m T T o
- - J - >
=D
¢ N
m 3 X OCnrnvertae
Testing & Rotary Converter
Claa T P S W | 33 ' 7 4
cubmittied TO Tthe rFaculil]

. - - ~ -r
/ & - i

s IR F R = ~ )
Or the aegfree d
R 3 T B OF
o3 LI ) O A LLOH N
2 2
in
] TOAT THRER]T
P - e VAR -— A R e
LU
ot i T
Julius yrdon
- A A
Jiiie 1, 1910

f ' MY W

"~ " /Redacted for privacy

B e ———C———— —————

epert of Electrical
-"‘“ﬁ.““/\‘_'/) Il

Redacted for privacy

Dean 3chool Engineering

Thepertment

s

Y

~ineeri:

iidd

E
€9




DANADY OONITTD o
JULTARY CUUN VILICLU NI,

The ROTARY COINVERTER or louble Current Generator
is & machine for converting alterrating current to dir-
ect current, or vice versa. The importance that such
machines have now assumed in the eleectrical industry is
due to seversl cuases;

(a) It is necessary, for cconomic reasons, to use slter-
neting current at high voltages in long-distance trans-
mission. Therefore, rotary converters are reaquired for
changing the alternating current into direet current for
uge in eleectric railway motors, which must be supplied
with direct current from the trolley wire at points at a

distance from the power house.

(b) Rotary converters are needed for charging storage
batteries in places where the centrsl station supplies,
glternating current and inverted rotaries are necessary
for fectory driving with alternating current motors in

is supplied by central

o

cases where direet current only
stations.

(e) Direct current 1s necessery in meny chemical and
electrometallurgical industries such as electrolytic re-
duction of aluminum from its ores, electrolytic refining
of copper, ete. If alternating current is penersted and
transmitted to these establishments it must be converted

into direct current before it can be utilized.



In general appearance and construction the rotary

converter resembles & direct-current generstor very close-
1ly. The chief outwerd difference is the addition of a
number of colleetor rings ccncentric with the shaft on
one side of the srmature, and the commtator is very much
larger then in the ordinsary direce-current generastor,
Another point of difference is in the relative dimensions
of the magnetic cores, which are smeller than would be
nengl or desirsble in the ordinary direct-current gener-
ator.

Under the usual conditions of running the ermature
is driven, as in a simple synchronous motor, by alter-
neting current supplie%’to the collector rings from an
externsl sourge. While so revolving direet current can
be teker from the brushes beasring upon the commtator,

The current in the armsture of a rotary converter
may be thought of as the difference between the inflow-
ing slternating current and the outflowing direct current.

fhe everage value of the current in & given armature con-
auctor is therefore small®¥ in value than in a corres-

ponding direct-current generator, snd the heating effect
is correspondingly less. Furthermore the megnetizing
action of the inflowing alternating current upon the
ermature 18 about completely neutralized by the mag-
netizing sction of the outflowing éirect current. %There-

fore a larger number of smaller conductors may be wound




upon a given armature core, if the armature is to be
used for a rotery converter, than would be permissible
if the armeture were to be used for a direct-current
generator. Thet is, the allowable power output of a
mechine of givern size is not limited to so smell & value
if the machine is to be used ag a polyphese rotary con-
verter, as it would be if the mechine were to be used as
e direct current generator. The machine under test is
rated as & 10 X.W. Double Gurrent Generator. If used
as a 3 phese rotary convertor its' output would be 1.32
%z 10 = 13.2 Z.%. For 8ix phase it would be 1.92 x 10 =
19.2 Z.W. or nearly double its rated cepaciiy as a di-
rect-current generator.

The nemes Double Current Gemerator eand Rotary Con-
verter apply to the same machine. The essential differ-
ence in operation is, however, that in the former the
direet current end slternating current are rot in op-
position as in the latter, but in the same direction,
and the resultant armsture polarization is thus the sum
of the armature polarization of the direct and alter-
nating currents. Also in the coulble current generator,
gince there is no oppogition of curremts, the heating of
the armature due to its resistance depends upon the sum

of the two currents:; that is, upon the total load on the

mechine. Hence, the output of the double current gener-

ator is limited by the current heating of the armature, |
and by the field distortion due to srmature reection, in

3.




the same way a8 in a direct current generator or alter-
nstor, and im consequently much less than that of a con-
verter. Compared with the direct current generator, the
Pield of the double current generstor must be such as to
give a much greater stability of veltege, owing to the
gtrong demsgnetizing effect which may be exerted by lag-
ging currents on the slternating side, and may cause the
machine to lose its excitation all together. For this
reason it is frequently preferable to seperately excite
double current generators.

The double current generator is & machine driven
by mechenical power and producing both direct and alter-
nating currents from the same armature. In some power
plants it is Prequently advisable to use this type of
machine, using the direct current for local lighting and
power and the alternating current for outlying districts
snd also for Peeding constant current trensformers for
arc-lighting eirenits. Double current generators can
also be used to supply more power into the alternating
éﬁrcnit than is given by their prime mover, by receiving
power from the direct current side; Thie is a great sd-
vantage in central stations for in the day time, or dur-
ing hours of 1light load, the storage batteries could be
charged from the direct current side and this stored
energy utilized during the peak loed in both direct and

alternating systems.




Starting.

The polyphase converter is self-starting from rest.
The E.M.F. between the commutator brushes is nlternatiné
in sterting, with the frequeney of slip below synchron-
ism. Thus & direct current volimeter or incandescent
lsmps connected across the commutator brushes indicate
by their beats,'the approach of the converter to syn-
chronism. The field cireuit should be opened at start-
ing for if the field were excited the machine voltage
would be sdded to the line voltage &t certain instants
thus ceusing excessive rushes of current.

Starting test.

Te first sterted the rotary by inherent induction
motor setion. This is essentielly a hysteresis effact
and entirely sé in mechines with laminated field poles,
while in machines with solid magnet poles, induced cur-
rents in the lstter contribute to the starting torque,
but at the same time reduce the megnetie sterting flux
by their demagnetizing effoet. This action is necessar-

ily very weak and the current teken by the 10 X.W. rotary

-

at the sterting was 210 smperes the voltage being 35
wolte. By using an suto-starter the current drawn from

a 110 volt 3 phase line would be 35 x 210 = 61.7 amperes
110

At the moment of starting, the field circuit of the
rotary is in the position of a secondary to the armature
eircuit as primary; and since in general the number of

£ieid turns is very rmch larger than the number of arm-
b.
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ature turns, excessive I.M.F's may be induced in the
field. In order to determine the voltage across the

field terminels at starting, a ten to one potentisl traus-
former was connected in the field circuit and a voltmeter
across its' secondary. By this method the voltage induced
in the field at starting was found to be 10 x 47 = 470
volts. Although this voltage may seem trifling, yet, when
pne considers larger mechines, ssy those having capacities
of 100 ZX.%. or more, these I.M.F's may reach from 4000

to 6000 volts or more and have to be taken care of by
breaking the field cireuit into sectioms.

As synchronism was approached the ammeter needle
gradually swung back until it registered but 15 amperes.
The field cireuit was then closed and the starting switch
pulled to the running position. The field excitation was
next adjusted to give unity power factor at which the no
load ecunrrent was 7 amperes.

The rotery converter was next started from the direct
current side and synehronized with the A.C. supply. The
exact point when synchronism was reached was determined
by synehronizing lamps and also by the synchroscope.

The field of the converter was adjusted to give about
the same voltage &s the line, also the phase rotation

wes determined before throwing the machine in parsllel with

the line. This method serves very well where the d.c.
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voltage
always more or less fluctuation of load,
1y preferable to run the converter up to

chronism by direet current; then cut off

is constant but in rsilway work where there is

ok

it is frecquent-
or beyond syn-

the direct

current, open the field, and connect it to the alter-
neting system, thus bringing it into step by alternating
current. This method was iried and the rotary was brought
into synchronism in much less time then wase required by
the above method
Ratio of Voltages and Currents.

since the rotary converter differs from a direct
current machine only by the addition of the collector
rings, it is obvious that there rumst exist some relation
ge. 1In

A

between the alternating and direct current volta

agsume & sine wave which

must

order to get this ratio, w
is practically true, due to the multi-tooth distributed

m T~
J.alue

winding. Pir8t, the single phase converter. The

meximum alternating voltage between opposite collector
rings is equal to the direct current electro-motive-force

B, end since the effective valne of the alternating E.M.F.

single phase con-

is E, = B ’

5
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the ratio of volteges in a

verter Y2

By tapping the armature winding at three equidistant

points it can be shown mathematically and proved ex-

perimentally that the ratio of A. C. to 4. ¢ voltage 1is

1

as V3 : 2V2 or Eg = .615 E.

e |




For any number of rings, the voltage between two ad-

jacent collector rings can be expressed as follows.

E, =28, 8in ITT = & sinZk
n

Also the value of line current is

Inz VEI
nxsink

There—

In = line current in an n phase systen.

I value of direct current.

n = number of phases.

Ratio of Voltage Test.

To prove the above theory the ratio of A.C. voltage
to D.C. voltage was tested for every possible combination.
Since there were six rings on the alternating side
B(n-1) = 6(6-1) = 15 combinations. Therefore fifteen

2 2
combination of voltage ratios were taken as given in the

following table.
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The readings were taken with unity power factor and
also with leading and lagging currents. As shown by the
data the variation of power factor had rno effect on the
ratio of voltage. However the compounding effect was
quite evident with leeding currents. This experiment
shows that the ratio of voltages in a rotary converter is
approximately constant for all conditions. The shape of
the alternmating current wave may vary to some extent this
ratio but there was no apparstus on hand to investigate
this phenomensa.

Saturation Curves.

The saturation curve or excitation characteristie
is the curve giving the indi ced voltage (terminal voltege
at open cirenit) at normel speed as a function of the
amperes in field winding. These curves are of the same
general shape as the magnetic induction curves with the
exception that the knwe is not so charp, &ue to the dif-
ferent-parts of the magnetic circuit reaching saturation
successively. These curves sre valusble because they give
directly the value of field current necessary to induce
any given voltage. Thus if & machine needs & compound
winding we must look tc this curve to find the number of
additional ampere~turns to be wound on. Direct current
generators are usually operated at a point of the sat-
uration curve above the bend, that is, at & point where

the terminsl voltage inereases considerably less than

10.




proportionally to the field excitation. This is necessary

in direct current gemerators (self exciting) to secure
stability of voltage.

Test £6r excitation charscteristie,

THe machine was belted to & direct current motor, the

speed of which could be adjusted by varying it's field
strength and also the applied voltage. The Rotary was
run at an approximately constant speed of 1800 R.p.m. and
readings of voltege taken on both A.C. snd D.C. sides for
various values of field current. TFrom the data obtained,
gatursetion curves were plotted for both L.C. and D C.
sides, field amperes being taken as abscissee and volils
a8 ordinates.
Load Characteristic.

The curve giving terminel volts as funetion of
current output is called the load charascteristie. It is
important to kmow the veriation of voltage in a rotery

converter as well as in the direct current generator. By

taking into account the drop on the line side of the rotary

any change in the rstio of voltages with varying losd may
be determined.

Test for Load Characteristic.

The machine was rin 88 & three phase rotary and loaded

on a weterbox. The applied A.C. voltage at no load was

gbout 120 volts thus giving & voltage scross the brushes

of 120 + .612 = 197 volts. First adjusted the field
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Dats obtained for lio-lowd

Characteristic.

A, C. Volts . Cs Volts. Field amperes.
J phase
20 33 pe
37 61 9]
60 106 1
86.5 142.5 1.5
101.56 167 2
110.6 184.5 2«0
119 197 5]
1256 206 348
133 221 4
135 £26.5 4.25
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Date for Load-Charscteristic.

Vodts. Amps .

( C Field Load (d.ec.)
120 194.5 . P8 0

118 185 4 B 20

116 177 ne98 40

—
-
Pa s
N
P
-3
(&)
.
<

114 175 288 60

113.8 169 282 70

—J
wJ
> |
Lt
93
(e}
L]

3
M
o8
O

o




excitation to give unity power factor et no load. The
load wes then varied by steps of 10 amperes readings
being teken, at each step, of voltage applied to rings,
voltage across brushes, emperes in field and amperes of
load. GCurves were d.c. voltage and field amperes es
ordinstes ageinst load amperes as abscissae. In this
plot, the curves of A.C. voltage end D.C voltage should
be at & constant distance from each other end any varia-
tion therefrom would indicate & change in the ratio of
voltage of the converter.

Vv Curves or Phage Characteristies of

Synchronous Motor.

By varying the field excitation of the synchronous
motor the current can be made legging of leading at will,
and the synchronous motor thus offers the simplest means
of producing out of phase or wattless currents for con-
trolling the voltage in transmission lines, compensating
for wattless currents of induction motors, etec. Symchro-
nous machines used merely for supplying wattless currents
that is, synchronous motors or generators rumning light,
with over-excited or under-excited field, are cglled com-
pensators or "rotary condencers”.

¥ - curves, or phasec characteristies of the symechro-
nous motor, ere curves which show the relation existing
between the ermeture current and field current at con-

4

gtant load and constant aprlied E.M.F. on such & curve




there is & certain field excitation which gives minimum
current, & lesser excitation gives lagging current, a
greater excitation leading ocurrent. The higher the syn-
chronoue reactance of the armature, the flatter are the
phese characteristics; that is, the less sensitive is
the synchronous motor for a change of field excitation or
of impressed E.M.F.

Test for V - curves.

The machine was run 28 & simple phase synchronous
motor. Two rheostats were conrected in series with field
circuit to permit of wide varistion in field excitation.
A power factor meter was also connected in to show the
effect of variable field excitation. The first readings
were taken with motor rumming light. The machine would
not take & leading current, running light, on sccount of
severe hunting action. Therefore beadings for lagging
current,only, were taken and in plotting the V - curve
for this load, it was assumed that the curve was symet-
rical. The rotary was next belted to a I.C. gmnerator in
order to obtain V - curves under load. As the converter
would not start up under loand from the A.C. side, we used
a double throw switch, as shown in the disgrem, bringing
the machine above synchroniem and then throwing it onto
the line with ficld unezcited. Then the ammeter reading
showed that the notor was in step with the supply mains,

the field switch wes celosed and the doubdble throw switeh




Data for V

curves.,

Arnmature

40
27

AmMpe .

Field Amps.
-~ Unloaded —
2.65
23D

VA 5

Power YFactor.

100
30 lay
40 "

Running Generator Unexcited.

18
O +D

48

0
=~

3
~3

S 2%

16.

100

"o




Continuned Data for V - Curves.

Running Generator Ixecited.

Armature Amps. Field Amps. Power Factor,
90 ) 60
61 1.65 70
49 1.96 80
42 AR 20
4.8 2.76 100
44.4 3«28 -90
54 347 -75
63 3.9 -65
84 4,6 -50
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on the D.C., generetor was thrown to the water box side.
Readings were takenr of armature amperes, field amperes
and power factor with D.C. machine unexcited, and the
same readings repeated with heavier load namely with
field excited. Ve ftried to load generator on water box
but the load ounrrent was so greet that the range of
wattless currents was limited to a very small value.
However three curves are sufficient for the purpose in
mind.

Efficiency.

In this machine, efficiency may be determined for
quite a few combinations, viz:- as 2 single phase rotary
ags a three phase rbtary, ag a direot or alternating
current motor or as a direet or alternaling generstor.
It is obvious that the machine will have its highest
efficiency when operated as a2 three phsse rotary con-
verter for, in this cese, the direct and alternating
currents neutralize each other and, for any giyven output
the corresponding I°R loss in the armature will be small-
cr than when operated b, any of the other methods.

Regarding efficiency, it is interesting to compare
the converter with the gsynchronous-motor-generator set.
The efficiency of the stationary transformer of large
sirzee varies from 97% to 98% with an average of 97.5%.
That of the converter or synchronous motor veries be-

tween 90% and 94%, with 93% as everage, &nd that of the

_ 18. 7
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direct gemerator between 907 and 94% with 927% as average.
This the converter with its stepdown transformers will
give &n average efficiency of 90.7%, a direct current
generator driven by synchronous motor with step-down
transformers an efficiency of 83%.4%, without step-down
trarsformers an efficiency of 85.6%. Hence the converter
is more efficient.

Efficiency from Losses.

The efficiency of electricel machines is usually so
high that & direet determination by measuring the mech-
anical power and the electric power is less reliable than
the mothod of adding losses, and the latter is therefore
commonly used.

The losses counsist of;

1. Resistance lose in srmature.

2. Resistance loss in field.

%. Hysteresis and eddy current loss in magnetie

circuit.

4, Frietion and windage loss.

5. Bddy currents or hysteresis due fto The current

flowing in the armature under load.

In determining the efficiency from losses, it is
necessary to determine the strey power loss. This term in
eludes all losses which cannot be satisfactorily caleulat-

éd@ from simple data. These losses gre —

(1) Eddy current snd hysteresis losses, chiefly in the '




armature core, due to the reversals of magnetization as

the armature rotates.

(2) Air friction loss, or windsge, as it is cslled, due
to the fun-like action of the rotating of the rotating
armature.

(2) Frietion losses in bearings and at brushes.

These losses cannot be separstely meésnred with aceuracy.
The stray power loss which is the sum of these losses can,
however, be quite accurately defermined for a given mach-
ine by an experiment test. When this loss has been de-
termined for a given speed and a given voltage, it is easy
to caleculate the true efficieney of the dynamo for a
specified output of power at a given speed and voltage,
the resistance of the various windings being known. This
calenlation is based on the enquation

-

Efficiency = Power Oubput
Power output - logses.

Test to determine Efficiency from Losses.

Ve first determined the stiray power lose al several
d%fferent ppeeds with constant field excitation. In order
to do this the rotary was rmn as & direet current motor
and the input noted for each speed. This power exceeds
the stray power loss S by & very samll amount, which for
all practicesl purposes, may be neglected. Next measured
the armature resistance by drop of potential method. The
efficiency and losses were plotted ss ordinates to power

output as abseissae. The following celeulation choaw the

20.




Data for Stray Power Loss.

Volts Arm. Amps. Field Amps. Speed
110 7 1 1800
110 7 congtant 1800
120 6.75 i 1950
130 6.5 " 2000
110 7 " 1800
100 676 " 1700

90 6.5 o 1620

2L,
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method adopted for finding the efficiency at any output.
Take say, full load or 10 K.W. output -
Res. of Armature = .085 ohm.
(a) Armature current at this output = 10,000 # 110 =
91 Amperes.
(B) Armature loss = 91° x .085 = 705 watts.
(¢) Field loss = EI = 110 x 1 = 110 watts.
(a) Stray power loss = 770 watts.
Total lose at 10 X.W. output = 1585 watis.

Efficiency = 10,000 = 86.5%

Efficiency as Single Phase.
Rotary Converter.

In this experiment we éndeavored to obtain the effic~
iency of the machine operating ss a single phase convertex,
thet is, the amount of power which must be sacrificed in :
order to trensform slternating current into direct current.
First brought the machine up to speed three phase. Loasded
the direct current side on a water-box through an smmeter.
The rotery would not run concstantly single phase on acecount
of severe hunting action and consequently pulling out of
gtep in short time. Therefore we ran the machine three
phase and, after adjusting the load to the desired value,
pulled out ome phese taking quick readings of watts imput,
ampefes output, volts across brushes and amperes in field.

These readings were repested for several different direct

current loads. The efficiency was determined as the ratio




Data for Ffficienecy Curve.

o

Output Current [“R loss Conatant input %
Tatts. \mps . loos

1000 9.1 7.06 88(

2000 18.2 28 .
2000 27.2

4000 56 .2 112 o

6000 54.5 pATYY i 7132
8000 72.75 450 J 0330

1010 5
1260 < 16260

1800 .

"
S

Efficiency

- %




Data for Efficiencey as Single Phase Rotary.

D. C. Volte Load (d.c.) Ampe. Field Amps A, C. Tatts.
194 5 D ed 2400
162 10 3«26 2360
182 20 5 5160
175 30 T | 6720
170 40 2.0 £400
165 47 5] 9600
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of direct current output to alternating eurrent input.

The following calculation shows the method of finding
efficineecy at any output — Teke the point where the
weter-box lozad was 47 amperes Then —
Qutput = 47 x 1656 = 7,750 watts.
Input = 9,600
Efficiency = %%%% = g%ﬁ.
This efficiency is rather low due to the fact that the
machine was run above normal voltege, D.C. E.N.F. being in
the neighborhood of 200 volts which necessitated a large
field current to give unity power. Also the excess direct
current voltage had to be absorbed by & field rheastst
and the loss in this could hardly be charged to the machine,

Efficiency a8 Three Phage.

Rotary Converter.

This experiment, although similar in principle to the
last, was teken to show that the three phase converter is
more efficient thamn the same machine operated single phase.
The mechine was run three pheace, power being measured on
the alternating current side by means of wattmeter in con-
nection with a polyphase board snd on the dirset current
side by e voltmeter and smmeter. The amperes cutput on
the direet eurrent side ﬁere varied by means of a water hox.
Thé total slternating currert input was found by taking
the algebraic sum of the two wattmeter readings. The out-

put in watts of direct cirrent wes calculsted as the
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Data for Construction of Efficiency Curve.
utput Input Efficiency
0 1£60 0
1910 3000 63.7
3700 4860 76.2
0490 6600 83.3
7080 8540 85
8800 10200 86.20
10500 12100 86.256
11830 13600 87.2
172880 15400 86.2b6
28.
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product of volts end emperes. 0The efficiency curves were
drevn a8 before, each point being ceéleulated from the
relation.

-

Efficiency = D.C. oubput
A.C. input

In the above tests it is seen thet rotary converter

o

than converting by motor generator ac-
tion, that the regulation is more constant and that is has
greater capacity for overload. Also that & greater range
of voltages are possible than with a motor generator set
on sccount of the different combinations with which the
armature periphy mey be connected. It differés from the
shunt motor in thet the voltege can be varied only about
vy manipulation of the field, but This varietion of
the field current changes the power feector, however.
In summing up the conclusions derived from each ex-
the writers Fecl thot
perimenﬁAthere is & good reasson for the existance of the

converter.

The End.




