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The thsory of the condsuser motor is the operation of a
palgwphase wotor on & single~phase sourcz.e 1Y wa considey the oure
reat in ons phase of & twbmghase motor the IR drop is iu zhese with
the current I and the reactance drop is at right aogles to ite Tae
?Gltage 0B acrsss‘%he passe 1s the vestor sum of thess two. Fow if
5 Condguser is connected In series with this phase the reactance drop

across tne condenssy will be opnos

i%e to that in the winding. The

voltage across the the condeuser is BU and the total voltazs across
8

£ o

C

a

the coulenssr and the phase in serises with it is 0C. Dhis is %he line
voltage. IL the other vhase of a two-phase motor is conuected diractly
geross the lins the two vhesss will have voltages impressed on them

wnich ave slectricslly

£
(R

splaced by the angle BUU. 3By assigning a
propar wvalue to tho capacitancs of the condsunser this smgles can be mads
egual to 90 degreass. The voliage 0B, however, will uot be agusl to the
iine voltage unless ths angle BOA is sgual to 45 deagress, that is, ths
power factor of the phase must De 70.7 per cent. It is not necessary

t0 design both phases of the motor for ths same voltage so that this

condition doss unot present sny great difficulty.
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The theory of the condenssr moior iz Dy no msans new. O
Januvary 24, 1900 the late Dr. Cherles P. Stainmstz rosd befors the

S59th meeting of the Americsn Instituts of . ﬂleutmca ngincers his

baper glving the theory and actual test data ou such types of mobors.
The pracitical apolication to which the condeuser motor is bsiaz sub=
Jacted at the present time is, howsver, new for as far as ons can

datermine no sifort zmd besn made In the past to utilize the advantagss
of the condensary motor.

This lack oif interest in the coundenser motor can readily be
appreciated when one remembers that coundensers then cost from two to
thres dollars per microfarad. o-sda,y the price of condeusers is ouly
ong aignth to one tenth of that asmouiite

br. Steimmetz coumsidersd two types of induction motors, the

gingle~phase with tertiary winding sud the thres-phase motor. His
method of changloy the former into s condenser motor was rathsr odd
since the tertlary windiang, with its shunted condeuser, was not electri-
cally commected with the primary but only magnetically through the rotore

Heuce the spacing belwesn the primary and tertiary winding had to be

less than ninsty elescirical dsgress in ordsr that ths notor have the
5 &

dgsizn of & sinzle-phass condsnssr mobor

w

rayuired startisg btorgue. WHhi
~Seems rathar ewkverd aud oue wouders way Jr. Stelumety chose ite His
nse of & thrge-phass winding for a condsuser motor is wuioubtedly the
mother of the ‘Zfﬁum&t.’ﬂgg condsunssy motor designs. 3y means of resctences

e nr
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he obtained from a siz glfs-wasa source the approximate thres-phase
relations for walso ' 1 the motor was dosigned.

Dr. Steimueta also spoike of the ueed of & compensating btrauns-
former across the Cen&é:;sez', wien the motor was opsrating at o low
volbage {110}, in ordsr to roeduce the condsuser capacibance to a
reasonabls valus.

In more recsut times another paper on the condenser mobor

appesrad. Yhis papger was written by Frof. B. ¥ Baillsy of the Univer

slty of Kichizan and was publishsd
5

Eleatrical world. ¥rod. 3ailey's tests wers for cuarter horse power

x

motors with te; rilory and shunted condesusers connscted aorcss

the line. uhe advent

s compensating trar &s.uo:m 3¢ 1s also pointed

out in this papar.

The goal of prosent day development seams Lo be the slagiri-

L

fication of overy vossible opersiion. This calls for the Indtroduetion

of small mobors. Inm most places vwhers the installation of a small
motor 1s to be mmde The only sveilable source of current is from siugle-
nase AelUe lines. Up (111 the prsssut this has limited ths tyves of

motor 0 Ue used to suplidt~phase and repulsion motors.
2as split-ghase induction motor has a Low starting torgue,

wer factor, poor efficisncy, sud low pullecud torgus. The
L3 ] k

(:_,n

repnision motor Las 3 h

cner starting torgus, poor powsr factor, poor

sfficisncy, snd like ths splif-phase has ou




Tue %o the dssign of the repulsion mobtor the motor itsslf is cuits

2 vary low starting torgue and in these it is possible to use a split-

rhase mobtor. However, s great mauy lnstallat ions, such 28 cleciric

rassors, oll-furnaces, aic. wWilch are coming
every day inte wider application, rocguirs o nigh starting torque to

riction zud start the abttached losd. Hotors in

By

overcoma tha static
such ingtallations operate a groat Dortion of the day and start and

stop frogusatly and so it is advantageous to install motors with a

Tha uge of split-phase =nd repulsion metors is also objection~-
abls from ths siandooint of the ceutral station. Congidared inmdividual-

1y the low powsre factor of either of these two motors is not elarmin
5 Iy

-

but when it is remewbered that to-dsy thers sre greal numbars of such
motors in operstion and that every day the field is widening the msitsr

of poor power factor is a problem of considersble lmportance. It

reguires thst the csutrsl station maintasin larger generstors, larger

trausformers, atc. and dus to the infeasibllity of wlacing powsr factor

meters in every home snd store there does not sppear to e any practical

@

means of charging the customer with this sdditionsl o ﬂ 58 e

A1l of thase d4ifficuliies are eliminsted with the introduction
of the condengey motor. ;1** roascnzble values of capacitaucs it is

possible to make s condeuser metor with full load starting torqus.
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With vhls szme czpsoeita 108 valug ths oull-~out Sorgus is iIn ths neizghbop-
& 4. 3%

nood of 150 to 160 per ceant of full 109.(1 torgus. Such a motor also

very closely approzimates poly—-g}hase gificisneye By a suitable cholce

| of cupacituncs the motor power factor csm be made unity. The coundenser

motor also gives the onietoer operation of the poly-phnass mobtors this

is a point in its fovor in slectric refrigerstion iustallaticus whers

& gquiet motor blends with {he opeazce and Tranguillity of domsstic lifa.
Ia the condeusar motor we are concerned with a circult having

'inductajace, rosistance, and cgpacitsuce in seriss. To study the phass

relations im this system the crdinary circls dizgram was found inzdeguate

{fige 1}s» In the commen dlagram 00! represents the lime voltage, OB' ke

8

o o

Figo 1
current, 03 the IR drop, and '3 the IX drop. The IX drop is egqual o
IXy~I8y

WS 1S }:L is the inductive reactancs and "“C is the condansive roscianS.

It was found desirsble Lo make a disgram valchk gnowsd both IX; aud I{Xe.
et

if we take. the ordinary circle diagrem and add the I;?;L drop at right

sagles %o the IR drop we then have the voliage Eg across that phass of

the motore Phe drop across the condenser is AC!



17 = A0
15

E‘fo = Cos LAi03
o
£ e
2 o’ 00! = Liue Voltage

Fign 2

The powsy factor ‘.E«"fz of the curreunt with respect to tie voltage A,

B

will be Cos ZA0B.

if the povwr fsobor E’fz of tne paaso is eyt constant snd ihe

!

cawacitance of the condeussr caunged tae noint A will glso changs. If
the path of poiab & 1s vlotted thein for cach valus of the capacitance

Oi =8g, BA = EZ\LL, and 40t = I‘;{.c. Ta this wmy the phase welatlons can
be stuaised for sll possible values of condenser cavacitsics.

b ooint & will descerivs s clircle.

—

Pige 3

If we drgw the psryeadicular bilsector (fige 3} of 4ho line

CO' cnd Ly off the L 204 sgual to the pover factor augle of the current
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W oa ¢libcle sround

£

Wit roegpect to the volisags scross tha shase and dr
the »oint T with o radius 30, thewu the poiunt 4 for the glvon powsr

»

factor will follow this ciycle for all valuss of capaciitgnce. By gaometry
. Ly
£ OYE0 = 24018

and LOYE0 = 24430

il

hanea £ O4B Z 0Ed

thorefore LB = aod
£ 204 was made squal to the power factor aunzls. ince L 408 =2304
than £ AUB 1s %is pover factor sugle, sud ths circle renrcsonts the trus
locts of the poliat 4. Thesse circles can he drawe for differeat veluoes

of the power factor.

Pne complete disgram is shown on Ylate le s powsr factor

circlss are drawn for valuss of wowsr factor from 25 to 100 par caintbe
Circles giviag O4 = ¥y Tor values from 50 to 150 wper cent of lins vol-
tage are saowm, alst clreles giving O'A = IX for values from 50 to 300
per cent of the lins voltage. For any power fuactor 04 =32 tne voltage
seross the moter wiading

0B = IR

Ba = &,

S0 = Ii,

Cos ZA0B = 21,

i

oot Liang Volts
If the resistance is counstant €& will be wrowortional to the

current. If the currsat is couastant 03 will be proportional to the

rasistsnce.



Iv is desirable to have the volisge asross the condeasar &g
wrmits, the voliags L. o 88YArsted as neal 1‘\, 2C degreoas

from the lime voliage as possible, and as nesy thst for which the

o
Tt
=

motor 1:; c‘iesig 0ned ;a.s wossible.

({6 first considered lockad rotor conditions. In the condensor
ictor the phass across the line will have constaut voliaze impressed
on iv wialls the voltage on the condeuser phase will vary. & two vhase
test was mado gt locked rotor with uormal voltage o2 ong phase and variable
voltage oo the other. The resulis are snowa on Plate 2.

With nomwel voltage on both thaesos

current Or phasg = = = = = = = = = = = = 327 3mis,

LOLYUG = = = = oo = = = o = o = = w1885 f211 load

Power factor = = = = = = = = = - = = -~ 55,57

1ing VOlbS = » m = = @ v -« = -~ 110

froquengy = = = = = = = = - - .- - - 60
Lot us see how uearly we caun reproduce theso coaditions with condeunsar
oparstion. @ d@t@ﬁnina tug polnt ou $Piw sirels disgrom vhers the
1005 22 curve intersscts thoe 63.55 power factor curve; tais is point A.
0 the condeuser volbuge eguals 151, lime vollbs wiere ¥he line voltage

110
leB51 x 110 = 186 volts

£ 1

7 4% ST FC

I =
I = ZI7 ¢
27 = 18627 80C

¢ = Aél % L0 & farads = 431 microfarsis



Yhig capascltance of 431 microfarads would cost mueh wore than the

- O P A T - v AT ma it vapmmm T T
& 320 velt wotor had Doen wuwsed the canacitazuce would hove

o
Py
[}
[
[6]
5
&

| 3a
-

baen one~fourth as greab: this would still o too expsusive to 1

For full losd st sréing toromws & volbtasze ©

wes roguired on the one phasd.

eUuPrant = = = o e e o 13,4 m0s.

A
power £a0b0r = = = = = = 570

the noint 4

factor we find that Ez is about 110 degreas out of phase with ths 1lin

voltngs
110%-90°  20°
7
cos 20 » 0
& current of 14.25 smperss is reguirved with 110 degrss vhass cuzls.

The condenssr voltage is 1345 lins voltsge
L34 x 110 = 147

_ ldess o _
2T 60e14%

257 microfarads
The capacitence in this case is still muech too expeusive., For 220 volts
only 64 microfarals would be reuuired.

Dasides the economic consid
desirsble at Llight load oé at full load for several ressong. From a test
on g one horse powsr, 220 volt, mobor overating at lisht load it was Tound

that at B0 microfarads the coudeaser voltags was 444 volbs and the volsase

aeross the coundenssr phase was 390 volts. The coudsussrs used weres rated
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at UG5 volts continuous operation. MThe woltaze of &4 is Suove this
livdt.e The wotor winding which was fesined for 280 volte vas upsrating

[ 4

’z - -4 P S R P { PR O T SR S PR £
S90 volts, This coused hish iron losues and sivenladins ovrrents,

Due B0 the hish voltage on the condenser phuse the cownter-cif. of th
gtaclard phase wag greater than the liue volisse so that i1 wus gensrating

suarrent. The standerd phase was generating 500 watbs vhile *the condenser

b

ing this load hosides the motor losses, which vers egusl
to 1200 watts., These losses were 162 of the motor rating,

The reason for this peculiar operation can be seen f{rom the
eircle diagram., The pover factor of the ohase is low b light lcal wud
the ourrent with two pbase operation is also emall. The current der phass
is sbout 4.5 amperes., This would produce « Grop across a £2BY microfarud
condenser of 46.5 volts which is 42.3% of line volis.

The volbtagze across the condenser phase tends to approach +he
line voltaze but hecouse the power factor is small the woltagze on the

condenser winding incresses as the angle between 3, and EO decreases,
o

This increzse in voltose causes the standard phase to sot as a senerator,

~ o

o

thereby the load is placsed on the condenser phase and ilncreases ite power
factor. This increases the current in the condenser vhase which in turn
increases the drop acrosa the condenser. . balance i¢ reached vwhen +he
increase in condenser drop and power factor offset the increase in volbase
and current.

This condition alss exists «f full loawd wul to & lesser de

Prom a best on the same motor ot full load with 50 microfarzis condenser



gapacitonce we have the following valuesg:

CONCenSey TOLltage w = = = = w = o w - 3885 voltbs
confen ser phigse voltagse = = = = = = —~ 360 volds

condenser phase ﬁower - e = = om o= = 1480 watts
stendard phase DOWEY = = = = = = = « 100 waltts
line pOWEr = = = = = = = = = « = « « 1670 wabbs
logd = = = = = =« = m e - - - - 7EO wabhs
The condenger phase volbage is stEll much too high and causes this phase

$o carry nearly all the load. 4t Z/é full lozd the condensey phase

was carrying all the load,
This motor operated most efficlently at full load with a con~

denger capacitance of 27.5 microfarads., Tnis was abond one-half the
capacitance required for full losd shardting dorgue. With & cazscitancs

of 27.5 microfarads the sharting horgue was leos than one-third full

fal

load, In als zriicle Prof. RBalley suggests the using of a relay to cud
cut the extra capacltance alfber the motor gete started. This me thod,
however, requires the purchase of o relay and the sxira cagpaciitance,

*

One-half of the condenser capaclitaice is

idle when the motor is running.
3ince the cost of the condenser is o considerable portion of the total
metor cogt it ig indeed g very ilmportant iden.

IT we azsin tum W the locked rotor btest for the dwo--vhase
mator operstion, Flate 2, we see that full load starting torgue was obe
tained with 55% normsl volbaze on one phafe,

VOLEE = = = = e m = - - = 55D

powei £aCH0T = = =« - - - - 6?%

CQUITENE = = = = @ = = = = =~ = 1B.4 gperas
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Referring to the circle dicgram we see that Eg ig 90 desveesr out of
phiase with the line voltage for a power factor of 67% when Ez = 118%
line voltage. Yhen Ep = 110% line voltage with 67% power factor it

is 54111 very nearly 90 desrees out of vhase with the line voltage.

If

i

¢ desimm the condenser phase for twice line voliagze it
would then have 55% normal voliage impressed on it when B, = 110%.
The motor on which the tests were run was desigmed for 110-220 volts
service, in Tact it was for this reason that this motor was chosen.
The colls of the condenser phase were connected in series while those
of the standard phase were left in parallel. Tet us now see what
capacitance is regired. The current with the coils in parallel was
13.4 amperes so thabt in series it would be 13.4 divided by two or
6;7 amperes., For 67% power factor and 110% B, B, = 150%
150 x 110 = 165 volts = R,

Henceyc = 108 x 1076, 108 microfarads are reguired for full load
starting torque. For a 2R0-440 volt motor the capacitance would he
&7 microfarads, which is & very reasonable value,

The motor was azain connected for 110 volts for each phase
and a two-phase periormance taken (see Plates 3, 4, and 5), 4t full load

‘line current - = = = = - 12.2 amperes

current per phase = = = « = = =~ §,6 amperes

power £aCcHOr = = = = = = = = = = §6%

Bl

or By = 100% and 66% power factor, B
&

.= 149% or 1.49 x 110 = 164 volts.

¢ = 106 x 10™

106 microfarads are required. For 220 volds this would be 28.5. Hence

farads

the motor requires practically the same capacitance at full load with
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3

the coils in perallel am it doss to develop full load stariing

with the coils ln series.

Let us see how closely these calculations compare with
actual test values, Plalte 6 gives starting torgue for different
condenser capacitances, Plate 7 condenser and condenser phase volts,
Plate 8 power factors, Tlate 9 currents, Plate 10 watis. From these
curves we obtain the following values:

Condenser operation

locked rolor fall lead torgue

test caloulaied

condenser volts 149.2% 150%

line volts
condenser phase volts 110% 110%

line volts
condenser phase peofe 67% &7%
ccndeﬁser phase current 6.6 amp. 6;? B0
condenser phaée watts B25 watts 538 watis
microfarads 108 108

Now let us compare the calculated and the test values at
£ull load. 4 capacitance of 110 microfarads was used. The test resulis
are shown on the Plates 3, 4, 11, 12, 13.

Ccondenser operation

Pull load

tegt calculated
- capacitance 119 106
condenser phase currend Geb amps 5.6 arm.
condenser volts - 146% 149%
line velts
condenser vhase volis 1005% 100%
“line volts
condenser phase power factor 69% 66%



-
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Considering the Aiffersnce in the capacitences used these results
agres very closely.

4 comparison of two-phase operation and condenser operation
is given on Plates &, 4, and b, The condenser operation compares very
favorably with the two-phase operstion.

Curves for 1light lozd operation are given on Platesg 15 and
16, e see that the losses are lowest for low cuapacitances but the
line current is high and the power factor poor., The power facior
gpprosches unity and the current is =z minimum for capacitances anear
100 microfarads, This is about the sare capacibance thab gives the
full load starting torgue with the colls in series, =nd the best
operation with the coils in parallel, If it were possible te start
the moter with the coils in series and have it run with the coils
in parallel we would have a very satigfactory motor. Since the start-

- -

ing current is about four times the full load ourrent it ig possivle

t0 build & relay which will comnect the coils in series when the

ourrent becomes high and then connect them in perallel when the currsnt

decreases as the mobtor comes vy 0 spesd.

The disgram for the relay connection is shown in figure 4.
-1
£ |
— 4 .
/ < 315 /ine
3 b4
6

. " %42
E

tor]
i
o
*

i
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The relay ls energized by the standard phase current. Vhen
the motor starits the high current causes the relay to pull the con-
tacts 3 and 5 and the contacts 2 and 6 together thereby comnecting the
coils in series. Vhen the current decreazses the contacts 3 and l,and
9

. & and 4 close thereby connecting the coils in parallel., 4 reluy was

designed for this purpose, xiving & fast break and a large sepacabion.

ot

v was possible to adjust the relaey very closely to the requiressats
of the motor. 7While the starting current was four times full load
current it was possible to adjust the relay b0 & 10 to 7 ratio, making
its operation certain and consistent. With locked rotor and under
other severe test conditions the relay operated very satisfuctorily.
it pregent a Ios dngeles motor concern is pulbting in test installations
using this method. If field tests prove ag successiul as those in
the laboratory have, they are prepared to go extensively into this
field of motor design. This motor gives every indication of helng a
commercial success,

Ve wish to thank the U. 3., Electrical Laoufacturing Coimpany
for their cooperation and the use of %their test facilities and

equipment,
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