
mipem 
wd wh ded 

Tr 

0 wm |] - } 

LUNE SET TR OX & PAS 

ITTIQTQ 
RUTH Be) 

QT (VITT 

l.Harris 

ONOUE 



CONTENTS 

The Synchronous Comverter --------------_._Page 

Description of Machine Tested waren... 

Calibrafion ef Zrshruments ~--ceeemminmmaarais " 

SETay power 168888 w~---c-evaccemcdcarnm————— i 

Ratio of Voltages ----emecemcmm meee =" 

BERIOieNgY —wew-csma ricer mr mee —— i 

Synchronous motor diagram —------- io rior in a ei " 

The Satarstion QUIVUE vetoes mame enna " 

The Synchronous Reactance (Curve G---vemmmemoe- 

Hunting of the Converter -----eeee-o-- se on 4 

Starting ------ecemmm eee 

The Heat Run ----- me wl’ 

CHT VEE ommend eR a EY Ce OE 1" 

h
e
 

o
l
 

rz A 



THE SYNCHRONOUS CONVERTER 

Consider two opposite commutator 

bars on an ordinary two-pole direct current dynamo. The E.l.F. 

between these two bars alternates as the armature rotates, 

and if these two commutator bars are connected to two collect- 

or rings,this same machine may be used to deliver alternating 

current. Such & machine may be belt driven and deliver direct 

current or alternating current or both. It may be driven as a 

direct-current motor and deliver mechanicalaor alternating 

current or both. It may be driven as a synchronous motor and 

deliver mechanical power or direct current or both. 

The ordinary use of this machine 

however ,and the most important use is to convert from alter- 

nating current to direct current. For this purpose it is driv- 

en as a synchronous motor and loaded by delivering direct cur- 

rent. 

DESCRIPTION OF THE MACHINE TESTED.- 

The machine is a six ring, sixty 

cycle machine rated at seven and one-half K.7. The rated 

speed is 1800 R.P.M.;current output 47-68 amperes and eor- 

responding woltage of 160-110. The machine has 96 commuta- 

tor bars and 4 field spools. It has six collector rings so 

that different phase currents may be obtained. To do this 

taps are brought out tc the rings at 0,90,120,180,24C and 

27C electrical degrees apart. This gives symetrical two and 

three phase currents. Resistances of the armature and field 

are given in a table on page 2. These resistances were got~ 

ten by the drop of potential method,i.e. R = E/I (Ohm's Iaw) 



RESISTANCE OF ARMATURE MEASURED FROM A.C. SIIE. 

Amperes Milli volts Centigrade R. (ohms.) 
Temperature 

1.277 75.4 17.5 .0591 

2.254 130.2 317.5 0878 

Average «0584 

RESISTANCE OF ARMATURE INCLUDING BRUSHES, AND BRUSH CONTACT MEAS- 

URED FROM D, C. SITE. 

Anmperes Milli volts R (ohms.) 

1.23 144.3 «1172 

1.62 | 187.0 +1158 

1.81 209.3 +1152 

2.54 282,1 «1110 

Average «1143 

RESISTANCE OF FIELD. 

Amperes Volts R (ohms.) 

2.30 88 35:2 

2.90 110.8 38.2 

Average 38.2 
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3. 

During this test the machine was 

operated as a single phase synchronous converter and loaded 

by delivering direct current. 

CALIBRATION OF THE D.C.INSTRUMENTS 

The direct current instruments used 

were calibrated as rollows:-millivoltmeters No.l and 2 were 

calibrated by comparison with the potentiometer as a standard. 

These two instruments,i.e.millivoltmeters Ng.1l and 2,when used 

with their proper shunt boxes are used as standard ammeters, 

and other direct current ammeters were calibrated by comparison. 

The direct cirrent voltmeters were calibrated by comparison 

with the potentiometer. Correction curves for these instruments 

may be found on page 26. 

CALIBRATICN OF THE A.C.INSTRUMENTS 

The A.C.instruments were calibrated 

by comparison with the standard D.C.instruments,a multicellu~ 

lar voltmeter,which deflects the same amount for equal values 

of alternating and direct current, having been placed in paral- 

lel with the two instruments. Correction curves Tor these in- 

struments are round on page 27. 

THE STRAY POWER LOSSES 

To determine the stray power losses, 

the machine is run as a direct current motor without load. The 

speed of the machine was held constant (at 1800 R.P.ll.) while 

the field current varied. To do this a rheostat was placed in 

series with the machine and the speed adjusted by means of this 

rheostat. The vibrations of a tuning fork were watched through 

a hole in a disk on the end of the rotating shaft of the mach- 

ine. In this way the variations of the speed were noticed. 
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MEASUREMERTS FOR STRAY POWER LOSSES. 

Measured 

Ta If Speed 

Ze? 1.7 1800 

7.2 1.29 3 

B.78 1.141 " 

8.5 1.00 » 

6.3 «88 i" 

6.3 «76 . 

6.2 622 J 

8.2 «58 2 

6.8 «825 " 
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Corrected for Instruments. 

Ex 

107.45 

106,40 

106.40 

106.45 

106.45 

106.40 

106.40 

106.40 

99.7 

100.84 

88.40 

111.20 

110.25 

109.05 

109.15 

I total 

7.44 

6.84 

6.55 

6.30 

6,10 

6.10 

6.00 

6.00 

8.30 

6.55 

6.55 

8.40 

6.20 

6.20 

6.20 

Ir 

1.705 

1.307 

1.157% 

1.010 

. 887 

L767 

«634 

«574 

. 832 

«733 

704 

+217 

£927 

«897 

«907 
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13 

14 

15 

Ia 

5.735 

5.533 

5,393 

5.290 

5.213 

5.333 

5.3686 

5.426 

5.468 

5.817 

5.846 

5.483 

5.273 

5.303 

5.293 

CALCULATIONS OF STRAY POWER BOSSES. 

Ra TL 

3.74 

3.48 

3.31 

3.20 

3.10 

3.24 

3.29 

8.37 

3.42 

3.85 

3.90 

3.45 

3.18 

3.22 

3.20 

Re If” 

110.3 

64.6 

50.5 

39.0 

29.6 

22.5 

15.3 

12.6 

26.5 

20.5 

19.0 

32.2 

32.8 

30.7 

31.4 

114.04 

68.08 

53.81 

42.20 

32.70 

25.74 

18.59 

15.97 

29.92 

24.35 

22.90 

35.83 

35.98 

33,92 

34.60 

Rea +RfIP2 ExI total 

789 

728 

697 

671 

650 

650 

639 

639 

628 

660 

579 

712 

684 

577 

680 

Stray power 

675 

660 

643 

629 

B17 

624 

620 

598 

636 

556 

676 

648 

643 

655 



Let E, = Brush pressure 

a T= Armature current 

3 Le 2 Field current 

" 8S = Stray power losses 

No By ¥ Armature resistance 

mi Be® Field resistance 

The resistance of the armature and 

field may be found on page 2,The total power delivered to the 

machine is ExI in which I is equal to the sum of the armature 

and field currents,i.e. I is the total current delivered to 

the machine. 

The armature copper losses are equal 

to RoI2,and the field losses are equal to Reis. Since the mach- 

ine is operated at no load,the total power delivered to the 

machine less the sum of the armature and field resistance loss- 

es,i.e. Eyl - Rats Rel}, is lost in hysteresis,eddy current 

and friction. Now the stray power loss is the sum of the hys- 

teresis, eddy current and friction losses. 

Tams = 5,1 - B Io B15 

A curve is plotted on pageszg with 

field currents as abscissas and stray power losses as ordi- 

nates. Use is made of this curve in the calculation of the 

efficiency of the machine. 

THE RATIC OF A.C. TO D.C. VOLTAGE. 

The ratio of voltages was deter- 

mined by driving the machine as a synchronous converter,and 

by measuring the A.C. impressed pressure,the D.C. load cur- 

rent and the D.C. pressure. 



RATIO OF VOLTAGES. 

60 Cmcle. 

Observations. Corrected for Instruments. 

No. Volts Volts Current Volts Volts Ape Ratio 

A.C. D.C. D.C. D.C? A.C, D.C. 

1 BB? 122.5 0 128.6 85.2 0 W718 

2 81.0 116.0 5.75 112.3 80.8 5.50 W719 

3 83.2 115.5 10.60 111.7 81.9 10.40 «732 

4 83.8 315.5 16.25 i11..7 83.4 15.90 «7486 

5 84.5 118.0 19.00 112.3 84. 18.70 $747 

é 85.0 115.5 25.00 1311.7 84.5 24,55 75% 

i 86.4 118.0 28.70 112.5 85.9 28.15 764 

8 87.0 115.0 35.50 111.7 86.55 35.20 +775 

g 88.0 114.5 43.50 110.2 87 46 41.75 .794 

10 883 114.6 4845 110.3 87.65 46.30 «794 

Ra = .1141 
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. 7&0 

5.910 

7.010 

7.770 

THEORETIC RATIO OF VOLTAGES. 

D.C.E 

120.9 

120.4 

114.1 

115.7 

117.9 

118.7 

1ie.5 

121.3 

128.5 

124. 

124.1 

120.9 

120.4 

113.475 

113.955 

115.230 

115.560 

115.375 

116.870 

116.590 

116.990 

116.330 
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15.90 

18.70 

24.55 

28.15 

35.20 

41.75 

46.30 

Ratio 

PRIA 

«707 

712 



The ratio is found 1rom zero to full load current output,and 

g curve is found on page go between load current and ratio of 

voltages. 4 tabulation of the measurements and results is 

found on page 7- 

The ratio of voltages is also calcu- 

lated,by assuming a theoretic ratio .707 at no load. For any 

other load up to full load,were it not for the losses that oc-~ 

cur in the machine this ratio would be constant and the D.C. 

voltage is corrected for different A.C. volteges,assuming this 

constant ratio. From the D.C. voltages gotten in this way the 

armature RI drop,which is equal to 1.47RgI.,is subtracted, Ig 

being the D.C. load current and R, the resistance of the arma- 

ture measured from the D.C. side. The reason for using the fac- 

tor 1.47 is explained in the efficiency calculations. Thus in- 

stead of the D.C. voltage being equal to the ‘4.0. voItame div- 

ided by .707,1t is equal to the A.C.voltage divided by .707 

less 1.47 Rylg. The corresponding A.C. voltage divided by this 

value of the D.C.voltage for this load current gives the cor- 

rect ratio. 4 table of the data and results of this calculation 

is given on page § and a curve between ratio of voltages and 

load currents is found on page 29. 

EFFICIENCY BY MEASURING INPUT AND QUTRUT 

The efficiency of the machine is de- 

termined by measuring the input and output,and calculated by 

the equation:- 

Sk Cutput 
Efficiency = aL = 

The tabulation of the measurements 

end results of this calculation are given on page’ A curve 

is also drawn on page 33 between output in K.W. and per cent 

efficiency 



10. 

Since the losses which occur in the 

machine are known,the efficiency at different outputs is cal- 

culated from the eguation:- 

Efficiency =._1nput - lo@ses 
Input 

The losses are - the armature losses 

(1.47 RgIZ), the field losses (R,1°),and the stray power loss- 

es. The armature logses are determined from the equation 

RI = 1.4% R15 in which RI® is the true armature resistance 

loss,and Ry is the resistance as measured from the D.C.side 

Po losses are 
and Ig is the D.C. load current. The R I, A multiplied by 

1.47 this being a factor by which these losses must be mul- 

tiplied to get the total armature resistance loss. The factor 

1.47 is gotten as follows: - RI” is the true armature resistance 

loss,in which 1 is the square root of the average square of 

the resultant currents of the A.C. and D.C. currents in the 

armature. R is the effective armature resistance for this re- 

sultant current. This yalue RIZ divided by R15 = 1.47 

4 The efficiency is calculated for con- 

stant 4.C. impressed pressure,and the D.C.pressure is found by 

multiplying the impressed A.C. pressure by the ratio of vol- 

tages at different loads given by the curve on page 29. Dif- 

ferent load currents are assumed and a rield current of 1.6 

amperes is assumed for the maximum load current. At this load 

the D.C. voltage is lowest and as the load current decreases 

the D.C. voltage increases. Now the field current varies dir- 

ectly as the D.C voltage. Thus different values of the field 

current are gotten for different values of the load current, the 

field losses being Rel. 



No. 

Or
 

ow
 

gs
 
e
y
o
 

[4
] 

Fo
 B
I
 
S
E
R
 

RN
 

10 

TI 

MEASUREMENTS NOT CORRECT FOR INSTRUMENTS. 

A.C. Input 

1/20 E 

047 85.5 

«84 81.5 

1.80 86.7 

2.28 85 

2.48 87.5 

5.20 91 

3.72 91.5 

3.95 @1.5 

4.00 81.5 

4.00 231.5 

4,07 o2 

.465 

795 

1.51 

2.32 

2.52 

3.185 

Watts/20 

34 

57 

150 

182 

210 

268 

320 

330 

345 

345 

350 

I 

3.10 

4.00 

18.00 

23.20 

27.50 

37.50 

44,50 

45.60 

48.6 

49.7 

50. 

MEASUREMENTS CORRECTED 

85 

81.3 

85.20 

84.4 

87.1 

90.8 

91.3 

91.3 

91.3 

21.3 

91,85 

34 

57 

150 

182 

210 

268 

320 

330 

345 

345 

350 

1.00 

5.85 

17.65 

22.70 

27.05 

37.40 

42.65 

43,65 

46.50 

47.60 

47,80 

FOR 

D.C. Output 

E I Field 

126 1.10 

119.5 1.05 

121. 1.05 

120.5 1.05 

120 1.05 

120 1.05 

119.5 1.05 

119.0 1.05 

118.5 1.04 

118.5 1.03 

119. 1.04 

INSTRUMENTS. 

121.8 1.00 

115.7 1.01 

117.1 1.01 

116.6 1.01 

117.1 1.01 

117.3 1.01 

115.7 1.01 

115.2 1.01 

114.7 1.00 

114.7 .99 

115.2 1.00 

Speed 

1800 

Lid 

1" 

Li 

121.8 

460 

2060 

2620 

3170 

4380 

4940 

5040 

5340 

5460 

5500 
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EFFICIENCY BY INPUT OUTPUT METHOD. 

True A.C.T True E 

85 

81.3 

85.20 

84.40 

a7 .1 

90.8 

91.3 

9b.3 

91.3 

91.3 

91.85 

True 
Watts 

680 

1140 

3000 

3640 

4200 

5360 

6400 

6600 

8900 

6900 

7000 

E If 

129 

27 

118 

118 

118 

118 

217 

11% 

116 

116 

117 

Total 
output 

121.8 

460 

2060 

2620 

3170 

4380 

4940 

5040 

5340 

5460 

5500 

Eff. 

17.9 

40,3 

68.7 

72.0 

75.5 

8l.8 

TTR 

763 

77.4 

79.2 

78.5 

«920 

+945 

«935 

«949 



EFFICIENCY CALCULATIONS. 

No. A.C. I A.C. 2 Watts D.C. RB D.C. Ia P.O. If 

1 17.6 90 1370 121.7 3.85 1.725 

2 40.4 " 3360 120.5 17.65 1.708 

3 49.5 n 4180 119.0 22.70 1.689 

Kd 60.8 tt 5180 117.9 27.05 1.872 

5 63.2 3 5390 115.6 36.70 1.640 

6 65 iy 5550 115.2 37.40 1.835 

7 775 1 6620 114.0 42 .65 1.619 

8 79 n 6750 113.7 43.65 1.615 

g 80 n 6830 113.2 46.50 1.809 

10 80.2 6850 112.8 47.80 1.600 

Ra = 1141 ohms 

Rr = 38,2 
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30 

1.47 Raia’ 

2.48 

52.40 

86.40 

123 

226 

234 

306 

321 

363 

385 

EFFICIENCY CALCULATED. 

REIL” Stray power Total Input 
Losses 

114.5 876 793 1370 

110.4 675 838 3360 

109.0 674 869 4180 

106.5 673 902 5180 

102.9 871 1000 5390 

102.0 670 3008 5550 

101.0 670 lov? 6620 

100.0 B7¢ 1091: 4780 

99.1 670 1132 6830 

97.8 669 1153 6850 

Input- 
losses 

577 

2522 

3311 

4278 

4390 

4544 

5543 

5659 

5698 

5898 

p
t
 

Eff .% 

42,2 

45,1 

73.1 

82.6 

8l.5 

8l.7 

83.7 

83.7 

83.3 

83.0 



15. 

The stray power losses for different 

field currents are found from the curve on page 3C The total 

4 2 1 2 n 
losses,i.e. 1.47 R. I~ , the RyIy and the stray power losses 

are subtracted from the input and the efficiency is determined 

by the equation stated is the outset, 

Efficiency = Input - losses 
Inpué 

A eurve between output ( input - losses) 

and per cent efficiency is found on page 33. 4 tabulation of 

the data and results of this calculation is given on pages 13&l14. 

SYNCHRONOUS MOTOR CIRCIE DIAGRAM 

If two alternatobs A and B are connect- 

—/ ed in parallel,their E.l.F.s are in phase as re- 

(A) (8) gards the external circuit but opposed as regards 

the local circuit of the two machines 

Fig / Suppose B drops back in phase,then a 

current circulates due to the difference 

in E.M.F. of the two machines. Let the 

line 0G represent the generator EB.I.F. 

CTT 
Let the line OM represent the motor 

E.lM.F. Then the difference is NG. (Fig. 2) 

0 The current that circulated due to this 

difference in pressure is I zlG/Z 

Fig 2 % being the impedence of the motor. 

If Z2 is considered constant ( a thing 

Gg never true of circuits containing iron) 

the locus of 1 is found as follows, 

lines drawn from G to different posi- 

tions of I evidently have 2 circle for 

& locus of the limit of BB ht this 
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Es - is the limit of -E, thus the limit of XE is the same circle 

rotated 180° about the point G. 

i is proportional to E and at an 

angle Pan™t X/R behind it. X and R being the reactance and 

resistance of the motor armature.i line OC Fig. 3 making this 

angle with OG ds drawn. 0G represents impressed pressure in amount 

and phase. The maximum value E ( Fig.g) i.e. lg = 0G + QU 

The minimum value of E is Og - CM. Thus the minimum value of 

I is 06—OM/Z = OH and the maximum value of I is 0G * Oli/Z and 

other values of I lie on the circle as shown. The center of 

the eircle lies at a distance OC = (H+ CK/2 - 0G + QU + 0G - aM/ez 

-0G/Z 

If the motor excitation equals the 

generator excitation,H and O coincide. Call this 100% excitation 

Then other per cent excitation can be laid off from C toward 0 

and a series of concentric circles give the current loei of I 

for different exeitations. 

The RI® losses are the only ones that 

can be calculated and are the only ones th&t will be considered 

and thus output will be considered equal to armature input less 

RI® losses. 

Og is brush pressure in amount and rhase 

OP x OG is power input. The projection of I on OG 
for 

remains constant different fieldnexcitetions but with different 

power factor and current. 

Let R The resistance ( Chms) 

" 1 =z The current {( Amperes) 

To find the locus of I for 100% loss. 



17. 

Eg is impressed pressure in amount and phase. 

Tih Ee i 

OP x OG = RI® 

Equation of the circle 
€ 

(X28) fy 51% Tat 

9 a and b are coordinates to the 

Y = 0p = RI“/E, 
& , center. 
wm TD 

IE Eg1/8 gal non : 2 = 
x5. Bax +a~+y~ - 2by+Db~ F r2 

Bey s EgY/R ; 
o 

X* - 2ax+y~ - 2by rei =~ {a% hv) 

I - (B,/R)Y* T° - 0 
® Comparing - a z= © 

Thus the center of the circle b z= Ey/2R 

is on the Y axis and passes through »~ 5 

the origin. 

The radius of the zero output circle - Bg /2l 

Suppose the loss instead of being 

total is only partial, then 

OP x 0G = RI®+C C being the output 

Y - RIZ+ C/0G The center is at the same point 

‘ - > a Tid 2 _ (m_jople T I2 = LgY - C/R as before but r® = (Eg/2R)* - O/R 

22 - (Bg /R)Y+Y% = ~ C/R 

From the table of results of the calculation 

for the diagram of the machine tested,given on page 23 the 

circle diagram may be drawn. In these calculations X is 

taken from the synchronous reactance curve on page32 Ordinates 

being XI. 1 being current input. 

From page 2 R = .0584 Chums. 

The circle diagram is given on page.24. 

The red lines ( Current lines) represent values 

which were gotten by actual experiment. A table of the measurements 

of these current values phase angle i.e.power factor 3 cos of phase 

angle is given on page 24a. 

From the saturation curve on page 31 the field 
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current for different per cent field excitations,is found. 

110 volts is taken as 100% excitétion. 

Thus by measuring,watts input, 

current input,and the impressed pressure the power ITactor 

and angle © nay be determined. By measuring the field current 

the per cent excitation is ascertained. Output is measured Irom 

D.C. voltage and D.C. load current and thus r may be calculated 

for this particmlar output. 

The experimental determinations do not 

agree with the values of current as calculated for the same output 
case 

in the theroretical. The reason for this is that the armature 

losses are greater in the case: of a converter than in the case 

of a simple synchromous motor. The true RI~ losses of the machine 

are given in the efficiency calculations and these are greater 

than the RI® losses in the calculations For the circle diagram 

the R in these calculations being the resistance of the arma- 

ture measured from the A.C. side. Thus Tor 100% excitation the 

power factor at 2.7 K.W. output according to thé theoretical 

case is .99 aporox. and the value of the load current is about 

23.4 amperes whereas in the actual case the power factor for 

this same output is .904 and the value of the current is 41 

amperes. 

THE SATURATION CURVE. 

The saturation curve given on page 3 

is gotten by belting the machine to a motor and driving it at 

normal speed i.e. 1800 R.P.M. and observing the field currents 

for different A.C. ¥oltages. The speed is kept constant by means 

of a field rheostat on the driving machine, and it is watched 15] ] 

by comparison with the vibrations of a tuning fork as in the 



cage of the stray power determinations. 

A tabulation of the data and results 

is given on page pe and a curve between A.C. terminal 

voltage ( No load) and field currents is plotted on page 312 

THE SYNCHRONOUS REACTANCE CURVE 

This curve is gotten by driving the 

machine as above by another motor,at 1800 R.P.M. The A.C. 

side is shortcircuited through an ammeter,and the field excita- 

fion is adjusted until full load current ( or any desired frac- 

tion thereof) flows. The ammeter r ading is taken and the short- 

cirepit opened and with unchanged speed and field excitation 

the voltage across the A.C. terminals is taken. 

Ammeter readings are plotied as abscissas 

and open circuit volts as ordinates. Thiwm curve is found on 

page 32.4 tabulation of the data and results of this test is 

found on page 21. 

HURTING OF THE CONVERTER 

The machine is not subject to hunting 

under ordinary stable runningrconditions. It has copper damp- 

ing rods or grids in the field pole faces and the currents in- 

duced in these grids,by the shifting of the field flux over 

the pole faces caused by hunting oscillations, opposes the 

shifting of flux and thus dampens the hunting oscillations. 

A resistance betweeh the generator 

and motor increases the tendency to hunt and the machine be- 

gen hunting when under a load the resistance was put in. 



20. 

STARTING. 

The machine will not start as an 

induction motor. Several attempts were made to start the 

machine by supplying a three - phase current at low voltage 

» 
to three phase terminals of the machine with the field open 

but it would not start. 

The machine is started by first 

starting the machine from the D.C.side and getting its speed 

hearly equal that of the generator and by watching a lamp 

which was placed in series with motor and generator as shown 

in the diagram of connections on page 2G and at the proper 

time pulling the switch which leads in the D.C supply 

and closing the switch S in the diagran. 

THE HEAT RUN 

The machine was run at normal speed 

under full load current outout and the temperature rise of 

the armature and field were measured by means of a thermometer 

Results were corrected to 25° ¢. room temperature. A correct- 

ion 1/2% for each degree rise of room temperature was made 

in order to correct to 25°C. That is for each degree above 

25°C room temperature. 

A tabulation of the measurements and 

results of this run is given on page<b and a curve is plott- 

ed on page 34 with time as ordinates and rise of temperatures 

as abscissas. 48 seen from the table the temperature rise 

comes within the prescribed limits of armature and field 

winding heating. The bearings do not get hot when the machine 

is run under full load for 7 hours. 
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SYNCHRONOUS REACTANCE CURVE OBSERVATIONS. 

Measurements 

Open Circult 
Volts 

40.8 

43.5 

45.8 

46,5 

49.0 

51.0 

52 

Ia 

+6 Residual 1800 

1.00 

1.28 

1.87 

1.93 

Gel 

2.58 

2.89 

3.41 

3.49 

3.75 

3.82 

4,37 

4.58 

4,78 

4.88 

Ir 

. 04 

oll 

«15 

21 

2255 

«33 

«38 

«45 

«67 

Speed 

" 

Li 

4d 

" 

Lado 

Corrected for Instruments. 

Open clrcuit 
Voits 

6.5 

11.7% 

15.5 

18. 

24, 

2€.2 

31.25 

33,7 

41.2 

41,3 

45,1 

45.85 

47.00 

49.5 

51.5 

52.50 

Short circuit 
Anperes 

8.28 

14.25 

18.90 

23.58 

29.25 

33.20 

39.30 

43.60 

50.80 

51.90 

55.10 

66.40 

65.25 

68.25 

70.50 

72.50 



SATURATION CURVE OBSERVATIONS. 

Measurements Corrected for Instruments. 

No. If E Speed E I: 

1 2.4 126 1800 

2 3.4 141.6 ” 142.1 3.70 

3 2.7 134, 1 134.5 3.02 

4 2.8 126,7 LL 127.2 2.61 

5 1.95 120.2 i 120.7 2.16 

6 1.70 114.7 114.7 2.03 

7 1.55 110.1 n 110.65 1.90 

8 1.35 105.4 105.9 1.74 

9 1.15 98.4 y 98.4 1.89 

10 1.01 95 3 95. 1.48 (7 

11 1.00 90.6 4 80.8 1.47 

12 . B84 84.4 84,9 1.36 

13 «75 79.2 ¥ 79.35 1.28 

14 «65 74.6 J 74.85 1.20 

15 «80 64 i 64.5 1.16 

16 . 84 60.2 Y 60,7 «856 

17 +75 54.4 o 54,9 «738 

Taken from Syn.Reactance Data 40,7 ar 

19 3 33.7 «38 

20 y 31,5 35 

21 " 23 23 

22 y 18 +15 

23 # 11.7 «08 

24 Bp 6.4 Residual 



CALCULATIONS FOR CIRCLE DIAGRAM. 

Excitation 607 809 1004 120% 

Eg 5 132 

Fg/z 83.6 187 

putput 



5/1 i al 
— 7 y A 

1407 1207 100% 80% 60% 

I
 [100 Xrres Scale- dl 

r Jil too Velids 

hid 3 

ld = too Walls 

The red current lines ndieaie current valves 

Ih orde v 22 pr 4 asthey occur 
fir the ta ble Lage 



24 a, 

Measurements. 

A.C I. A.C.E, Watts D.C.Ia ».C.IL. 

1.98 111. £05 18.55 1.90 

3.59 111. 250 19.0 2.79 

£.05 110. 198 18,00 1.42 

£2.05 109.5 194 18,00 1.24 

Corrected for Instruments. 

A.C.I. A.C.B. ¥atts Power D.C.Ta 1N.C.Ir 71. C.E. Cultput Excitation 

Factor y 

41 110.45 4100 «904 18.25 1.9 147.8 2700 100 

6lL.8 110.45 5000 731 18.75 2,75 147.5 2760 119 

41.4 109.3 3920 2 B75 17.85 1.43 146.5 - 2590 80.8 

41.4 108.8 3880 «8625 17.65 1.16 145.9 2570 68.2 
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HEAT RUN. 

Temp ® 

Room 

24.5 

77 

Jad 

78 

vo 

7845 

81 

Cc 

i:
 

BE
C 

BC
 I
 

.
 

Corrected to 25° 

Measurements. 

Time Armature Ia E 
Temp. 

9:15 24.5 C 50 118 

9:45 44 Cc 49 113 

10:15 486 C 48.5 121 

10:45 47 C 48.5 123 

11330 52 C 48 121.5 

2:05 54 oC. 46 120 

12:45 B83 C 47 121 

Temperatures. 

Room Armature Field Armature 

24.8 CC 24.50 24.5 C Rise 

25 C 44 C 29 Cc 19 

25 C 46 Cc 50.5 0 2 

25.5 ¢ 47 C 31.5.0 21.4 

26.86 CBZ C 32 C 24.81 

25.8.0 54 C 33 C 2 

22.2 Q B85 Cc 33 Cc 27 

Tenp . 

Field 

24.5 

29 

30.5 

31.5 

32 

33 

33 

Centigrade. 

Field 

Rise 

4 

5.5 

6.2 
0
 S
B
S
 o

n 
SE
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 o

r 
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of
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Instrument Calibrations. 

D.C. Voltmeter No. 18901 calibrated by J.M. Harris. 

D.C. Ammeter No. 2909 calibrated by F.A.Smith. 

Millivoltmeter No. 2 calibrated by J.M. Harris. 

D,C. Ammeter No. 11508 calibrated by E.J.Leach. 

A.C.Volimeter No. 8202 calibrated by G.T.Ford. 

A.C. Simplex Voltmeter calibrated by J.M.Harris. 

A.C.Anneter No. 2405 calibrated by J.M.Harris. 

A.C.Amnmeter No. 118 calibrated by G.T.Ford. 
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