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A COMPARISON OF THE PERFORMANCE OF A 

DIRECT CURRENT GENERATOR WITH THAT CALCULATED FROM ITS 

DIMENSIONS 

The design of electrical machinery when undertaken 
as a thesis is usually done in the same order ss in commer=- 
cial work. The desired performance is specified. The elec- 
trical and mechanical dimensions are then calculated with the 
view of producing this performance. This method for a thesis 
is defective where the machinery, as is usually the case, Can- 
not be built, because there is no way of judging the merits of 
the design. 

For these reasons in the presmmt case the order of 
proceedure is reversed. The electrical and mechanical dimen- 
sions are taken from a completed machine of the following 
rating: - 

Crocker Vheeler Co., 
Type C. M. Size 10 D. 
Qutpat 13 H. P. 
1:75 BR. BP. MN. 
Colts 500 
Amperes 22 

The process of design was then gone through in the 

reversed order, the, performance of the machine being predic- 
ted in detail from its dimensions. When this was done and 
curves plotted the machine was tested and the actual curves 
plotted on the same sheet for the purpose of comparison. 

THE CALCULATIONS. 

- In the matter that follows formulae used are in a 
number of cases not explained, but references are made to the 

standard works and page numbers from which they are obtained. 



GENERATOR. 

TABLE OF DINITNBS TIONS. 

Armature. 

Dia. at face. (Dia.of core plate) 11.0 inches 
Length between core heads 5.0 * 

Number of core sheets to the inch 41.0 
Number of vent duéts, radial Hone 
Net effective length of core 4.5 inches 
Radial depth ¢f core body B.D" 

Internal Dia. of core 6.11/32 
Number of slots 87 
Depth of slots 0.5 Ls 
Width of slots 0.25 # 
Average width of tooth 0.1408 

Number of circuits in parallel between brushes 2.0 
Style of winding Wave 
Number of conductors in series between 

ends of a coil 12 

Size and section of conductors (bare) No.l2, 0.082 in. 
Size and section of conductors (insulated) D. 0. Co 

0.094 in. 
Mean length of a conductor per turn oO 8 inches 

Pitch of winding and number of teeth 
Arrangement of conductors in slots 

Length of magnetic circuit in armature core body 5.28 inches 
Length of one great coil(see next to the last 

paragraph on page 4) 2.25 inches 
Length of each minor coillsee as above) n 



GENERATOR. 

274B83LF OF DIVENS ION 

(Continued) 

Commutator. 

Diameter 

Length of segment over all 
Active length of segment 

Humber of segments 
Width of segments 
Useful depth of segments 
Number of sets of brushes 
Number in one set 

Length side by side 
Peripheral width of brush in inches 
Total area of contact for one polarity 

7«13/64 inches 
Dm HTH 
3-7/32 

87 
15/64 inches 
1/4 " 

4 
Fe 
~ 

i a a 

0.4815 inches 
1-072 sq. in. 

Length of brush - 1=-39=64 inches 

Air Gap, and Pole Piec 

Length at center from iron to iron 

ee. 

0.12 inches 

Pole piece (Shoe) For dimensions see sketch below, 

Actual , width //2 awrection Ef 21 repo 5 inches 
” Tron. 

gown 

ZZ" 

I —t 
o) T Al 

E ¢% 7 
3 Field Magnet Core. 

ength radially : : 5 inches 
fens th parallel to the shaft (round) 
Width or diameter 4.476 " 

Bobbin. 

t1me Depth of winding (es 

Thickness of insulati 

T hickness of insulation 
length of shunt winding 

1.293 Inches 
5/16 in. lower 

/ 1} + 1/4 upper 
7/64 inches 

of insulation Hety 
Size of shunt wire (bare) No.23,0.022 * 
Size of shunt wire (insulated) ¥o.23,0.027 ¢ 
istimated mean length per turn 19.4 i 

Number of turns per bobbin (estimated) 6196 
38 ‘Number of conductors per inch 

; of wound space (estimated) 7-9/32 inches 
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Yoke. 



The dimensions of the machine are given in the ac- 

companying tabulation. The normal voltage and current were 
taken the same as rated but the normal speed was taken as 
1200 BR. FP. HM. 

Preliminary to this test a brake test was made on 
the driving motor to determine its efficiency, the conditions 
of its operation being carefully observed. This test is not 
gone into in detail, the curve covering its performance being 
simply included with these papers. (See curve sheet No. 6.) 

Tabulated results of each test with connection dia- 
grams follow each sheet showing the curvesdeveloped from such 
tests. 

FIELD MAGNET CALCULATION. : 

Let us suppose that the radius of the core is in- 
creased 7/64 inches by insulation. 

Number 23 wire B. & S. has a diameter of 0.002257 In. 
with 8. C. C. insulation 0.027. 

This will be 35.72 insulated conductors to the inch 
according to table(see Foster's Electrical Engineers' Hand- 
book, page 122) 

According to the micrometer measurement of the ac- 
tual wire (see table of dimensions immediately preceding this 

page) there will be 37.05 conductors per inch. The number 
actually counted on the bobbin was 38. 

Let us use 37 in the subsequent calculations. 
Assuming no bedding there will be as indicated in 

the table of dimensions 

{37 x 3.8)%( 7.01 ~ 4.476 -.2187137 = 6106 
2 . 

turns per bobbin. 

The mean length per turn will be:- 

(4.4764 +0.2187 + 1.293) = 19.40 inches. 

Total length of wire per coil= 6166 x 19.4 = 10020 ft. 

i 
[he resistance of No. 23 at different temperaturesis 

as follows:- (see page 49 Standard Iandbook) 

: (F 68 122 176 
Degrees(C 20 50 80 
ig 0.02032. 0.02271 0.02516 

Among the curves included are two showing the varia- 

tion of field and armature resistance with temperature. (See curve 

Then: - sheet No.5) 
Resistances of 1 bobbin at the above temper- 

atures will be respectively 

203.6 227.5 o52.1 Ohms 
Entire Field. 

814 910 1008 
At B00 volts pressure the field will have at these 

temperatures 0.614 Amps. 0.5496 Amps. 0.4956 Amps. 



To Construct Saturation Curves for the 
: Magnetic Circuit. 

Mean length of one complete magnetic circuit in the 
yoke {from the dimensions in the table)= (28.62-2.25)77 4 2.25 = 

4 
6.94 inches. 

Mean length of two air gaps = 2 x 0.12 = 0.24 ‘inches. 
Length of magnetic circuit in the teeth is 

2x 0.5 = 1.00 in.. 
Diameter of field magnet core 
Area of field magnet core 

4.47 inches. 
15.98 8q.in. 

Gross length of armature core = 5 Inches 
Istimated net length of armature core = 56 x 0.9 = 4.5 in. 
allowing for paint on iron. 
6-5/8" = Span of one pole shoe. 

Then 6.525 % 87 = 18.42 number of slots or teeth under 
‘177 : a pole shoe. 

29 aia 
4 16.42 = 5.33 number of slots or teeth between 

two pole shoes. 

: Area of the magnetic path in the teeth under one 
pole = 16.42 x 0.1408 x 4.5 = 10.41 Sqg.in. 
0.1475 in. width of top of tooth 7 as 
0.1342 in. " W--Dbage " * 0.1408 Aver 

Next let the air gap area be calculated by use of 

the Carter Coefficient {See P. 43 A. Gray's Electrical lachine 
Design.) : 

S ~ 0.25 = 1.041 fz 0.8 
& 0.24 

Xx = 0.14087 0.80 x 0.020 = 0.3408 

age width of a tooth. 

C.a Yc 0,3078 = 1,167 
x 0.3408 

33.14 sqg.in.= Area of a pole shoe 

6=5/8 x B - 28.42 sq. in. effective area of the 
1-187 alr gap. 

Let us proceed directly to calculate the no load sat- 
uration curve. 

Let the leakage factor be taken as 1.32. his is 

an average value for machines of this size according to S. P. 
Thompson, Dynamo Electrie Machinery Vol. I. 

Pirst find the flux to produce 500 Volts terminal 
voltage at 1200 R. P. NM. and no load. 

N=slinesof flux. n=rev. per min. cspaths in armature. 

B=electromotive force. Z=zconductors (from table of dimen- 
sions pressing page 2.) p= number of poles. 
N= Ec x 10%= 500 x 2 x 108 « 1198000 Lines in the Air Gap 

nzZp 1200 x 1044 x 4 
60 

Multiplying by the leakage Coefficient. 

1.32 x 1198000 = 1581000 lines in the field core 
and yoke. 



Density (yoke)=z 1581000 = 36100 lines. 
per sg.in. 21.92 x 2 

Armature Body Density = 1198000 =z 72850 lines. 
per s8q.in.8.225 x2 

Tooth Density = 1198Q00Q = 115000 lines 
per sg.in. 10.41 

Gap Density = 1198000 = 42175 lines 
per sq.in. 28.42 

Pole Core Densitys 1581000 = 100450 lines 
per sg. in. 15.74 

Pole Bhoe Density = 1198000 = 36155 lines 
per sg. in. 33.14 

The accompanying tabulation gives the flux densi- 
ties in each part of the magnetic circuit on the above basis 
from O to 570 volts calculated in the same manner for each 

voltage, also the ampere turns written in parentheses required 
to produce them respectively. Three distinct columns give 
respectively the total ampere turns per pole required, the 
amperes in the field circuit, and the field amperes needed 
‘to produce the flux in tooth and gaps only. (The curves for 

cast steel and sheet steel on P.366 of Foster's Electrical 
Engineers! Handbook have been used.) (The tabulation appears 
on the following page number 4a.) No.l 

From the above mentioned data the Curve/entitled 
No Load Saturation has been calculated. The title of the 
curves in this thesis if succeeded by a 'c¢' in parentheses, 
thus (c), mean that same were calculated and not found by ex 
periment. An (e) in parentheses means 'found by experiment. 

The Next Problem is to Construct a Full Load Saturation 
Curve. 

The drops in voltage with armature current flowing 
are three: =- 

The R. I. loss in armature. 
That due to armature demagnetization. 
That due to armature distortion. 
Let the resistance between brush studs be estimated. 

The coil between commutator bars is composed of the equiva- 

lent of 6 coils in series, viz. 5 coils found to be 34 in. in 
length, and the one by means of which connection is made to 
the commutator 42.5 ini: in length.(The winding is a two circuit 
wave ) . There are 87usuch compound coils. The total length 

of armature wire is therefore 1847 inches. By micrometer 
measurement it is found to be No. 12. Resistance of the arm- 
ature winding = length of coil in inches x Resistance per ft. 

: 12 x 4 

The armature is considered to have an average 
temperature of 110°F. during the taking of resistance, etc. 



4a 

TABLE OF FLUX DENSITIES. 

(For discussion of this table see page 4, of this thesis 
See page 366, of Foster's Electrical En- 

gineers' Handbook for curves on cast and 
sheet steel.) 

Note:- The figures in parentheses are Amp. turns per pole. 

Termi-: Arm.:Teeth:Air :Pole:Yoke:Pole:Total :¥'1'd : P'1'd 

nal + Body: : Gap:Core: :Shoe: Amp. :Amps. : Amps. 
Volts : : : : ; Turns for 

J : : 3 per Gaps &: 
spole :Teath 

3 Only 

a EE EL Ek teh Drndaiel hbtoat EEE S LEE 
575 : 83750; 1320 4850 ;1IB50 ; 415 C0410 , : : ; 

{126.8)(860){57202560455. 6 }{18.3)3570 :0.3705; 0.5765 

526  : 76500:;120%0 44250 ;10885037885 $7050 . aa Cr 
’ : (87.29(360){2360§1410}52.2016.2] 2643 0.3003; 0.4260 

500 : 7285015000 42175 0085036100.36180. iy naan 
: (68.73(230){3230 $70)347 2a1n.01 2281 | : 9-80 

450 :65600103HB0 13790 ;90400;3 2500,:32520; aks ROLL 
: (47.5) (65) {2926)498)]45.2413.9] 1799 :0.2418; 0.2900 

400 : 58350: 9200033750 ;804002 8 88.28920. ; : i 

: (34.39(37,5]2594h276.441.7¢12.7] 1498 ; 0.241 
350 :51000; BOS002 HCO ;7 060; 26275,25%0, ~~ 1,0, 

(26.49 (20.00 2272§167 Pk 27. 8f10.4] 1262 (0.18491 0.2085 
300 : 43720; 6900025300 {6038 216 5Q216%0; : : 1965 

1 {21.13(11.5319586 27,8000. 149:208 1071 : 0.172 

050 : 36420;57600:21100; 5X50 18 050;18100: : EEL 
=°  i{15.8)(6.5){ 1652495. 2422.68. 1): 890 10.1325: 0.1437 
200 29175: 46000116878 ;4020034440 14460; : eg 

:(10.63(4.0)f12o7§72.8§17.446.9): 704 30.3187 
50 :21862:34500:12650 : 3017510825 1 0845; i : 

i (7.9): (5.0)60 6 0){54.3413.944.6); 522 0.0777; 0.0843 

100  :14580:23000845% :2000077220:7220: : 525 

(5.3):(2.0){647) (31.7§10.4}3.5); 334 : 0.083 
- Pe PR iia 

- a a eS G5 eG NS BS Ae ER Ae 
- = o-- = 



Area of brushes z 1.072 sq. in. 
(one stud) 

Fill load current including field I is 22.50 Amps. 

11.25 . 1050 Amp. per square in. current density 
1.072 of the collection. 

(From the method of A. Gray's Electrieal Machine De- 
gign P. 77.) ; 

The contact resistance = 4(0.06 x 1.072) = 0.2573 Ohms 
BR. I. drop of contact = 20.5 x 0.2873 = 8.7858 Volts 
RB. I. Armature drop 2 0.866 x 22.5 = 14.97 Volts 
Total pressure drop = 20;75 Volts. 
The between brush resistance 2 .9225 Ohms 
Now consider the demagnetization at full load with 

tne brushes shifted forward to the edge of pole shoe. There 
are 5.33 slots between the pole tips. There arel2 conduc- 

tors per slot hence:- 
12 x 5.33 x 11.25 = 720 demagnetizing ampere turns 

per pair of poles. 

A full current of 0.0766 amperes will produce 

this magnetization. 
Let the cross magnetizimg amperes under the poles 

be considered. 

Then; - 

16.42 x 12 x 11.78 _ .1790 Amperes needed in 

81986 x 2 
field circuit to counteract the cross magnetization. 

Now use the method fully explained in A. Gray's 
Wiectrical Machine Design (Art. 51, P. 59). In this connec- 
iow see the sheet entitled Saturation Curve number 1. 

The field amperes for a terminal voltage of 500 
¢: 3.685 of which 2.2800 are required for the gap and 

eth AL full loa a the ampere turns at one pole tip are i 

28 7. 1790 = 0.459 and the other pole tip = 0.28 « 0.1790 
1010 ampere turns. 

The fiux crossing the gap is reduced in the ratio 
(see curve sheet No.l). 

: (Area aefd) 16.07 = 0.9195 
(Area abcd} 17.50 

The voltage generated is reduced to 459.6. 

To maintain the desired voltage 0.3685 + 0.0765 = 
0.445 amperes are required. 

The construction is then made &s per A. Gray's 
Electrical Machine Design.) and the Full Load Saturation 

curve drawn through g parallel to the no load saturation 
curve. 

is 
te 

C. 
OC. 

‘Tet the same calculations be made for § load as a 
means of verification. The result is shown on the curve 
sheet. Let the brushes be considered as shifted 4 of the 

distance for which they are considered as hitter for full load. 



8.44 ~ 7.89 amperes per sq. in of contact surface. 
SY : 
40.07 x 1. oz) = 0.30 6hms. contact resistance. 
R. I. drop = 16.88 x .3 = B.064 Volts 
of contact. 
Ar.R. I. Drop = 0.666 x 1688 = 11.26 volts. 
Total pressure drop due to resistance = 16.32 volts 

There are 9.43 demagnetizing slots. 
12 x 9.43 x 8.44 x 1.32 = 0.1017 Amperes of 

8196 x 2 
demagnetisization per pole. 

At 3 load the demagnetizing ampere turns at one 

pole tiv are = C.28 0.1007 = 0.3807 
At 2 load at the other pole tip are = 

0.28 - 0.1007 = 0.1793. 
The flux crossing the air gap is reduced in the 

ratio a,e,.f,.4, S. 4 oe 

aybycydy 30 
The volta age is reduced to 480. 

The full load saturation curve is drawn not because 
it is to be verified by experiment (for it is not a curve 

taken in commercial work) but because it is of assistance in 
drawing the Regulation Curve which will next be proceeded 
with. 

First the matter of regulation is considered in 
terms of the Series Field winding that would have to be sup- 
plied to perfect it. : (curve 5) 

From the Excitation Load Curve/(constructed from 
the no load saturation and full load saturation) it is seen 

that at full load 0.6325 Shunt field amperes are required. 
For no load ( from the Noload Saturation Curve) 

0.3685 Shunt Field amperes are required. Hence: 
0.6325 - 0.3685 = 0.2640 Shunt Field amperes 

are required to sustain the voltage. Ti 

6196 x 002640 = 1636 ampere turns per Site. With 22 amperes 
bine current this would mean (arranged short shunt) 

1636 - 74.3 turns of wire per pole. 
22 

The greatest current density in the Shunt Field 

winding that is apt to occur is 625 = 1689 circular mills 
per ampere. 0.37 

Increasing this by 20% because the field winding 
is nearer the surface and cooler we find a wire having a 
section of 4455 circular mills is suitable and No. 16 will 
serve ihe purpose. 

This would mean four layers on each field coil 

with a total length of 634.5 ft. or 2.81 lous. 
In the case of this 500 tout machine the winding 

was not put on because of the high voltage small current and 
large number ofturns needed . : 



See the Regulation Curve (curve #2) 
Let the curve showing the relation between load 

and terminal volts with the fiald kept constant and excited 
sufficiently to give 500 volts on full load be drawn.0n the 
Excitation Load Curve (curve No. 3) see that 500 volts on 
full load requires 0.6325 amperes of shunt field current. 

The volts given by the same turns at no load are 
580 (see No. Load Saturation (e) ) 

[hen plot the load lines between the full load 
and no load saturation and where these strike the excitation 
line read the voltages. 

Excitation 0.6325 Amperes 
Load, % 0 25 50 75 100 

Volts 580 562 542 515 500 
The curve is plotted and titled. The regulation 

taken from it is 
P80 - R00 - 80 = 16% 

500 500 

CALCULATIONS OF LOSSES AND HEATING. 

To calculate the watts loss in armature copper and 
iron.(see A. @ray's Electrical lachine Design P. 102.) 

The weights of the armature core and teeth are 
estimated at 58.85 and 7.67 lbs respectively 

B teeth = 132200 B body = 83750 
Frequency = 1200 x 2 = 400 

6 
Watts loss per 1b. body = 5.5 
Watts loss per lb.teeth = 14.30 
Total core loss = 58.85 x 5.54 7.67 x 14.30 = 434 

Watts iron on full load. 

Next calculate the armature copper loss (See A. 
- Gray's Electrical Machine Design P. 102) 

Consider thie resistance under operating conditions. 
Resistance = 1 ohm per circular mill per inch length. 
The armature wire is composed of 18470 in. of No. 12. 
No. 12 = 8530 ciroular mills. 

18470 x 11.23 = 358 Watts. 
6530 

Total armature loss at Full load = 782 Watts. 
Next calculate the heating of the armature. 
Temperature Centegrade = T = a x p ( Bee W. 

: 1+% a 
@ramps Continuous Qurrent Machine Design Pp 8C & 81) 

P = 782 
Bi x5¥ 10x2 ¥9.5x1.5 + 9.75 x 4-7/9= 429.6 
0.0008 a = 90 
= 11 x 12000 = 3460 ft. per minute 

r speed iz ; ©
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T-3 80 x 85. . 60 degvess O. 
14 0.0008 x 3460 £29.6 © 

The commutator contact resistance drop = 5.78 Volts. 
5.785 x 22.5 = 130.0 Watts loss. 

With 1% lbs. per sq. in.brush pressure. (See 
Thompson's Dynamo Electric Machinery Vol. I P. 519) 

Brush Friction loss = 14 x area x ft. per min x 0.3 
x 746 2 1.3 x 0.14 x 34680 vw O03 & 748 = 95.5 Vatis 

33000 33000 
Temperature rise for commutator = & = (Cent. degrees. 

(See Thompson's Dynamo Electric Machinery Voll P.520) 

Vv = per. speed in ft. per minute 
8;= radiating surface sq. in. 
Ld total loss 

(3.2186 X 7.203) (1 + C.0005 x 546,77 
Gz 50.40% OC. 

Now consider the heating of the field coil: 
At the excitation to give 500 volts on full load 

é:= 4x ¥n 

A 
h= 60 

Ap = (7.281 x'3.5/= 80 

R. per foot at at 154°F. (considering the room 18 
and rise 50 at full load. } = 0.02425 

> R of one coil = 
, 10020 x 0.02425 = 243.3 Ohms. 

RI® = 243.3 x (.B325< = 97.28 or 98 Watts 

Total field loss = 392 Vatts. 

Then T.€= 80 x98 << 03 Be 4, 
80 

Estimate the friction loss exclusive of brush fri- 

ction.( See A. @ray's Electrical Machine Design P. 97) 

Loss W = 0.8ldyby {a 3/2 : 
C81 = anh ak (Cs18 Wx 1200 ) 3/2 

wv 12 x 100 

W 74.4 



Calculation of Efficiency--Full Load. 

Assume 500 terminal volts at full load. Neglect 
windage. (See A. Gray's Electrical Machine Design.}p. 99.) 

Eff. = Qutput 
(Output + Bearing Fricticn # Brush Friction 

# Céntact loss # Armature iron loss # Ar.Copper loss Field Loss) 

= 29 w% 500 : = 80.35% 
(22 x 500 +75 + 205.5 + 454 + 3584392) 

Half Load. 

The following are constant, bearing friction and 
brush friction. 358 

The Armature Copper Loss = == 89.5 Watts 
Contact Resistance loss the drop being the same = 65 Watts. 

" Field Loss. (See Amperes excitation for this load.) 
= 238.5 Vatts 

Armature Iron loss. body 
B. Teeth = 12620 B/= 80000 
58.85 Xx 5+ 7.67 x 12.0 = 386 Watts iron loss. 

Bff. at § load = 
2 ie — E60 x 11 = 88 RZ 
(5500+ 75+ 75.5 +65 +386+ 89.5 + 223.5 + 258.5) 

The Eff. for § load is calculated in the same man- 
ner and found to be 87.63%. 

: From the above data the curve is plotted. 

COMPARISON OF CALCULATED WITH EXPERIMENTAL DATA. 

The No Load Saturation Curve. 

The direction of this curve shows that an iron of 
too high permeability was presupposed. It was impossible, as 
was hoped, to obtain a saturation curve from the manufacturer 
and a standard iron was selected from the handbook. The curves 
for cast steel and sheet steel on »p.366 of Foster's Hlectrical 
Engineer's Pocket-Book were used. 

The full load saturation was plotted merely to assist 
in obtaining other curves and was not verified by experiment. 

The field resistance was calculated as varying from 
814 to ©l0 ohms between 68 and 122°F. See the resistances on 
Test Sheet No. 2 entitled " Test to obtain regulation." This 
shows and average R. of 0.864 Ohms. In view of the fact that 
the space taken up by insulation on the core had to be estimated 
this calculation is good. 



The Armature resistance between pairs of studs was 
calculated as .922 Ohms. The standing resistance was found to 
average 0.74 ohms. and one turning resistance 1.00. (See data 
sheet "No load saturation,#3) In view of the fact that no data 
on the armature winding could be obtained from manufacturer 
and it was difficult to measure without dessembling, this cal- 
culation of the resistance is fairly satisfactory. 

The Bxcitation Load Curve (See Curve #4) calculated 
does not check very well with the one found by experiment. 
The failure of the points on the latter to line up is probably 
partially due to the difficulty of one man reading so many in- 
struments. 

It was impossible to maintain the terminal volts on 
full load at 500. Hence 478 volts, the voltage obtainable 
with all field resistance out on full load had to be taken as 
the full load voltage. The calculated regulation was 16% 
(See Curve #2) The experimental regulation was found to be 
14.5%. The calculation is fairly satisfactory in this case. 

The results of the calculations for temperature 
rise are seen to be far off. The formula for these was ap=- 
plied after much study of the conditions. There is great dif- 

ference in the formulae of different authors. The writer is 
led to believe that this feature of design is very hard to re- 
duce to formulae and predictions regarding temperature rise 
must be based on data obtained from tests of a large number of 
machines of similar design. 

The Calculated Efficiency Curve (See Curve #2) 
is too high. This would indicate that a consideration of the 
emperature rises is a vital part of the calculation of ef- 

ficiency. 

CONCLUSION. 

The writer believes much better work could have been 

donne had the asked for data been obtainable from the manufac- 

turer. He is impressed with the extent to which design must 
be based on previous experimentally obtained data and the great 
variety of methods by which different authors approach the 
same thing. He is also impressed withthe lack of definite in- 

formation in texts, etc., along the lines of this thesis. 
Por instance the method of procedure in constructing the Ex- 
citation Load Curve ( See Curve #4), Regulation Curve {See 
Curve #2) was not described in the works used. 



TREES 8S HATE? NO 1- 

NO LOAD SATURATION . 

Motor. 

1 Ob. JVolts F'1'd] Amp. F'i'd| Volts Arm. Amps. Arm BR. P. NM» 

Read hor. Read #idy Spader Rea Go ePY0 
3% 100. 0: 97.6:12.2 12,0 103 102 151.27 57.07: 120% 
2 SIRS 08.02.00. 12.0 +103 joy og.8 99.8 1200 

4) : $7.0 94.8:12.0 12.0 1103 102.28:23.2 23.2 120] 

ty 76.4 23.7011. 11.6 99.4 99.0 124.5 24.5. ; 11958 

rely 80.7 78,1:.11.8 3x7 $151.0 100.5 126.0 28.0 4 1184 

8 ! 80.5 "8.0:11.%3 11.7 1100.8 100.3 27.38 27.35. 119% 

$27 $ 81.4 98.0:%1.3 11.7 101.0 100.0 128.70 2B.75: 1206 

©: 8 = 31 soos aanl.18 21.5 1100.0 190.5 29.70 289.758; 1204 

v9 Ba.0 79.5: 10.95 11.55:101.0 100.8 129.5858 29.858. 1202 

® me el lL A 

Generator. 

0b.{ R.P.1U.] Amp. F'1'd.§ Volts Ter. 
: Read Cor.) Read Cor. 

(11509 Sp.C (1813 

times B (V2) 

1 =: 1201 :.085 .0628 3 31.3 153.0 : / 

8 eo nann 1.98 1443  ¢ B3.0 268.0 

B® 901 2.218 L1B10 62.5 300.0 

4 1193 +.,343 2880 31:80.8 392.8 3 

8 ; 1186. :.020 43850 08.4 474.0 ; 

7.3% 1208 2515. .5180 204.7 505.0: ine 

8. nont . 402 .BRO0 1108.8 523.0; 3 

g 1202 30-8108 112.0: 0540.0 

Armature Resistance. 

Volts : Amperes : Res. 

Read Cor. :Read Jor. : 

{16901) (11508) : : 

I's Ta 5o er. ; 
L/77€ 

28.35 27.0 27.2 p£6.8 1.808 = 

§ rh NN BDI NN CO 

4.057 2.485 8.00 6.32 0.71 : 

3.583 3.404 :4.75 4.6 10.738 =} 

3.918 0,501 35,40 3.31 10.780 1 

Average standing Resistance 0.743. 
Grereraror 
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e Generator. 
Ob:R.P.1U:Volts Ter. :Amps.Line FAmps . Frys Vits:Z leag-'I'd 

: :Read Cor i%es 36 Cor : Read Coz. iRise. :Resis. 
YS uM IB1SY (7864) 1111509) : : Ohms. 

11200 © 99.0 476 : 2%. SE TC T6000 SBhU5 1D 006.0 : B73 
2 $1204 :101.0 487: 20.5 20.5:.6640 .5570:24 : g1.0 : 865 
S 21159 $101.5 490 1 17.1 17.11.6700 .B520:27 iva.5 1 855 
4 11194 :104.0 502: 15.0 15.0:.6600 .5525:39 : 75.4 
5 :1207 108.0 B10 ; 12.0 12:05. 2900 .5620:47 : 61.35; 
8 :1302 :108.8 528 : 10.25 28.7008 .5940:62 i 53.85: 
7 11194 :108.8 525 Te 99) > 01+5095 -5790:0= © 36.75; 
8 :1202 1108.8 525 :* FTL’ 2.6:.6750 .5650:82 : 13.63: 
$11108 1110.6 B30 tg. 00 0. Qi.6008 ,BEOOIST. ~~; "Ag", © 

% Reg. from O to full load calculated is 16.0 
ZN Roof " actual . 14.46 
4  X 

Average resistance of field is 864 Ohms 

(@) N 

fo For connected 
asm 7es’1.(No yeas: 
ee MEr7S). 

7 

Gerneraror 
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SHE ET No 

Efficiency and Excitation Load. 

Motor (Continued) 

R.P.M; Amps.Armature : Power Supplied: 

Motor. 

Ob.; R.P.M:Volts ¥'1'4. Amps. F'1'd. : Volts Armature . 
Read ~ Cor : Read Cor. : Read Cox. 

$- 18247 Hen RE TTY (823) : 
1202 :105.5 103.5 : 13.4 12.60 106.0 105.2 ; 
1200 :103.0 100.5 ; 13.1 12.45 105.0 104.2 : 
1205 : 96.0 294.0 : 12.6 12.20 104.7 104.0 : 

1207 2108.0 108.0 : 12.9 12.35 107.0 106.2 : 

1199 :104.0 101.3 ; 12.6 12.20 106.0 105.2 : 

1206 :107;5 104.5 :- 13.2 12.50 107.0 106.2 : 

1197 :104.0 101.3 : 12.4 2.60 104.0 103.3 

1205 1104.90 101.3; 12.3 12.10 104.0 103.3 

+ 1209 1108.0 105.0 ; 12.4 12.60 106.0 103.3 . 

0; 1208 107.0 104.0 , 12.4 12.60 105.5 104.7 : 
15 1205 (112.0 109.0 ©: 16.6 36.20 + 117.5 115.5 

12 : 1204 :116.0 103.0 : 16.0 14.60 : 117.0 _ 115.5 : 

Power Delivered: 

Gere ra7or 

:Read Aria in Watts in Watts 3 

(7864) ft Bey 
1 1202 : 43.5 42.5 5825 3000 
2 1200 : 54.0 54.0 6382 3920 : 

1205 ; 62.0 62.0 7597 4635 : 
4 1207 ;: 71.5 "1.5 8955 6138 : 
5 1199 : 84.5 84.5 : 10132 7580 : 
6 1206 : 93.0 93.0 11197 8900 : 
v 1197 1102.0 102.0 11778 9575 : 
8 1205 :113.0 113.0 12908 10700 : 
9 1209 :126.0 126.0 : 14593 12180 : 

1208 :134.0 134.0 15350 12810 : 
1205 :140.0 140.0 18117 15640 : 
1204 :154.0 154.0 19304 16525 : 

1s 

Motor cor- 
nected as rrnjesr 
HI (a) Measure- 

(min 73 e/77°S Taker) 



PAST SHTLIT FO .3 0ont'4.) 

Bfficiency and Excitation Load (Cont'd.) 

Generator. 

Ob.: R.P.M.: Amperes Lines : Volis Ter. ; Amps. Pield : 
3 : Read Cor : Bead Cor: Read Jor. 

: : 41812) (11808): $1813) : (31509) and 
i : : : special shunt: 
2 Sera A > $ : 

bo 20D 1.85 8.75 ; BIg? 500; .577 .4810 

: 1.50 : EE Sep 
2 1200 & 2.40 4.82 ; B18 B00: 620 .5200 : 

: ¢ 2.08 ; : 

3. 11205 $ 4,38 8.85 ¢ B18 500: 600 .BO2B 

1 5.3.95 : : : 

4 1207 eT 5.10 8.63 : B18 BOO: .B578 .4820 ;: 

: : 3.50 : : : 
5 11199 EERE 10.31 + BIE 500; 6100. 51.20 

8.11208 1132.80 12.751 8 500: 655 .5500 : 
5 Talal) :14.50 4.258 + 10% 486; 83% +B3B0 : 

8 ..1205 * 18.00 18.00 : 180 483: JOOR BORD 

8 120% + 90.50 25.50 7 97 467: 8008 .50B80 

10 11208 200.00 53.00: 2% 467: D395 .BO00 

11: :1205 $25.00 25.00 7 93.5 465: 640 B30 

12 311204 + 25.00 o8.00 : 9b,.B 460: O28 ,BEL0 

Generator (Cont'd) 

Ob.:R.P.M. : Power Del'v'd: % of full load: Eff. % 

3 12062 1366 pat 12.40 : 45.50 : 

2 12006 2426 : 21.90 : 61.90 : 

a 0368 3265 : 29.70 3 70.50 3 

4 1807 4328 3 39.30 ie 70.55 3 

5 i1i%® - 5405 : 48.15 y 72.00 

6 vr 1208 6375 : 58.00 7 71.70 

7 ry 1187 6930 ’ 64.77 : 72.40 

83 L208 8700 3 81.75 ; 81.28 

$ 1208 95853 ] 93.20 : 76.60 

30 ; 1208 : 10270 3 100.00 ? 78.00 

$1 : 1208 11880 : 113.80 : 74.00 

2 ¢ 1904 © 12830 gc 18 20 : 66.80 
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0-025 4.0020 aot 

0-024 2.9019 

0023 0-001F 

0-022 0.9947 

CULV CES 
TeSISIarce of fred ard 

Armature wire. 
FE ROO IFISOrT. 
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