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PREFACE 

In presenting this dissertation on the capacitor motor, 

the writer is aware of the fact that he is entering a field in 

which there are already many excellent works. However, an 

attempt is made to present the subject from a somewhat new 

standpoint. The writer's aim has been to present so much 

of the theory as i necessary to understand the phenomena of 

these motors, so far as these phenomena relate to the perfor-

mance of single phase Induction Motors. 

For the most part this dissertation is the calculation 

of the optimum values of the capacitances in a single phase 

Capacitor Motor and developes the various relationships. A 

direct method of calculation is employed, based on the theory 

of Symmetrical Components for two phase unbalanced motors. 

This method gives accurate results independent of empirical 

or restricted premises. The object of this work is to give 

a mathematical theory of the same and to. present the results 

of calculations in a given :rotor of ri h.p. , 220 volt, 50 cis, 

4-pole, I-ph., Capacitor type. 
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The induction motor is now the most widely used of all 
machines and with the rapid increase which has recently been 

taken place in the number of motors applied to such semi-

continuously operated domestic & small industrial loads as 

household refrigerators, fans, grinders & drillers, it would 

be extra-ordinarily important to call for careful examination 

of the typical characteristics of these motors. Such motors 

operating on single phase line of lighting, or power circuits, 

or any phase of a poly-phase system, and running all the hours, 

must have quiet running, low starting current to prevent flicker 

of lights, high efficiency & starting torque and should not give 

rise to radio interference. 

As the Single phase induction motors have no inherent 

starting torque, they may be started by hand, by mechanical 

means, or by some special electrical means but are usually 

made selfstarting by some special method of winding. These 

motors have been named according to the methods of their 

self starting, such as split phase, reactor, repulsion, 

capacitor & shaded pole type. Each type has special designs 

to make it more suitable for a specific application. 

Now of all the types of single phase motors available, 

the capacitor motor seems best suited for services of 

relatively small outputs & especially in the fractional 

horsepower field. It is extensively used for fans, blowers, 

pumps, compressors, oil burners, washing and iron machines, 

grinders, drillers, water pumping, milking, bottle washing, 

/ 	 ~. 
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milk cooling, hay baling, corn-husking, corn shelling, grain 

drying, threshing, eto.etc. 

In a capacitor motor, self starting is achieved by means 

of a split phase winding, generally called the capacitor or 

auxiliary winding. This winding is displaced in space, 90 

degrees electrically from the main winding, and both are 

connected in parallel directly to the single phase line, The 

performance of the motor can perhaps best be understood by 

considering it as a two phase induction motor with unbalanced 

conditions of winding and voltage and the characteristics may 

be deduced with the help of Symmetrical Components. 

The predetermination of the performance and calculation 

of the optimum values of the capacitances, at various slips 

for a single phase capacitor motor presents an interesting 

problem from both practical as well as theoretical point of 

view. Since in case of 1-, C-Motors, the conventir l theory 

of the polyphase induction motors does not hold even at balanced 

conditions of winding & voltage and as such the problem calls fox 

an examination of the various relationships through the theory 

of the Symmetrical Components. 

In the following, an effort has been made to predetermine 

the performances and to calculate the optimum values of the 

capacitors from design data for a given motor. 

0 



2. THEORETICAL ASPECTS OF THE PRODUCTION OF TORQUE IN 

SINULE PHASE MOTORS. 

Chapter out line: 

2.1 Two theories of single phase induction motor action for 

calculation of torque developed. 

22. Starting methods. 

a. Shaded pole. 

b. Repulsion, 

c. Split phase- Calculation of starting torque. 

d. Capacitor - Calculation of starting torque. 

2,3. Capacitors. 

2.4: Symmetrical components theory as it is applied to split phe. 

two winding motors. 

2.1.  Two theories of single phase induction motor action for 

calculation of torque  produced: 

a.  Cross field Theory. 

When a single phase induction motor is connected to an 

alternating current source, the resultant field alternates along 

one axis only. Such an alternating field acting on a stationary 

rotor cannot produce any unidirectional starting torque, but one( 

the rotor starts revolving, however, it accelerates and continue: 

to revolve in the direction of rotation as long as load is not 

excessive. According to the theory when the rotor starts revolvi 

it produces a cross flux that is in both space and time quadrats 

with the main axis flux and, therefore, the two conditions 

necessary to produce a rotating field are fulfilled) 
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The above concepts are taken in what is known as cross field 

Theory. 

b. Double Revolving field theory. 

A different approach for the single phase motor action can 

be explained by the double revolving field theory. The idea is 

taken from the Euler's expression for the cosine of an angle. 

If an alternating voltage Fm Cost wt is impressed on a single 

phase winding displaced in space with respect to some reference, 

such that angular displacement corresponds to distance 'VV, 

the resultant field can be represented as 

Em Cos wt Sin x = JEm Sin (x + Wt) + IE, Sin (x - wt) 

Here the right hand side of the expression represents 

two rotating fields in opposite directions, & of half magnitude 

but with the same angular velocity w. 

Thus when the rotor once start rotating in either direct- 

ion, the torque produced by the forward flux is greater than 

that of the backward flux and the resultant torque accelerates 

J' .21.i — 7rp€ ,NOaIucecf 	eaeX Corn/,o,i~ 
.Dou//- - ) fr Evin; ftea~ T wry. 

F'C 2.1.2 — Tu ✓e enf Cprtrr~f for ~1 
t- çz4 M?/.r Eased on 2 ePcL 



the rotor till it reaches a fixed revolutions per second and 

so, in running condition, the action is nearly that of a 

poly phase motor. 

The equivalent circuit diagrams for single phase induction 

motor based on this theory is shown in fig. 2.1.2. 

As the forward field operates at a slip S, the correspond-

ing slip for the backward rotating field is (2 - s). 

The forward torque is given by 

Tf = Zrf 	2S~  in Syn. watts, 

2 
and the backward torque is Pb = Irb 2 	in Syn. watts. 

Hence, the resultant torque is the difference of the two at a 

particular slip, 

Tnet = Tf - Tb 

2.2. Starting Methods: 

Because the single phase induction motor with only one 

stator winding has no inherent starting torque, various methods 

have been developed for starting. Only four of these methods 

are at present of commercial importance. 

a. Shaded Bole Motor. 	The shaded coil method of starting 

Is employed in some fractional horse power motors. The stator 

winding of such a machine is not distributed around the frame, 
Sr/yop but is wound in the form of coils 

placed around projecting pole 

pieces. One side of the shading 

coil is placed in a slot cut in 

:Cs 
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the pole piece. The effect of 	F~- 2.2.L— Slidded 
c

PotP 

the shading coil is to make the flux 'bt delayed with respect 
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to the main flux 'a' of the pole. The combined action gives a 

sweeping action, magnetically, across the pole face, resulting 

in a revolving flux and consequently providing the starting 

torque. 

be Repulsion Motor: Several types of single phase motor 

use the repulsion principle of starting, & can be classified 

under the following heads: 

(i) Repulsion start induction Motor:- The armature or 

rotor of the motor is similar to that of the d.c. machine, 

except that the brushes are short circuited, & also a mechanism 

short circuiting the armature winding through the commutator 

bars at about 70% of the synchronous speed by a centrifugal 

device is done and the motor then operates as a single phase 

induction motor. 

(ii) Repulsion Motor: It starts as a repulsion motor, also 

runs as such, and is a varying speed motor with speed- torque 

characteristic similar to the direct current series motor. 

(iii) Repulsion induction Motor:- This motor has the repul-

sion winding for starting; and in addition it also has a squirrel 

cage winding. As soon as the repulsion winding starts the motor, 

the squirrel cage winding also produces torque. Both the winding 

are active all the time while the motor is in operation. 

Brush positions in a Repulsion Motor:- The armature of the r 

repulsion motor is similar to that SrgTOR 	 Ro ro re 

of a d.c. machine. The brushes are 

shifted through a considerable 

angle from the positions normally 

• occupied on the d.c. armature and 

short circuited. Speed Reversal 
F .2 2.2 — Repulsion f4otar 

J 
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of this type of motor is accomplished by a shifting of the 

brushes to the opposite side of the neutral plane of commutation 

c. Split-phase Motor:- The split phase motor is made self 

starting by means of an auxiliary winding, This winding is 

displaced 90 electrical degrees from the main winding. This 

auxiliary winding through a resistor B, or a reactor X.i s 
connected directly to the single phase supply lines, in parallel 
with the main winding. 

b. 	a. Ln 
Ft - 2.2 3. — Sktcf -,b1 se ?rotor arot iET  

Yecto,-  dco ram. 

Such motors are designed so that the currents vectors Iu 

& Iv are about 25°  to 35°  out of phase in time. Considering 

that these two vectors represent the respective stator winding 

currents of a split phase induction motor, it can be seen that 

the single phase supply results in current and fluxes displaced 

in space and time, and so yields a starting torque. Combined 

operation on both windings results in rapid over heating and 

inefficient, noisy performance and, therefore,acentrifugal 

switch on the rotor disconnects the auxiliary or starting 

winding at about 2/3rd of Syn. speed. 

Both the split phase and capacitor start motors have the 

starting winding coils wound with a size of wire that is 

gernally smaller than that used in the main winding. The size 

of wire and the number of turns per oii l are so as to give the 
torque 

proper starting/for the machine the motor is to operate. 
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To perform the function of opening the starting or auxil-

iary winding at about 2/3rd of syn. speed, some times, in a 

few cases a special magnet operated switch is used in place 

of one operated by centrifugal force. When the motor is 

started, the current is higher than the full load current and 

the magnet coil is designed to close the switch on this high 

value of current. As the motor picks up the speed the current 

decreases and finally comes to full load value. Now as the 

current reaches a value that will no longer allow the magnet 

to hold in the switch, it drops out and opens the starting 

winding. The value of the current at which the switch drops 

out is so chosen as to open the auxiliary winding circuit 

at about 70% of the syn. speed. 

Calculation of starting torque in resistance split phase moto] 

b.  

Fi .2.2.4/j—.Resdstance 	/it-/3/lase 77 otor Sw.r 
& its Vector d(a7r2rn 

If the fluxes due to the two windings di f_f or 90 electrical 

degrees in space phase and have sinusoidal variation in both 

time and space, the torque will be proportional to their product 

and to the component of one at right angles to the others. 

Therefore, Ts ,C Bu  By Sind 
orTs  =Q BuBB Sin d  —/ 

where Q is a constant of proportionality 

Here, Sint= Sin ( 4  - 4;„ 
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= - Cos cPv Sin 4 -1- Sin Pu Cos pv 
or Sin j _ )cu ( F0 R') - Ru X, 

So,  T $ - Q Bu By Xu Ro 4 Roy) -- Ru Xv - 2 
zu zov 

Now, if we neglect saturation, But By are proportional to 

their ampere turns, So, 

Bu By oc Nu Nv Iu IQ 

or Bu B`, = F Nu NV Iu IP —'---3 
When F is a constant of proportionality, and substituting 

it in equn 2, we have 

T s = Q F Nu N4 Iu Ip 	Xu (Ro + Rv ) -_Ru Xv 
zu Zov 

Also Ii - U2 
zu zov 

Therefore, torque equP becomes 

Ts=QFNuNN U2 Xu (R~v) xv 
Zu 

t 2 F NtL U2 	ix 	4- Rv ) - Ri, Xy -4  f (Re _ 
Zu 	 of Zov 

Further, torque for a balanced two phase motor is 

P  =FNu2 U2 	- 5 u 

So, Ts = Tst X (Re + Rv ) R„Xi -6 
~ Zov 

The condition for maximum starting torque is found by 

assuming the external resistance Ro Is variable,  
d 
	 O 

Th 	, F, f F
p
v + VLJ -'[x0 l ,Qo + J~ ✓ ) — j() )('V 2 Rs .} ?v) 

o r- !~q (Ro t Rv) 2 t XuXg2 t 2 RuXv (Ro t Rv) = 0 



or 	(R, t- R„) 	X, — 2 X, (e+ e)  

or 	R, + R v = X—' [flv 	2 	
L

-+ Xu 
J(u 

or R.+ R v 	J lu± ZuJ 	 here -ire sign 1s 

absurd as -i w resi stance has 

no meaning. 

Therefore, R• R,, = U  

Substituting this value in the expression of standstill 
2. torque, we have, T. 	i 	 _ _ 8 

Now if the constants of the main winding are taken unaltere~ 

then, T.. Xl 

or T oC $y2 Nv & also as Xvoc (Ro + Rv) for max' torque. 

Th*I -ice Tsm can further be increased to any value desired by 

either increasing the auxiliary winding turns to a suitable 

value or by increasing the external resistance Ro such that 

(Ro + Rv ) is proportional to X by changing the wt. of copper 

in the auxiliary winding. 

d. Capacitor motor. 

There are numerous types of capacitor motors available and 

the difference being found in the capacitor unit and the method 

used to connect it into the circuit. These motors can be 

classified under the following heads:- 

(i) Capacitor start motor:- This motor is similar to split 

phase motor, except that a condenser is used instead of a 

resister or a reactor in series with auxiliary winding for the 
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Fu 

u 	 Rorop 

sr,7r 1 	it 

FC . 2.2 yg— Caf~ctcitor Jr/ motor and ifs Yectr dia~,ram 

(ii) Permanent split capacitor motor: These motors may be 

linked to unbalanced two-phase motors operating from a single 

phase line. Since both the main winding and the starting 

winding with the capacitor in series, are connected to the line 

all the times the motor is in operation. Such motors do not 

have centrifugal switches or other means of disconnecting the 

starting winding. 

(iii) Capacitor start and Run Motor: 

In this motor, two value capacitor is 

used one with higher value for better 

starting and the other of lower value 

for normal running conditions. In 

this way we obtain high starting 

torque. This fact can be accomplished 

in two ways. Either by using two 

seperate capacitors, one being out out ` 

at about 70% of syn. speed by centrifugal switch ( fig. 2.2.6.)  

or use an autotransformer - capacitor unit which provides a 

higher capacitance effect by giving a higher voltage tdp to 
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the capacitor at start and lower voltage tap at normal running 
conditions (fig. 2.2.7.) 
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Calculation of starting torque in a capacitor motor. 

As described earlier in the case of Resistance split phase 

motor, it can be regorously proved (although it is nearly self 

evident) that in case of a capacitor motor with a condensor of 

reactance Xc in series of the auxiliary winding. 
X u Rv — Ru ()(v + io) 

	

Ts = Tst• 
d (R 2 + xv+xo) 	

-- i 

and for max!r' torque calculations, 

Xv + Xo
R 

— Rv ( Xu± Zu) —2 
U 

and substituting in standstill torque expression, 

we have, 	Tsm T R=- 	 —3 am 	st Rut .2,(( zv± Xu) 

Here, the value of the max.m torque is much greater if a 

condenser is used, and since here Xo = --X0 

4 

Now taking the main winding paramator as constant, 

We have Tsm 0C je
ll 

oC 

or 	T sm vc T? 2 Nv 

that is the value of Tsm can further be increased by either 
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providing auxiliary winding with more number of turns by increas 

ing its resistance so that the copper ratio of auxiliary winding 

to the main winding is more, such that RQ o< (Xq - Xc ) 

2.3 Capacitors. 
Alternating current 

electrolytic capa-

citors were used 

for motor starting 

as earlier as in 
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1892, but it is only since 1930 that capacitor start motors hai 

attained commercial importance. It is interesting to note 

that, in 1896, the repulsion start motor wiped the capacitor 
start motor out of exi stance. Now, 50 years later, the 
capacitor start motor is making the repulsion start motor 

obsolete for most applications. 

The electrolytic capacitors are used for starting purposes 

but for running purposes, paper capacitors are used. These 

oil immersed, paper capacitors are bigger and more expensive 

than the electrolytic type. 

A condensor that results in satisfactory running performance 

for the motor is usually only of small capacity. For Motors of 

ratings 1/100 to i h. p. , the condensor values vary from 3 to 
50/F. 

24 Symmetrical components as applied to split phase two winding 

motors: 

The split phase two winding motors are similar to and may be 

linked to two phase motors with an unbalance of voltage and 

winding. 



Swing 

SV 
Frq.2.4' 1 —S,6fef-fikU5c moroN. 

Iu, 

a. +CYC j~4asf Sepuci e 

System. 

P).2 42 

r„ 

r~  L 
b. _iyy ase_s[y..P.cn [. Rcsu~[an~ eae'&' 

sysl~,n. 

Any system of two phase currents, whether balanced or not, 

can be resolved into two component systems, each of which is 

balanced and symmetrical. 	These systems are called symmetriea: 

components. 

The first system is a symmetrical two phase system of 

currents having normal or positive phase sequence. By this 

is meant that the current in lines V, U rise to a positive 

maximum in that order. The second symmetrical group of 

components has a phase sequence opposite to normal, and is 

called the negative phase sequence system. 

Fig. 	2.4.1. shows the vectors of these two components. The 

vectors Iyi & Iu, 	from the positive phase sequence components, 

these both being equal in magnitude and 90 degrees out of phase 
I The phase-sequence is positive, since Ivy leads Iu, . The 

vectors Iv2 & Iu2 from the negative phase sequence system, this 

is also symmetrical but the phase rotation is reversed. The 

resultant current in line V is given by the vector Ivy which 
I 

Is the vector sum of Iv, & 172. Similarly Iu is the sum of 

Tv, & I u,, . Any degree of asymmetry can be dealt with in this 

manner. 

The ratio of the negative to the positive phase-sequence 

component is called the unbalance factor when applied to current 

and the asymmetry factor when applied to voltages. 

Now Iv' 	I' + Iy2' 	---1 



+ 
Also, 	I ,,, 	_ 	j I U, 	... 3 

& 	Iv2 = -J 'u2 	... 4 
Therefore. 

or I„ _ j o( (I0' - I u,, ) 	...6 

& so, IMaf = Iv + Iu 	...7 

or I,,.i -- j .c (I u, - Iu2 ) + (Iui + u2) 
or 'net = 11 (i+ jd) + Iu2 (i-j ) ...8 

Here if Z1 & Z2 be the positive & negative phase sequence 
impedance of the main winding and that of auxiliary winding be 
j1 and )2 

We have, IuiZ1 + Iu2 Z2 = U„ 	...9 
& Iv,, + I"i 

or (d Ivi ) 	( d,. 	) + (d `"_ ) 	( d.. )=U.► 

or I t -, 	= d Uv 	_.... „ 	wA.Y' -TV,~, .rr. 	 , & zz ~,~ 	-+ Ivz z z 

are the transfered values to the main winding side. 

or j Iu, Z, - ,Iu2Z2 = a( (ly 
or I U, Z, - I Ut 	Z2 = 	- j d U„ -12 

Solving 9 & 12 for Iu1 & Iu2' we have, 

Iu _ ~ I 	(Liu - jdUv) 	- 13 

& hi, =--
: ( LIE, + j d Uv ,) 	- '4 

Now substituting these values of Ij,& I us. 	in equn 8, we have, 



Zm~f 	1u, (r+ja) - rum (/-jo) 

du Joe uV (/#jet) + UV + j°( UV 

1 zL 

OT Tme t 	j y (zj - 	 ) (UV - Uv) — rs 

and changing to admittances y , Y: for i/a,- & 1/ ~, respectively, 

we have, 

( UV 4/. Uv) +ja 	(U,-U,.) —16 
.2 



3. 'RELATIONSHIPS FOR THE CAL,CULj°.TION O.F' 	THE, CAPACITOR MOTOR 

CHARACTERISTICS WITH THE ]"IELP 	OF DESIGN DATA. 

It has been pointed out previously that the performance of 

the capacitor motor can perhaps best be understood by consider-

ing it as a two phase induction motor with unbalanced conditions 

of voltage and winding. 	Usually in a capacitor motor, the 

auxiliary winding in series with a condenser and is in parallel 

to the main winding, connected directly to the single phase 

supply (Fig. 3.1. ) 

Therefore, the respective voltages on the two winding 
AU,. w v2' 

become, 
r. 

Uu 	= U ... 	1 I 	A 1 
Uv = Uv - Ue = U -Iv Z0-2 " 	T ~ ~~ RoroR 

I 
Svr~T~N 

or 	v= U - 	(w-T") ( ~~ ) 	 E 	c 

= U 	T04 	_ - u _ 	ỳ , 
uc 

j lTu, - XI,,.) F/3.l 	__ cci sacifor i1 tv✓. 

or Uv = U - 	d y/ -- 3 where v,' = Z 	_ 	respective 
condenser admittance transferee to main winding side. 

Also, from the results of chapter 2, 

Iul =~z (UJj - j d Uv) 

or 	( U - 3 a U v) 	...4 
and Iu2= Z (U1,+3o UV) 

or I ux = Zi (U +  

Substituting the values of Iui & Iu2 in equn 2, we have, 
1 U 	y -YL 	UV 	yr + YL Uvs U_ Q , ( is 	r 	J 

V1 +YL 	 , _ L 	Y, -Y • 
or Uv (i + , 	) - U

{ 	
a' 

• Y,-Y~ Y - s. 
or UV 	U 

~ d 
 _ 

2 



Now substituting the value of U. in eqt 4 & 5, we have, 

Iui 	(U - 
- ? or 1u1 _ --  

t 
y, «y, 

Yt  

&Iu2 Y- (U + ~ofU 

UY~ y< (f4 K) + Y, 
or Yu~ = 	 y+y, 	-8 

2. 

d )!y' (Uu -Uv) Also, 1net 	Y,+ Y► 	U,, + o~ U„) +!  
1 

I j 

-_ tY 

= s  

j!'yt' ', ,i5 Y 
ov I,,{= U 	y 	+  

And the voltage across the condenser is, 

y'-4  y_y= t 1 
Ug _ r z  

	

••/ ' . 	y + y` 
L 

	

oy Ut = U 
	 -10 

y+Y'. 

Let U ( Y-.' ' 	) = a 
+ )I> 	) 	b 

U (Y" ij7; 	+V, 	) ,~ c 
'j1 +Y. .i y,-4 

` s ) = D 

& U2 	r' t +.c > + Y, YL] 

we have, 
'u.I 	- 	U y 	 - 13 
Iu2 	- 	UY2• A 	-• 12 

net ° a- 

	

&  U 	U. 	... —14 
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Circle diagram representation of a single phase capacitor motor 

performance. 	 IV 

In any circuit or apparatus 

with constant reactance and variable 

power consumption, the current will 

have a circle locus if the supply 

voltage is constant (Fig.3.2.) The 

induction motor nearly fulfils 

these conditions and that its 

current locus is practically the 

are of a circle. It was first 

shown by Heyland in 1894; 

Again it should be noted 

that the locus of the primary 

current is is a circle provid- 
/te t'.►.Oiaa t*.i+ ref innYo ~vIFel 

ed1 do not vary with the current. 

Actually with the large values 

of the currents, i.e. when the 

current approaches standstill 

values, the leakage flux paths 

may become saturated and if 

this occurs, inductances 

decrease, with the result that 

the current increases beyon# 

the value obtained by assuming 

no saturation. 	This will 

obviously distort the circle 

diagram and give larger values 

for the starting torque than 

are calculated by assuming 

F'iq.3.3 16) —J'ndUCr~on MOtOe Ctrcle cita~ram 
Xf 	R1 	X, 

S 

P3 3 ta) —fdw t[on .7►t.otor a uo ./ant CeYtaef 

Ti 

a 

Ap16 eel YtTAGE —>- 

Fiq• 3.4.. 



no saturation. Also increase of eddy current losses in 

conductors and iron due to large currents will have opposite 

effect i.e. increased effective resistance and in turn less 

standstill current and starting torque than are calculated 

by assuming no such increased losses. 

'TORQUE CALCULATIONS FROM CIRCLE DIAGRAM' 

The locus of UYI, UY2 & u 	 'i' 	taken at various slips 
are two circles (Fig.3 6). Now a 

circle if passes through three 

known points can be located on a 

graph. Re -re, the bigger circle 

passes from the open circuit 

point b at slip zero, the short 
circuit point IC at unity slip 

and infinite slip point- and 

all these three points being 

known from design data, the 

FC) • 3 s f ✓YcctoY d~aQrain o} 
Cahacc1or Bator. 

circle can be 1c;cated with its centre M. Again, the smaller circ. 

passes through the short circuit point K of unity slip, infinite 

slip point oo and the centreof the bigger circle M. and all 

r] 

these three points again 

being -W&g known, the 

circle is located with 

its centre W.  

The pole D is 

located by joining the 

two centres M & M' and 

extending it to meet the 



smaller circle. Now any line E G drawn from the pole D to meet 

the bigger circle at points E & G. the two points correspond to 

slips s & (2-s) respectively and the mid point of E G falls on 

the smaller circle and correspond to slip s. 	In this way 

various points for different slips are located on the two circle 

Now, the various distances E F, G H, E I, E J, G L & G P 

for input, output & torque calculations and complex, variables a, 

b & c etc. are measured from the circle diagram at various slips 

and such sets with different condenser reactances are taken. 

As the input, output, losses & torque are proportional 

to the square of the currents, the various quantities will be 

found out by multiplying the various intercepts for positive 

phase-sequence & negative phase-sequence values by (b/2a)2  & 

(e/2a)2  respectively. 

Therefore, positive phase-sequence torque at slip s is, 
T1  : E F(b/2a)2  Syn. watts per volt per phase, 

& negative phase-sequence torque is, 

T2 = -G H (c/2a)2  Syn. watts per volt per phase. 

so, total torque per volt per phase is 

Tres = Ti 4- T2 Syn. watts, 
or, torque in net emKgs. is, 

`net= Tres x U x 97.5 x n Cm Kg. N- 
or, Tnet = 0,13 U Tres  cmKgs. --i 	for 4-pole,50c motor. 

Similarly, Input Pi - E I( b/2a)2 - GL(C/2a)2- 2 in watts/' 
/Phase. 

& total input, Pi + VFe = Pi + iron losses in watts/Volt/ph; 
....3 

• Further, output Po = EJ(b/2a)2  -GP (c/2a)2.....4 
in watts/Volt/phase. 



& total output P.- VA  Pa,— friction & dndage losses in watt 
Volt/phase...5 

Also, 	LossesV W Input — output 

i.e. Losses V = (El— EJ) (b/2a)2+ (GL +GP) 
2 

(c/2a)- 
iron, friction & windage losses —6 in watts/volt/phis 

Efficiency in percent is given by 

,r _  output  x 100 	....7 
Input 

Also total current input for the motor is 
x+y` Y"( ,+,e-)  -+ Y.  >,1

Inet = u  2 	
...8 

2 

And voltage across the condenser is given by, 

UQ  U  2 O  

y` 
....9 



AT VARIOUS SLIPS PERTAINING TO A GIVEN MOTOR, 

4.1 Optimum capacitances: 

Optimum values of the capacitances of a capacitor motor are 

those values of the capacitances at which the efficiency and 

torque characteristics of the motor gives the best performance, 

that is the efficiency and torque should be the maximum near 

starting and also near normal running conditions and here giving 

a nearly flat characteristic at all the slips. 

Now for its calculation, we need torque & efficiency Vs. 

condenser capacities characteristics at various slips ranging 

from zero to unity. For this, we have to draw the phase-

sequence current circle diagram of. the rotor. in order to 

determine the performance characteristics. 

4.2 Calculation of circle diagram paramaters from design data: 

Here in order to study the performance characteristic curves 

of the motor, a problem of a single phase capacitor motor of 1/12 

h.p., 50 c, 4-pole, 220 volt is taken with the following design 

da ta: 

Stator resistance Rs  = 47, 5 A phase 

Stator leakage reactance X. = 32, O St/phase 

Rotor resistance transferred to stator side Rr' -86 -fl/phase 

Rotor leakage reactance transfered to 

stator side 	 X' = 34 -Q  /phase 

Parallel magnatising reactance Xh = 247 JL /phase 

Parallel iron loss resistance (constant), 314 A /phnse 

or total iron loss VFe net 	= 30,7 watts 

• Total friction & windage loss can be assumed to 3 watts. 



Turns & copper weight ratio of main to auxiliary windings 

are unity. 

Open circuit point '0' 
Z 	= Xs  + Xh -jRs '= 32+ 247 -j47,5 = 279 - 347,5 18`0  

	

220 (279 + 3  47, 5) 	220(279 4- 3 47,5)  or I -0  = UYI = 	2792 47,52 	r 	77800 + 2250 

= 0,77 +3 0,12 

Infinite slid point 00 
)b- 

Z18  

= 32 -I- 247 
 281

• 34 
	-347,5 	61,9 -347,5 

or Ii = 13Y _ 220(61, 9 +- j 47 5)  2  _ 220 (61, 9  +  i 47.5 ) 

	

Boo 	 s=oo 	1 	61 9z+ 47s5 	38'3U-+ 4ewov—" 

= 2,24-f- 3 1,71 

Centre of the bigger circle 'M' 

the coordinates of M are given by 

X$ + )(r S.,4) (xs + )(A) -E. IQS 

/,, (274 9) +32 + j 47, s 

	

220 	 = 22o 
6j,9. x79 +226o 	 rgsdo 

= 1,92+3 0,535 

Hence, the two circles are drawn and circle diagram 

(In-sevtion No.1) completed. 

Now various slip points on the two circles are located by 

the usual method and capacitance lines for capacitances 0, 5, 10 

15, 20, 25, 30/ F are drawn. 
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Now as described in Chapter 3, the positive phase sequence 

torque at slip s is given by 

Ti = EF (b/2a 2  syn. watts/volt/phase 

& similarly, the negative phase- sequence torque is 

T2  = -GH (c/2a)2  syn. watts/Volt/phase 

Sod, the total torque Is 

Tres = T1 + T2 syn. watts/Volt/phase 

& net torque in cm Kgs. is 

Tnet = Tres X U X 97 	x 2 = 0,13 U Tres 

& for 220 Volt supply 

Tuet 0,13  x 220 Tres 

or Tnet = 28,6  Tres cm Kgs. 

The results have been plotted in Table I. The torque 

Vs. capacitance characteristic at various slips is drawn with 

the values of torque at various slips determined from table 

I, a-nd capacitances for maximum torque at each slip is 

found & tabulated in table II. (Graph I & II) . 
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Also, efficiency in percent is given by 

'1 s  Net output/voitj  phase 	x 100 
Net input/Volt/phase 

& Net output/Volt/phase = EJ (b/2a)2-GP(c/2a)2  -yR 

& Net input/Volt/phase = EI(b/2a) 4-  GL (c/2a)2  4- 

here,  EJ (b/2a)2 , -GH(o/2a)2 , El (b/2a)2  & GL (c/2a) 2  

are found from the circle diagram intercepts and tabulated in 

table III, the total friction & windage losses being assumed 

to be 3 watts, 

Therefore VR = friction & windage losses/Volt/phase 

or VR = 32 x220 = 0,0068 watts, 

& the total iron losses are given to be constant and equal to 30 

watts, 
SO O VF 	30 7 	_ 0,07 watts. e - 	x 220i' 

Therefore, 
Pores = Po -0,0068 watts/Volt/phase 

& Pi res 	- 	Pi •+ 0,07 watts/Volt/phase 

& ''' = Pow x i 00 
Pi re s 

or "L =  Po -0,0068  x 100 
Pi a-  0,07 
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The graph no. III shows the variation of efficiencies 

with respect to capacitance for various values of slips and 

is being drawn from the results of table III. 	This gives 

the values of the capacitances at which efficiency is maximum 

for a particular value of slip. The corresponding values of 

torque are also determined and are plotted as shown in graph 

no. IV. 



s 

3c 

A, 

!o, 

7( 

9 

0 
o 	a` 	0 ,2 	0.3 	o,a 	o.5 	0,6 	0,7 	0.8 	0,9 	t,° 

Ci t 1PH 4 — /?azi•rnu~ri F//« 	 S/>h CurrP a CapCtCt ta~CP Yeyuiyeo/ Q'rLCi  

To r91 5 	ara( toabFe 	,d- 4c. f//, , /p.,,i,-<-.  

4J 

Ao 

35 

h 

3aQ 

v 
Q 
0 
U 

D 

H 
W 

25 

24 

/\\ _ 

/ 
/ 15 

10 

T 

40 

3B 

36 

34 

33 

3a 

28 

26 

2Q 

20 

i8 

r 

14 

12 

10 

9 

6 

A 

2 

0 



5  I N F E 1 ENC E S 

For the motor under study, the best performances as to 

give maximum efficiency and good torque at normal running 

condition is obtained for the value of capacitors lying 

between 7 to i2t F as evident from the torque & efficiency 

Vs. capacitance characteristics at various slips (Graphs I 

During starting, capacitor value ranges from 17 to 

24,frF giving high starting torque and best values of 

efficiencies. 

Thus taking a mean value of 10J' F for running condition 

& 20J`F during starting, good performanoes can be achieved. 

Therefore, two capacitors each of 10/F, one electrolytic 

type and the other oil immersed paper condenser were used for 

starting and the former one was out out by a centrifugal switch 

at 68% of Syn. speed. The corresponding results leading to 

performance determination have been tabulated in table no.IV 

and are being shown graphically in Figs. V to X. 
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