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INTRODUCTION 

This thesis ic written about a motor generator set. The generator 

is 2 1-3-6 phase alternating current generator with the following specifi- 

cations: 

5-K.V.A. 60 Cycle 

110/220 volts 1200 R.P.M. 

26/13 amperes 

Separate Exciter 

Exciting current 5 amperes. 

Exciting voltage 110 volts. 

S. 0.64 Cv 107 

Serial Number 4790449 

The generator ig driven by a direct current motor of type SK. 

7.5:H. P. Style Number 646106 

115 volts Serial Number 4790451 

53 amperes 

900/1200 R.P.M. 

The motor cererator set is located in the electric laboratory, and 

is used there to supply currents for different kinds of experiments. The ob- 

ject of this test was not to meke any unknown discoveries in the electrical 

field, but merely to determine some of the characteristics of the generator 

that might be of future use. The data were obtained by actual test and 

tabulated ag given in the data division. From these data the calculations 

were made and the results are as given by the curves or data. 



SATURATICN CURVE 

The no-losd saturation curve is a curve nlotted with terminal 

volts as ordinate and field current as abscissse. The valuesof the voltage 

and current are obtained at no-load. This curve gives some of the character- 

istics of the alternator and from this, information is obtained which oéther- 

wigce would require considersble work. For instance, the voltege which 

corresponds to the armature short-circuited current are estimated from this 

curve, as explained under the heading of short-circuit curve. 

To obtain data for the no-load saturation curve it is necessary to 

obtain accurate values of field current and terminal volts at no-load. This 

is gotten by placing an accurate ammeter in the field circuit, and since the 

phase voltages may not be exactly the same, it is advisable to take the 

voltage between each of the terminals and use the aversge of the three. The 

curve is plotted with the field current against the terminal voltage as 

shown by curve (a) "Figure 1". 



ZERO POWER FACTOR SATURATION CURVE 

The zero power factor saturation curve is gotten by drawing a 

curve parallel to the no-load saturation curve and through the point"BY. 

"BY is gotten by dropping 2 perpendicular from the short-circuit curve at 

the point "E', which is at the rated current of twenty-six amperes. This 

gives the zero power factor curve for rated armature current as shown by 

curve "CU. If it is desired to obtain the zero power factor curve for any 

other armature current it is only necessary to drop & perpendicular from a 

point on the short-circuit curve corresponding to the desired current, to the 

line "OA" and through this point draw the curve. 
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SHORT-.CIRCUIT CURVE 

The short-circuit curve values are obtained by short-circuiting the 

terminals of the alternator through star connected smmeters. Since the line 

currents were the same only one ammeter was used. The connection is shown 

by the disgram. 

A 

By varying the field current the short-circuited armature current 

was varied wp to 200% of normal rated value. For this particular machine 

the rated armature current is 26 emperes, thus the reading were taken uv to 

60 amperes. These values of the current were multiplied by VE in order to 

get the equivalent single phase values. The short-circuit curve is plotted 

with the field current as abscissae, and the corresponding equivalent single 

rhase armature current as ordinate, as shown by curve (b) "Pigure 1Y. 

The voltage which corresponds to the short-circuited armature 

current is read from the no-load saturation curve. Knowing the corregpond- 

ing field current we may obtain the voltage directly from the saturation 

curve. 



SYNCHRONOUS REACTANCE 

The armature reaction and reactance drop are proportional to the 

armature current, snd the voltage consumed by both are in time phase for 

all power factors. One equivalent reactance may represent both factors and 

this is called the synchronous reactance ¢Xo. The data for the synchronous 

reactance are obtained in the same manner as the short-circuit values in the 

preceding paragraph, and are used in celculesting the result. 

Since the reesctance curve is 2 curve plotted with amature current 

2s abscissae and the corresponding terminsl volts as ordinate, it is neces- 

sary to use the saturation curve. The corresvonding terminal volts are 

gotten by reading the volts which correspond to the field current on the 

saturation curve. The reactance curve is shown by (4) "Figure 1", and is 

nearly a straight line drooping slishtly as the saturation point of the iron 

is approached. Since the power factor is nearly zero under short-circuit 

conditions the wector relations are 2s shown. 

Am 

Au 

Er 

A
 

SS
 

a
 

The voltage takem by the resistence is small and almost in time 

quadrature with the induced voltage, therefore, the voltage consumed by the 

synchronous reactance is practically equal to the total voltage. For the 

reactance Eqg= Ig 2 =X pop X,2 and 

Ls) ‘ : 4 : s RA TR + X,° . Since the armeture resistance is 



small Z=/ X, 

Ia 2Xg 

Orda da =u B/1, approximately. This value is usuelly larger than 

that when the alternator is operating under full load, also the synchronous 

reactance and hence the synchronous impedence vary with the load. 

Considering the following disgram, we may obtain X the equivalent 

reactance. 

! 
73V (Short—cCrrevit) 
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is so small we may consider X= 2 = 

2.061 



ARMATURE RESISTANCE 

This is determined by passing = d 

circuit taking readings of the voltage and the current. Then by the 

B 
the resistance hetween two equation TF =R or BR = ~~ which is 

terminals. The equivalent single phase R = 3 having R and X, the RI and 

XI drop may be calculated. These are plotted azzinst the ecuivalent single 

phase armature current as shown by the curves in "Figure 2¥. 



DATA FOR SATURATION CURVE 

BC AC 

3.95 4.0 

11.82 11.9 

52.8 54.0 

72.0 72.0 

90.6 81.0 

103.9 104.8 

117.1 118.0 

124.3 124.5 

132.5 133.7 

138.0 138.2 

142.5 142.2 

146.0 147.0 

150.0 350.5 

156.5 157.0 

160.0 160.0 



DATA FOR SHORT-CTRCUIT CURVE 

Corres- 
Ip V2 1a poniing XI 

0.0 25 1.295 0.0 Ns) 

pies 2:35 5.30 2.0 6.0 

o4 5.00 8.65 15.0 12.0 

49 6.05 10.48 23.0 14.0 

.78 9.82 17.15 38.0 22.0 

«22 12.00 20.80 46.0 27.0 

1:20 15.00 25.95 58.0 34.0 

1.42 17.00 29.40 68.0 38.0 

1.82 22.6 39.05 84.0 50.0 

2.00 25,0 43,20 90.0 55.0 

2.09 26.0 45.00 93.0 58.0 

2.18 27.0 46.70 68.0 60.0 

2.41 20. 52.70 104.0 65.0 

2.80 24,7 60.00 112.0 75.0 

3.30 40.7 70.50 122.0 85.0 

3.98 45.8 78.30 121.0 34.0 

4.40 50.5 7.40 137.0 110.0 
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REGULATION 

Regulation of an alternator means the per cent increase in voltage 

when full load is thrown off the mechine while keeping the frequency and 

field excitation constant. The regulation of an alternator depends upon the 

power factor of the load, and hence the power factor should always be in- 

cluded in the statement of the regulation of the alternator. 

There are three main ways to determine the regulation of an alter- 

nator as: 

1. By the synchronous impedance method. 

il, By the A. I. E. E. method. 

11]. By the magnetomotive force method. 

The advantages and disadvantages of each of the three methods will be given in 

the following paragraphs. 

115 The synchronous impedence method is valuable in cases where it is 

impossible to fully load the 2lternator due to its size or other reasons. The 

regulation of an alternator depends upon three things: (1) armature leakege 

reactance, (2) the apparent or effective armature resistance, (3) armature re- 

action. The effective resistance of a circuit to an alternating current is 

greater than to direct current because of (1) eddy-current losses set up in 

the conductors of the circuit, (2) eddy-current losses set up by the current 

in any adjacent conducting material, (3) hysteresis losses produced by the 

current in adjacent iron. The effective resistance of a circuit is equal to 

the total power loss in the circuit caused by the current, divided by the 

square of the current. The local eddy current losses aml hysteresis losses 

effect regulation by increasing the apparent armature resistance. If the 

effective armature resistance is used the above effect may be taken into 

account. Considerine the vector Sis pion $e 3%, Ef is thervhase voltage 

and In is the armature current lagging behind the phase voltage. 



Ta 

"Pigure 39 

The veétor In Zg is the electromotive force necessary to overcome the syn- 

chronous impedance droop of the armature. Then we have 

Io 25 = V (x Ra)?4 (In Xg )? or Zu w V (za Yd (2) 

and since Ry is small compared with Z5 we may consider Xg= Zg avproximately. 

In the case of the short circuited alternatire E becomes Zero and "Figure 3 

changes to "Figure 4" in which By; is equal numerically to the synchronous 

impedance drop Ia Zs in the 

armature. E, being the voltage 4 

found on the open circuit. 

Za Ra Iq Boz In2g 2.= By [ 1g, 

figure 4" 

tion is found by the eounation Eg = Et “x 100 

Et 
The numerical value of the reg 

where BE, is the voltage when the load is thrown off the machine and Ey is the 

terminal voltage with the load on. 

Figure 5" shows the method for celculating E, when I, is lagging 

Et by the angle © 4 

bo) 

AB +B 

x1 AB = Ey cos.0 +RI 
' = Ey sin.8 +X Lar BC = Ey sin.e + XI 

| 

; E, = | (Eycos G4RI)RE: sin o4xIF 
hi Ja | B 

¥ rd 

A "Figure 5" 

14. 



"Figure 6" represents the method for calculating E, when I, is 

leading Et by the angle © 

0 

Go AB = Ei cos 6+4RI 

XI BC = XI—E sin 

BD = BE sin © 

Ze 8 
: x ARES 
A 5, So By = |e cos O4RI)%} (XI—E sin D% 

RI D 

Hpicure 64 

For unity power factor E, is calculated as above except the 

angle & is zero. Thus 

fo = J Bt EDP (12 

The azbove method is used in this thesis and the values are as given 

by the data sheet. 

11. The A. I. E. E. method is 2 modification of the snychronous im- 

pedance method. In the synchronous impedance method the impedance is taken 

with the generator operating short-circuited, amd under these conditions the 

saturation is lower than under operating conditions, consecuently the value 

of the synchronous impedance is much too large for normal operating satura- 

tion. In the A. I. E. E. method the zero power factor curve is used. This 

curve may be gotten by loading the alternator with a snychronous motor or by 

estimation as described under zero power factor saturation curve. Consider 

"Ficure 7% the vector diagram for an alternator in which all quantities are 

per phase. If the power factor be zero, the current will leg 90° behind 

Et , and the diagram becomes as "Figure 8" in which the resigtance drop 

Ion R has little effect and Eg - Ef = Xz Ip epproximately. Et is the 

terminal voltage produced by If at zero power factor. E, is open circuit
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Iq 

"Rizure 7" "Picure 8% 

, : ir Eo - Et phase voltage corresvonding to Ig. We have Xs mov _5, 
Ia 

Referring to the open-circuit and zero power factors saturation curves, the 
. 

IA distance AB corresponding 

; 5 I, th & | pF o some Xg Ip e syn- 
l) | al 

E & ¢ : 
T c | # chronous reectance drop 

) 

by = “ R | which corresponds to the 

| 

| saturation produced by 

Zr "Pioure $V that excitation Ig, or 

Xs = 42 Having X, the regulation may be calculated as 
a. 

described before. 

111. In the magnetomotive force method an equivalent armature reaction 

replaces the effect of the real armeture leakese resctznce. This is an 

opposite substitution to that of the synchronous impedance method in which 

the effect of the armature reaction is replaced by an equivalent armature 

reactance, which is added to the real armature reactance. Two things are in- 

volved in this method: (1) "The determination of the amount of field current 

necessary to generate a voltage equal to that of the reactance drop plus the 

voltage generated by the armature reaction flux." (2) "The vector addition 

of this field current to that necessary to induce a voltage equal to the 

terminal voltage plus the RI drop in the armature." The resultant of the 



17. 

two fields 2nd the corresponding voltage on the open-circuit courve gives the 

no-load voltage. The effect of armature resistance is negligible on short- 

curcuit compzred with the effect of armature reaction and reactance. Since 

the armature resction is in phase with the current, the field will be 180° 

from the current. "7ioure 10" gives a wector representation of the 

addition of the RI drop to Ey which gives a ficticious induced voltage Eg, 

F 

"¥izure 109 

The field R% corresponding to Ey; on the saturation curve is 900 shead of its 

The current and the terminal voltage Ef must be known or 2ssumed. Egy may 

be determined since R, is known and RI is in phase with Io. BR" is deter- 

mined from saturation curve,snd A' the field current is taken from the short- 

circuit curve and corresponds to the armature current I, 6 The vector sum of 

At and RY give TF and the voltage which corresponds to this is the voltage 

from which the impedance may be calculated. The results obtained by this 

method may be erroneous since several assumptions have to be made. However, 

some of the errors tend to cancel others and this method is used when it is 

impogsible to use the A. I. E. BE. method. 

U"Ficure 11% gives 2 diagrem for finding the no-load voltage. E, 

for any load current at any power factor, at rated terminal voltage Ey, By 

this we heve © = angle of the power factor, Et the terminal volts and E, 

the desired no-load voltage. For unity power factor with I, along OD,E, the 

openscircuit voltage is the vector sum of Et the terminal voltage, Ral and 



«Xala as shown. The curve B'B H is found by varying the power factor, but 

keeping the terminel voltage and armature current constant. This gives a 

circle the loci of Eg, with C as the center and Et as the redius. As an 

example, let © = 30°, then P.F. = cos © =.866 and Ey = OA', then B shifts 

0 

"Picure "12" is 2 curve plotted with no-load voltage ageinst the 

power factor for rated terminal voltege at rated current. The power factor 

is varieble, taking angles every 100 on"Figure /7 ", and determing E, 2s 

explained above. Plottine the power factor 2s abscissse and E, as ordinate 

the curve is given as shown. 

1Fizure 13% shows curves nlotted with no-load voltage sgainst load 

current for rated terminal voltage at unity, .5 legging and .5 leading power 

factors. (2) is with .5 leading, (b) is with unity, 2nd (c) is with .5 

lagging power factors. 

HPigure 14" ie the regulation curve of the alternator for 211 power 

factors. 

18. 



.5 LAGGING POWER FACTOR 

La Sa XZ 

RL 

I =-26 Rm oa 

cos © = .5, sin 6 = .866 X 2.061 

RI = 2.6 Eg= 110/1.73 = 63.6 

Eo = /(By cos 8+RIF+ (XI-E¢ sin 0) 

2 
= Viez.e x 5+2.8) + (53.6—63.6 x 866) 

3 34.45 - 82.6 _ Regulation = SERIES raiaiR. 2 45.7% 

Ic =1 5, Es = 55.0 
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UNITY POWER FACTCR 

Ee YI 

ZL. fy RI 

110/1.73 = 63.6 Volts 5)
 

ot
 } 

4
 

1}
 2.061 

Bl = .1x25z2.8 

XI = 2.081 x 26 = 53.6 

£y oy i] 2 

/ (ztrI+ (XI = V(s5.2)%+ (53.8) = V4,250+2, 870 aed gy — 

z = 85.3 volts 

: 85.3 - 63.6 4 
Regulation = Gia We 34.1% 

20a ‘2 5, 1: F. GB.) 

1.210, Bu 67.8 

IT = 18; 1%, =» 718 



.5 LEADING POWER FACTOR 

I-26 R=.1 X = 2.06 Ey = 110/1.73 = 63.6 

I 

o
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If I <= 5, Ey = 74.7 volts 



LEADING I LAGRING I 

0 % 0 E, P.F. 

0° 85.0 00 85.0 1.0000 

10 91.5 10 78.0 .9848 

20 97.5 20 70.0 .9297 

30 102.0 30 62.0 .866 

40 107.0 40 52.0 .766 

50 110.0 50 43.5 6428 

60 113.0 60 24.0 .5000 

70 115.0 70 25.0 2420 

80 116.0 80 16.0 .1736 

90 116.5 90 10.0 | 0.0000 
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15 10 POWER REQUIRED TO RUN 

The alternator is direct connected to 

amount of power is required to run the D. C. 

creased due to the load of the alternstor. 

motor, 

Since the 

27. 

ALTERNATOR 

motor. A certain 

but this nower is in- 

saturation curve was 

taken for the alternator at no-load it is desired to find the power re- 

quired to run the alternator at no-load. This power was found by first 

running the M. G. set 2t nd-load and by use of an ammeter and a voltmeter 

determin the nower, then the two machines were 

required to mun the motor at no-load was found 

the two powers gives the power recuired to run 

disconnected and the power 

above. The difference of [2
] a 

the alternator. 
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