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INTRODUCTION 

It is well understood that the R component of the 

imnedence is much mere than the ohmic R, but in calculag- 

ing regulation, R equals n/1 seems to he always used. 

The object of this thesis is to study the effects 

of the different values cf the resistance on the regulation 

and find if there is a definite reason for using this 



GEVERAL THEQRY 

In the majerity of regulation tests the d.c. resist- 

ance is used -in all calculations. The a.c. resistance in 

addition to containing the d.c. resistance also contains 

that resistance due to core losses. This resistance varies 

inversely as the square of the current. and is found by 

Aividing the power absorbed on open circuit (core loss) 

by thesquare of the 4Aifferent values of tha current. Curves 

showing these variations are given in the Appendix. 

The manner in which the regulation was figured is as 

follows: 

Ta 

X
I
 

E RI 

Referring to thediagram, E,.the load woltage of the machine 

is laid off horiiontally (unity power factor). The RI drop 

is then laid off in phase with this E. =
3
 

his is the BR being 

investigated and cn which the conclusions are hased. XI is 

thar laid off at 90° with E and F, drawn. The regulation is 

then e~ual to Blas unity power factor. The refulation 

is much more dependent on R than it is on X as RI is in 

phase with ® while XI is 90° out of phase. 

The method of determinins the regulation as just 

described was chosen recause of its simplicity and if 
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METHOD 

The work may be elassed into tre= following 

divisions as the tests were made in their order. 

l. Regulation of transformer. 

a. Using d.c. resistance. 

be Using a.c. resistance. 

¢. Actual regulaticn measured, 

2. Regulation of alternator. 

a. Using d.c. resistance. 

be Using a.c. resistance. 

cs. Actual regulation measured, 

Regulation of transfermer using d.c. resistance. 

The d.c. resistances of the primary amd secondary 

net were found using volt: r and ammeter. The equivalent ©
 

f 

resistance of the whole transformer was found by addins the 

resistance of the primar 18
] to therresistance of the secondary 

and multiplying by the square of the ratio of transforma- 

tion. This value was used-in RI where I varied from © to 

1} full load. 

The voltage, current and power were next read with 

7] J]
 

U.
 
a
 2condary short circuited. Prom these readiness the 

R and X were found. Both of these values remained Fairly 

constant as there is practically no cers loss an shottcir- 



cuit to affect R. This value of X was then used with the 

d.c. resistance in figuring regulation. See page 8. 

Regulation using a.c. resistance, 

{#]
 

The core loss was next found by reading the power ¢ 

: ; Shs 5 2 
absorbed on open circuit. This divided dy I” gave the R 

due to core loss. This value was added te the R found on 

shortcirecuit and Ging the correspending X, the regulation 

was found. See pace 9. 

Actual regulation. 

This was found by supplying 1100 velts furnished 

by another transformer to the primary of the tested trans- 

former and leading the secondary with resistance. As the 

3 load was thrown on and eff theiimpressed voltaszes were read. 

The ratio of the difference of the voltages divided by the 

load voltage gave the regulation. All these values were 

at unity power Tactor beacause of the non-inductive load. 

Regulation of alternator using 3.c. resistance. 

The resistance cf the armature was found with 

voltmeter and ammeter. The reactance of armature was found 

by vassing an alternating current thru it and readins the 

voltage, current and power. This was done at no excitation 

altho arplyine field current didn’t change values. Using 

this R and X the refulation was figured. See page 12. 



Regulation using a.c. resistance. 

Usine the values cf voltase, current and rower just 

found the R and X were faguted. Using these the regulation 

was determined. See page 12. 

Actual Regulation. 

By throwing a lrad made up of resistance on and off 

of the machine, the two values of E necessary for calcula- 

tions were determined. The voltase with the lcad on was 

- 
brought up to about 11¢ volts at each load with the field 

reastat. The speed of the alternator was kept constant with 

the reastat on the motor.fgeld. See page 12.
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R=3,85(1 + .002%42x¥F) = 4.56 resistance at 77° ¥. 

To find the reactance. 

Readings taken on short circuit. Secondary shorted. 

pi I P Z REI cos R X 

15.3 2.32 15.0 6.81 36.6 PR 2.97 6.21 

18,1 2.76 2%.0 6.55 50.0 0.43 3.15 5.7% 
20.3 3.13 35.5 6.52 635.8 0.56 3.62 5.42 
22.1 3.52 %7.5 6.18 77.8 0.81 3.8% 4.9 
2%.7 3.39 57.5 $35 QF. 1 0.60 2.830 5.08 

27.7 %.23 69.5 6.55 117.1 6.59 3.828 5.28 
29.5 HiM2 76.5 £.£6 130.2 0.59 3.92 5.38 
31.0 H.6% 37.0 6.638 1U%.0 0.61 UH.0% 5.32 
31.7 Ha75 91.5 £6.68 150.8 0.61 4.05 5.32 
32.8" 4.87 97.5 6.69 158.8 06.61 ¥,11 5.28 
Zh. 8 Bevtl 11.6 E70 180.6 0.62 $¥.12 PA 

39.% 5.31 118.5 7.41 269.3 0.57 4.26 6.1% 
33.6 5.00 104.0 £.73 168.1 0.62 4.16 5.28 

27.0 4.11 65.0 6.56 111.0 0.50 3.85 5.32 
23:7 J.T79 53.80 6.M0 27.5 0.60 3.87 5,10 
20.5 3.00 36.0 8.8% 81.5 0.58 3.99 5.55 

See @Qurve Sheet # 1. 

Regulation using d.c¢. resistance 

1 RI 4 x3 Regulation 9 

2.0 8.91 “ 10.70 0.210 

2.5 1 «l5 H = 3 50 1.913 

35 15.60 " 18.73 1.418 

0 17.82 " 21.10 1.420 
¥.5 20.09 4 2R.10 1.822 
5.0 22.29 y 26.75 2.025 

gee Curve Sheet # 2 
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Regulation by actual test. 

I hin To Fo corrected Regulation ¥ 
1.7% 165.45  1o0We 1085 1.322 
2.52 161.85 1806 1083 1.19% 

3.56 97.50 961.5 1073 2.515 
440 9%,85 922.5 1077 2.140 
5.11 91.75 220.5 1065 3,280 
5.82 37.20 250.0 1063 7 JURQ 
0.0 109.2 1082.9 1098 0.123 
$. gu 94,25 01%.0 1071 2.708 

2.2 101.5 1605 1088 1.103 
3.3 92.0 960 1077 2.135% 
N,2 3.4 920 1080 2.325 

oi 91.0 82640 1071 2.70% 
8 87.9 Bus 1068 2,005 
0 109.1 109 1090 0.001 
7 93.6 915 1075 2.310 

[a
v]
 

See Curve Sheet # 2 

gonclusions on transformer tests. 

Referring to curve sheet # 2 the three regulation 

curves are given. It is seen that the curve where d.c. 

resistance was used lies below the actual regulation 

curve, The average difference between the curves is 0.5 A 

regulation. The d.e. seems to check hetter for higher 

values. The a.c. curve is widely different from the actual 

for low currents but Tor currents around full load the 

curves almost coincide. These curves would naturally lead 

to the conclusion that for small leads the d.c. resistance 

1 hould be used but for larger loads the a.c. resistance o
a
 

would give more accurate results. 



CALCULATIONS @N ALTERNATOR 

Resistance of armature. 

Reactance of 
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35.9 
34, 2 
32. 
30.8 

26.6 
24,3 

9.19 

t =280 ¥, 

7 

1 + .002%2x32 

I R 

Qe3 0.197 

«45 0.197 

R 

00212 t 

42x77) 

armature 

P cosd 

67.0 0.099 

95.0 0.115 
126.0 0.142 

135.0 o0.1%2 
1s%,0 0.170 

23%2.6 0.187 

279.0 0.226 
333.0 0.200 

365.0 0.20% 
395.0 0.206 

365.0 0.209 

328.0 0.203 
275.0 0.19% 

225.0 0.186 
180.0 0.171 

140.06 0.160 

= 0. 

R 
0.21 

0.233 
0.245 
0.25 
0.242 

0.276 
0.292 
0.292 

0.293 
0.299 
0.330 
8.326 
0.320 
0.303 

0.289 

0.275 

0.251 
0.237 

curve 

132 

3 

5 resistance at 77° F 

X 

1.23 

1.28 
1.37 
1.35 
«139 

i 454 
“\is 

hy] 

1.236 
1.463 
10413 
53 

ai 
1.%60 
1 [Y Yel 

1.470 
1.162 

heet 

= 0.1625 

ance 

#3. 

at 0° 

11 

resist- 
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Regulation using d.c. resistance 

I mI (R=.1025) XI BB. Regulation 7 

16.0 3.08 20.83 115.0 k,.55 

20.9 3.25 27.1 117.0 6.37 

24.0 4.59 Shel. 130.5 7 abd 

26.9 5.02 37.3 021,8 2.10 
28.0 5439 Ko.,5 122.8 11.67 
30.0 5.78 uz.8 123.7 12.53 
22.0 Gelb $7.2 7125.2 13.82 

34.0 6.55 50.5 127.9 15.46 

35.0 6.93 52.83 1323.2 16.54 

3ee curve sheet # 4, 

Regulation using a.c. resistance. 

I RI XI Ty, Regulation 7. 
16.0 3.62 20.8 115.% 4.9% 
18.0 1.18 23.9 116.3 6.27 

20.0 kL, 76 £7.) 11%.0 7.27 
22.0 5e36 30.4 119.3 45 
24.0 6.04 33.8 121.0 16.00 

26.0 6.76 21.3 322.2 11.69 

22.0 7.70 40.5  _12%.3 “13.00 

26.0 8.42 W3.83 126.1 14.62 

32.0 Qu H47 $7.2 128.4% 16.73 
3%.0 10.75 56.5 130.8 18.950 

26.0 12.2% 52.3  1%%3.2 21.1 

Bee curve sheet # 4, 

Regulation by actual 

resistahce). 

measurement.( leading with 

E Bq ¥-F Regulation v. 
110.4 119.3 2.9 2.05 
109.9 116.2 9.9 9,00 
XY: 1.5 123.% 1) Q 10.64 

109.5 121.2 Xz. 21.33 
111.9 127.3 15. % 13.77 
111.4 123.3 37.4 15.61 
112.% 136 17.9 15.91 
162.9 12% 19.9 18.22 
109.4 130 21.4% 19.55 
110.9 13]. 26.1 23.80 

113.4% 132.8% 27.4% 24,60 
109,66 13 27.9 25440 
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Regulation 9g. 

27.00 
20.92 
23.32 

+9 183.51 

I i ji 
32.5. 112.9% 1 
28.37 113.1 1 
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In taking these readings, when thelcad was thrown 

off the machine would speed up. To remedy tris, the 

speed was lowered by changing the resistahce in the field 

of the motor. The frequency was kept at 60 cycles. 

Sonclusions on alternator tests. 

+
=
 

LJ
 Regulation curvesare found on curve sheet # 

The regulation ficured with d.ec. resistance is quite 

considerably smaller thar the actual regulation. The a.c. 

resistance runs the regulation higher but it is still 

lower than the actual. By assuming different constants 

and multiplying the a.c. resistance by these and =
 

efisuring 

the regulation, various values were found. The constant 

that came the most nearly to making theresults check was 

1.77. This gawe the regulation indicated by curve BP. It 

checks very closely with the actual. hut not close enough 

"0 make an assumption one 

v oN ~y de Vy oi ~ 2 a =~ ol § ~ = ~ : - 8c far as these experiments show thers seems to ¢ 

he ne good reason for saying that by using a certain value 

of resistance the errrect value of therregulation may be 
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APPROVAL 

The foregoing thesis is hereby approved as a credit- 

able study of an engineering subject, carried out and 

presented in a manner sufficlentlv satisfactory te warrant 

fae Liat 3 
its accertance as a preqmisite to the degree for which it 

has been submitted. It is to he understood that by this 

approval the undersigned does not necessarily endorse or 

arprove any statement made, epinicns expressed, or con- 

clusions drawn therein, but avvroves this thesis only 

for the purpose for which if isssubmitted. 


