of floor surface for spans up to 100 ft., and 60 lbs. for 
spans of 200 ft. or over. 

Light country highway bridges. Floor and supports, 80 lbs. 
per square foot. Trusses and girders, 80 lbs. per square foot 
spans up to 75 ft., and 50 lbs. for spans of 200 ft. or over. 

All parts of a highway bridge floor must carry a 15-ton road 
roller having three wheels, with 6 tons, 4.5 tons and 4.5 tons on 
each roller. Width of front roller 4 ft., and each rear roller 20 
ins., 5 ft. center to center and II ft. center to center front to rear 
roller. 

The added percentage to allow for vibration of live loads is: 
Per Cent 

Floor beams and stringers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Floor beam hangers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
All counters................. ............................... 40 
For other truss members and main girders: 
When loaded length is 20. ft or less. . ........................ 25 
\Nhen loaded length is 200 ft. or more........ . .............. 10 

Intermediate lengths are proportional. 

A lateral force of 50 lbs. per square foot on unloaded, and 30 
lbs. per square foot of loaded structure shall be provided. The 
pressure on a surface IO ft. high and 40 ft. long is to be considered 
the moving load upon a car of type (b). 

Centrifugal force on curves, ro lbs. per running foot per degree 
acting 5 ft . above base of rail. 

A longitudinal force of 15,000 lbs. applied at the top of the rail 
shall be considered as the force due to traction or application of 

- brakes. 
The maximum allowable stress in any piece from vertical loads 

and impact shall not exceed: 
On timber: 

Long-leaved yellow pine: Pounds 
Tension .............................................. 1,500 
Bending ............................................. 1,200 
Bendi~g on ties .................. .................... 1,000 
Shearing along grain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . So 
Compression along grain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 

J O / 
Compression columns ... _ ...... _ . _ _ _ _ I ,ooo - - ,-

1
-

where l = length of column in inches and d '= least transverse 
diameter in inches. 

For spruce or chestnut, two-thirds of the above fi gures. 
For white oak, use the same as for yellow pine in tension, shear

ing and compression across grain, and two-thirds that for yellow 
pine in bending and on columns. 

The stress on medium steel shall not exceed: 
Pounds 

Tension, on net section ....... . ....... .. . ... .... .. ...... 16,000 
Shearing ...................... . .... . . . ... ... ....... . . .. 12.000 
Compression ............ _ ... ~ . . . . 16,000 __ 

l /2 

I + 20,000 d " 

where l = leng th of pi ece in inches from center to center of 
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connection, r = radius of gyration m inches around axis of bend-
ing. 

Pounds 
Bearing on pins, or on area equal t o thickness of piece X 

pin diameter ................ .. .................... ...... 22,000 
Bending on pins, at centers of bearing surfaces ............ 24,000 
On rollers, per linear inch, d = diameter in inches of the 

roller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6ood 
Rollers on drawbridges, per linear inch ............... .... ~ood 

Stresses on soft steel shall not exceed 9-10 of those on m edmm 
stee l. 

Stresses on rivet steel: 
Shop rivets, power driven: Pounds 
Shearing ............... ......... ...................... ... 11,000 
Bearing, when area is enclosed between other pieces ...... 20,000 
Bearing, when area is not enclosed ........................ 18,000 

For field-driven rivets these stresses shall be reduced 25 per 
cent if hand-driven , and IO per cent if power-driven. 

Bed-plate pressure upon masonry, including impact, shall not 
exceed 400 lbs. per square inch. Dead load shall be increased IO 

per cent on swing bridges. 
Compression pieces of medium steel shall be figu red upon the 

fo llowing basis: 

t = p(r + - 1
- ~) where 

A 15,000 7 

t = compress ion stress in pounds per square inch. 
P = total compression. 
A = gross area. 

No material shall be less than 5-16 in. thick, except for fillers. 
Webs of channels may be ¼ in. In case of a bridge over a steam 
railroad, this limit shall be Ys in. for all material below the floor, 
including the lower chord. Minimum for gusset plates, Ys in. 
T he minimum size of angl es, except for fe nce rails, etc. , shall be 
2½ ins. x 2½ ins. x 5-16 in. No piece shall have a less area than 
¾ sq. in. Three-quarter-in. or ¼-in. rivets are recommended. 

The length of a compression member between supports in any 
direction shall not exceed 100 times its radius of gyration about 
an axis perpendicular to that direction. Avoid adj ustable 
members. 

Single-lattice bars shall have a thickness of at least 2½ per cent 
and double bars connected by rivet at the inters ection of at least 
I 2-3 per cent of the distance between r ivets connecting them to 
the member, in no case less than 5-16 in. Their width recom
mended is: 
For 15-in. sections, or built sections with 3½-in. and 4-in. 

angles .............................................. . 2½ 111s. 
For 12-in., 10-in., 9-in., 8-in. and 7-in. channels, or built sec-

tions with 3-in. or 2½-in. angles ....... ...... ......... . 2¾ ins. 
The pit ch of rivets in the direction of the stress shal! not ex

cee d 6 ins. At t he end of compression members the stress shall 
not exceed four rivet diameters for a length equal to twice the 
width of the member. 

The <;listance from the edge of any piece must be not less than 
one and one-half times the rivet diamet er, nor exceed eight times 
the plate thickne ss, and the distance between centers of rive t holes 
shall not be less than three rivet diameters. A ll lateral and sway 
bracing shall preferably be made in shapes which can resist both 
tension and compression. H exagonal nuts are required. 

Expansion and contraction corresponding to a variation of 150 
<legs. F. must be provided for. Afl bridges over So ft. long 
shall have hinge bolsters at both ends, and at one end rests of 
tu rned friction rollers, running between planed surfaces. Roller 
diameters must be at least 3 ins. For bridges under So .ft. one 
end shall be free to move upon smooth surfaces. 

In wooden structures, such as pile bridges, each bent must be 
braced laterally if the height from ground to rail base exceeds 
IO ft. , with longitudinal bracing if this height exceeds 15 ft. In 
pi le and tre stle bridges, if several stringers are used under each 
rail they must break-joint over the bents and be bolted to
gether. 

In prnp0rtio11i;: ;;· roller-bean, f t l·iri;,' rs the aliowable stress shall 
be 16,000 lbs. only when the ratio of unsupported length to flange 
width does not exceed 20; if this ratio is 70, the allowable stress 
shall be 8000 lbs., intermediate values in proportion. The depth 
of a rolled beam shall be not less than S per cent of its span. 
Double beams shall be bolted together with cast-iron separators 
eve ry 6 ft. Webs of rolled beams shall not be less than 5-16 in. 
thick. 

In proportioning the flanges of plat e girders o ne-eighth of the 
gross area of the web may be considered available in each flange. 
Plate girder webs must have a minimum thickness of 5-16 in. 

Web stiffeners for plate girders must be at such distances apart 
that the total shearing stress per square inch on the gross area of 

the web, including impact, shall not exceed 
12,000 

I + I d' 
3000 f ~ 

where 't = thickness of web in inches. 
d = clear distance between stiffeners. 

The maximum clear distance between stiffeners shall not exceed 
5 ft. The maximum pitch of rivets in stiffeners shall be 6 ins. The 
minimum dimensions of web stiffeners shall be 8-in. x 3-in. x 5-16-
in. L's. In deck girders the load of an axle is considered distributed 
equally over three ti es. 

Web members of riveted trusses must be double and symmetri
cal!y connected at the chords. For upper chords and end-post 
connections a T-shape will not be allowed. 

Members of pin trusses coming together at a pin shall be 
closely packed, and all vacant spaces filled with wrought-iron 
filling rings. 

Steel trestle bents shall, if possible, be composed of two support
ing columns united in pairs to form towers; each tower to be 
thoroughly braced, struts being between the column feet, the latter 
being anchored, and capable of resisting double the specified wind 
fo rces. Tower footings must be planed on all bearing surfaces 
and anchored to allow for expansion. Stringers and towers may 
be riveted together provided allowance is made at least every 
100 ft. for expansion. All riveted work, except steel over 5-8 in. 
thick, shall be punched with holes 1-16 in. larger than the rivet 
size. Holes in the thicker steel are to be punched 1-16 in. smaller 
than the rivet, and drilled or reamed to a diameter ¼ in. larger 
than the punched h oles. No variation greater than 1-64 in. for 
every 20 ft. will be allowed in the length between centers of 
pin holes. Clearance between pins and holes shall be .02 in. for 
pins up to 3½ ins. diameter, and gradually increased to 1-32 in. for 
pins 6 ins. in diameter or over. 

Although the board has no power to supervise manufacture, 
testin g, erection or painting, its r ecommendations of steel are 
complete. The general characteri stics are as follows: 

Steel to be open-h earth process, with a maximum percentage of 
.06 sulphur, . 9 manganese; in basic open-hearth steel, not over 
.05, nor in acid open-hearth more than .08 (.05 for rivets) per 
cent of phosphorus. Test pieces to be at least IO ins. long and 
½ sq in. in sect ion. Rivet steel shall have an ultimate strength of 
48,000-58,000 lbs. per square inch, an elastic limit not less than one
half the ultimate strength and 26 per cent elongation in 8 ins. A 
bar ¾ in. in diameter must bend 180 degs. cold, flat on itself with
out sign of fracture outside the bent portion. Soft steel: 52,000-62,-
000 lbs. t ensile strength, 50 per c.ent elastic limit, elongation 25 
per cent in 8 ins. a nd bending as in rivet steel. Medium steel: 
t ensile strength 60,000-70,000 lbs. per square inch, and 22 per cent 
elongation in 8-in. piece. B ending as above. 

P unched rivet holes pitched• two diameters from a sheaved 
edge must stand dri fting until the diameter is one-third larger 
than the original hole without cracking the metal. Steel eye-bars 
must show not less than IO per cent elongation in the bar body, 
a. nd must not break in the head. Pins up to 7 ins. diameter must 
be rolled, and if excee ding 7 ins. shall be forged under a steel 
hammer striking a blow of at least S .tons. 

Steel castings shall be made of open-hearth steel, containing 
from .25 per cent to .40 per cent carbon and not over .08 per cent 
phosphorus. Cast-iron t es t bars loaded in the middle between 
supports 12 ins. apart shall bear 2500 lbs. or over and deflect .15 
in. before rupture when tested in the rough bar. 

Instructions follow as to painting, inspection, erection and 
final test. 

•• 
Rail-Bonds on the Baltimore & Ohio Belt Line 

The Baltimore & Ohio Railroad has r ecently placed orders for 
plast ic plug bonds, to be used on all rail-j oint? on _its belt lin_e. _It 
is well known that this is the severest electric railway service m 
the world, as a large number of heavy trains, including freight 
trains are hauled by electric locomotives every day through the 
tunnel and the r eturn current varies from 1200 amps. to 2400 
amps.' The track is new 100-lb T-rail , with. heavy angle-plat~s. 
The plastic plug bonds, which when first applied had a conductiv
ity equal to one-half that of th_e 100-lb. rail, still held about the 
same as when put in. This type of bond has consequently been 
adopt ed as a standard for t~is se~vice: except ~hat the bonds will 
be 1¼ ins. in diameter, which :"'ill g)ve pra_ct1cally_ the full. c?n
ductivity of the rail. The expene_nc~ m Baltimore, m th_e opm10.n 
of the engineers in charge there, md1cates that the plastic bond ts 
superior for that particular service to any other type of bond. 
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Power Brakes for Electric Cars 

\Vhen electricity began to be used as a motive power for urban 
an d interurban tran sportation the heavier ca r s and increased speed s 
that were adopted soon created a demand for a quicker and more 
reliable method of stopping than that )1rovidecl by hand brakes. 
The steam roads had previously spent much time and vast sums of 
money in experimenting with various form s of power brakes and 
had unive rsally adopted the air brake as the most successful for 
their purpose. Notwith standing thi s fact, various fo rms of friction 
hydraulic, electr ic and air brakes, many of ' 
which have been tried and di scarded by the 
steam roads, were tried on electric ca r s. F ew 
of these ever r eached the stage of practi ca l 
use, however. One after another has been 
eliminated, until to-day, just a s in the case of 
the steam roads, the air brake is in use, with a 
Yery few excep tions, on the cars of all electric 
roads that ha\'e adopted power brakes o f any 
kind. 

A number of different form s of air brakes in 
which axle-driye n compressors were used were 
brought out between 1889 a nd 1895, including 
the on e invent ed and patented by N . A. Chri s
tensen. The Chri stensen equ ipments were in 
stalled and operated with entire satisfaction on 
cars of the Citizens' Railw ay Company, of De
troit, lVIich., in the summer of 1893, and later 
on cars of numerous other roads. Mr. Chri s
ten sen, however, saw the necess ity of some
thing bette r than axle-dr iven compressors, and 
in Apri l. 1896, his fir st independent motor 
dri,·en air-compressor was pu t in operat icn on 
, nc of the cars of the Metropolitan \Vest S ide 
E le\'ated Railway Company in Chica~o An 
au tomatic go\'ernor was also supplied, which 
was arranged to open the circuit of th e motor 
as soon as the pressure r eached a prede
termined maximum and to close it when the 
pressure was reduced to a predetermin ed 
111inin1t1rn. Thi s fir st equipm ent was a complete 
success , and other similar apparatus was soon 

pinion mounted on the ex tended end of the a rma tnre sh a ft o f the 
motor. The latter is mounted direct ly aboYe the compressor, the 
motor base forming a top cover fo r the compressor. Thi s arrange
ment enables all the workin g part s to be run in oil T he suction 
and di scharge valves arc of seamless cold-drawn steel an d are in
terchangeable on e with the other and separately access ible. T he 
armature bea ring a t th e pinion end i.s so arranged that it is con
stantly lubricated by the oil within th e casing of the compresso r, 
and is provided with an automa tic overflow ar rangement. T he 
brush holder of the motor is o f the s implest poss ible con struction 
and is provided with an instan ta neous ten sion adjustment T he 

install ed in va riou s parts o f the country. 
The Christensen Engineering Company was 

organized in the ear ly part of 1897, and the 

FIG. r. - CHR ISTENSEN MOTOR-DRIVEN OMPRESSOR 

company 's manu fact uring faci lit ies were increased from ti me to 
time until , in 1899, land was purchased adj oinin g Ri ver P a rk, :Mi l
waukee, and upon thi s gro1111d a co·mplete new pl ant has been 
erected. No expense has been spared in supplying the works with 
the most modern equipment obtainable. The site upon which the 
plan t is located contains about 10 acres and is between the Mi l
waukee River and the tracks of the Chicago & Northwestern Rai l
way. affording remarkably convenient facilti es for shippin g. 

The rapidity with which the authoriti es of electri c railways ha\'e 
recognized the value of the Chri stensen independent motor -driven 
compresrnr is indicated by the fact that OYer 95 per cent o f all the 

FIG. 2-AUTOMATIC GOVERNOR FOR CHRISTENSEN M OTOR
DRIVEN COMPRESSOR 

elec tric roads that have adopted power brakes of any kind are 
equipped with the Chri sten sen apparatus, and there ..: re now over 
5000 equipments in daily ser vice. 

T he fo llowing detail description of the compresso r u sed with 
these equipments will be of interest to many of our re;1dcrs. The 
motor and compressor combin ed, as shown in Fig. 1 , consist of a 
seri es-wound motor and a duplex, s ingle-acting compressor pro
vided with two piston s which a rc conn ected by wri st-pins to the 
connecti ng rods engag ing with the cranksha ft. Thi s cranksha ft is 
mounted in bearings provided in the case, the exlemlcd encl o f the 
r ran ksha ft carrying a helical gea r which engages with a helica l 

a rmature bea ring s are so designed that it is imposs ible fo r o il to ge t 
into the a rmature. The combin ed machine is o f extreme s implicity. 
requiring a minimum amount of a ttention , a s there are only two 
places fo r oiling, one being the main cas ing of the compressor and 
the other being the oil well on the armature bearing at the com
mutato r end , both of which need r eplen ish ing only at long in terv als. 
T he helica l fo rm of gear is very much more durabl e than ordin ary 
gears and practi cally eliminates noise. 

The Chri st ensen go\' ernor , shown in Fig. 2 , con sists of an ord i
nary Baurdon pressure gage mechan ism with a ~pecia l hand. 
which . upon coming in contact w ith a conducti ng stud at the pos i
tion of minimum press ure, 2ll ows curren t to fl ow th rough a magnet 
coil which is provided with a plunger. to which the contact pieces 
fo r the motor circuit are a ttached. thereby starting up the motor 
A s soon as the hand st rikes th e ma x imum stud. current wi ll pass 
th ro ugh a second solenoid magnet. thereby pull ing the magnet 
plun ger in th e oppos ite direction an d npen in g the moto r circui t 
By thi s mechan ism it is poss ible to get a close margin bet ween 
max imum and minimum pressures. T his margin is readi ly adj usted 
by moving th e contact stud s a way fr um o r toward each other. 

T he deta il s of the accessory apparatu s have been as carefull y de-
5igned and acc urately constructed as the compressor and go\'e rn or 

Ca rs supplied with the Chri stensen air Lrake equipment s a rc al
ways under perfect cont rol; qu ick stops can be made, acc idents 
prevented and sched ul e speeds increased: fl at wheels are pre1·ented 
and li fe of ca rs an d brake-shoes g reat ly increased, 

The economy of ai r brakes was clearly shown recent ly by tesh 
made upon two ca r s of equal we ight and size, opera ti ng on the 
same road , at the same time under equal condit ions, except ing th at 
one was equipped with a Christen sen motor -dri l'en compressor air 
brake and the other with hand brakes only The 1:e,ult s showed tha t 
the former used from IO per cent to 1~ per cent less power th an (he 
la tter . This wa s caused hy the 111o t<> rn w11 of the hand brake car 
dragging his brake-shoes and was due to the almost uniYer!:>al prac
tice o f motormen holding their brake handl es in such a position 
tha t they can quickl y a pply the brake when approaching cun cs or 
n11111i11 g th rough crowded st reets. 

Th e policy of the Chri stensen Company frn111 th e start h«s been 
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not to place any device upon the market unti l it has been perfected 
an d proved reliable and durable in long, thorough an<l severe tests 
under the conditions it will meet in actual se rvice; in other words, 
the company, and not the customer, pays for the experimental work. 

That this policy is recognized and appreciated is indicated by the 
fad that orders app roximating 1200 independent motor-driven 
Christensen equipment s have been received since the first of the 
present year. These include sev"eral large fo reign orders, amon g 
which is a second order from Sydney, A ust ra lia, for fif ty equip
ments. 

The Chri stensen cquipm e11ts are now in use in England, Ger
many, Sweden, Norway, Russia, Australia, Africa, and, in fac t, 
\\·herever electricity has been adopted as a motive power for cars . 

•• 
An Oil Saver 

The injudicious use o f ordinary oil cans, as we ll as som e special 
forms of automatic lubricators, provides no uncertain opportuni-

Interurban Cars with Side Entrances 

T he St. Loui s Car Company, St Louis, Mo., delivered recently 
to the Oneonta, Cooperstown & Richfield Springs Railway Com
pany, Oneonta, New York, several interurban cars, somewhat 
different from those ordinarily used. By referring to the accom
panying engraving it wi ll be noticed that entrance for passengers is 
at the center of the car, on one side of which is the ladies' com
partment, on the other is the smoking compartment, and also a 
compartment for baggage. The extreme length of car is 56 ft., the 
width 9 ft The ladies' compartment is 20 ft. long, with the motor
man's cab, 3 feet long, partitioned off. Th ere are twelve seat s 
in thi s compartment made by the St. Louis Car Company of Walk
Over pattern, cove red with plush. It is also provided with water 
cooler, toil et room and hot water h eat er. 

T he smoking compartment is 13 ft in length and furnished with 
ten W alk-Over seats. The baggage compartment is separated from 
that of the smokers; it is Io ft. in length and has sl iding doors on 

LONG COMBINATION CAR FOR INTERURBAN SERVICE 

ties fo r great wastefulness of lubricating oi ls. The device here
with ill ustrated in two different form s for economically applying 

NOVEL OIL ANS 

oil to working parts is r e
puted to have had its origin 
in an operating department 
of pronounced wasteful
ness, that of mine car 
wheels, but its advantages 
adapt it to al l cases where 
lubricants arc requ ired. 
The oiler, which is the im
proved Tormay oil er, made 
by the Ironsides Company, 
o f Columbus, consists of a 
central working barrel. con
taining a plunger and sur
rounded by an oil reservoir. 
Openings in the working 
barrel, sealed or unsealed, 
accordin g to the position 
of plunger, communicate 
with ·'the oil reservoir. 
The stroke of the plunger 
is adjustable, to govern the 
quantity of oi l forced dur

ing each operation . \ ,\Then not 111 use its c0ntents are not only 
preserved from leakage, but also protected from dust and other im
purities. 

•• 
Overhead Line Material 

T he firm of C. J. H arrington, New York City, has recently pur
chased the entire insulating plant of a prominent manufacturer in 
New York State, which enables it to manufacture its own overhead 
material, which will consist , therefore, of the highes t g rade in sula
tion and metal. The company wil l be prepared to furnish overhead 
mater ial of any type. an d will guarantee the insula ting qualities to 
be equal to any now in the market. The factory contain s the most 
imprond machinery for thi s purpose, and a large s tock wi ll be kept 
on hand, so that quick deliveries can be made. 

both sides. The center pla tform is 4 ft. wide, with double steps 
on both sides; the passenger compartments open on this plat
fo rm by single slidin g doors. The interior finish is cherry, with 
solid bronze trimmings. The sash are in two sections; the upper 
stat ionary, while the lower drops to the arm rails, which are pro
vided with a casing covering the sash pocket when the sash is 
lowered. 

Th e car is mounted on double trucks, M. C. B. type, also made 
by the St Louis Car Company. These trucks are equipped with 
double-plate wheels , made esp ecially for heavy, hi gh-speed work. 
A ll the cars have air brakes, made by the Chri stensen Engineering 
Company. Mi lwaukee. and every other accessory which is required 
by the ideal interurban car. Gates are placed on both sides of 
the central platform. so that passengers may pass from one com
partment to the other with perfect safety. Thi s is an ideal in
terurban equipment , and has proved very popular. 

----♦---
Brake-Shoe Company 

T he American Brake-Shoe & F oundry Company has been organ
ized, with t emporary offices at 26 Cortlandt Street. N ew York City. 
to take charge of the sales of the following well -known types of 
brake-shoes. The S argent Skeleton Steel, the Diamond " S ," the 
Skeleton Steel Insert , the Lappin Steel Back , the Streeter Steel 
Back, the Corning and the R oss-Mehan , as well as other 
types of brake-shoes for both st eam an d street railway ser vice. 
The company announces that while hereafter the agents of the 
constituent companies manufacturing the.se shoes will represent 
the combined interests until further notice, purchasers are re
quest ed to send orders direct to the several companies as heretofore. 

••• 
Time Table of Cleveland, Detroit and Toledo Lines 

The officials of the roads in the three cities mentioned above, 
and of the railways connecting these cities, have started the pub
lication of an official electric railway guide, covering that and con
tiguous territory. The guide has thirty-two pages, is of pocket 
size, and is very conveniently arranged. 
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The Manufacturing Plant of the John Stephenson 
Company 

Under its new manage ment th e John Stephen son Company has 
become one of the largest car <l.nd truck manufacturer s in the 
U nited States, and it s p lant has been g rea tly changed, both in ap
pearance and capacity, since purchased by the n ew company. 
When the plant was fir st taken over, it coYered but 96,837 sq. ft. 
of floor space; it now has 161,827 sq. ft. of fl oor space, th e ca pacity 
hav ing been more than doubled, a,; nearly a ll of the add itiona l area 
ha s been actual working space. These extension s have been 
made to all the buildings, with the exception of . the engin e and 
boiler roo ms and the drying ki ln in the lumber yard. T he tracks 
fo r cars erected are sufficiently long, so that the company is enabled 
to handle roo 50-ft. cars on the floor at one time. 

In visiting the works of th e Stephenson Company, one is im
mediate ly struck by the advantageous layout of th e buildings, 
both from a manufacturing point of view and from th eir adapta
bility to enlargem~nt. The main imildings, consisting of th e wood
working mill , the erecting shop, th e paint sh op and the finishing 
shop , according to th e most approved practice, are placed parallel 
to each o ther and about 80 ft . apart and are connected by elec tric 
transfer tables. Thi s arran ge ment faci lita tes th e better handling of 
work, r educes the insurance charges a nd enables the buildings to 
haYe the best of li ght and air. This latter consideration is of im
portance in the manufacture of cars, as li ght , air and a perfect 
heating system are necessary to obtain th e best r esult s in car con
struction. Under the pressure oi busin ess, whi ch h as ra pidly de
ve loped in the new company, the arrangement of th e es tablish
m ent has been most efficient, as ;:.!most unlimited additio ns can be 
made without disturbin g the system of constructi on o r the 
prog ress of the material throu gh th e shops. Th e extensions can 
be can;ied out almost indefinitely to a ny desired degree, therefore, 
with out changing the general plan. Such a·dditions as have been 
already made have been equipped with hydrants, e lectric lights, 
hot water heaters and sprinklers, the same as th e r est of the 
plant. The power h o use, which is of sufficient capacity to . operate 
the many new machine tools which have been added in both the 
woo dworking and ironworking departments, contains direct-co n
nected units for supplying electric motors throughout th e shops. 
From a mechanical point of view, the plant is, therefore, one of the 
m ost modern and up-to-date of it s kind, and contains exampl es in 
every d epartment of th e ve ry best practic e in economical manu
facturing. 

In addition to the buildings and machin ery. several lin es of 
ra ilroad tracks have be en laid to serve the extensive additions 
made to the lumber yard. The stock of lumb&r which is carri ed 
already contains between 4,000,000 ft. and 5,000,000 ft., and the 
company is constantly purchasing more. This department has 
been the subject of much thought, the management fully reali zing 
that one of the most necessary featur es of a good car is the use 
of the best material in the body. The works have a n etwork of 
private tracks which greatly facilitat es th e receivin g of suppli es 
and the shipping of the fini sh ed pro duct. It owns it s own switch
ing engine, as well as an electric loco motive for handlin g material 
within the yards. · 

The location of the J ohn Stephenson Compa ny's plan t is. w ith
out doubt , one of the most advantageous of its kind in the 
country for receiYing and shipping goods. I t is claimed that 
within 20 miles of the factory there are m o re ca rs used than 
wi thin th e same di stance of any other . three factor ies in the 
country. It is certainly true that the Stephenson Company se
lect ed a site which was in the center of electric ca r co nsumption. 
The shipping facilities are also of th e very best. Th e co mpany 
c, wn s a railroad approach to the water front with riparian right s on 
r.ea rly r¼ acres of land thereon. I t is thus pcculia rlv we ll 
situat ed for makin g shipm ents by steamer, as well as by r;il , for 
both domes tic and fo reig n consumption. Three rai lroads, the 
Baltimo re & Ohio, Central Railroad of New J ersey and the 
P ennsy lvania. by way of the Baltimore & Ohio, run direc tly to 
the plant. Within a dozen. miles ar e four o ther lin es, and it is thus 
in communication with all the leading trunk lines of the East. 
Th ese shipping faciliti es, furth ermore, enable the company to r e
ceive large consignments o f lumber by water, thus grea tl y reduc
ing' the average charges. Being within 15 miles o f New York City 
as well as possess ing the shipping advantages detailed above, 
thi s locat ion has already been app reciated by many other 
firms, ancl manu fac turers a rc now seeking land in thi s lo
ca lity fo r th e building o f new plants. Th e Mi lliken Brothers 
S teel Company has alrea dy under con struc tion a new fac
tory, the Am erican Sa nita ry Co n1pany has decided to locate here. 
an<l seve ral oth ers haw ~e lect ed it fo r rutur e sit es. Th e St eph en-

son Com pany has also control of between 80 ~c res and 90 acres of 
land close to its works which it ha s not ye t developed, but which 
are available for future extensions. 

The practicability of adding to a plant while it is being worked 
at its greatest capacity has been well demonstrated during the la st 
year at E lizabeth. The St ephenson Company ha s turned out, 
while the above-d escribed extensions were being made, upward 
of 6oo cars, and whil e the shops are being operated at present until 
g o'clock in th e e,·enin g. work enough is on hand to keep 
the entir e eq uipm ent busy for six m onth s to com e. It is interest
ing to note that th e Brooklyn H eights Railroad Company secured 
200 o f t hese recently-built cars, coth of the open and closed type. 

Street Railways Owned by the City of Vienna 

A recent issue of the STREET RAILW AY J ouRNAL contained 
a detailed description of the street railway system of the 
Dau- 1111d Betriehsgese ll ,chaft in Vi enn a, the ownership o f 
whi ch was acquired r ecently by the city. We are now able to sup
pleme nt th e descript ion with a map showin g the various railway 
lin es included in th e system and the extensions that are to be car
ried out in th e future. The solid lines on the map indicate the 
electri c rai lways in operation smce J an. r. 1902, th e dotted lines 

Strt•d Ry .. lnttrll!"l l 

PRESENT AND PROPOSED RAILWAYS IN VIENNA 

those th at are to be built with ele ctri cal equipm ent during 1902 and 
1903, whil e th e li ght lin es show th e railways th e city is planning to 
acquire in the fut ure. Among the la tt er are the system of th e 
N euer Wiener Tramway Gesell schaft, equipped with bot h ho rse 
and steam traction cars and the electric Praterstern-Kagra n rail 
" ·ay. As the abm·e map will show, the old svstem of street 
rai lways has arown into a vast network traversing the city in all 
directions. The extemion of th e sys tem frnm time to time has 
necessita ted, naturally. a corre sponding increase in the number 
of signals used to indi cate the rout e of th e ya rious ca rs. \Vh ile 
forme rly the travelin g public was burden ed with the identificati on 
of not more than a do ze n such signals. at pr c~e nt there are nu less 
than fo rt y-seven of which th e puhli c mmt take cognizance. 

---•♦• 

The J ohn S tephen-.,un Company, of l~lizaheth . N . ] ., recei1·ed an 
'o rder recent ly fo r six ty ca r s fo r the Nor th J n !',ey Street Rai lway 
Company. Th ese ca1·s a rc to he -., t;111dar d 30- ft. ca r~ of the same 
ty pe now usL· d on that roa d. 
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NEWS OF THE WEEK 

St. Louis Transit Company's Provision for Old Employees 
On Thursday, March 27, there was posted in the~car h ouses and 

power houses of the St. Louis Transit Company, of St. Louis, 
Mo. , the following se lf-explanatory notice to conductors and 
motormen in the employ of the company: "Motormen or con
ductors will not hereafter be discharged on account of old age, 
but will be given other places, such as 'watchmen,' 'switchmen,' 
'trolley h olders,' etc., and will be r equired, when on duty, to wear 
full uniform. The rate of pay will be the same as if they con 
tinued in service as motormen or conductors. (Signed) General 
Superintendent; approved, Second Vice-President." 

Third Rail in Baltimore Tunnels 
The Baltimore & Ohio Railroad Company has put int o active 

service the third-rail system installed on the b elt line between 
Camden station and Waverly through its tunnels under Baltimore. 
The engineers of the company regard the system as a complete 
success, and the entire overhead electric wires and supports will 
be torn down. The be lt line has been fenced in for it s entire 
length where the third rail is used, to keep persons from walking 
on the tracks. The equipment of the Baltimore tunnel with the 
third rail was described in detail in the STREET RAILWAY J ouRNAL 
for Dec. 15, 1901. 

New Jersey Street Railways' Showing 
The State Board of Assessors, of New Jersey, has given its com

pilation of facts and figures of the business of the electric and 
street rai lway companies of New Jersey. The gross receipts of all 
the ,lines were $8,137,076, an increase of $398,688. The companies 
expended $4,464,513, which was a net increase of $84,288. The divi
dends paid last year were $486,640, a decrease of $131,300. The 
statement shows that the total mileage of these companies is 846. 
The capital stock issued was $81,607,189, and the capital stock of 
this authorization which has been paid in is $79,925,180. The total 
funded debt of these companies is $64,702,500, and the other debts 
amount to $3,079,597. The value of the roads is $152,401,800. 
T h ere were eight companies that paid a dividend, the principal 
company being the Consolidated Traction, which is leased to the 
North J ersey Street Railw:iy Company, of Jersey City. The aggre
gate of the dividends was $300,000. The other companies paying 
dividends were Asbury Park & Sea Girt, $6,000; Bridgeton & Mill
ville, $4,000; Camden Horse, $50,000; New Jersey & Hudson, $22,-
500; R apid Transit, of Newark, $59,220; Raritan Traction, $5,000, 
and Trenton Railway, $39,920. 

Franchise Renewal Proposals in Chica,to 
The City Council of Chicago has passed a resolution to adver

tise the street railway franchises for sale if the street railway com
panies of that city fail to enter into negotiations with the city for 
th e franchises before June 15 n ext. The resolution asserts that a 
larrre and important portion of the franchises expire within six
tee~ months; that the City Council has tentatively outlined !ts 
terms for the renewal of the franchise in the report of the commit
tee on local tran sportation, and that negotiations between the city 
and th e companies must be conducted in a thorough and system
a tic manner, and cover a considerable period of time. The 
resolution declares that up to the present time the compani es have 
made no propositions to the city, and if an adjustment of terms 
-is left until the last moment the city will be obliged to act hastily 
and, to som e extent, under dure ss. For these reasons the resolu
tion extends to the traction companies an invitation to enter into 
nerrotiation s with the city for the renewal of the franchises, and 
co~cludes by declaring "that in the event of the fai lure or refusal 
of said companies to begin such negotiations, or to present rea
sonablv satisfactory propositions by June IS, 1902, it is the sense 
of the· Council that the city, through an appropriate committee, 
should take such steps as shall seem expedient , whether by adver
tis in g for bid s. or otherwise . to :all the atten ti on of capital to the 
fac t that the city has yaluable t ranspo rtation pri\·ileges ~o di spose 
or.· · 

Extension of T•me Under the New York Railroad Law 

Governor Odell, of New York, has just signed the Bedell bill 
amending th_e railroad law in regard to the extension of time in 
the construction of street railways, which will be an important 
act for some roads and will rectify an injustice to which roads 
were liable. Under the old law, a railway company must com
mence the construction of its road or of any extension or branch 
for which it has received the necessary concession within a year 
of obtaining the final permission to build. and must build the 
road within three years from that time. If, however, the work 
has been hindered or delayed by legal proceedings in any court, 
the court could extend the time when the construction should be 
commenced and completed. The amendment amends the pro
vision of the act so that if the construction is delayed or pre
vented by work s of public importance, or from other cau ses not 
within the control of the corporation upon which such require
m ent is imposed, the time for the performance of the wo.rk by the 
company is extended for the period covered by such hindrance. 
The time for the compliance with the requirements of this act for 
companies which have received concessions has b een extended 
until June 30, 1904. 

The Turbine Equipment of the Metropolitan Railway 

At a meeting held recently the directors o f the M etropolitan Rail-
way Company, o f L ondon, decided to award the cont ract for the 
machinery necessary •for the electrical working of the. line to the 
Br iti sh \Ve~tinghou se Company. T he fo llowing is a brief outline of 
the nature of the machinery which will be supplied: There are to 
te nine boi ler s, with a total normal continuous evapprating capacity 
of 160,000 lbs. of water per hour, with a temporarily much-increased 
power. The guaranteed thermal efficiency is 70 per cent. The 
pressure worked at wi ll be 160 lbs. per square inch, and the steam 
will be superheated 180 degs. F. above the temperature of th e steam 
at thi s point. T here wi ll be three combined steam turbines and three
pha_se alternator s, the turbines being con structed by the P arsons 
Steam Turbine Company. T he output of each combined set is to be 
3500 kw as a normal load , and for short periods an output 50 per cent 
in excess of thi s fi gure. Thf'.y will run at 750 r. p. m. , and a go per 
cent vacuum is guaranteed. The efficiency of the combined sets is 
to be 17 lbs. of steam fo r each kilowatt delivered at fu ll load and 
20¼ lbs. of steam for each ki lowatt delivered at half load, the pow er 
facto r being .85. T he alternators will de liver three-phase curren t 
at u,ooo yo lts and at 25 alternations per second. T here will be 
three separate exc iters driven by small ol'dinary steam eng ine~. 
These wi ll be capabl e o f delivering either three-phase or direct 
current . Two of the three main set s only will be run at a time, the 
third being fo r spare, and the boiler power is only fo r driving two 
of the set s. It is understood that more boi\er power over and above 
that in the contract will be provided. 

Chicago Companies ' Tax Injunction Refused 

The injunction asked fo r by the Chicago Union Traction Com
pany to prevent the collection of taxes under the assessment made 
this year by the State Board of Equalization has been refused by 
Judge Tuley. The main point in the contention of the traction 
companies ·was that the ass essment was illegal because much. 
other property in the State and city was not taxed proportion
ately, and that hence there was a discrimination against the street 
rai lways. Judge Tuley's decision was to the effect that laxity on 
the part of those who levy the taxes in failing to discover ~r 
properly assess all of the property in a city does not render_ il
legal the collection of taxes from other property. The conclus1on 
of the decision is as follows: 

If these officials have failed in this duty-as they apparently 
have but not with any fraudulent intent so far a s shown-the 
rem:dy is not in a court of chancery. It is n o part of t~~ duty 
of a court of chancery to raise r evenue , or defeat the ratsmg of 
revenue. If there is any remedy for thi s state of affairs, it does 
not lie with the courts , but with the voters. It is for them to 
apply the remedy. 
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In conclusion, I can only say that from the evidence now be
fore the court this bill to enjoin the payment of taxes assessed 
against the complainants' property is clearly not founded in goo d 
law nor in good morals. 

Improvements in Kansas City, Kao. 
Walton H. Holmes, president of the Metropolitan Street Rail

way Company, has unfolded to the committee considering the 
c0mpany's application for a renewal of franchises in Kansas City, 
Kan., plans for improvements that will call for the expenditure 
of several millions of dollars. The most ext ensive of the plans 
outlined by Mr. Holmes provides fo r the construction of a new 
line which, with those now existin g, will make an electric belt 
_line encircling the principal business section of the city, passing 
the Union D epot and the stock yards and connecting with all the 
company's lines except the Independence Electric Railway. It is 
probable that a short elevated line will be included in this plan. 
The Grand View line , extending from Riverview stati on to Eight
eenth Street, is to be reconstructed at a cost of $ro7,ooo. The 
present wooden elevated, extending from the Central Avenue 
Bridge to Riverview station, is to be replaced with a stee l structure 
to cost $122,000. The Fifth Stre~t line, exte nding from the State 
line to Eighteenth and Minnesota Avenues, is to be rebuilt. The 
plan for rebuilding this line also calls for repaving between the 
tracks, and the estimated cost of these improvements is placed at 
$264,000. The Argentine line, extending from Packard Street, is 
to be r econstructed at a cost of $128,000. A n ew line on Tenth 
Street, extending south to A rmourdale, is to be built at a cost of 
$202,000. The Chelsea Park branch , extendin g from Virginia 
A venue to Eighteenth Street , is to be relaid with new rails. This 
work, together with the necessary bridging, will call fo r an ex
penditure of $242,000. R epaving between the tracks of all lines 
will cost $218,000. The elevat ed structure extendin g from the 
Central Avenue Bridge to the tunne l is to be rebuilt at a cost 
of $250,000, and th e terminals fo r the "L" road at the Union 
Depot , new improvements, are to cost $55,000. Plans for n ew 
equipment for all lines call for an expenditure of $250,000. Fro,m 
the plans outlined by President H olmes it will be seen that over 
$2,000,000 are to be spent in improvem ents. 

The Buffalo, Niagara Falls & Rochester Railway 

The officers of the Buffalo, Niagara Fall s & Rochester Railway 
Company have been busily engaged during the winter in perfecting 
plans fo r the construction of the new elec tric railway to connect 
Buffalo, Niagara Falls and Rochester, and the announcem ent is 
made that the work on the line will be begun in three different 
places, about May r. Rochester , Lockport and Clarkson have 
been selected as the points at which operations will be begun. T he 
general contract is held- by H enry McTighe, of Brooklyn. 

The company plans to erect its own power house, but as the 
road is expected to be in operation before the power house can be 
completed plans have been made to purchase power temporarily. 

The es timated cost of the power house has been placed at $300,000 . 

The company will secure en t rance to Rochester over the lines 
of the Rochester Railway Company, but it is proposed to erect a 
passen ger station at the terminus of th e Ridge Road, near Lake 
A venu e, Rochester. 

Contracts for the ties, rails and other line materials have been 
placed for the entire line, but no effort will be made to build be
yond Lockport thi s year. 

The Everett-Moore Situation 

Up to Monday, March 31, the Northern Ohio Traction Company 
has not been sold, but members of the bankers' committee feel con
fident that the matter will be closed up in the near future. T he 
committee holds out for 37½ for the common stock and 87½ for 
the preferred. Two out-of-town syndicates are bidding on the 
property, but if deals are not closed with either of these it seems 
probable that local parties already interested in the company wi ll 
buy the Everett-Moore interests. The committee has under it s 
rnn trol about 6ooo out of ro,ooo shares of pre ferred stock and 
14,cco out of 25,000 shares of common. The property is making 
remarkable gains in earnings. Fo r twenty-six days in March t he 
net increase was $6,695.54 over the same period last year. 

_It is now believed that, the Toledo Railways & Light Company 
w ill not be sold. It is even sai d that there is an agreement amon~ 

the majori ty stockholders n ot to sell the stock at less than $30 un ti l 
next July. 

Negotiat ions with a certain steam road for the purchase of the 
Detroit & Toledo Shore Line have fa llen through, but other parties 
are considering it s purchase. 

Matters relative to the sale of the Detroit United are al so bein g 
held in abeyance, as the bankers have· not yet secured an agree
ment from a full maj ority of the stockholders to sell at $75. 

No Strike at New Orleans 

The employees of the New Orleans City Railroad Company, 
the New O rlean s & Carrollton Railroad, Light & Power Co m 
pany, the St. Charles Street Railroad Company and the Orleans 
Railro ad Company, of New Orleans, La., in joint meeting, held 
on March 27, endorsed the proposition which provid es for th e re
newal , for one year, of the agreement entered into with the com
panies in June, 1901, and there will be no strike. The original 
demands of the men called for the reduction of _the workday from 
IO hours to 9 hours, for the increase of wages from r8 cent s to 
20 cents per hour, and for t he recognition of the union in all mat
ters pertaining to the employing and discharging of men. The 
controversy finally resolved it self into the que stion regarding the 
recognition of the union, and realizing the weakness of· this , the 
men, through the guiding influence of Representative McMahon, 
of the Amalgamated Association of Street Railway Employees, 
and Mayor Capdevielle, were led to see the folly of their ways. As 
an actual matter of fact, Mayor Capdevielle was the central figure 
of the entire transaction. He it was who arranged the agreement 
of June, 1901, and again, in an honest effort , and with the interest 
of both the men and the company at heart, he has succeeded in ad
justing difficulties that threatened to plunge into disorder and 
possible riots the whole city of which he is Mayor. The citizens o f 
New Orleans have in their Mayor a man of whom they have just 
reason to be proud. In all street railway strikes there is a third 
party, the public, which is sure to hold to strict accountability 
those who abrogate an agreement such as has been entered into 
at New Orleans. 

The agreement that has just been ratified follows: 
:-Jew Orleans, March 26, 1902 

COPY OF .MEMORANDUM LEFT WITH THE M A YOR. 
Should the present demands of the men be withdrawn or not insiste d 

upon, we do not hesitate to give you _our assurance that: 
First-We are wi lling to sign with our employees a rene wal of the ag ree

ment of last June for one year fr om date. 
Second-vVe are willing to di scuss with the pitmen , car h elpers. etc .• the 

question of their wages whenever th ey them selves approach us r ega rding 
same. 

Third- If not already provided. we will provide sufficient and proper ac
commodations for the use of our men. 

Fourth- W e will so adjust matter s as to a llow our men suffic ient s ta n d 
time to make use of the accommodations provided in paragraph 3. 

Fifth-The rules for missing to be: vVhen a man misses his car, fo r the 
fir st offense h e shall serve three days on the extra li st ; sh ould he mi ss hi s 
car the seeond time in thirty days, he shall se r ve fi ve days on the extra 
li st, and for missing his car the third time inside of thirty days, he shall 
lose his run and be placed at th e bottom of the extra list. Men missing thei r 
car shall report in time for the n ext reli ef. Should a man mi ss a n y re lie f 
whil <" serving on the extra list , an additional day to be added for each mi ss. 

NEW ORLEANS CITY R. R. CO., 
BY R . M. WALMSLEY , President. 

N. 0. & CARROLLTON R.R. , L. & P. C. 
BY J. K. N EWMAN , Presiden t. 

ST. CHARLES STREET R. R. CO., 
BY ALBERT G. PHELP S , President. 

THE ORLEA N S R. R. CO . . 
BY GEO. DEN EGRE, Attorney. 

Th e old agr eem ent referred to in section 1 was as fo1J ows: 
New Orlean s, J une 29, 1901. 

T o th e Conductors and M otormen ,J f the -- -- R ail road Company: 
Sirs-In answer to your communica tion of the 29 th, a nd a fter consulta

ti on with hi s honor, Mayor Capdeviele, we reite r ate th e offer made by him 
that: 

On and after July 1, 1901, the compa ny will establi sh the fo llowing rate 
of pay for motormen and eonductors: 

A day's work shall con st it ute t en hours' platform ser vice. All runs will 
be arran ged, as near a s p Jssibl e, to ten h ours. Dinn er rel iefs wil l con tinu e 
as here tofore, but no pay will be a llowed except fo r actual plat form wo r l, 
T he price for such se rvice shall be 18 cents pe r hou r . S wing runs shall not 
eove r a peri od o f more than fourteen h ours. 

In regard to c lau ses 6 and 7, as mentioned by yo u, we fi rml y b elie,·e th:1t 
our answer of the 27th fully cove r s a ll th e points a nd remove d a ny obj ecti on s 
that might exist. 

It wi ll re (]uirc until July 15 t o a rran ge sch edules to meet th e ch ange. 
Respectfully , R. l\L \VALl\fSLEY, President. 

Clause, 6 refers to the freedom of employees t o join organi zatiom, which 
th e c11111pa nics state th ey had ne ver restricted, and clause 7 refers to mee ting 
committees nf empl oyees, which !hey also ag reer! t n. 
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New York Franchise Tax Assessments 

T he Sta te Board of T ax Commissioners o f N ew York has made 
public the valuation for 19 02 of the pecial franchi ses for the State. 
In some cases the assessment shows an increase, while in others a 
decrease is shown. T aken as a whole, the assessm ent o f the fran
chises of the compani es operating in N ew York City is abont $10,-

0 00,0 00 more than last yea r, being $220.620, I 55. as again st $ 210,-

306,931 in 19 01. 
The spec ial franchise tax act wa s passed during Governor Roose

velt' s t erm, and the first assessment under it was that of 1900. Cer
ta in of the N ew York corporations a ffected, in contesting both the 
con stitutionality and the secret method of assess ing the tax . made 
prac tically common ca use again st the act . In both the case o f the 
Manhatta n Railway Company, which instituted individual sui t. and 
the compani es that made common cause again st the act coun el 
petitioned fo r a writ o f certiorari to r eview the assessment s fo r the 
year 1900. The petitions were granted, and the ca se o f the Manhat
tan Ra ilway was r eferred to Judge Charles A ndrews, fo rmerly 
chief judge o f the Cour t of A ppeals, and those o f the other com
panies to R o bert E ar l as refe ree. Th e State Board of Tax Co m
missioners was in st ructed to report it s proceedings and the meth
ods it fo llowed to the referees, bnt . so far as the documen to made 
public showed, the in formation furni shed was not particula r ly 
edify ing. There were hearings befo re the re ferees from time to 
ti me last spring and fa ll. and they are still considering the conten
t ions of the petitioners for r eview, to the effect that the assessment s 
are nnj nstifi able, uneven and ex cessive. \Vhen th ey report , it will 
bt to justi ces of the Supreme Court . 

A special p ress despatch fro m lbany. date d A pril 1 , sa id: 
"Jnstice Chester, of the Supreme Court, has decided tha t the fran
chi se tax law is cons t itut io nal. Th e jnstic e holds that neither the 
Con stitu tion of New York nor of the United States is violated by 
its provisiom . Thi s dec ision is independent and in no way a ffects 
the proceedings now under con sideration by ex-Judge Robert E a rl. 
as referee, in whi ch t he con stitutiona lity of the law is quest ioned 
by ?\Tew York corporations." 

----♦----
PERSONAL MENTION 

l\ lR. T H O,;\L\S T. R O BI NSON has been elected pres ident o f 
the Sonth l\ li ddl estx Street Railway Company, of Framin gha m, 
Mass. 

l\IR. GEO. ]. K U HR.T S is appoint ed chief engineer oi the Los 
A ngeles Rai lway Co mpany, oi Los A ngeles. Ca l. . vice Mr. F . V-./. 
Skinner, deceased. 

MR. F . C. GR EEN, superintendent of the Consolidated Car 
H ea tin g Company, of A lbany, N. Y., has returned from an ext ended 
1Jusiness trip to E urope. 

l\IR. ED W A RD B. J ONES has been elect ed presid ent of the 
:\lount Holly St reet Rai lway Company, of i\lount Holly. N . J ., 
~ucceecling Mr. A mos Gibbs, res igned. 

l\ IR. ROBERT HI L L , for merly with the Hamilton E lectric 
Railway Co mpany. of H amilt on, Ont., has bee n appointed mana
ger of th e V./oodstock- Ingersoll E lectric Rai lway, o f Woodstock, 
O nt. 

M R. J . B. HI CKS , who fo r several yea rs has been connected with 
Robert Engham, Clark & Company, o f L ondon, P ari s a nd H amburg. 
is now manager of the street railway department of H. M. Shaw 
& Company. 

M R. J AMES B. NEA L , of Boston, fo rm erly sup erintendent of 
th e D o rchester division of t h e Boston Eleva ted R ailway, ha s been 
appoi nte<l superintende nt of the P enobscot Central Ra ilway, of , 
Bangor . :Me., succeeding M r. 'W ilbur E. Pierce, r es igned. 

MR. A. W. M cLIMONT, a well-known electrical ~·ngineer who 
has fo r some t ime pa t been interested in the con struction and 
buildin g o f st reet rail ways in Mexico and the Southern States, ha5 
return ed to New York. H e is now with the F ederal Electric Com
pany. 

MR. D. G. HAl\IILTON, pres ident of the Chicago City Railway 
Company. spent a few days in N ew York last week. A lthough not 
on busin e s, M r. H amilton vi sited the Manhattan Railway's n ew 
powe1· station . the subway and other street railwav features o f the 
me tropolis. · 

l\IR. J . A RT H U R A ITO N. of the well-known firm of Aiton & 
Company. vVi llesdenJun ction. L ondon, is in thi s country on a short 
business trip. l\ I r. A iton's firm makes a specia lty of pipe work and 
has in stal led the piping systems in a la rge number o f electrical 
qations in Great Britain. His mission in thi s country is to stndy 
the late.~ t deYelopments of the !-ubj ec t in America. 

MR. J OHN S. HAMLIN, who , as has already been noted, has 
j nst been appointed manager of sales and construction for Chicago 
for the United States Steel Company, manager of the Neal duplex. 
brake, has just r eceived from the employees of the Union Traction 
Company, of Indiana, with which company h e was connected as 
master m echanic, a h andso me gold watch , a chain and a charm, in 
token of their appreciation and esteem. 

l\fR. WALTER J. BRADY has been appointed superintendent 
o f the Hudson County division of the North J ersey S treet Railway 
Company, of J ersey City, N. ]. , succeeding the late Mr. William 
N. McCormack. Mr. B rady is about 40· years o f age, and was 
born in J ersey City . H e wa s fir st employed in a law office, bnt 
later entered railroading, becoming connected with the J ersey 
City & Bergen Railroad. now part of the system of the North 
Jersey Street Railway., Mr. Brady has been in the employ of the 
company about nin e teen years. 

MR. WILLIAM DULLES, JR., has just been elect ed president 
of the American Stoker Company, of New York, vice Mr. R . C. 
P eabody, resigned. Mr. Dulles has been connected with a number 
of very successful manufactu rin g enterprises. and besides th e office 
which he holds with the American Stoker Company is pres ident 
and directo r of the Appert Glass Company, vice-president and 
treasurer of the Mississippi Wire Glass Company, president and 
director of t he Municipal Lighting Company, director and treas
urer of the Holland T orpedo Boat Company and director in the 
Electric Boat Company. th e Electric Launch Company and the 
Electro-Dynamic Company. 

•• 
CONSTRUCTION NOTES 

ANN I S TO N, ALA.- T hc Anniston Electric & Gas Compa n :, has recently 
awar ded contracts for th e constr ucti on of its proposed new lines in the 
southeastern part of th e city. It is said th at the company will bui ld 10 
miles of line in all. 

BIRM I NG HAi\I , A L A.- Surveyors are now lay in g out the rout e of the 
proposed line of the Birm ing ha m & S teel City R ailway & P ower Company. 
Th e company's lin es will radia te from Ensley, ex tendin g to Birmingham, 
Pratt City, Brookside, \ \/yla m, D ola mite, \ Vood ward and B essemer. 

HOT SPRINGS. A RK.-Th e Interurban l{ai lway & P o,; er Compan y ha,; 
1,cen in corporated , wi th a ca pital s tock of $500,000, to build an electr ic railway 
between Il ot Springs a nd adjacen t citi es and town s and to operate an elec tric 
railway in H ot Springs. The com pan y will a lso generate power for lig hting 
an d power p u rposes. T h e officer s o f th e compan y ar e: Charles B. E a mes, 
of St. Loui s, pres ident ; H amp Willia m s, of H ot Springs , vice-p r esiden t; 
Charles N. Rix, of H o t S prings, treasu rer ; Frederick D. \Vard, o f H ot 
Spr ings , secr etary. These officers an d A. C. J on es con stitute the boa rd of 
di r ector s. 

NEW H AVE N, CONN.-The F ai r H aven & W estv ill e Rail way Compa ny 
has begun work on the b uildin g of a n exte nsion to its Grand A venue p0wer 
plant. T he presen t pl ant is 130 ft. x 80 ft. , makin g the recon st ructed structure 
230 ft. X 80 ft. 

\VILL il\I ANTI C, CONN.- Charl es 0 . W arren, S . A. Wheaton, Fr ank R. 
J ackson, of Eastfo rd; W . H . T aylor ; of P u tn am, and Geor ge E. Hinman, of 
\\' illima n tic, arc rev iv in g th e prnjec t for the con stru ction of an elec tric r ail• 
way fro m W ill imantic. ex tendin g th ro ug h Choplin , Eastford , Ashford and 
\ \' oodstock. to the i\l assach usetts S tate l in e, about 4 mil es from Southbridge. 

NE\\' H A VEN, C <) N N .- The Rail road Commi ssioner s have approved the 
application of the :Ma nufact urer s' R ailway Company to extend its lin es 
through F erry Street a nd F airmount Avenue. 

H A RTFO RD, CO N N.-The Hartfo rd S treet R ailway Company is hav ing 
p lans prepared for a ne w car hou se on \\/ e ther sfi eld Avenu e to take th e place 
of the old car house owned by th e com pan y o n that th oroughfare. The new 
structu r e will be 470 ft. x 250 ft., and will have a capacity for storing 220 car s. 
I t will be a brick structure. 

SANFA RD , F LA.- Th e Sanford, Orl ando , Ki ss immee & Southern Rai l
road & Steam shi p Compan y, recentl y organ ized, is prom oting a p lan for the 
const ruction of an electric ra ilway to· connect Sa nford and Ki ssimmee, about 
A3 m iles d is ta nt. The line would extend through a rich fa rming country, a nd 
th e plan is to operate it in conjunction with the company' s St. Johns River 
st eam er s. T he officers of th e company are : F. W. Bredow, of De Land, F la., 
p r es ident; Charles H obbs. secr etary; A lexander Vaughan, treasurer. 

V EN l CE. ILL.- The Granite City & St. Louis Railway Compan y, Venice, 
has filed art icles of incorpora tion . Th e capital stock of th e compan y is $500,· 
000. and its purpose is to operate an electric railway, a lso light , heat and 
power plant s. 

i\lO NT GOMERY, A LA.- Colonel H olt and his associa tes, who were recently 
gra nte d a franchi se for the construction of an electric rai lway here, have 

-a rranged t o have J. G. White & Compan y, of N ew York, build the proposed 
lines her e. Colonel Holt admits that negotiation s for th e purchase of the 
Montgome ry St reet Rai lway we re begun , but is quoted as stating that the 
deal for the purchase was not consumma ted because the price asked by the 
owner s of the Mon tgomery Street Railway was conside red exorbitant. 

NOBLESVILLE, IND.-The U nion Traction Company, of Indiana, has 
purchased the franchise s and grants of the Central Traction Company. These 
compa nies have long been figh ting for rights between Kokomo an d Indian
apoli s, and the deal that has just been negotiated settles the fact th at onl y 
one lin e wi ll be built. 
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