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EFFICIENCY OF OPERATION OF INTERURBAN TEST CAR.

-Description of Car-

Tlie following series of tests was conducted on the Elec-
tric Test Car recently purchased by the University of Illinois.
This car is of the regular interurban type, built by the Jewett Car
Co., the baggage and smoking compartment being given over to in-
struments. Its length over all is forty-five feet. The trucks
are the Standard Steel Company s C-60 type, the wheels on one truck
being of rolled steel and those on the other of Cast iron. The
equipment is the latest Westlnghouse system of pneumatic multiple
unit control, with four forty-horse power Uestinghouse No. 101-D
motors. This system is operated by current from a storage bat-
tery through the master controller. The battery current actuates
air valves which in turn operate the individual switches in the
switch group. This switch group together with the reverser and
circuit-breaker is placed in the instrument room for instructional
purposes. An interlocking device on the switch group controls the
order of operation of the individual switches. There is also a
limit switch in connection which prevents the switches from clos-
ing and cutting out resistance until the current in the motor cir-
cuit falls below a certain predetermined value, and a line relay
which cuts out the switches in case of no voltage.

The instrumental equipment consists of a recording
ammeter and a recording voltmeter both of General Electric make,

a Thompson Integrating wattmeter, and an autometer made by the
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Warner Instrument Company, which, gives the speed In miles per
hour at any Instant and also shows the mileage for the trip and
the total distance travelled by the car. Some trouble was exper-
ienced in determining the rate of acceleration but a method was
suggested in an article published in the Proceedings of the
Canadian Society of Civil Engineers, and this method was finally
adopted. A small one-half kilowatt generator was mounted on one
of the trucks and driven by a chain from the axle. The generator
was heavily over-excited by current from a storage battery, and
the current from the generator being sent through a constant re-
sistance was proportional to the speed of the car. Connections
are shown on the accompanying diagram. The generator current was
sent through one secondary of a transformer, current from a
storage battery through the other secondary, and a voltmeter was
connected across the primary. The rate of change of current from
the generator, that is, the rate of change of speed (or the ac-
celeration) of the car causes a throw of the voltmeter needle,
this throw being proportional to the positive or negative acceler-
ation of the car. On account of the shape of the magnetization
curve of the transformer iron, that is, the existence of a lower
loop where the permeability is much less than higher on the curve,
it was found that the instrument did not indicate acceleration as
large proportionally on low current values as it did on higher
values. It was decided to raise the zero of magnetization, and
this is the purpose of the battery current through the second coil

By properly adjusting the current in this coil the zero of flux is






brought, up above the lower bend of the magnetization carve and all
the variations in current are on the part of the curve where the
permeability is at a maximum and practically constant, and since
the acceleration by the transformer method depends upon the per-
meability the readings were more nearly proportional. The curva-
ture of the track may be obtained at any instant by the apparatus
described below. On one side of each truck was placed a sector of
a circle concentric with the center bearing plate. This sector
has a grooved face on which wires are wound, and these wires give
motion to drums whose shafts extend, up through the floor of the
car. By means of wires the motion of these two shafts is averaged
and transmitted to the recording pen. On the .record thus obtained
is read, the degree of curvature of the track. Continuous records
of speed, acceleration, and curvature were made on a single roll
of paper. A piece of apparatus was designed especially for this
purpose, the paper was fed over a glass plate and stylographic
pens were used to mark the record on the paper. These pens were
mounted in carriages running on guide rods, their motion being
controlled by cords passing around pulleys which are placed above

the indicating instruments.






TESTS.

The tests were made on the tracks of the Danville,
Urbana, and Champaign Electric Railway. The track is thirty-one
and nine-tenths miles long from the Urbana Courthouse 'to the
Danville Plasa, andhas a large number of curves, grades and
stretches of straight level track, affording an excellent opportu-
nity for experiment.

In conducting the tests special attention was paid to
the following:

(1) Power required to maintain a speed of thirty miles
per hour on level track.

(2) Po\7er required to start the car on level track.

(3) Power required to get up to speed on straight track
at different rates of acceleration.

(4) Power required to get up speed on curves at differ-
ent rates of acceleration.

(5) Power lost on Middle Fork grades.

(S) Power lost per stop of car.

(7) Power consumption per ton-mile.

(8) Power consumed by air-compressor per car mile.



(1) POMER REQUIRED TO MAIITTAII7 SPEED OF THIRTY
MILES PER HOUR Gl LEVEL TRACK.

The data for this test was taken from the ammeter and
voltmeter curves for a complete run and was compiled in table ITo.l
Time and distance were obtained from the auxiliary marks on the
continuous records. The Voltage and current curves were integrat-
ed between reference points and the mean ordinates calculated.

The Reference points were so chosen that between them the car
maintained a speed of approximately 30 miles per hour. From these
values were obtained the kilowatt-hours per ton-mile. The aver-
age power was found to be 47.1 watt-hours per ton-mile which

value was used in subsequent calculations.



POWER REQUIRED TO MAINTAIN SPEED
OE

30 MILEE PER HOUR ON LEVEL TRACK.

Dis-tance Tlme Average Average K i | HHo-watt- etthours
in in per
Feet Seconals \/o/tage Cri/rrent walts Fours Ton-mt/e
oo 230 *8 * 12w 60.3 .386 63.2
2 00 3z.2 *431 /10 32.9 *47* *0 O
2000 32.0 331 12S 66.3 .39/ *9 9
2000 3*.2 *423 100 *42. 3 .*01 33 9
1300 30.0 302 129 *46.7 .89 3.8

1300 33.3 363 1/9 *43* Jtazt
jono /3.S *490 136 66 6 .3*2

JOOO 23.3 3*4/ 123 *42. 7 .277 *6.8

ZEQQ 392 1*48 38.0 *0 8
AEERIJE tAZ11.1A8 IS 7917-1771g ZdLLI-

TABLE NO. /.



(2) POMER REQUIRED TO START THE CAR OH LEVEL TRACK

In column 5 of table Ho. 2 is found a series of readings
of the power required to start the car on level track. These
power readings were obtained by counting the revolutions of the
watt-meter disc. By observation 500 feet was found to be about
the average distance passed over in starting the car, so a stretch
of straight track 500 feet long was chosen with poles at each end.
The car was run back and forth over this stretch and readings
taken for both directions to eliminate errors due to wind resist-
ance and any slight variations in elevation of the track. The

average value of 470 watt-hours was taken from curve Ho. L.



POWER CONSUMED
ON STRAIGHT TRACE.

Time: Maximum Weight on Average Power

in

SSIYAS Atlal ren.
23.3 26.8
2.6.7 24.7

23.0 281

p.on 31.4
23.6 24.3
220 26.0
26.0 22.2
24.0 24.7
29.0 27.7
27.6 22.8
ForAvcraae

CAR

Average Average

Relay  Rate of Peyoireq IA/att-
Rlunaer. AccderatiaiWatt’hounAccelerate hours
400 i.JOQ 443... 7.034 434
400 006/ 427

4.60 J.220 626 |L23Z 333.
4.60 7.470 480

440 0.963 488 _ 7.044 473
460 7.734 468

3.40 0.864 466 . 0.94Z. 468
3.40 7.030 460

2.74 0748 436 (0133. 437
2.76 0630 428

Flower to 'Start See Ao. 7

TABLE NO. 2.



Curve
Showing Halation
between
Power ConsumedinStarting Car
on Straight Track,
and
Hate of Acceleration.

Average Hate of Acceleration .
Average Power Consumed in Starting
Car on Straight Track ;. 410

Rate of Accc leration
in
NUes per hour per Second.



(3) POAMER REQUIRED TO GET WP SPEED CR STRAIGHT
TRACK AT DIFFERELJT RATES OF ACCELERATIOH.

These tests were made on a straight piece of track 500
feet long as In test Ho. 2. From standstill the car was brought
up to the maximum speed attainable in 500 feet at the rate of
acceleration allo\7ed by the limit switch. In order to obtain
different rates of acceleration the weight of the limit switch
plunger was decreased from time to time. The time, maximum speed,
weight on the limit switch, and power consumed, were observed and
compiled into table Ho. 2. From these values were calculated the
average acceleration for the different trials. The power con-
sumption was determined by counting therevolutions of the watt-
meter.disc. Runs were made in both directions as in test Ho. 2
to eliminate errors. For each different weight of the Limit
switch trials were made in both directions and the acceleration
and power readings for the two were averaged to obtain points on
the curve. Curve Ho. 1 shows that the power consumption increased

as the rate of acceleration was increased.



(4) POMER REQUIRED TO GET WP SPEED CH CURVES WITH
DIFFERENT RATES OF ACCELERATION.

For these trials a piece of curved track of consider-
able length was chosen and data taken similar to that in test
11°. 3 for a stretch 500 feet long. The rates of acceleration
were varied as before by changing the weight on the limit switch.,
and the data collected is embodied in table Ho. 3. As before a
curve was plotted. The results obtained would seem to indicate
that very little or no more power is required for higher than for
lower rates of acceleration. That is, the power required to run
between two points on a curve is practically constant regardless

of the rate of acceleration.



POWER CONSUMED IN STARTING CAR
ON CUREES.

Time Maximum Weight Average Power Average Average
in Speed on Rate or Required izVatt-

Seconds Attained 177t snitch Acceleration Watt-hour. \Accelerationt  hours.
J7.S P.3.4 Coo 1.3A6 360 /.240 409

220 26.Z 0O.on 1744 468

z/.0 z 3.3 4.60 7770 406 7.770 406
22.0 20.7 4 00 0040 436 0.940 436

z.Z.0 22.8 3.60 7.036 368 7020 376
19.3 79.8 3.60 j.n/4 382
J.f1.0 z/.4 - 2.76 7.788 373 0.828 342.

2CO 74-0 2.76 0.467 308

TABLE NO. 3.






(5) POMER LOST Ol THE MIDDLE FORK GRADES.

jn this test which was made on the Middle Fork grades,
the heaviest on the line, two poles were chosen 10000 feet apart,
which distance takes in both grades. As may be seen from the
profile the track descends rapidly to the bridge and ascends to
the same height on the other side. The current and voltage
curves were integrated betxYeen the reference points for several
different rims and the power consumption calculated. These
values were then averaged. The power which would be consumed
if the track were level was calculated from the data obtained in
test Ho. 1. The difference between the average value as actually
found and the value found for level track shows the power lost
on account of the grades. This difference was found to be 836
watt-hours. Probably the largest part of the loss is accounted
for by the fact that the motorman had to apply the brakes in
going down to prevent the car from attaining a dangerous speed.
The rest 'may be accounted for by the curves on both sides of the

bridge near the top of the grades.



POWER LOST ON MIDDLE PORK GRADED.

Derectoon E;rr:le- A verageA  terag Al/owatt Direction
OIiun. Dec 0 \oStage. Current. hours. I/\(}gnd
East £36 4- no J/7 A.O/S 5. E JO
- West 4] 4-70 JOS 8408 N. 4
..East Z6S 477 JJE 3.930 N. 4

West 7727 4-00 107 Z2.700 5 |/ J/.S

East Z64 42/ JOO 3.087 S.C. Q.6
Averaqe XInwatt-hour

_JAowott-hours Rty//treattor Each

—....Efower Lost Dae to fyracVzs 836 Watt-hours

TABLE NO. 4.

/9

2.4



20.

(8) POMER LOST PER STOP OF CAR.

In this test it was assumed that in making a stop and
start the car passed over about 1250 feet, this value being
chosen as about the average from observations taken with different
motormen. From the first te3t the poxver required by the car in
running this distance at average speed without a stop was obtained.
This was found to be 270 watt-hours. Subtracting this value from
that obtained for a start in test ITo. 2, 470 watt-hours, the
additional power required for each additional stop was obtained.

This power was found to be 200 watt-hours.



(7) POMER CONSUMPTION PER TON-MILE.

The data for this test was obtained from several com-
plete runs between Urbana and Danville. The number of stops was
noted on each trip and also the number of passengers carried.
Eight stops was assumed to be the average number for one trip,
and all of the watt-meter readings were corrected by means of the
data obtained in test No. 6 for this number of stops. After cor-
recting for the number of stops the number of passengers was
considered. The average weight of a passenger was assumed to be
150 pounds. This was multiplied by the number of passengers and
added to the weight of the car which was found to be 54500 pounds.
Dividing the power for the trip by this weight and by the distance
gave the power per ton-mile. Dividing this by 2000 and multiply-
ing by 150 gave the power per passenger-mile, for each added
passenger. The data for this test and the results may be found
in table No. 5. The corrected, values of the total power for the
trips showed that the power consumption was greater going from
Danville to Urbana than from Urbana to Danville. The average
power required for the trip in each direction was obtained and the
difference calculated. The average watt-hours per ton-mile and
the average watt-hours per added passenger-mile were calculated.
The profile of the track shows a difference in level between
Urbana and Danville of 112 feet, Urbana being the higher. The

average weight of the car and passengers was found to be 56500



zZe

pounds. Using this value the power required to lift the car 112

feet is 56500 x 112 x .746 - 2.385 Kilowatt-hours. The differ-
33000 x 60

ence in power actually required for the runs is 6.43 kilowatt-
hours, this however must he divided bjr 2 to obtain the power re-
quired to lift the car. This gives 3.22 kilowatt-hours. This
value is 1.35 times the actual power required to lift the car 112
feet, or an error of 3 5 This error may be accounted for to a
great extent by the fact that the prevailing winds during the rims

were from the South-east.
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POWER CONSUMPTION
PEP TON~MILE AND PEP

Direction Number Number Fbwer KM-hours Watt-hour, Watt-hours Direction fa/oecti

o f Consumed Corrected per per of
F?un. Sta rts fhssengen Kw-hours forastarts Tnn-mLle pass-fni/e N/nd ivira
a - a 12 13 JO.30 49.60 46.0 0.4J3 S.W JO
n-u 12 13 69.00 48.20 64.7 0.486 S.W. Jo
u-o in 12 44.40 44.00 46.6 0.360 N.2. Jz
n -u 2. 1S 47.26 46.06 67.6 0.46/ N.2. 12
U-D 9 8 49.76 49.66 66.9 0.419 N. J
D -U 10 8 61.60 6080 68.6 0.474 M 4
h-n 24 w=5/0 4.136 604 0.444 SET. 7
n-n 24  .16nn 46.48- 60.9 0.466 \OIT Z
u-n N 12 S348 42.88 68.9 QAfL -M ___ 70
n-ii m 12 6232.. 6/92 69.0 0.41Q- W ___ 172—
U-D g 14  48.40 48.20. 63.3. 0.400 N C 6
n-n 1S 14 4480 63.40. 69/ 0.444 ND—
n-n 7 [ 4822 49.42 612 o-4m. S.2T. /<2,
p- /M & 7 4420 46.40 62.6 QJ12+ S.27. T72—
ii-n & /Jo 4120 61.60 47.7 O0A741 s.r. /0
LLLL & 0. 6J.J0 66.70 14.7 0.660 JO
— Ave rages.
AJJE24LgLE. Consu/macl. 7/-/1- KW -hours
Sj3EUE2NE. MniAler Cd2J2SLU22E£2-D—L L tUi
AJEIN2HEE. W att-hours /2£]) 7on-Jr?i/C. —
Allera<7£ W a/t-hours per B0-422

AVaraa><z Weight of C-ar anet TAgssCA?geh3 \76400

TABLE NO. S.



(8) PONMER CONSUVED BY AIR-COMPRESSOR PER CAR-MILE.

An integrating wattmeter was placed in tiie compressor
circuit and during several of the rims readings were taken to
obtain data on the power required for braking and operating the
pneumatic switches in the switch group. Taking the total watt-
hours per run and dividing by the distance gives the value of the
power required per car-mile. The average of several such sets
of readings shows a consumption of about 64.8 watt-hours per
mile. While no accurate determination can be made due to the
varied character of the runs and the difference in motormen the
average values obtained may serve as a basis for comparison with
the total power required per car-mile. According to the data
obtained the power consumed was about 4.05" of the total power

per car-mile.



GENERAL QOUCLUSIOHS.

From an economic standpoint fast running with the cars
full, and with few stops is the ideal condition for an interurban
system. In test Ho. 6 it may be seen that the power required for
an additional stop is 200 watt-hours, and from table Ho. 5 that
the power required for an additional passenger-mile is .45 watt-
hours. That is, more power is lost in making a single stop than
IS required to carry 14 passengers from Urbana to Danville on a
regular trip. For example, if two cars started from Urbana, car
A and car B car A carrying 14 more passengers than B and making
eight stops, B making nine, the two cars would consume the same
amount of power. While this result is rather startling, it is not
so important as might be thought at the first glance. The cost
of all the power used on the system is a small part of the expense
of conducting an interurban system, probably not more than 15%, so
that a material increase or decrease in the power required, for
one car would make an almost inappreciable difference in the
expense account. The comparison serves to show, however, that the
power per passenger-mile is so small in proportion to the operat-
ing expenses that an increase in the number of passengers carried
makes a much greater increase in the earnings.

Some interesting and useful data may be deduced from
the preceeding tables in connection with the extension of inter-
urban systems. In estimating the increased load upon the power

plant it is desirable to know the relative weights of the different
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factors influencing the power consumption. In order to have

something on which to hase an estimate the following table is

appended:
For each addedton-mile .................o.o.l. add 47.10watt-hours
For each addedpassenger-mile............... add 43 watt-hours
For each addedcar-stop......c.ccocoveienennenss add 200.00 watt-hours

For each added100 feet difference
in elevation.add 84.00watt-hours

The first and second items were taken from table Ho0.5
and are assumed to be for average track conditions, and for an
average distance of 4 miles between stops.

The third item was taken from test Ho0.6

The fourth item was taken from test Ho. 7. This refers
to difference in elevation between terminals, and is for a car

weighing approximately 28 tons.
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