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I N view of the increasing interest among 
steam railroad men in the various appli­

c::\tions of electricity to railroad operation, we 
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VTESTINGHOUSE RAILROAD DATA 

Traction Data 
ELECTRIC LOCOMOTIVES 

Electric locomotives are built in a variety of types and 
sizes, employiu& scveral kinds of motors and methods of 
drive between tne motors and drive wheels. Tbe pro-per 
system of electrification and the bcst type of locomotIve
have been the subjects of much controversy. Each of 
the systems has a field of application and it is now felt 
that no one type or system should supersede all others. 
So much discussion has centered around these subjects 
that the reader will not here be burdened with such matter. 

Data on several locomotives which have been built 
for heavy railroad service is ~iven in the following pages. 
The railroad man who has hao long experience with stel1ill 
locomotives sometimes has difficulty in obtaining a correct 
conception of the meaning of eillctric locomotive ratings. 
A steam locomotive has a definite maximum tractive effort 
ratiD~ which is fixed by the dimensions of the cylimlers, 
the driver diameter, and the boiler pressure. A steam 
locomotive generates its own power and can deliver trac­
tive power only within the capacity of its own power 
plant, that is, the boiler and fire box. An electric loco­
motive, on the other hand, has behind it the capacity of 
the power plant and distribution system which is very 
large. The maximum tractive effort which an electric 
freight locomotive can exert is usually limited only by 
the adhesion between the drive wheels and the rails. This 
is sometimes true ",-jth passenger locomotives also. but it 
often happens that the CUlTcnt capacity of the motors 
is not sufficient to slip the drive wheels. 

However, if an electric locomotive were permitted to 
exert for any considerable length of time the large tractive 
effort it is capable of producing hy virtue of the enormous 
power behind it, the electrical equipment would be injured 
by overhea.ting. It is therefore necessary to apply to electric 
locomotives, ratings which must always be associated 
with time limits. The two ratings most commonly given 
are the hourly rating and the continuous rating. The first 
indicates the capacity of the locomotive for one hour, 
assuming that the electrical equipment is at the tempera­
ture of t.he surrounding air at the start of the nm. The 
continuous rating shows what tractive effort can be pro­
duced continuously without injuring the equipment. The 
question of ratings and their meaning will be amplified 
further under the heading of Locomotive Selection. 

Westinghouse Eleetl'ie & Manufacturing Company
 
East Pittsburgh. Penna.
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CHICAGO, MILWAUKEE & 
ST. PAUL RAILWAY 

DATA 
Weights-Total. , 600,000 Lb.
 

On Drivers 378,000 Lb.
 
Per Driving Axle 63,000 Lb.
 

Rating-s-One Hour, Short Field, T. K 66,000 Lb.
 
Forced Ventilation Speed 26.7 IVI.p.h.
 

Hp 4,680
 
Continuous, Short Field, T. E .40,800 Lb.
 

Speed 31.2 M.p.h.
 
Hp 3,400
 

Maximum Tractive Effort, 40.4% Adhesion, 
Limited by Motor Capacity 153,000 Lb. 

Tractive Effort, 25% Adhesion 94,500 Lb. 
Maximum Speed , 65 M.p.h. 
Number & Nominal Hating of Motors-Six Twin ..780 Hp. 
Gear Ratio........ . 24:89 
Driver Diameter 68 In. 
Trolley Voltage 3,000 D-C. 
Road Nos 10301-10309 

GENERAL iNFORMATION 
This locomotive was designed for heavy passenger 

service over mountain grades. It regularly hauls 9S0-ton 
passenger trains on a 440-mile run whieh includes 21 miles of 
grade averaging 1.72 percent with a maximum of 2 percent. 

The locomotive consists of two Pacific type running 
gears coupled baek to back and supporting a single cab 
which contains the control and auxiliary equipment. Each 
of the six driving axles is driven by a twin motor placed 
vertically above the axle. The drive between the motor 
and drive wheel is by single gearing and a quill which 
surrounds the axle but is connected to the wheels only by 
springs. The only non-spring borne weight is, therefore, 
the weight of the wheels and axles themselves. This gives 
a very flexible type of drive and a locomot.ive having very 
little damaging action on the track. 

The cont.rol is arranged so that either twelve, six or 
foUl" motor armatures can be connected in series between 
the trolley and rail. This gives three combinations of 
motors whien, with two field shunt positions of the con­
troller in each combination, makes a total of nine running 
speeds. The locomotive is equipped for regenerative 
braking. Two axle generators, one carried on each of 
the four-wheel engine trucks, supply excitation for the 
main motors when rer"enerating, and auxiliary power when 
motoring. In case 0 fa.ilure of the power supply, the axle 
generators can be used to furnish power for the air com­
pressor and thus ma.ke it possible to descend a grade safely 
by air braking. An oil tired steam boiler is_supplied for 
tra·in heating. 

\Vestlnghouse Electric &; ~Innufncturing Company 
Ea~t. Plttsburgh.. Penna. 
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CHICAGO, MILWAUKEE & ST. PAUL, RAILWAY 

300-Ton Passenger Locomotive 
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WESTINGHOUSe RAH,nOI.n DA'l'A 

PENNSYLVANIA RAILROAD 
FF-l TYPE LOCOMOTIVE 

DATA 

Weights-Total. , 
On Drivers 

, , ,. , .. , .. 516,000 Lb. 
.439,500 Lb. 

Per Driving Axle 73,250 Lb. 
Ratings--Qne Hour, Forced Vent. T. E 88,000 Lb.
 

Speed 20.4 M.p.h.
 
Ep .4,800
 

Continuous T. E 73,000 Lb.
 
Speed 20.5 M.p.h.
 
lip .4,000 

l\-1aximuID Tractive Effort, 31.8% Adhesion, 
LiIl!ited,b.Y IVlo~o~ Capaci~y 140,000 Lb. 

TractIve Eft ort, 2010 AdhesIOn 109,875 Lb. 
Maximum Speed 35 M.p.h. 
Number & Nominal Rating of Motors 4-1,200 Hp. 
Gear Ratio 21 :106 
Driver Diameter 72 In. 
Trolley Voltage 11,000 A-C. 
Road No 3,931 

GENERAL INFORMATION 

This locomotive is the product of a ioint design by the 
Pennsylvania Railroad Company and the Westin~house 
Electric and Manufacturing Company. It was laId out 
for heavy, drag-frei~ht service, such as is encountered on 
the Penm;ylvania's line over the Allegheny Mountains. 
The wheel arrangement is 260 + 062 :l.nd the drive is by 
geared jack shan and side rods. Each jack shaft carries 
two flexible gears which mesh with pinions on the shafts 
of two motors. 

The motors on this locomotive are of the three-phase 
induction type a.od run at constant. speed regardless 
of the amount of tractive effort thev are supplying. 
Single-phase 2.'5-cycle power is collected by the pantagraph 
from t.he overhead wire. This power passes through the 
main transformer lind phase converter which together 
reduce its potential from 11,000 to 850 volts and convert 
it into three-phase power, suitable for the main motors. 
The phase converter is of the synchronollB type serving 
t.o mainta.in high power factor in the distribution system. 
The motors C:l.n be connected in easradc to give a half­
speed l'lIuning po"itioo on the contmller. This type of 
lorornot.ive is inherently regenemtive and no additional 
el!uipment is necessary io ~eeure this feature. 

\VestiughoU86 Elec!Tic oli; AZ:~~curaeturing COWllaU)' 

East Pittsbu:"~h..; l'C:l.fI{~. 
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WESTL.'lGHOUSE RAILROAD DA'l'A 

PENNSYLVANIA RAILROAD 
L-5 TYPE LOCOMOTIVE 

DATA 

Weights-Total. .408,000 Lb.
 
On Drivers 300,000 Lb.
 
Per Driving Ayle 75,000 Lb.
 

Ratings-One Hour,.Forced Vent. T. E 59,000 Lb.
 
335 Volts per Motor Speed 21.0 M.p.h.
 

IIp 3,300
 
Continuous T. E 50,000 Lb.
 

Speed 23.0 M.p.h.
 
Ep 3,070
 

Maximum Tractive Effort, 33%% Adhesion, 
Limited by Motor Capacity 100,000 Lb. 

Tractive Effort, 25% Adhesion 75,000 Lb. 
• 0 Maximum Speed	 35 M.p.h.

u 
Number & Nominal Rating of Motors 4-825 Hp.'"''"" o<l Gear Ratio. . . . . . . . . . . . . . . . . . . . . . .. . 30 :118 

I'i Driver Diameter , 80 In. 
a: Trolley Voltage 11,000 A-C. 
", Road No... . . . . . . . . . . . . . ..... 3,930'".... 
'" ~ .,	 GENERAL INFORMATION 
§
.., 

This locomotive is the latest development in single­
~ 

.

.c 
~ phase locomotives employing commutator type motors. 
~ It is intended to be used either in freight service or 
~ 
u	 high speed passenger service, the change in speed being 

secured by changing the gear ratio. The data above 
applies to the locomotive when geared for freight service. 
With a 50:98 gear ratio, the locomotive has a continuous 
tractive effort rating of 25,000 lb. at 46 miles an hour and 
a maximum speed of 70 miles an hour. 

The drive is by geared jack shaft and side rods, each 
jack shaft being driven by two motors. The jack shaft 
gear is of a new flexible type and two of the four pinions 
which mesh with each jack shaft are also flexible. The 
four driving wheels are in one rigid wheel base and the 
cab is rigidly mounted on the side frames. 

The control of this locomotive is extremely simple. 
Acceleration is obtained by raising the motor voltage by 
means of taps on the main transformer. The low voltage 
tap~ may also be used for r!1nning when .reduced speed is 
desIred. The transformer IS of the oil Illsulated forced­
cooled type. 

'Yestinghousc .Ij~lectrlc & Manufacturing Company 
East Pittsburgh... Penna. 
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'VESTINGHOUSE RAILROAD DATA 

NORFOLK AND WESTERN 
RAILWAY 

DATA 
Weights-Total 828,000 Lb. 

On Drivers 596,000 Lb. 
Per Driving Axle 74,500 Lb. 

Ratings-One Hour, 8 Pole, Forced 
Vent	 '1'. E 108,000 Lb. 

Speed 14.1 M.p.h. 
Hp .4,060 

4 Pole,	 T. E 63,000 Lb. 
Speed 28.3 M.p.h. 
Hp .4,750 

Continuous 8 Pole,	 T. E 90,000 Lb. 
Speed ....•. 14.2 M.p.h. 
Hp 3,400 

4 Pole,	 T. E 52,500 Lb. 
Speed 28.4 M.p.h. 
Hp .4,000 

Maximum Tractive Effort, 31.1 % Adhesion, 
Limited by Motor Capacity 185,000 Lb. 

Tractive Effort, 25% Adhesion 149,000 Lb. 
MaxiDluDl Speed 38 M.p.h. 
NUDloer & Nominal Rating of Motors . .4-1,190 Hp. (4P) 
Gear Ratio , 21:100 
Driver Diameter 62 In. 
Trolley Voltage 11,000 A-C. 
Road Nos 2512-2515 

GENERAL INFORMATION 
This locoDlotive consists of two coupled cabsl each cab 

having four driving axles in one rigid wheel oase. The 
cab structure is Dlounted rigidly on the locomotive side 
fraDles which are of massive vanadium steel construction. 
The heavier parts of the electrical equiI?Dlent are Dlounted 
on the cross ties which connect the SIde fraDles. 

The locomotive is of the so-called split-phase type and 
is driven by three-phase induction DlOtOrs which receive 
their power from a phase converter and main transformer. 
The motors have two windings which give constant 
running speeds of approximately 14 and 28 Dl.p.lI. 
Regenerative braking is autoDlatic at either speed. SDlooth 
acceleration is obtained with a liquid rheostat of an im­
proved type. 

These locomotives are used to haul heavy coal trains 
over a profile which includes 5.28 Dliles of 1.'1 percent 
grade. Two locoDlotives handle a 4,200 ton coal train 
up the grade. 

Westing'llonse Eleckic &; Manufacturing Company 
East Pitt8bll1'gh~ Penna. 
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\VESTINGROUS.E RAILROAD DATA 

NEW YORK, NEW HAVEN 
& HARTFORD RAILROAD 
PASSENGER LOCOMOTIVE 

DATA 

Weights-Total. 350,000 Lb.� 
On Drivers 233,000 Lb.� 
Per Driving Axle 38,830 Lb.� 

Ratings-One Hour, Forced Vent. T. E " .. 18,000 Lb.� 
335 Volts per Motor Speed 51 M.p.h.� 

Ep 2,460� 
Continuous T. E. 12,540 Lb.� 

Speed 61 M.p.h. 
Ep 2,040 

Maximum Tractive Effort, 20.4% Adhesion, 
Limited by Motor Capacity .47,520 Lb. 

Maximum Speed 70 M.p.h. 
Number & Nominal Rating of Motors .. 6 Twin 410 Hp. 
Gear Ratio 27 :87 
Driver Diameter 63 In. 
Trolley Voltage 11,000 A-C. 
Road Nos 0300-0304 

GENERAL INFORMATION 

Five of these locomotives have been in service since 
1919 and twelve more have recently been delivered to the 
New Haven. These locomotives have six driving axles, 
each driven by a twin single-phase commutator type motor 
through gearing and a quill..They are used in fast pas­
senger service between New York and New Haven and 
are capable of handling a 900-ton train in tills service. 
Motors of the type used on these locomotives will run on 
either alternating or direct current and the control is 
arranged so that they can run into the Grand Central 
Station or over the Hell Gate Bridge, taking power from 
a third rail at 600 volts direct current. This increases 
the weight of the locomotive somewhat. 

An oil fired steam boiler capable of producing 4,000 
lb. of steam per hour at 100 lb. per sq. in. is supplied on 
all of the seventeen locomotives. 

WestlnJ;bouse Electric &; Manufacturinl: Compnny� 
East PittsburJ;!l, Penna·.� 
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WESTINGHOUSE RATT,noAD DATA 

NEW YORK, NEW HAVEN 
& HARTFORD RAILROAD 
FREIGHT LOCOMOTIVE 

DATA 

Weights-Total. . . . . . . . . 219,500 Lb. 
On Drivers 165,000 Lb. 
Per Driving Axle 41,250 Lb. 

Ratings-One Hour, Forced Vent. T. E 21,200 Lb. 
330 Volts per Motor Speed 28.5 M.p.h. 

Hp 1,610 
Continuous T. E 14,760 Lb. 

Speed 34 M.p.h. 
Hp 1,336 

Maximum Tractive Effort, 34.0% Adhesion, 
Limited by Motor Capacity 56,000 Lb. 

Tractive Effort, 25% Adhesion .41,250 Lb. 
lVlaximum Speed .45 M.p.h. 
Number & Nominal Rating of Motors .. 4 Twin 404 Hp. 
Gear Ratio .. " '" 17:97 
Driver Diameter 53 In. 
Trolley Voltage 11,000 A-C. 
Road Nos 076-0111 

GENERAL INFORMATION 

This locomotive is a type well suited to freight service 
on a line having approximately level track. It can handle 
fifty-five 45-ton ca·rg on level tangent track and, if longer 
trains are neces.~ary, two units can be coupled together 
and operated as a single locomotive from one master 
controller. Each step of the master controller is an eco­
nomical running position so that the locomotive bas a 
very flexible control. The drive is by quill and gearing,· 
similar to other l'~ew Haven locomotives. Twin commu­
tator type motors, mountcel directly above the driving 
axles are used. Thi.rty-six of these locomotives have been 
in use on the New Haven since 1912. 

'Vesting-house Electric .& ~rantJfacturlng Company 
East PittsbUl·gh. Penna. 

S.P.1707� 
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WESTINGHOUSE RAILROAD DATA 

NEW YORK, NEW HAVEN 
& HARTFORD RAILROAD 
SWITCHER LOCOMOTIVE 

DATA 

Weights-Total 159,200 Lb. 
On Drivers 159,200 Lb. 
Per Driving Axle 39,800 Lb. 

Ratings-One Hour, Forced Vent. T. E 23,200 Lb. 
228 VoltB per Motor Speed 10.5 M.p.h. 

Hp 652 
Continuous T. E. 14,400 Lb. 

Speed 13.5 M.p.h. 
Hp 520 

Maximum Tractive Effort, 29.0% Adhesion, 
Limited by Motor Capacity .46,000Lb. 

Tractive Effort, 25% Adhesion 39,800 Lb. 
Maximum Speed 25 M.p.h. 
Number & Nominal Rating of Motors .4-163 Hp. 
Gear Ratio 17:101 
Driver Diarneter 63 In. 
Trolley Voltage 11,000 A-C. 
Road Nos 0201-Q214 

GENERAL INFORMATION 

In many respects the New Haven operates the world's 
most comprehensive electrification in that it has all classes 
of service electrified. The switcher locomotives are of the 
steeple cab type with all the weight on the drivers. Each 
axle is driven through gearing and a quill by a' single 
25-cycle motor of the commutator type. It has double 
end control and low speed suitable for switching service. 
The two four-wheel trucks are articulated so that the 
tractive effort is transmitted through the truck frames 
rather than through the cab structure. This locomotive 
has proved in service to be a very satisfactory type. 

Westinghouse Electric & 1Iinnulacturing Compnn~'
 

East Pittsburgh, Pennn.� 
S. P.1707� 
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WESTINGHOUSE RAIJ,IWAD DATA 

STANDARD� 
50-TON LOCOMOTIVE� 

DATA 

Weights-Total. 100,000 Lb. 
On Drivers 100,000 Lb. 
Per Driving Axle 25,000 Lb. 

Ratings-One Hour, Short Field, T. E 12,600 Lb. 
Natural Ventilation Speed 14.9 M.p.h. 

lip 500 
Continuous, Short Field T. E. 9,400 Lb. 

Speed 16.2 M.p.h. 
IIp .400 

Maximum Tractive Effort, 36.'.1% Adhesion, 
Limited by Motor Capacity 36,400 Lb. 

Tractive Effort, 25% Adhesion 25,000 Lb. 
Maximum Speed .47 M.p.h. 
Number &; Nominal Rating of Motors .4-125 lip. 
Gear Ratio 17:60 
Driver Diameter 36 In. 
Trolley Voltage 1,500 D-C. 

GENERAL INFORMATION 

This locomotive is a standard unit built by the Westing­
house Company for light freight haulage and general 
purposes. The motors' are standard slow speed direct 
current machines and the product of long experience in 
design. The locomotive can be arranged for 600,750,1,200 
or 1,SOO-volt opemtion. The data above applies to 750 
motor voltage which would be obtained with either 750 or 
1,500 volts on the trolley wire. With operation on 600 
or 1,200 volts, the speeds will be slightly less than 80 per­
cent of the speed with 750 volts per motor. If higher speeds 
nre desired, the locomotive can be supplied with different 
windings in the motors. 

'YesHntihulLSe Eiectric & l\Iannfnctnring Company 
East Pittsburgh. Ponna. 

S. P.1707� 
Sheet 10 6-24 Printed In U. S. A.� 
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WESTINGHOUSE RAILROAD DATA 

DATA ON REPRESENTATIVE MODERN STEAM LOCOMOTIVES 

Road Manu­
facturer 

I 
Wheel 

Arrange­
ment 

Cylinder
Dimension 

Bore Stroke 

I TotalEvaporative
Heating
SurfaceI Sq. Ft,. 

Tractive 
ElIort 
85% 

Driver 
Diam. 

In. 

Driving 
Wheel 
Base 

Weight 

Tot,al On DriversEng. & Tend. 

VirgiDian .... 

C.&O.... 

Am. 

Am. 

2-10-10-2 

2-8-8-2 

{ 30 
48 
23 

} 32 

32 I 
8606 

6447 

147200 

103500 

56 

57 

50'-0/1 

...... 

898300 

774000 

617000 

491000 
P.R.R. ... . ­ P.Rll. 2-8-8-0 30Yz 21 6656 135000 62 ...... 794000 540000 

Virginian .... Am. 2-8-8-2 { 25 
39 } 32 6120 101300 57 42'-4/1 740100 478000 

N.&W.. ,." Bald. 2-8-8-2 { ~~.5} 32 6308 104300 56 I42'·1/1 695000 470500 . 

Reading ... , . Bald. 2-8-8-2 
f 26 
'j 40 } 32 5747 98000 55Yz 39'·8/1 630000 435200 

Southern. , , . Bald. 2-8-8-2 { 25 
39 } 30 4993 84800 56 41'-1/1 603000 374000 

P.RR. ...... Bald. 0-8-8-0 { 26 
40 }I 28 5030 100000 51 40'-"lYz" 650000 458140 

N. & W...... Bald. 2-6-6-2 { 22 
35 } 32 4771 67500 56 30'~6" 571000 341000 

P.ll.R. .... { 

B. &0..... , 

P.RR.t 2-10-0 
Bald. JI 
Bald. 2-10-2 

30Yz 

30 

32 

32 

4808 

5270 

90400* 

84400 

62 

58 

22'-8" 

, 22'-4/1 

553400 

730000 

341000 

347230 
So. Pac.. .... Bald. 2-10-2 29Yz 32 5103 71150 63Yz 22'-10/1 621000 306000 

Can. Nat .. { 
Mont. } 
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tltAIN 
1t~8istANtt 

The stitiili1aMeb of tne t</pees apposed td the iIidf,ion 
df Ii tririn &t edtJstl1nb speed on straight ieitel tfliCit is Khe If 

·1iS train ti!Sist~~, it is dstf!tl{y e:icpFe9S@cl in rtotimle pet 
'tori of timn weight. Train ;esiatanee ine1hdes ail Jos..res 
iiI be!ipi~i fo&'5e"s due to ffj)Ufil§ rfiction, betldifi~ failS; 
futilge irietitiii !ilia wind fliSiStafuil!. All Of these vat'iabl!!8 
depettd eli tbe cioiidltititt Of bearings; difsi§n IJf. tttkks, 
eoticlitil:iti ei thtj j'uad~bed, sitll.~g aHd eruss seetien of thd 
ears; ii6 that tests tEl fmlli8h alH:lil'Me dati! ffiUst be sam. 
eientl;sr ee-mpl'l:l!wftSi.y-e 00 tJimift!llM l:!tfots dlle to i1tiflily 
kmai eotNlltions. villious Wsts bve been made in tW 
past to sootHe cofuiisteHt and aectiflif.e data. The cam'" 
ponent pa:ftS of tiiilti :i'esistance nave bMh Studied and 
formulas develup(!d etJVerllig thetii as well ds the whole. 
In geilerltl, it IM·Y l1e' said thll.i tfain rMlstitlilie <J*j:lressed 
in pound9 P'l:!i' taM . dJ'h!s Willi tht! Ii ed ltllcl ~tM the weight 
Of the felling eqai~lit. 

Although fOimulae for ttaltt resistance ate available 
ill a variety of foittlS;, it is COIllIll-On practice to obtain trahi 
resistaiicli vaIiieS ffofu ciirves. Vl'iry litJifiplete tests ha~e 
been made by the UI1iveisH.y of Itiinois 6/1 train resistaMe 
for both passenge'r and fteight trains. Th~ tests ate 
fully described in iiuYetiiiS Nos; 43 and lio, Inside are 
reprinted the etlms which were di~wn tip· !is a result of 
these tests. These curves do noti include IMcih:iotlve 
resistance. A fair 8.Terage "aiue fot this is Hi tb, per tdfi. 
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WESTINGHOUSE RAILROAD DATA 

INDUSTRIAL 
LIGHTING 

The great progress made in industrial lighting during 
-the loot few years has been due not only to the demand for 
-inere!lBed production, savings in operation and betterment 
of working conditions, but bas been made possible by 
improvements in lamps and .equipment and in methods 
of installation. Among the advantages of good factory 
lighting are : 

1.� Increased production for the same labor cost. 
2.� Greater accuracy in workmanship. 
3.� Decrease in spoilage. 
4.� Reduction of accidents. 
5.� Improved order and cleanliness in the plant. 
6.� Easier supervision of men. 
7.� Better working and living conditions. 
8.� Less eye strain and physical fatigue. 
9.� Greater contentment of men, reducing labor turn­

over. 
10.� Lowered compensation insurance rates. 

Requirements for Good Lighting 

In the design of an adequate system for an industrial 
plant the following requirements must be met: 

1.� A steady light of sufficient intensity on all working 
surfaces. 

2.� A comparable intensity of light on adjacent areas 
and on the walls. 

3.� Light of a color and spectral character suited to the 
purpose for which it IS employed. 

4.� Freedom from glare and from glaring reflections. 
5.� Light so directed and diffused as to avoid objection­

able shadows or contrast of intensity. 
6.� A system which is simple, reliable, eaBy to maintain 

and reasonable in initial and operating costs. 
Modern reflectors and Mazda C lamps are universally 

applicable to the vast diversity of conditions arising in the 
demand for good lighting of industci.al plants. 

Types of Factory Lighting 

The principal types of illumination used in industrial 
plants are: (1) General1ighting, secured by a system giving 
uniform intensity throughout a shop without regard to 
machines or work; it approaches more nearly "daylight" 
conditions than any other system. (2) Localized lighting, 
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secured by single units suspended over individual working 
planes. (3) General and localized lighting, a combination 
of the first two types. (4) Modified lighting, secured by 
suspending lighting units so that the maximum amount of 
illumination will be received on the most important work­
ing planes. 

ILLUMINATING CALCULATIONS 

Although the installation of every lighting system in­
volves individual problems which must be studied to obtain 
the best results, the procedure in designing a general light­
ing system has been very well standardized. It may be 
divided into the following steps: 

1. Selection of the desirable intensity of illumi­
nation on the working plane. This depends upon the 
character of the work to be done. Table II gives recom­
mended values for various classes of work. 1t should be 
remembered, however, that increased illumination will 
result in increased product.ion. This holds true even above 
the figures given as desirable intensities. 

2. Detennination. of the utiiizaticn cc.nstant. 
Part of the light emitted by the lamp does not reach the 
working plane but is absorbed by the refle.cting surfaces, 
walls, and ceiling. The amount depends upon the type of 
fixtme, the color of the surroundings, ftnd the proportions 
of the room. The ratio between the effective lumens and 
the total lumens is called the utilization constant. The 
values for the various conditions are given in Tables III 
and IV. 

3. Determination of the total quantity of light 
to be supplied by the lamp. Use the values found above 
with the following formula: 

Area of room in sq. ft.. X intensity in ft.. 
T .1-_' I' _ candles X depreciation factor 

0 ..... umens- Utilization'constant 

(Depreciation factor: Under ordinary conditions the 
light output from open reflectors diminishes from 10 to 
25 per cent after about four weeks, due to the collection 
of dust and dirt on the rC'llecting surface. Therefore, in 
designing an installation it is well to include a depreciation 
factor of 1.1 to 1.4.) 

4. Selection of suitable lighting unit. The choice 
of lighting equipment best suited for a proposed installation 
should be made with regard to the requirements of good 
lighting as covered on the preceding page. The data given 
under "Selection of Reflector" gives the relative values 
of the various types of units with respect to the more 
important criteria. 
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5. Determination of number of lamp6 to be used 
and their location. The area to be lighted should be 
divided as nearly as possible into equal squares and a 
lighting unit placed at thc center of each RqU:lre. 'rhe size 
of the squares depends upon the ceiling height, the division 
of the room by columns or ceiling beams into bays, and 
the extent to which shadows will be objectionable. The 
higher the ceiling the greater will be the allowable spacing 
between lighting units, and generally speaking, fewer units 
of larger size are preferable to a hrge number of smaller 
units. Not only arc the larger lamps mere efficient, but 
the expenses of wiring and l1lltintenance are reduced. On 
the other hand a few large lamps will produce deep shad­
ows, and the intensity of these shadows is decreased as the 
number of units is increased. The ideal number is the 
smallest that will give reasonably uniform lighting. The 
distribution of light from a lamp may. be controlled to 
r.roduce the samc results with different types of reQectors 
if the proper ratio between mounting hei~ht and outlet 
spacing is observed. Tllis relation is as tollows: With 
the R L M standRrd dome type the maximum sparing of 
outlets is 1% times the mounting height; with t.he standl\.rd 
bowl type ;,he maximum spacing of outlets is 1Y-l times 
mounting height. 

6. Determination of size of lamps. The total 
lumens required can now be divided by the number of 
outlets to obtain the lumens per lamp. lirom Table V, the 
lamp which gives nearest that amount of light mny then 
be selected. 

Planning a Specific Lightin:;' Installation 

Suppose the problcm is to design a lighting system for a 
machine shop. The character of the work performed in 
t.he shop may be classified as medium grade, that is, there 
is no very fine work. Area of room 80 x 120 H. or 9,600 
sq. ft. with 12 ft. ceiling. Lower section of walls tan, 
ceiling and upper part of walls white. 

1. The recommended foot-candle values for medium 
machine work vary from 6- to l~-foot candles, (Table II). 
Select 9-foot candles as an average. . 

2. Porcelain enameled stct'l reflectors are the most 
practical for fadory lighting. In this particular case the 
R L M Stnndl),rd Dome Reflector is recommended because 
"of its sturdiness, medium cost and wide distribution of 
light. It ~ill be. desirable to use bowl enameled lamps 
because thIS coatmg reduces the apparent brightness of 
that portion of the bulb. 

Westinghouso Electric & 1IIllnufnctW'lng Company 
East Pittsbmgh. Penna. 
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Correct layout for the prohlem 

3. The Utilization Constant (Tables III & IV) for the 
R L M Standard Dome Reflector and bowl enameled lamp 
in a room with light ceilings and walls will be 0.54. An 
allowance of 15 percent must be made for depreciation in 
light output due to the unavoidable collection of dust 
between cleaning periods and gradual aging of the lamp. 
Assuming tills allowance of 15 percent a depreciation factor 
of 0.85 should be used. 

4. Total lumens necessary. 

80 x 120 (sq. ft.) x 9 = 188235 
.54 x .85 ' 

5. From Table I, it will be seen that four outlets per 
bay are necessary with a 12-foot ceiling, if uniform illumi­
nation is to be obtained. With twenty-four bays there 
will be a total of ninety-six outlets. 

6. Dividing the total numbers of lumens required by 
the number of outlets gives the lumens willch each lamp 
must supply. 

188,235 = 1 960 
96 ' 

Table V shows that a 150 watt Mazda C lamp generates 
2,100 lumens and, therefore, is the proper size for this 
installation. 

7. To determine the correct mounting heigh.t refer to 
Table I. Columns three and one show that for a spacing 
of 10 feet the,unit should be mounted 7 feet 6 inches above 
the working plane or 10 feet above the floor. 

'VEBTINGHOUSE RAILftOAD DATA. 

Industrial Lighting (Cont.) 
TABLE I 

SPACING AND MOUNTING HEIGHT 

Direct Lightin~Units, Including Serni-enclosing and 
TotaIly Enclosing Units 

Mounting Height ,Recommended'Distance Be­
of Unit tween Outlets and Sidewalls 

Recom­
I----~I-----'~mended 

Spacing In Ueual La- In Office or 
Above Plane cations where Where WorkBetween 

of Work Above Floor* Aisles and Benches areOutlets 
Storage are Noxtto Wall 

Next to Wall 

4 Oy, 6 3 2 
6 8Y, 9 4Y, 3 
8 lOY, 12 0 4 

10 12Y, 15 7Y, 5 
12 14Y, 18 9 6 
14 lOY, 21 lOY, 7 

16 18Y, 24 12 8 
20 22Y, 30 15 10 
24 20Y, 36 18 12 
30 32Y, 45 22Y, 15 
40 42Y, 60 30 20 

Semi and Totally Indirect Lighting Units 

Recommended Distance 

Ceiling Height 

Above Above 

Recom­
mended 
Spacing 
Bebveen 
Outlets 

Between 
Outlets and Sidewalls Su~pen. 

SIOD' 
III Usual In Offices Distance 
Locat.ions or Where Ceiling

WheTe Work to Top of 
Aisles and Benches Reflector 

Plane of 
Work 

Floor* Storage are 
Next to 

are Next 
to Wall 

t 

Wall 
~ 

5 
7 
9 

11 
13 

7Y, 
9Y:i 

11Y:i 
13~ 
15Y. 

7Y:i 
lOY, 
13Y, 
16Y, 
lOY, 

3Y:i 
5 
6Y, 
8 
gY, 

2Y, 
3Y, 
4Y, 
5Y:i
BY. 

1)4 
1~ 
2)4 

~~ 
15 
18 
24 
3U 
40 

17Y, 
20Y, 
26Y, 
32Y, 
42Y. 

22Y, 
27 
36 
45 
00 

11 
13Y. 
18 
22Y, 
30 

7~ 
9 

12 
15 
20 

3~i 
'4 i 
{): 
7H 

10 

*Plane of work assumed to be'2Y. feet above floor. When the 
plane of work is hill:her or lower than 2Y.J~et_abov,!floor, neglect thi& 
column and work from the first column.� . 
, tSuspe~ondiatanc~ in, table 'are based on' best distribution of 

h.ght· and efficlCncy of utili.atlOn for standard units. In some installa~ 
tiona other considerations may reQ,uire a different eu.epenaioDdi.BtlUl~ 

WestlnghoWl6 Electrlc & 1I1annfacturlnlr Compao1 
East l'itteburgb. Penna. 
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TABLE II Industrial Lighting (Cont.) 
TABLE II (Cout.)Present Standards of Desirable Illumination for 

Foot,c<1ndlesVarious Clas&e& of Service Industry or Placc Ranga 

Industries Classified Alphabetica.lIy Foundries: 
Charging Floor, Tumbling, Cleaning, 

Foot-eandles Pouring and Shaking Out . 3 - 6 
Industry or Place Range Rough Molding and Core Making . 4- 8 

Fine Molding and Core Making . 6 -12 
Aisles in Factories . 1- 2 Halls, Passageways in Interion; . 1- 3 
Assembling of Manufactured Articles: Inspecting: 

Rough . 3 - 6 Rough . 4- 81,
Medium . 5 -10 Medium . 6 -12 
Fine . 8 -16 10 - 20 
Extra Fine . 10 - 50 ~~~.~ ·Fi~e·.· .' : : : : : ~ : : : : : : : : : : : : : : : : : : : 15 - 50 

Boilers, Engirle Rooms and Power Lavatories . 2 - 5 
Houses: Locker Roonns . 2- 4 
Boilers, Coal and Ash Handling, Storage ,; Machine Shops: 

Battery Rooms . 2 - 4 <.> Rough Bench and Machine Work . 4- 8 
b.uxiliary Equipment, Oil Switches and :is Medium Bench and Machine WorkJ...Ordi­

Transformers . 3 - 6 ol.l nary Automatic Machines li.ough 
Switchboards, Engines, Generators, Blowem Glinding, Medium Buffing and Polishing 6 -12~ 

and Compressors . 4 - 8 r:t Fine Bench and Machine Work, Fine Auto-
Carpenter Shop (See Woodworking) 

,., 
matic Machines, M.edium Grinding, Fine,Q ....Cars: C'< Buffing and Polishing . 8 -16 

Baggage . 3 - 6 0>

., Extra Fine Bench and Machine Work,... 
D~y' Coach, Subway . 4- 6 § S=II Instrument Assembling . 10 - 50 
DillIng . 4- 8 ..., Office: 
Mail . 6 -12 ....: 3 - 6 
Pullman . 4 - 8 

;c
... ~~~k~~~.~: '. :: :::::::::::::::::::: ::::. 8 -10 

,
0Street R.ailway . 4 - 8 "" General . 6 -10t) 

Coal Breaking and Washing, Screening .. 2 - 4 Vault (Safe) . 4 - 6 
Construction, General: I Vault (Storage) . 2 - 4 

Indoor . 2- 4 Paint Shops: 
Outdoor (Rough) . 0.5 - 2 Firing, Dipping and Spraying . 3 - 6 

Depot: RUbbing, Hand Painting and Finishing•Baggage Room . 3 - 6 (Ordinary) . 5 -10 
Train Sheds, Concow'Se . 2 - 5 Ha.nd Painting and Finishing (Fine) . 8 - 16 
Waiting Room . 3 - 6 Hand Painting and Finishing (Extra fine) 

Drafting . 10 - 20 (Automobile Bodies, Piano CaBes, etc.). 10 - 50 
Electric Manufacturing: Power House . 4- 6 

Storage Battery, Molding of Grids . 4- 8 Railway Station: 
Coil and Armature Winding, Mica Work­ Waiting Room . 3 - 6 

ing, Insulating, Molding, Wire Insu- Ticket Offices, etc., (See Offices) . 6 -12 
lating . 8 -16 Rest Room, Smoking Room, etc . 3 - 6 

Lamp Manufacturing (Exclusive of Mount- Baggage Room - . :3 - 6 
ing) , . 5 - 20 Concourse . 3 - 6 

Erecting . 2 - 6 Train Platform ; 2 - 4 
Forge Shops and Welding: Receiving and Shipping . 3 - 6 

Rough Forging and Welding . 4- 8� 
Fine \I\'elding .. 6 - 12� WcstlnghDuse Electric III Manufacturing CompallY 

S. P. 1707 East Pittsburgh, Penna. 

Sheet 17 6-240 Printcd in U. S . .A.. 
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TABLE II (Cant.) Industrial Lighting (Cont.) 

I ndu.try or Place 
Foot-candles 

Range SELECTION OF REFLECTOR 

Roadways and Yard Thoroughfares..... 
Shafting Pulleys and Mechanical Trans-

Inissions . 
Sheet Metal Works: 

Miscellaneous Machines, Ordinary Bench 
Work, Punch Presses, Shears, Stamps, 
Welders Spinning, ;Fine Bench Work .. 

Tin Plate Inspection . 
Steel and Iron Mills, Bar, Sheet and Wire 

Products: 
Soaking Pits and Reheating Furnaces . 
Charging and Casting Floors . 
Muck and Heavy Rolling, Shearing 

(Rough by Gauge), Pickling and Clean­
ing . 

Automatic Machines, Rod, Light and Cold 
Rolling, Wire Drawing, Shearing (Fine 
by Line) . 

Plate Inspection . 

3 ­ 6 

1- 3 
3- 6 

5 ­ 12­
10 ­ 20 

5 - 10 
10 ­ 20 

0.1 -0.5 

1- 3 

ci 
<.> 

~ 
oll 

I'ii 

Various lighting units are rated in accordance with 
seven fundamentals, illustrated on the following page. The 
importance of these criteria is different for different classes 
of work. It must be emphasized that the relative ~por­
tance of the various criteria should be carefully weIghed 
with respect to the particular problem ll:t pando For 
instance, in an office the criteria would rank III Importance: 
(1) direct glare; (2) .refle~ted. glare; (3) .shadowsj (4) e!fi­
ciency based upon Illummation on hOrIzontal; \,5) mam­
tenance' (6) vertical illumination. On the other hand, 
where ldmps are to be hung above a crane in a foundry, the 
order of importance would be: (1) efficiency based upon 
illumination on horizontal; (2) vertical illumination; (3) 
maintenance; (4) shadows; (5) direct glare; (6) reflected 
glare. 

In the chart the best rating given is A, which denotes 
the highest degree of excellence, while D, the ~owest, 
indicates that an instnUation of units so rated many 
particular, will very likely prove unsatisfactory in. an 
installation where this factor is important. The ratmgs 

Stone Crushing and Screening: 
Belt Conveyor Tubes, Main Line Shafting 

Spaces, Chute Rooms, Inside of Bins... 
Primary Breaker Room, Auxiliary Break­

ers under Bins . 

1- 2 

2 - 4 

Ei ... 
.c .... 
"" '".... 
§ 

Band C, while indicating a result not equal to A, ~re 
decidedly superior to ratin~ D. In other words ayatmg 
B or C in certain respects aoes not disqualify a umt pro­
vided that in the essential requirements of a given location, 
the unit is rated A or B. 

Screen Rooms , 
Storage and Stock RooIns: 

Rough, no Reading of Labels . 
Medium . 
Fine . 

Structural Steel Fabrication . 
Telegraph Operating . 
Telephone: 

Manual Exchanges. . . 
Automatic Exchanges . 

Warehouse . 
Wharf: 

Freight . 
Passenger . 

Woodworking: 
Rough Sawing (Saw Mills) Bench Work 
(Rough) " . 
Sizing, Planing, Rough Sanding, Machipe. 

Woodworking (Medium), Bench Work 
(Medium), Gluing and Veneering, 
Cooperage...................•...... 

Machine Woodworking (Fine), Bench 

3- 6 

5-1& 

3 ­ 6 

1 ­ 3 
3- 6 
4­ 8 
4 ­ 8 
4 -12 

3- 6 
6 - 12 
1- 2 

1- 3 
1- 3 

, 

..... 
:Q 
if .... 
Q, 
0 

<.> 
Efficiency 

" e " 
~S 'tl " 

" " $ ~ ~ 
-;:1 " "0 0 g~ 0 ~ 

" 
.... 0 

'"" "No. Lighting Unit 0 ~~ ..., 
"''' " ....

" ... o.~ " ,,­ "" ~ 'j:l "" ~o .!:I P:;c::l w 'd0 ;> 
~P:l Q 

IRLMDome~ I I I ~ Ic+IA+Type with A+ B+ C+ C D 
Clear Lamp 

IRLMDOmej 
[B j ~ B+ I !B+IA­2 Type with A­ B B 

Bowl Enam.. 
eled Lamp 

ILuminous Top I 

I I I I 
B IB+ l':'iB '3 RL M Dome B C+ A­ A-

Type with 
Olear Lamp 

41 
Standi",r 

I B+ I B­ ,I 0 Ic+ I I 
0 

I 
A~Bowl Type D 

with ~ 
Clear Lamp 

D-VeryBad§::}-FairB+}B -Good 
B­

A+}A -Excellent 
A-

Work (Fine), Fine Sanding and Finish­
ing .••......•.....................• 6 -12 Westinghouse Electric & Manufacturing Company 

East Pittsburgh, Penna. 
S.P.1707 
Sheet 18 6-24 Printed 1n U.S. A. 
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Illumination on Horizontal Surfaces is a 
prime requisite in offices, dmfting rOOInS and 
those shops where the problem is to provide the 
best illumination for sustained '\'ision of flat 
e,urf("\ces em the horiz'Onto..l or slightly oblique 
planes in which papers. books and other fiat 
objects are usually examined. 

Illumination on Vertical Surfaces of wo:i:k 
or machinc parts is fully as important lis the 
lighting of the surface in .the hori"ontal plane. 
In a considcrn.Lion of the amount of light neces" 
sa.ry for factory i Huminll t iOD: the criterion must 
bo the intensity on aU working surfacea whether 
vertical, hOriZOllt.~d or oblique. 

Favorable Appearance of Lighted Room 
refers only to t.he general or ca.sual effect produced 
by tbe complete system, and i.3 not intended to 
rate the \mit as to en.tisfaction -from the stand­
point of good vision or freedom from fatigue. 

Direct Clare is the most frequent and scriou. 
callse of bad lightirig. It results among other 
thing~ from uDshaded or inadequately shaded 
ligbt sources locat.ed within the field of vision, 
or from tau grca.t a eonirast between the bright 
ligbt sourcc and a dark background or adjacent 
surfaces. Gla.re Bhould be avoided by the use 
of proper reflecting and diffus~ng equipment. 

ReAectod Clare from polished working sur­
faces is particularly annoying becnu8e of the 
necessity of directing t hc eyes tow:>rd those 
surfaces, find further, because the eyes are by 
nature especially sensit·ive to light rays from 
below. The harmful eff~cts of this speculllr 
rcflection can be minilIlizeJ. by prop~rly shielding
from below or diffusing the sourcc. 

ShadoW8 t that is, difference in brightness of 
surfaces, are eS:;Ient.ial in observing objects in 
their threc dimensions. but are of little or no 
vahle in the obHcrvation of flat Burfacea. Where 
shadows are desirable. they should be soft and 
lunullous, not so sha.rp and dense as to confuso 
the object with its shadow. 

Maintonance: depends upon the contour of 
thc reB.ector, construction of fixture, and con­
dHion of ceiling. The rating is based upon the 
likelihood of breakage. the labor involved in 
main~aining the units at comparable degrees of 
efficiency, and indication given of need of clean­
ing. 

Industrial Lighting (Cont.) 
Utilization Constant 

The Utilization Constant for a certain reflector is 
dependent upon the color of walls and ceilings and upon 
the proportions of the room, or room index.

The Room Index of a square room is equal to the width 
of the room divided by 2 times the mounting height above 
the working plane, i.e.: . 

width of room 
Room Index =2 t' h' htx moun mg elg 

For rooms of dimensionfl different from those in the 
table use the nearest available figure. 

The utilization constant of rectangular rooms is equal 
to t.he constant for a square room of the narrow dimension 
plus one third of the difference between the constant for 
a square room of the long dimension and the constant 
for a square room of the narrow dimension. 

For instance, to find the constant for an installation 
of R L M Dome Reflectors wit.h Bowl Enameled lamps in 
a room 80 ft. x 160 ft., mounting height, 20 ft., light­
colored ceiling, medium-light walls, follow the rule and 
you have: 
For n room 80 ft. square. Room index = 2.0. From Table IV 

Utilization Constant =.50 
For a room I GO ft. square. Room index =4.0. Fron;l Table IV 

Utilization Constant =.58 
For a rOom 80 ft.' GO ft. From above rule Utilization Cons!:>'!t .. 
.50+~ (.58-.50) -.53 

TABLE III 
ROOM INDEX OF A SQUARE ROOM 

Mounting Height Above Working Plane in Feet 

6 7 8 I Q 10 12 14 16 18 20 24 ~O 401~14
I 8

5 
1.0 .8 .6 .6 .6 .6

110 1.25 1.0 .8 .8 .6 .6 .6 
112 1.5 1.25 1.0 .8 .8 .6 ·.6 

J.l1.5 1.5 1.25 1.0 .8 .3 .6 .6�.. 16 2.0 1.5 1.25 1.25 1.0 .8 .8 .6 .6 .6 .6 ,�.. 
1l% IYO 2.0 1.5 1.25 1.0 1.0 .8 .8 .6 .6 .6 

202.5 2.0 1.5 1.5 1.25 1.0 1.0 .8 .8 .6 .8 .6.5 22\2.5 2.0 2.0 1.5 1.25.1.25 1.0 1.0 .8 .6 .8 .6� 
E 24 13.0 2.5 2.0 1.5 1.5/1.25 1.2·5 1.0 .8 .8 .8 .6 .6� 

3.0 2.0 2.0 I..; 1.5 1.25 1.0 .8 .8 1.0 .6 .68 2Y·0 
II: 28 3.0 3.0 2.,j 2.0 I 1.5 1.2:; 1.0 .8 1.0 .6 .6

1~ 30,4.0 3.0 2.5 2.0 ~:g IU 1.5 1.25 1.0 1.0 1.0 .8 .6 .6 
3.0 3.0 2.5 2.0 12.0 1.5 1.25 1.25 1.0 1.25 .8 .8 .6~~Ig:g..., 4.0 3.0 3.0 2.5 2.0 2.0 1.5 1.-5 1.25 1.5 1.0 .8 .8 .6-= 45 5.0 4~0 4.0 3.0 3.0 2.5 2.0 2.0 1.5 1,.5 1.5 1.0 1.0 .8 .6~ I 

505.0 5.0 4.0 4.0 3.0 3.0 2.,5 2.0 2.0 2.5 2.0 1.251.0 .8 .6 
605.0 5.0 5.0 4.0 1.0 3.0 3.0 2.5 2.0 2.0 2.0 1.5 1.25 1.0 .8 
705.0 5.0 5.0 5.0 4.0 4.0 3.0 3.0 2••5 2.0 2.0 I..5 I,.5 1.25 .8 

?80.5.0 5.0 5.0 5.0 5.0 14.0 4.0 .1.0 3.0 _.5 3.0 2.0 1..5 1.25 1.0 I 
100 5.0 5.0 5.0 5.0 5.0 6.0 6.0 4.0 4.0 3.0 4.0 2.5 2.0 1.5 1.2.5 
1205.0 5.0 5.0 5.0 5.0 15.0 5.0 5.0 4.0 4.0 4.0 3.0 2.5 2.0 1.5 

1 
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TABJ..EIV Industrial Lighting (Cont.) 
TABLE V Utilization Constants 

Total Lumens of Mazda Lamps fo.­
., Very Light Medium 

IFairly General Lighting Service 
Ceiling (70%) (50%) Dark 

(30%) 110-120 Volts 220-250 Volts SIZE IN Mazd"C 
Color ~ WATrS (Daylight)Re1IectioD -g, ~ "'" . , MazdaB Mazda C Mazda B Ma.da C.. ~:l .:l'~ I~ ~ ~Factor ~ Q ~ QQ H Q QWalls ... ... 

~~ £~ b~:E~ ~te ;:.* -.::~ ~~ 10 82 .... .. .. ....4)0 COo -.."'0 "'0 ~~~~ ~g > ..... I~LQ r..~ ;>o- ~~ 15 131 .. -. .. .. .. . .... 
R LM DOME 

Room 
Ut~li2iCtlion Constants 25 238 .... .. .. 195 ....Index 

40 404 .. .. · .. ••0 ••• 

.6 .34 .29 .29 .24 .28 .24� 

.8 .42 .38 .34 .42 .37 .33 .37 .33�
.21 1.31 50 510 500 .... 455 .. 

'0 

" 

• 1.0 .46 .13 .39 .45 .12 .39 .42 .:39 60 612 .. .. .. .. · .. " ..Clear Lamp 1.25 .50 .47 .43 .49 .46 .43 .4.5 .42 
90 to 180'-0% 1.5 .53 .50 .46 1 .52 .49 .16 .48 .45 75 ... 885 602 · .. .... 

--- - - - - 100 · .. 1290 877 ·.. 9802. .58 :55 .51 .57 1.54 .51 .53 .51 

~ 2.5 .62 .59 .56 .61 I ..58 .56 .58 .56 150 · .. 2145 1459 .. . .... 
3. .64 .61 .58 .63 I .60 .58 .00 .58 
4. .67 .65 .63 .66 .64 .62 .63 .01 200 .. . 3060 2081 ... 2460 

oto 90°-76% 5. .69 .67 .65 .67 .66 .64 .65 .63 300 · .. 4950 3366 ... 4260---.- - - - - - - - ­
R L M DOME .6 .32 .28 .23 .32 .28 .23 .27 .23 500 ·.. 9050 6154 ... 7850 

.8 .40 .36 .34 .39 .35 .33 .35 .33 750 .. . 14325 12525• 0 ••1.0 .43 .39 .37 .42 .39 .37 .39 .37 · .. 
1.25 .46 .13 .41 .45 .4:J .41 .43 .41 1000 ·.. 20000 ·.. 17800• 0 ••

1.5 .18 .45 .43 .47 .45 .43 .45 .43 
Bowl ~nameled Lnmp� 

90Jo 180°-0% ---- - - - ­,-
Diagram of Mounting Heights-11 

2.0 .52 .50 .48 .51 .19 .17 - .49 .17 r 1
2.5 .56 .54 .52 .55 ..53 .51 .53 .51 
3. :57 .:35 .53 .56 .54 .52 1.54 .52 StandordBow1l ~ 4. .00 .58 .5R .59 .57 .55 .57 .55 Reflector
5. .61 .59 .57 .00 .58 .57 .58 .56 --- - - - - - - - 1/ \ I 

luminous 
Top .6 .28 .25 .22 .27 .24 .22 .23 .21 14--r-+-.l,-\ RLMSldndard&ome.l~ 
.fljt.M .8 .34 .31 .29 .33 .30 .28 .30 .28 \ Reflector r 
Dome 1.0 .38 .35 :33 .36 .34 .32 .33 .32 \ \ I I 

1.25 .41 .38 .30 .39 .37 .35 .36 .35� 
Bowl ED3IDeled Lamp 1.5 .43 .40 .38 .41 .39 .37 .38 .37 \\ / I� 

90 to 180°-8% ---- - - \ \ /1
\ II2. .47 .44 ,42 .45 .43 .41 .41 .40 

2.5 .50 .47 .45 .48 .16 .44 .44 .43 \~ /~ 3. .51 .49 .47 .49 .47 .46 .46 .45� 
4. .53 .51 ,50 .51 .49 .48 .48 .47 \)�Oto900-55% 5. .55 .53 .51 .52 .50 .49 .49 .48 It- - - - - ----y~~~~~~l~~~!~~---

STD. BOWL� 
.6 .31 .26 .23 .30 .26 .23 .25 .23 '"N� FI Or
.8 .38 .?A .31 .37 .34 .31 .33 .31 

1.0 .41 .38 .35 ,41 .38 .35 .37 .35 
1.25 .H .41 .38 .41 .41 .38 .40 .38 Diagram ehowing the proper mounting heights of different types of1.5 .47 .44 .41 .46 .13 .41 .43 .41.Clear Lamp reBector8 "'hen the .pacing between lamps is 20 feet. For other 8pac­

90 Ito 180°-0% - inge the mounting heights will be different because it i8 neceas"r;v to2. .51 .48 .45 •150 .47 .45 .47 .45 maintain the proper ratio between mounting heights and spacmgs•2.5 .54 .51 .49 .53 .51 .49 .51 .49 
3. .66 .54 ;51 .M .58 .51 .53 .51 We8tlnghouse Elect.rlc & Manufacturing Company4. .•58 .•56 .54 .57 .55 .54 .55 .53 East Pittsbnrgh, Pennn• ~ 5. .60 .58 .56 .58 .57 .55 .56 •55 S. P.1707

0° to 90°-65% Sheet 20 6·24 Printed In U. S. A. 
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Size Diam. 
B&S in� 
Gauge l\'iils.� 

00 364.8� 
0 324.9� 
1 289.3� 
2 257.6� 
3 229.4� 
4 204.3� 
5 181.9� 
0 1G2.0� 
7 144.3� 
8 128.5� 
9 114.4� 

10 101,9� 
11 90.U� 
12 80.81� 
13 71.96� 
14 64.08�I 

I
15 57.07 
1(i 50.82 
17 45.26 
18 40.30 
19 35.89 
20 31.96 
21 28.46 
22 25.35 
23 22.57 
24 20.10 
25 17.90 
26 15.94 

GENERAL DATA 

Copper Wire Table 

I,b. Feet Ohms Per Ohms 
Per Per 1000 ft. Per Mile 

1000 F~. Lb. 2,')0 C 250 C 

402.8 2.482 ,0794 .419 
319,5 3.130 .100 .528 
253.3 3.947 .126 .665 
200.9 4.977 .160 .845 
159.3 0276 .201 1.06 
126.4 7.914 .254 1.34 
100.2 9.980 .319 1.69 
79.46 12.58 .403 2.13 
63.02 15.87 .508 2.68 
49.98 20.01 .640 3.38 
39,63 25.23 .808 4.26 
31.43 31.82 1.019 5.38 
24.92 40.12 1.285 6.79 
19.77 50.59 1.619 8.55 
15.58 63.80 2.048 10.81 
12.43 80.14 2.580 13.61 
9.858 101.4 3.253 17.18I 
7.818 127.9 4.10 21.63 
6.200 161.3 5.17 27.38 
4.917 203.4 6.51 34.4 
3.899 256.5 8.21 43.4 
3.092 323.4 10.36 54.7 
2.452 107.8 13.05 68.9 
1.945 514.2 16.48 86.9 
1.542 648.4 20.72 109.3 
1.223� 817.7 26.20 138.2 
.9699 1.031 32.97 173.9 
.7692 1.300 41.6 219.8 

I 
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ARC WELDING·� 
AND CUTTING� 

For metallic electrode weldIng especially when porta.ble· 
equipment is desired the 200-ampere, single operator type 
is usually used. 

When the welding work is brought to a central point 
multiple operator equipments may be used on account of 
the lesser cost of the equipment per welding circuit. 

IVIultiple operator stationary or portable metallic or 
graphite electrode welding or graphite electrode cutting 
generators are available in capacities of 300, 500, 750 and 
1000 amperes. One generator will serve power to a number 
of operators through suita.ble control panels depending 
upon the size of the generator and the amount of current 
to be used by each operator. 

~ !if--+--+--+--+--+---IN'~ 

~ 
~ '1f---l--+--+--+---b7". ~~'>i:-~-+--+--l'" 

~ !;;11----+--+--+" 

~ j\-'-f-..col)~:t--+*':'.:-:~'r-+-ll---t--ib 
~ 
~;I---1I;"'-t--+-: 
§ 

~,~-+--~ 

Westingbouse Elect1'lc & ManufacturIng Compan7� 
Enst Pittsburgh. Penna.� 

S. P.1707� 
Sheet 21 6·24 Printed in U. S. A.� 



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

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

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

'~TESTINGHOUSE RAII,ROAD DATA 

COST AND APPLICATION DATA 
Approximate Cost of Cutting Steel or Cast Iron-

Material Current Time Kw. Power Powor 
Thicknesa in ------ lIourB Coat and Labor 

Amperes Minutes Fect Per Foot Pcr Foot Cost Per 
Per Foot Per Rour Foot 

~ 100 .80 75 0.121 $0.0084 $0.0i64 
% 400 1.00 60 0.526 0.0105 0.0205 
~ 100 1.20 50 0.632 0.0126 0.0246 
% 400 1.7 35 0.903 0.018 0.0351 

!l4 400 3.0 20 1.58 0.0316 0.0616 
1 600 3.75 16 2,92 0.0584 0.0959I1% 600 4.:1 14 3.34 0.0668 0.1096 
2 600 6.7 9 5.2 0.1040 0.1706I 

4 600 17.0 3Y. 13.35 0.2670 0.4385 
6 800 30.0 2 31.0 0.620 0.920 
8 800 40.0 1~ 41.3 0.827 1.227 

10 800 60.0 1 62.0 1.240 1.840 
12 800 80.0 ~ 82.7 1.653 2.453 

I 

Powor at 2 cenill per Kw.-hr. Labor at 60 cent. pcr hour. 
Cost of cutting ~ in. rivets approximately SUO per hundred. 

Approximate Cost of Welding Steel Plate 
Butt Joint Beveled 45° 

I 
Pounds Coat Per 

Plate Current Pounds of of 'Wire Feet of Cost Per Hour Foot of 
Thick- Used Wiro Deposited Butt Joint ---I Power ButtJoint 

ness Ampereo Deposited PcrFoot Welded I Power, 
PerHour of Dutt Per Hour Power Iand Wire Wire and 

Joint Labor 

J.1i 00 1.3 0.07 19 30.079 30.190 80.05 
A 110 1.6 0.16 10 0.089 0.237 0.099 
~ 125 1.8 0.28 6.5 0.098 0.26,1 0.156 
f,; 150 2.15 0.14 5 0.117 0.315 0.213 

% 175 2.5 0.63 4 0.138 0.368 0.279 
~ 200 2.8 1.10 2.5 0.163 0.421 0.168 
'4 225 3.2 2.5 1.3 0.175 .0.170 0.938 

1 250 3.6 4.5 0.8 0.186 0.518 1.580I 
Lapped Joints Full Fillet Welds 

Coat Per 
Pounds Foot of 

Plate ICQ1rcnt Pound. of WIre Feet of Cost Per Hour Lapp 
Thiek- Used of Wire Deposited Lapp --- Joint 

ness Amperes Deposited Per Foot Joint Power Power, 
PerRour of L.pp Welded Power and Wire Wire and 

Joint Per Rour Labor 

ti 
J.1i 125 1.8 0.07 25 $0.098 SO. 2&1 80.041 

LJO 2.15 0.16 14 0.117 0.315 0.076 
175 2.5 0.28 9 0.138 0.368 0.124 

f,; 200 2.8 0.44 6.5 0.163 0.421 0.180 

~, 225 3.2 0.63 5 0.175 0.469 0.244 
Yo 250 3.6 1.1 3.25 0.186 0.517 0.389 
~ 300 4.3 2.5 1. 75 0.202 0.598 0.770 

1 100 6.0 4.5 1.33 0.266 0.818 1.180II 
Power at 2 cento per Kw.-hr. Wire .t8 cents per pound. Labor at 75 cents per haUl'. 
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WHEEL LATHE 
EQUIPMENT 

Direct current motors are as a fule, most satisfactory 
for wheel lathes because of their superior characteristics 
for speed adjustment, dynamic braking and rapid decelera­
tion so desirable when hard spots are encountered. When 
direct current service is not available, alternating current 
motors equipped with wound rotors will give very satis­
factory performance. 

The modern control equipment for such service is a 
full magnetic type equipped with push buttons for starting, 
stopping and slowing down and a double throw knife 
switch for reversing the drive. When a D-C. motor is 
used a field rheostat is supplied for speed adjustment of 
the motor. 

RECOMMENDED MOTOR RATINGS 

Driving Wheel Lathes 

I HP. OF MOTORS 

~ ~S_I~_~_~_I_~_l~_" I=~_-_l_Ii_Al_N_'__+__T_A_I_L_ST_O_CK_S_ 

51" X 108" 15 5 
69" x 108" 
84" X 108" 
90" x 108" 

20 
25 
35 

8}2 
8}2 
8}2 

100" x 108" 50 8~~ 

Car Wheel Lathes, Open Centre 

HP. OF MOTORS 
SWING IN 

INCHES MAIN TAIL STOCK 

47Yz 25 None 
49Yz 35 5 
55 50 8}2 

Car Wheel Lathe, Centre Drive 

liP. 'OF MOTORS 
SWING IN 

INCHES MAIN TAIL STOCK 

42 50 5 

\VcBtin~'houso Electric &- l\I.lnufc'(dul'iHg C01Jlpan)~ 

East Pittsburgh, Pem;... 
S. P.1707� 
Sheet 22 6-24 Printed in U. S. A.� 
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DIRECT CURRENT 
REVERSING MOTOR 
PLANER EQUIPMENT 

Constant Voltage 

This equipment employs the use of an adjustable speed 
motor with range of adjustment from 250 to 1000 r;p.m. 
and a control panel to provide reversing and dynamic 
braking at the end of each stroke. The lower half of the 
range (250 to 500 r.p.m.) is used for the cutting stroke 
and the upper half (500 to 1000 r.p.m.) for the return 
stroke. All speed adjustment is obtained by means of 
field weakening resistance. ,These equipments are built 
in the following horsepower sizes, 230 volts only, 5-10-15­
20-25-35-50-75. 

Variable Voltage 

This equipment is particularly adaptable where direct 
current is not available or where a wider range of speed 
is desired than is possible with the constant voltage equip­
ment. It consists of a variable voltage motor generator 
furnishing power to an adjus~able speed direct current 
motor. The total speed range is 200 to 1200 r.p.m., paTt 
of which is obtained by means of varying the generator 
voltage and the remainder by field control of the motor. 
These two variables are combined in order to obtain a 
cutting speed mnge of 200 to 800 r.p.m. and a return 
speed range of 500 to 1200 r.p.m. These equipments are 
built in the following horsepower sizes; 15-25-35-50-75. 
The driving motor of the motor generator can be supplied 
for connection to any commercial power circuit. 

RECOMMENDED MOTOR RATINGS 

WIDTH OF 
PLANER HO USING LENGTH OF MOTon 

IN INCHES PLANER IN FEET BP. 

36 8 to 16 5 
36 18 to 24 10 
42 8 to 16 15 to 20 
42 18 to 24 20 to 25 
48 8 to 12 20 to 25 
48 14 to 24 25 to 35 
60 10 to 12 20 to 25 
60 16 to 20 25 to 35 
72 14 to 20 35 to 50 
84 14 to 20 35 to 50 
96 18 to 24 50 to 75 

120 18 to 24 50 to 75 
Frog & Switoh 

old type 
Frog & Switoh 
Jat,er than 1922 

35 

50 



WESTINGHOUSE RAILROAD DATA 

TURNTABLES AND� 
TRANSFER TABLES� 

Modern turntables are of the continuous girder type, 
the girder being approximately 110 feet long, supported 
equally at the center and the two ends. The motors for 
driving the table are usually mounted directly on the 
trucks at each end of the girder and are geared directly 
to the table wheel shafts. Two motors a,re used and are 
operated by one duplex controller. The control circuits 
are usually carried through suitable disconnectil'lg switches 
so that in the event of trouble with one motor, the table 
may be operated by the second motor. 

The motors used on these tables are usually rated at 
20 hp. to 25 hp. for intermittent duty. When direct 
current service is available, series type motors are used, 
and when only alternating cur-tent service is available, 
wound rotor motors are used. 

The method of braking tables varies with the turntable 
manufacturers and the various railroads. Many tables 
are equipped with only mechanical brakes which are oper­
ated either by a hand lever or a foot pedal. On the other 
hand there now seems to be a marked tendency toward 
the application of magnetic electric brakes for this service. 
The principal reason for tbis is that when mechanical 
brakes are provided the table operators quickly discover 
that they can stop the tables with much less physical 
exertion by "plugging" or reversing the motors. However, 
this practice imposes on the motors additional duty for 
which they were not intended and results in damage to 
the equipment. Tbis is obviated by providing magnetic 
brakes. 

Some large tables are operated by motor driven tractors 
located at each end of the table in which case the motor 
and control equipment is the same as that described above. 
However, smaller tables, 75 feet, 85 feet and 100 feet 
long are usually operated by a single tractor located at 
one end of the table. 

Where only one motor is used on a table it is usually 
rated at 25 hp. to 30 hp., and is of the same type as for 
double motor equipment. The controller, however, is 
somewhat smaUer. 
,~~The turntable controllers supplied by the Westinghouse 

Company are of the cam operated contactor type and 
can be used with either A-C. or D-C. motors by making 
a few simple changes in the internal wiring. The contacts 
of the contactors are also interchangeable with those of 
the same capacity on other starters and controllers designed 
for general purpose motors. Both of these features greatly 

Westinghouse Electric & Manufacturing Company 
East Pittsburgh. Pcnna. 

S.P.1707 
Sheet 23 13-24 Printed in U. S. A. 
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reduce the parts stock to be carried for replacement. 
Transfer tables are usually equipped with but one -motor which is used for propelling the table and also for 

pulling the rolling stock on and off the table. This is 
aocomplished by suitable clutches to engage either. the 
driving wheel gears or the drum gears. 

The motor and control equipment used is of the same 
type as used for single motor equipped turn tables. 

\ , 
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GENERAL MOTOR 
DATA ( Cont. ) 

If true power is expressed in kilowatts (kw.) and 
r.pparent power as the product of kilovolts (1000 volts) 
and amperes or kv-a. 

1CwPower factor (P.F.) = K . 
v-a. 

Three-Phase Connections. Three-Dhase circuits 
may be connected in delta (6) or in star (Y) as illustrated. 
If three transformers are connected in delta, the voltage 
across each transformer is the same as the line voltage 
(Et = E): the cun-ent in each line wire is the inst.antaneous 
sum of the currents through two transformers (I = 
1.7321 It). If three transformers are connected in star, 
E = 1.732·Et and I = It. 

Measurement of A-c. Power. If W = watts, E = 
average volts between line terminals, I = average line 
current, and P.F. = power factor expressed a,.~ a deeimal 
fraction, the following formula represent their relations: 

Single-phase W = EI X P.F. 
Two-phase W = 2EI X P.F. 
Three-phase W = 1.732 EI X P.F. 

From the above formula the cun-ent can be found as 
follows: 

Single-phase W 
1= EX P.F. 

Two-phase W 
1= 2 EX P.F. 

.5W 
E XP.F. 

Three-phase .578 W 
EX P.F. 

Effect of Changes of Voltage and Frequency 

The starting torque of an induction motor will vary 
as the square of the voltage applied to the primary: hence, 
the primary voltage required to produce a given starting 
torque can be determined by means of the formula: 

VI = V ~ ~I 

Westinghouse Electric &; Manufacturlnl: Oompany 
Eust Plttsbw·gh. PemlS. 

S.P.1707 
". Sheet 24 6-24 Printed in U. S. A. 
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Where VI ancI TI signify required voltage and torque 
respectively, V, the full rated voltage, and T, the starting 
torque at full voltage. For example: if a squirrel cage 
induction motor is required to start with fuJI load torque 

_only, and if the starting torque at full voltage is 2..5 times 
full load torque (2.5 F.L.T.) the starting voltage should be: 

VI = .63 V; that is, the starting voltage= V \1 1
2.5� 

should be 63% of full voltage.� -The starting current of squirrel cage induction motors 
depends on the starting voltage applied and is independent 
of the torque required to start the load; the current falls 
almost immediately, however, to the value corresponding 
to the required torque and then decreases more gradually 
as the motor speed accelerates. From this\ it follows that 
the sta.rti.ng voltage should not be great y in excess of 
that reqUIred for the torque. 

Wound rotor motors when started by means of resis­
ta.nce in the seconda.ry circuits can usually be accelera.ted 
to full speecI with full load torque with current very little 
in excess of full load current. 

A variation in either voltage or frequency not exceeding 
10% is generally permissible with any induction motor. 
Such variations are always accompanied by changes from 
normal performance with either the voltage or the fre­
quency differing from normal; the following performance 
change will be obtained: 

EFFECT ON 
CHARACTER� 
OF CHANGE POWER� 

FACTOR� TORQUE SLIP IEF}o~lCIENCY 

Voltage higher Decreased Increased Decreased Decreased 
Voltage lower Increased Decreased IncreAsed Increased 
Frequency higher Increased Decreased % Slip Increased 

unchanged
Frequency lower Decreased Increa.sed % Slip Decreased 

unchanged 

The voltage and frequency should not be varied simul­�
taneously in opposite directions, that is, one increased� 
and the other decreased. If an induction motor must oper­�
ate on frequency other than standard, the performance� 
will be bett.er if the voltage is changed in proportion to� 
the square root of the frequency. For example: a 220­�
voH, 50-cycle motor, operating on 50 cycles, will have very� 
ne~,rly its normal Performance if the voltage is decreased� 

50to 220 X -- = 200.~ 60 
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GENERAL MOTOR Conversely if the torque in pounds at one foot radius 
is known, the horsepower at allY given speed can be deter­DATA mined from the formula:� 

Approximate Amperes per Terminal for Alternating-Currerollnduction Molors H _ T X R.p.m.� 
For Delermining Size of Wire, Capacity of Fuse and Selling of Circuil-Brenker p. - 5250� 

Hp.of 110 Volt, 220 Volt, I 440 Vo ts .,co V. 1100 V. 2200 V. 
Motor -----------­

2-Ph. 3-Ph. 2-Ph. 3-Ph. 2-Ph. 3-Ph. 3-Ph. 3-Ph. 3-Ph. 
-­ ---­-­ -­

V. 
1 

3.3 
6 

3.7 
6.5 

1.7 
3 

1.8 
3.2 

.9 
1.5 

1 
1.6 

-
-

-- --
2 10.5 12 5 6 2.9 3 2.5 - -­

-
3 15 17 7.5 9 3.8 4.5 3.5 - -
5 
7V. 

27 - 30 - 13 
20 

15 
22 

6.5 
10 

7.5 
11 

6 
9 

-- --. 
10 
15 
20 

-=. -
-
-

25 
35 
48 

29 
41 
55 

In 
24 

14 
20 
27 

11 
16 
22 

-
--

---
25 

, - - 54 62 27 31 25 - -
30 
40 

-
-

-
-

70 
95 

81 
109 

305 
47 

40 
54 

32 
44 

16 
22 

I 8 
11 

I-­
50 
75 

-- -
-

UO 
16.0 

127 
192 

55 
83 

64 
96 

52 
77 

27 
39 

13 
20 

100 - - 215 248 108 124 100 50 25 

150 - - 320 366 160 183 14'; 80 40 
200 - - 410 475 205 237 192 98 49 
250 
300 

-- -- 510 
600 

590 
700 

250 
300 

290 
350 

237 
287 

125 
150 

62 
74 

For siogle-ph...e motors multiply the current per terminal for a two-ph...e 
motor by two. 

Horsepower is a measure of the time rate of doing 
work and is defined as the equivalent of raising 33,000 
pounds one foot in one minute. 1 hp. is equivalent to 
746 watts. 

Torque is the pull or turning moment required in 
applying power by rotation and varies inversely as the 
radius at which the power is applied. The torque T is 
expressed in pounds at one foot radius, sometimes called 
pound-feet. 

Full Load Torque is the turning moment required 
to develop full rated output of a motor of given horse­
power at a given speed. 

The torque T of any motor at any output expressed 
in pounds at one foot radius can be found by means of 
the following formula: 

T = 5250 X Hp. 
R.p.m. 

lVestlnghou2e Electric & Manufactudn~ Company 
East l>ittsbw·gh. Penna. 
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St'lrtlng Torque is the turning moment a motor will 
develop in starting with a given starting voltage impressed. 
Start.ing torque is expressed in terms of full load torque, 
as .1.5 times full load torque, and generaIly on the basi' 
of full voltage regardless of whether this is actually used 
in starting 01' not. 

pun Out Torque, or maximum running torque is the 
maximum turning moment a motor will develop under 
running conditions with rated voltn,ge applied. 

Amperes for Direct Current Motors. The relation 
of the horsepower (lIp.), the volts (E), the u.mpel'es (I) 
and the efficiency in percent (e) of the electric motor is 
expressed by the formula: 

Ele
H p. = 746 

This formula contains four quantitie.s indicated by 
letters; if any three are known or can be assumed, the 
other one can be found. Efficiencies of industrial motors 
can be assumed at from 80% to 90%, depending upon the 
size. 

For example, to determine the current required by 
a 10 hp., 220-volt motor of which the efficiency is un­
known, assume 85% as an approximate value and apply 
the formula: 

220 X I X .85
10 

746 

10 X 746 
Therefore I = 220 X .8 = 40 Approx. 

A rough. approximation in determining the current 
required by direct-current motors is as follows: 

8 amperes per hp. for 1I0-1I5-volt motors. 
4 amperes per hp. for 220-230-volt motors. 
1% amperes per hp. for 500-volt motors. 

Power Factor is the ratio of the true power (kw. or 
wattmeter reading) to the apparent power (kv-a. or 
product of voltmeter and ammeter readings). The ratio 
is usuaIly expressed in percent and cannot be greater 
than 100%. 
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GENERAL MOTOR 
DATA (Cont.) 

If true power is expressed in kilowatts (kw.) and 
r..pparent power as the product of kilovolts (1000 volts) 
and amperes or kv-a. 

Power factor (P.F.) = i~~~. 

Three-Phase Connections, Three-phase circuits 
may be connected in delta (6) or in star (Y) as illustrated. 
If three transformers are connected in delta, the voltage 
across each transformer is the same as the line voltage 
(El = E): the current in each line wire is the instantaneous 
sum of the currents through two transformers (I = 
1.7321 It). If three transformers are connected in star, 
E = 1.732 Et and I = It. 

MeasureJnent of A-C. Power. If Vir = watts, E = 
average volts between line terminals, I = average line 
current, and P.F. = power factor expressed as a decimal 
fraction, the following formula represent their relations: 

Single-phase Vi = EI X P.F. 
Two-phase W = 2EI X P.F. 
Three-phase W = 1.732 EI X P.F. 

From the above formula the current can be found as 
follows: 

Single-phase I W 
EXP.F. 

Two-phase I 
= 

W 
2 EX P.F. = 

.5W 
EX P.F. 

Three-phase 
tV

1=---'-­
1.732 E X P.F. 

.578 W 
E XP.F. 

Effect of Changes of Voltage and Frequency 

The starting torque of an induction motor will vary 
as the square of the voltage applied to the primary: hence, 
the primary voltage required to produce a given starting 
torque can be determined by means of the formula: 

VI=V~~I 

Wcstingllouse Electric & Manufacturing CompAny 
East Pittsburgh, Penna. 
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Where VI and 1'1 signify required voltage and torque 
respectively, V, the full rated voltage, and T, the starting 
torque at full voltage. For example: if a squirrel c!1ge 
induction motor is required to start ""ith full load torque 
only, and if the starting torque at full voltage is 2.5 times 

.fulllaad torque (2.5 F.L.T.) the starting voltage should be: 

VI = V ,I 1 = .63 V; that is, the starting voltage 
2.5� 

should be 63% of full voltage.� 

The start.ing current of squirrel cage induction motors 
depends on the starting voltage applied and is independent 
of the torque required to start the load; the current falls 
almost immediately, however, to the value corresponding 
to the required torque and then decreases more gradually 
as the motor speed accelerates. From this, it follows that 
the starting voltage should not be greatly in excess of 
that required for the torqne. 

Wound rotor motors when started by means of resis­
tance in the secondary circuits can usually be accelerated 
to full speed with full load torque with current very little 
in excess of full load current. 

A variation in either voltage or frequency not exceeding
10% is generally permissible with any induction motor. 
Such variations are always accompanied by changes from 
normal performance wit,h either the voltage or the fre­
quency differing from normal; the following performance 
change will be obtained: 

EFFECT ON 
CIIAn.;\.CT~U 

OF CHANGE POWER� 
FACTOR� TOnQUE SLIP� 1 EFFICIENCY 

I 

I, 
Voltage higher Decreased Increased Decreased Decreased� 
Voltage lower Increased Deoreased Increnscd Increased� 
Frequency higher Increased Decreased % Slip Increased� 

unchanged 
Frequency lower Decreased Increased % Slip Decreased 

unchanged 

The voltage and frequency should not be varied simul­
taneously in opposite directions, that is, one increased 
and thc other decreased. If an induction motor must oper­
ate on frequency other than standard, the performance 
will be better if the voltage is changed in proportion to 
the square root of the frequency. For example: a 220­
volt, 50-cycle motor, operating on 50 cycles, will have very 
nearly its normal performance if the voltage is decreased 

50 _
to 220 X -- - 200.~ 60 
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.POWER FACTOR� 
CORRECTION� 

The question of power factor correction is obviously 
an economic one, the total of the monetary and capitalized 
advantages through correction being balanced against the 
total operating cost (not first cost alone) of the corrective 
equipment applied. 

The synchronous motor furnishes a, method of correction 
which should always be given consideration. In railway 
shops these motors may be advantageously applied to 
compressors, fans, blowers, centrifugal pumps and other 
constant speed load'S. The service must be one in which 
the motor can be in operation continuously, as is particu­
larly evident in connection with the large number of power 
factor penalty clauses which operate upon the maximum 
kv-a. plant demand over an interval of stated duration. 

The synchronous condenser furnishes the most econom­
ical corrective method in many cases, although the entire 
operating cost of the equipment must be charged to power 
factor correction. It seldom proves economically prefer­
able for ratings below 150 kv-a. 

The static condenser often shows economies better than 
those of any of the other types, chiefly because of the low 
energy cost involved in operating this type of equipment. 

The following example shows the method of calcu­
. lating the kv-a. capacity of a condenser needed to correct 
the power factor a definite amount for any given load. 
The kv-a. required to correct from a given initial to a 
given final power factor is entirely dependent on the load 
on the plant, as a condenser which would correct a 100 kw. 
load from 50 percent power factor to unity would increase 
the power factor to 76 percent if the load became 200 kw. 
at the same initial power factor. 

( See over for example) 

Westinghouse Electric & Manufacturing Company 
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Example-Plant whose average load is 200 kw. and 
average power factor 60. It is desired to correct the power 
fact-or t-o 90. 

Present load = 200 kw. at 60 percent power factoL 

Desired power factor = 90 

200
Present kv-a. = .60 = 334 

Present reactive kv-a. = ·V 3342 - 2002 = 268 

Kv-a. at desired powcr factor = ~~~ = 222 

Reactive h.-v-~.! at desired power factor = 

A,l 2222 - 2002 = 96.5 

Corrective effect needed = 268 - 96.5 = 171.5 kv-a. 

Sizc of standard condenser: Static, 180 kv-a; Syn­
chronous 200 kv-a. 



WESTINGHOUSE RAILROAD DA'rA 

GENERAL DATA 

Weight and Specific Gravity of 
Various Materials 

Material Specific Gravity 

Brick, fu'e ... ........ 2.24-2,4 

Brick, hard. . . 2.0 

Brick, soft 1.6 

Brickwork in mortar. 1.6 

Brickwork in cement. 1.79 

Cement loose, Portland.. l.25 

Concrete 1.92-2.24 

Earth, loose 1.15-1.28 

. 

. 

. 

Earth, rammed 

Gravel 

Lime, quick in bulk 

!-/fasomy 

Mor(ar 

Sand 

Slate 

Soapstone 

Stone, various 

'f·rap .-/ 

Tile , 

1.44-1.76 , ,., ..� 

1.6 -1.92 ..� 

, .8 - .88 .� 

3.24-2.88 .� 

1.44-1.6 .� 

1.44-1.76 ..� 

2.72-2.88 ..� 

, . , .2 .65-2 .8 •......... 

2.16-3.4 . 

'>.72-34. ..~. 

1.76-1.92 . 

Pounds Per� 
Cubic Foot� 

140-150� 

125� 

100� 

100� 

112� 

78� 

120-140� 

72- 80� 

90-110� 

100-120� 

50- 55� 

140-180� 

90-100� 

90-110� 

170-180� 

166-175� 

135-200� 

170-200� 

110-120� 

Westinghouse Electric & lIIanufactnring ComVBn:r� 
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Resistances and Weights of Trolley, Feeder and Rail-Single Track, Single Trolley 

, .. 
Pounds Per Size of� 

Mile Bonds�S ze of Size of Rail Ohms Per Mile 
T Feeder Lb. .­
B I B&S Per Length

Trolley Feeder Yard In. B & S Trolley Feeder Track Total 

r~lel  
--- ~ 

000 2740 50 28 000 0.339 0.066 0.405 OJ 
000 0000 2740 3450 60 10 000 0.339 0.269 0.049 0.199 ~ 

000 0000 2740 3450 70 10 0000 0.339 0.269 0.042 0.192 Z o
)000 0000 3450 3450 SO 10 000 0.269 0.269 0.037 0.171 III 
1000 oeoo 3450 3450 60 28 000 0.269 0.269 0.055 0.189 g)000 300000 3450 4900 70 10 000 0.269 0.190 0.012 0.153 

I!;l '" 
1000 500000 3450 8125 80 10 000 0.269 0.114 0.037 0.1I7 
1000 750000 3450 12240 90 12 350m 0.269 0.076 0.032 0.091 
1000 300000 3450 4900 70 28 0000 0.269 0.190 0.048 0.159 ~ 

Ed1000 400000 3450 6550 70 10 0000 0.269 0.142 0.042 0.135 o 
1000 500000 3450 8125 70 10 0000 0.269 0.114 0.042 0.122 
1000 60oo0e 3450 9760 70 10 0000 0.269 0.0950 0.042 0.112 ~ 

tj
1000 790000 3450 11400 70 10 0000 I 0.269 0.0812 0.042 0.1044 >,.,1000 800000 3450 13040 70 10 0000 0.269 0.0712 0.042 0.0983� 
1000 900000 3450 15200 70 10 0000 0.269 0.0634 0.042 0.0933� > 

000 1000000 3450 16320 70 10 0000 0.269 0.0570 0.042 0.0890� 
000 1250000 3450 20410 90 12 350m 0.269 0.0451; 0.032 0.0709� 
000 1500000 3450 24430 90 12 350m 0.269 0.0379 0.032 0.0652� 

'000 1750000 3450 28559 90 12 350m 0.269 0.0325 0.032 0.0610� 
000 2000000 3450 32610 90 12 350m 0.269 0.0279 0.032 0.0573�-----------_. I 

( f 
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WESTINGHOUSE RAILROAD DATA 

GENERAL DATA 

Conversion Factors 

MULTIPLY BY TO OBTAIN 

Acres 43560 Square Feet 
Ac!e 4047 Square Metero 
Acre 1. 562x 10-' Square Miles 
Acres .4840 Square Yards 
Acre-Feet 43560 Cubic Feet 
Acre-Feet 3. 259dO-' Gallons 
At.mospheres 76.0 Cms. of Mercury 
Atmospheres 29.92 Inches of Mercu:y 
Atmospheres 33.90 Feet of Water 
Atmospheres 14.70 Pounds per Sq. In. 
Board-Feet 144 Sq. In. x 1 In.. Cubic Inches 
British Thermal Units ...• , .777.5, Foot-Pounds 
British Thermal Units ,2, 928xlO-' J{iJowatt-Houu 
Bushels , 1.244 Cubic Feet 
Bushels 2150 Cubic Inches 
Cent.imeters 0.3937 Iuches 
Circular Mils .....•........ 5.067x10-G•••••••Square Centimeters 
Circular Mils 7.854;,;10-7 ••••••• Square Inches 
Circular Mils .....•........ 0.78·54, .....•.•.. Square Mils 
Cubic Feet ....•........... 2. 83:lxl0-' Cubic Cms. 
Cubic Feet 1728 Cubic Inches 
Cubio Feet. , 0.03704 ...•...... Cubic Yard. 
Cubic Feet. 7.481. Galions 
Cubic Feet Per Minute 0.1247......•.... Gallons Per See. 
Cubic yards 27 Cubic Feet 
Cubic yards 46656 ...•....•... Cubie Inches 
Cubic yards 202.0 ...•.• , Gallons 
Days 1440 Minutes 
Days 86400 Seconds 
Degrees (angle) 60 Minutes 
Degrees (angle) 0.01745 Radians 
Dcgrees Per Second 0.1667 Revolutions per Min. 
Feet 0.3048 Meters 
Feet Per Minute .••••..•.•. 0.01136 Miles Per Hour 
Feet Per Second 0.6818......•....Miles Per Hour 
Feet Per Sec. Per See.••••.•0.6818 Miles per Hr. Per Sec. 
Foot-Pounds 1. 286x10-' ••.•... British Thermal Unita 
Foot-Pounds~ 3.766xlO-' ....•..Kilowatt-Houra 
Foot-Pounds Per Min...•.••3.030xlO-•..•....Horsepower 
Foot-Pounds Per Mm 2.260xlO-••••.••. Kilowatts 
Foot-Pounds Per Sec 1.818:110-' ••.••..Horaepower 
Foot-Pounds Per Seo 1. 356,,10-' .•••••.Kilowatts 

Westinghuuse ElectrIc & l\Ianurncturlng Compnny 
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\VEE-TINGHOUSE RAILROAD DATAr 

MULTIPLY BY TO OBTAIN 

Furlongs 40 Rods 
O"lIons 0.1337 Cubic Feet 
Gallons 231. Cubic Inches 
Grams 080.7 DYiJes 
G"ms 0.03;;27 Oullces 
Gmm Calories 3. 968tlO-' British Thermal Units 
Horsepower .42.44 n. T. U. Pel' Min. 
Horsepower 33000 Ft.-Lb. Per i"Iin. 
Horsepo\-.'er .. , '" 1.014 1Vletric Horsepower 
Horsepower 0.7457 ]{ilownL!;s 
Honrepower (boiler) 3352D _ .•..•..n. T. U. PerHOttr 
Incbes 2.540 Centimeters 
Incbes ...•......•..... '.' .. 10-' Mils 
Kilograms 2.205 Pounds 
Kilometers 0.6214 Miles 
IWomaters Per Hour .•..•.. 0.6214 Miles Per Hour 
Kilometers Pel' Hour 54.68 Feet Per Minute 
KUomet{lro POl' Hr. Per Sec.. 0.6214 '" . Miles Per Hr. Per Seo. 
Knots 6080 Feet 
Kno(s I . 1,52.........•.• Miles 
Links (Surveyors) 7.92 Inches 
Log" N 2.303 Ln N 
Meters 3.281. Feet 
Motel's 39.37 Inohes 
Meters 1. 004 Yards 
Miles 1. 609 Iiiloms(ol'll 
Miles 1760 Y"rds 
Mile. Per Hour 88 Feet Per Minute 
Miles Per Hour I.4G7 Feet Per Secoqd 
Miles Per Hr. Per Sec 1.467 Fcet Pcr Sec. Per S('C. 
Miles Per Hr. Per Seo 0.4470 ..........•Melers per Seo. Per 

Sec. 
Ohms Per MiL-Ft.......•..0.1662 Mierobms Per em. 

Cube 
Perches (masonry) 24.75 ...•.•••.... Cubio Feet 
Pounds Per Ton ......•...... 0.5 ....... '.' .......·Kilograms Per Met­

ric Too 
Rods 16.5 Feet 
Square Centimeters 1. g73x10'6 ••••••• Circular Mils 
Temp. (d6gs. Fnhr)·32 5/9 Tsmp (deg. Cent.) 
Tons (long) : 1016 : IGlbgrallls 
Tons (long) 2240 Po"nd~ 

TODs (metric) 2205 Pounds 
years 8760 HOllrs 

..� 
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