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PREFACE 

This thesis is a study of a rotary converter and 

a test upon the machine. The author desires to set forth the 

characteristics and working possibilities of this machine in 

such a way that it will be known to those desiring a deep 

study in this machine just what to expeet from it, how it op- 

erates and the results one may expect from it. It is hoped 

that it will be of some benefit to those interested in the 

operation of rotary converters. 

In the preparation of this subject matter and in 

the actual operation of the tests material has been drawn from 

technical magazines, books, and other sources available. Fven 

a casual examination of this thesis will show the authors in- 

se on the heat i
 

debtedness to Mr, 0. ®. Magnusson for his treat 

run and much other valuable information. Wany helpful sugges- 

tdons were drawn from Dr. Chas. A. Perkins under whos dirsec- 

tions this test was carried out. Mr. J. M. Harris furnished 

me with the saturation curve for this machine for which I am 

indebted. 

University of Tannescec 

¥noxville Tennessee 

May 23 1923 
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THE SYNCHRONOUS CONVERTER 

The synchronous converter is essentially a direct 

current dyname with the addition of collector rings connected 

to suitable points of the armature winding. This machine is gen- 

erally used for converting polYyphase current to direct current. 

I? two opposite commutator bars are comsidered it will be seen 

that the F.M.F. alternates as the armature rotafes and if we 

should tap in on this winding and attach the tap to a slip 

ring we would secure alternating current. The alternations 

depend on the number of poles, one for each pole and one cycle 

per pair of poles. Such a machine driver from the A.C. side 

will deliver direct current, if driven from the D.C. side will 

deliver A.C. current, and if driven by a prime mover is capa- 

ble of delieering both A.C. % D.C. or either of the two. 

DESCRIPTION OF MACEINE TESTED 

The machine tested iz a 7.5 ¥.W. general elec- 

Fw
 ric synchronous converter specially built for the University 

f Tennessee, Tt is rated at 1800 R.P.M. The current output 

as rated at factory is 47-88 amps. and the corresponding volt i 

ages of 180-110 on D.C. side. The converter is a four pole 

shunt wound machine. The armature has 98 bars for commutation 

and 8 slip rings to provide for variable voltages. To get the 

variation In voltage taps are brought out at 90-120-180-270 

electrical degrees apart as shown in diagram # 10 of curves. 

This arangement gives symetrical two and three phase current. 



Copy of letter from G. F. Oo. 

Sept. 27th 1907 
Mr, Charles S. Perkins, 

Dept. of physics, 
U. of T, 1547 West Clineh Ave., 

Tnoxville Tennessee. 
Dear Sirs- 

I beg to acknowledge receipt of your favor of 
sept. 22nd. 

We wish to state regarding the no. of turns in the 
field and armature windings of the A.C.S. 4-7 # - 1800- 110/180 
V rotary converter, there are 1260 turns of 0.051" diameter 
wire per spool. The armature winding consists of #10 B. & S. 
conduetorg, 48 slots, containing 12 conductors per slot, and 
commutating over a total no. of three turns. 

The winding of the armature is of the multiple 
drum type and the effective length of the armature i= 5.4". 
We are attaching a copy of print no. 14185, which contains the 
switchboard wiring for the rotary converter. This diagram will 
be found in the back of thesis. 

It will be seen that the circuit breaker is sup- 
plied with a low voltage release coil, one end of which is 
connected in series with some resistanceto the posative bus, 
and the other end to the negative bus. The speed limiting de- 
vice is connected across this low voltage release coil in such 
a way that when the circuit is made through this device the re- 
lease coil is short circuited. 

This release will trip the breaker under two con- 
ditions; first,when the voltage of the line drops below a cer- 
tain point, and second, when it is short circuited by the 
speed limiting device. This device is so arranged that it does 
not short eircuit the machine. 

Trusting that this will give you all the desired 
information, T beg to remain, 

Very truly yours, 

C. D. Haskins 

Mgr. Tighting Dept. 

x
 



STANDARD 7 1/2F.W. TLABRATORY ROTARY CONVERTER 

Schenectady N.Y., June 7 1908. 

Thie machine is rated A.C.S. 4-75-1800~110/180 V, 

shunt wound and is provided with six collector rings, whieh 

enable its operation single, two or three-phase. These rings 

are numbered from generator outward. 

The generator can be operated as a 80 cycle ma- 

chine with voltage variation of 110 to 180 on the D.C. side, 

under any of the following conditions: 

1 As Rotary Converter. 

Machine will give approximately the follewing 

voltages. D.C. 110 to 180 V, 

Three phase 70-102 V.,with leads taken from rings 

1-3-- and 5. 

Two phase 81-115 V., with leads taken from rings 

1-4 and 2-6. 

Single phase 81-115 V., with leads taken from 

rings 1-4 or 2-8. 

Additional single phase voltage of 70-102 may be 

obtainedfrom rings 1L5, or 3-5, or 1-3. 

The above voltages are the minimum and the max- 

imum respectively of the range for which the machine was de- 

signed. They are settled of course, by the impressed voltage 

and no apreciable change can be made by movement of the field 

rheostat. 



Z As a double current gemerator 

Machine is built to give satisfactory operation 

for all the vhltages mentioned under heading no. 1. In this 

case these voltages being obtained by means of its own shunt 

field, being varied by movement of the field rheostat. 

3 As a Direct current Generator. 

This machine has a range of 110- 180 V, 

4 As an alternating eurrent generator. 

Machine designed for V mentioned in # 1. 

5 As a direet current motor. - 

Machine is desizned to operate on 110-180 V ine. 

6 As a synchronous motor. 

This machine is desizned to operate on circuits 

of approximately the V mentioned in section # 1. 

7 As an inverted rotary converter, (The way this 

test was carried out ). 

Machine will operate with same voltages as men- 

tioned in # 1. 

Under all the above mentioned conditions machine 

is capable of satisfactory operation with an out put of 7 1/5 

¥. W. exeept single phase, whieh will be about 5 7. W. 

With a 2 coil choke eoil in one phase (across 180°) 

armature) will supply a 3 wire D.C. eireuit 55-55 V either 

a generator or a balancér floating on the line. 



RESISTANCE OF THE FIELD 
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37.88 
37.89 
37.88 
37.68 
37.7 
372.7 
37.7 

Average ——------ 37.5 ot A ERA 
Average 37.59 

75.5 2.02 37.5 

08 2.682 37.45 

107 2.85 37.5 
Be 

Average field resistance --—-——-—— 37.545 

RESISTANCE OF ARMATURE INCLUDING 
BRUSHES AND BRUSH CONTACTS 

E I R 

5.1 0.0798 

2.9 0.0918 

8.1 0.0880 

Averages 0.07978 

D.C. Side A.C. Side 

0.0580 0.0880 

0.0953 0.0850 

0.0953 0.0730 

0.0801 0.0507 

0.1010 0.0850 

0.1018 0.0800 

Averages ————- 0,08525 ———--mmeeuu0,07490 

0.08508 mms miene (3, PTATY emimsiemmmionl)s OVS 76 

Averages of all three above resistances --——-0.07997 Ohms. 



CALIBRATION OF INSTRUMENTS D.C. 

The direet eurrent instruments were calibrated by 

comparison with the standard voltmeter in the Electries labra- 

tory.This standard was first calibrated by the use of the poten- 

tiometer shown in diagramatic form on diagram # 8 in back. 

The milliviltmeters were calibrated by comparison with the 

standard millivoltmeter. Corrections for the direet current 

Instruments are shown in dlagramyes # 1 to 6 inclusive. 

Calibration of A. C. Instruments. 

The alternating current instruments were calibra- 

ted by comparison with a standard direet &urrent instrument,a 

multicellular voltmeter, which deflects the same amounts for 

equal values of A. C. and D. C. current,having been placed in 

parail) with the two instruments. Correction curves for the 

A. C. instruments will be found on diagrampeés # 1 to 8 Ine. 



STRAY POWER T.0SS 

To determine the stray power loss of an eleetriec 

machine the following losses must be determined and added, 

Windage 

Mechanical losses { Bearings 
Brushes 

Stray losses 
Hysteresis losses 

Iron losses 
Fddy current 

Copper losses ton, + 15R, vary directly with the 

load, and the stray loss is practically independent of the 

load. The speed was kept constant at 1800 R.P.M. and the field 

xeitation and voltage and the armature current and voltage 

were taken, The copper losses were subtracted from the total 

inputand the remainder called stray power lose, The stray 

power curve will be found in the back of this paper. 

Tet ®, = brush pressure. 

" I, = Armature current. 

" Ie = Field current. 

* 8 = Stray power loss. 

rd " R, = Resistance of armature. 

" Re = Resistance of field. 

The total power delivered to machine = B.I (I = Tins curreat) iy 

The armature copper loss equals to 178, and the field joss is 

equal to IR. Since the machine 1s operated at no load, the 

[
a
r
 

total power delivered to the machine less the sum of the arma- 

ture and field resistance losses thus, FyI - Rgl Ryl5 -~ RI, is 



is lost in Bysierasie, eddy currents and friction. Now the 

stray power loss is the sum of the hysteresis, eddy currents, 

and friction losses, 

Thus § = Bx I - Rs IZ - Ry IZ. 

A eurve is plotted which shows the stray power 

logs as ordinates and field eurrent as abscissas. This curve 

ean be found among diagrams at back. This eurve is made use of 

in figuring the efficiency of the machine. 

trav power loss readings. 

As read : Corrected 

Obs. Ta I, 3 tL. Ip 

1 8 2.35 178 7.9 2.20 

o5.5 8.5 2.6 183 8.4 2.4 

3 9 2.9 190 8.9 2.8 

4 9.5 3.1 195 9.4 2.9 

5 9.5 3.3 200 9.4 3.1 

8 8 2 185 7.9 1.85 

7 7.5 1.72 156 7.4 1.57 

8 7.5 1.8 156 7.4 1.60 

9 7.5 1.45 140 7.4 1.35 

10 ?.5 1.15 124 ”, 1.05 

11 7.5 1.35 125 7.4 1.25 

12 7.5 0.90 102.5 7.4 0.90 

13 7.5 1.00 110 7.4 0.95 
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RATDO OF VOLTAGES 

Consider the field excitation to be of the proper 

value to give unity power factor for the alternating current, 

therefore the maximum value of the current in the group of ar- 

mature eoils under consideration g¢ccurs when the maximum volt- 

age is developed. If fields are not distorted the maximum velt { 

age 13 developed when the coils are passing at rightangles to 

the flux. When the coils are midway be tween two equal strength 

poles the electromotive force in the ciil is zero. The interme- 

diate the instaneous values are represented by e=Tpar Sin(wt). 

the voltage between the D.C. brushes, is the sum of the voltages 

of one half the coils on armature for a two pole machine, and 

one fourth the coils on the armature for a four pole machine. 

The instantaneous value in each coil may be represented by vee— 

tors drawn through some point 0, or arranged in a pologon as 

shown in figure # 10. The number of sides of the polygon gorre- 

spond to the number of coils and the vertices lie in a ecirele, 

a3 the coils are equal. When the armature revolves the point 

connected to the slip rings pass under the commutator brushes 

at the point of maximum voltage of the alternating wave: Hence 

the D.C, voltage Fp must be equal to the maximum value of Fp, 

the A.7. single phase voltage. 
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In the two phase eonverter the slip ring connections 

are 90° apart and the voltage relation for the single phase and 

the quarter phase cireuits are shown la figure # 10, by the rela- 

tive lengths of the diameters and chords, for 90° 

E 
Fs = Fp Sin 450 = -—_3__ gin 450 = 0.5 EF, 

2 

Similarly for a three phase converter, the slip 

rings are connected at 120 electrical degrses apart and the rel- De ~ 

ative lengths of the chords and diameters gives the relation be- 

tween the magnitude of the three phase voltage Fy and the single 

phase voltage Fo. 

Fy = By Sin 609 = —_"0____ ain 60° = 0.612 Fo 
ca Sitio 

~~ 

In the same manner the voltage Fg between the 

slip rings of a six phase converter is, 

Ry = Bp Sin 300 = 0 Sin 30° = 0.354 Fg 
WJ ay 

0 

These results may be expressed by one equation by 

letting n equal the number of slip ridgs on the converter. 

¥ " 

X 5 yo— n 

3
»
 

Lid six it n= 



A. C. Voltage 

56.5 
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39.9 

ACTUAL VOLTAGE RATIO UNDFR TROT 

Two phase 

D. C. Voltage 

111.0 

Theee phase 

Six phase 

Twelve phase 

Single phase 

ERROR IN VOLTAGE RATIO 

Two phase = + 0.004 E, 

Three phase = + 0,071 Fy 

Six phase = + 0.005 F, 

0.504 Tg 

0.683 ¥, 

0.359 ¥q 

Twelve phase = Only 8 rings on converter. 

Single phase = + 0,0589 To 



CURRENT RELATIONS 

Under the aasumption of unity power factor and no 

' 

current relations are readily found by equating 

A.C. input to the B.C. out put and substituting the veltags 

ratio a2 show above. 

I delivered through brushes. 

single phase winding. 

three phase winding. 

two phase winding. 

n six phase winding. 

FOR SINGLE PHASF CONVPRTER 

olo = 2 Fols Fherefore Is = 0.7071 Ip 

TOR MURFE PEASE CONVERTER 

Folg = 3 Tals Therefore Iq = 
ad i 

FOR TWO PHASE CONVERTER 

Folo = 4 E414 - Therefore I, = 0.500 I, 
Vv 

FOR SIX PHASE CONVERTER 

Therefore = 0.47] I, 

converter, the current in 

armature 
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Since fwo circults are connected to each collece- 

tor ring the current in the buss bars are the vector differ- 

ences of the currents in the cireuits. Letting subseript: r 

indicate at the slip ring, the current will be for unity power 

factor and, 

A 2 ring converter (1 phase) Ipp = 2 Iz = 1.41 I, 

SE " ' =] a ’ 
A lap (3 ? ) 4 \V4 3 - 0.943 I, 

Ad " I4p (2 " = Ta 5 =0, 7071 I 

Ag." PlomalS "321, WY w=0a7 1, 

The general expression for the current in the 

m2ins or the collector rings, (n = number of collector rings) 

MFASTURED RFFICIENCY OF CONVERTER 

The efficieney of the machine is determined ? 

measuring the Input and the output, and calculated by the 

equation: 
Output 

Efficiency = —— ne 
Input 

¥fficiency Caleulated 
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ney at different outputs is calculated from 

Input -~ Losses 
Efficlengy = mmm en 



The losses are, -— the L5R, losses, the stray 

power losses, and the loss due to the current flowiag through 

the armature. The loss due to the current flowing through the 

armature will be taken up under the subject of heat loss and 

for a thorough analysis of this look up this topie. 

The efficiency i= celoulated for constant im- 

pressed voltage on the D.C. line, The efficiency curve as 

calculated is plotted on the same sheet as the measured ef- 

fielency curve is plotted. These curves will be found in the 

back of thesis, «= 
oT put: sees JPOT 

Obs. 1/20 F #1, ¥ a1, RAM 

1 0 88.5 0 7.8 160.0 1.88 1800 

2 $0.13 93.7 11 10.7 " 1.90 " 

3 0.327. 98 28 15.2 " 1.95 " 

4 1.08 92.8 88.3. 31. r 1.94 Ny 

5 1.44 83.7 113 39 " 2 i 

8 2.85 93.7: 201.5:] 88 2 i 

7 2.20 92.9 133 42 n 1.96 8 

8 1.66 94.5 ws = 5 " 2. i 

2 1.08 92.9 85.3 | 31.5 " 1.98 n 

10 0.88 98.3 49 20 y 1.90 i 

1} 0.28 95.3 288 {13.7 i 1.85 n 

Rg = 0.07997 

Re = B7.545 



D.C, INPUT, CORRECTED FOR INSTRUMENTS 

I, I total Volts r.w. R.P.M. 

9.85 180 4 1800 

1" 

5.38 

3.49 

3.75 4, OF 2.39 

Power 
Factor 



HEAT TOSSES AT UNITY POWER FACTOR 

As a rotary converter the machine received cur- 

reat from the D.C. bus bars and delivered it to the A.C. mains 

less the losses in the armature, the loss in the fields, and 

the stray power loss. the loss in the armature 1s the loss that 

we are to determine from this discussion. Under the several 

kinds of service the armature heating 1s not the same for equal 

power passing through the machine. Sinee the rating of the gyn- 

chronous converter depends upon the permissible temperature 

rise for the same reason as for alternators and synchronous 

motors, the difference in heat loss in the armature affects the 

capacity of the machine. The power rating of a rotary convert— 

er is expressed in terms of the rating the same machine would 

have if mn as a D,0. generator by a prime mover, The differ- 

ence in rating when used as a rotary converter as compared to fo 

: 2 : : 
a D.C. generator is determined by the IR losses in the arma~ 

ture ,since the eddyeurrent and hysteresis losses are approxi- 

mately the same in both cases, Sinee the slip rings and com- 

mutator bars are connected to the same armature, the instane- 

oug value of the current in any conductor will be the alge- 

brale sum of the simultaneous values of the currents flowing 

in the D.C. and A.C. girecuits. 

Consider a two pole n ring converter, let M be 

the conductor midway be tween the slip-ring connections and 

let 8 be the eonductor a distancee< from NM. For the several 



18 
eonaueters in the circuit between these slip ring connections 

the value of o« varies from O to 2 = The maximum value of 

the A.C, current, \/2I lows whenconauewur M passes uader the a Ld, 

center of the field poles (unity powerfactor assumed). Hence 

+
 

5 na 411 + he armature is 
1 : " rz de¥ NV Ea tr vv» maeT Fan A the instaneous value for any other position of 

4
 3 or conductor M: 1 = \/2I Cos wt- 10 | When conducter S 

O
O
 

reaches the posative brush, i= —7- — wt and at the negative 

: 
miltipolar machines by using electrical degrees and letting Io 

represent the D.C. current passing through each set of bPfushes. 

In figure # 11 are shown the currents flowing through conductor 

14 SE Ye an AY 2 M in a single phase converter,i,e, n=2 «<=0, The D.C.current 

reverses directionat the brushes forming a wave of rectangular 

han p s 3 wn 4 . 01 7 . rm de with shape. The netitral peintsof the A.C.current coineide with the 

wave reversale 

algebraic sum of the simultaneous values of the direet and 

alternating currents. Hence curve C, plotted as the sum of 

curves A and B, represent the wave shape and magnitudeof the 

resultant current flowingin the armature conductor. The broken 

I's) 

heat generated in the conductor due to the IR losses. In the 

last set of curves on figure # 11 are shown the corresponding 
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es In the converter, The above rating of the converter is 

Paetor. basis of Sine waves and 
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Topi gses 

F2ficiency = ——- rm tre sr ret 
Inout 

Obs Input w. Tosses ¥, Input - Tosses W, Fre. 
E Outp out 

1 1540 1517 23 14.95 
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Efficiency curve is plotted on the measured 

fficiency curve sheet number # 12 in back among curves. Ths 

curve 1s a bit off I think because of the resistance being 

greater when the machine 1an when measured at ®
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atandstill, that is the resistance of contact between the A.C. 

and D.C. brushes and the armature slip rings and commutator 

bars is greater when the machine is Ad¥ in motion than when it 

ie at a standstill. 
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SATURATION CURVE 

To secure the saturation curve, the machine was 

driven as a generator by mechanical means at rated speed 

(1800) R.,P.M, The field current was observed for different 

A.C, voltages. To secure constant speed there was placed in 

series with the driving motor a rheostat of sufficient size 

cover the desired range of voltages. 

Field I. A.C. Voltage R.P.M. 

142.1 1800 

134.5 " 

127.2 

110.85 

105.9 

95.0 

1.36 84,9 

1.28 79.35 

1.20 74.85 

1.18 64.5 

0.858 80.7 

0.738 54.9 

0.47 a0. 7 

0.23 

0.15 

0.08 

0.00 Residual 
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