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Abstract

The method is proposed to study the performance of single-phase capacitor motor
with amplitude control. This is clearly shown by controlling the speed of the motor with
varying the applied voltage to the control voltage while the excitation voltage is
constant. The obtained results show the validity of the method and the accuracy of the
equations derived in this work.

Introduction

This type of motors are used for different purpose such as military and
medical ...ext. The speed of single phase capacitor motor can be controlled
by varying the applied voltage to one of its two windings. This is called an
amplitude control of the motor. The basic schematic diagram is shown in
fig.1, where the capacitor is connected with the main winding (w,); and the
control voltage of the control winding (V. = V3) is obtained through a
regulator (R) from the main supply. Therefore the supply voltage (V) and
control voltage (V3) are in phase.
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Fig (1): Basic schematic diagram of single phase capacitor motor
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Fig.2 , shows the voltage phaser diagram of such motor, where the
values with index (1) related to the main winding and (2) to the squirrel-
cage rotor winding and (3) to control winding. (Huang, 1988 )

Fig(2): Voltage phaser diagram of capacitor motor

The parameters of the control and rotor winding are referred to the
main (or excitation) winding by using the referring factor which is:
K — Rl e (1)
KW3T3
Where K1, Kuz and Ty, T; are the winding factor and the number of turns
for the main and control windings respectively; and the control voltage
factor is:
g Ve Vs - (2)
Vl Vl
Also the control voltage referred to that of main winding is:
Vs = KV, e (3)
Where the effective control factor can be expressed as:

ae:\ézﬁzl‘(a ...(4)
Vl Vl

The Motor Torgue Equations
At normal operation of this motor, the magnetic field is elliptical, i.e. it
is a combination of both forward and backward fluxes in the air gap, and
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therefore, the motor equivalent circuit can be shown as in fig. 3, where(a)
for forward field and (b) for backward field.

< E;f > < E;b >
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Fig(3): (a,b) equivalent circuit of forwared field and backword field
capacitor motor
From figure (a) the main forward current is:

le=Ti+Jls e (5)
And the main backward current is:

=1, -l e (6)
Where |, and 1} are obtained as in Appendix (A).

The electromagnetic power for forward and backward fields can be
expressed as:

Py = my17(2) (7
R =M1 (52) . (8)
Therefore, the total developed torque in (Kg — cm) is:
2 r 2 |!2 /2
To (PR = - (9)
9.81wy, 981w, s 2-s

and when using the equivalent circuit parameters the torque can be
expressed as:

102 2 r2 " 1
T= 9.81w, [(Il +13)(Ry —R,) + 2L 1J(R; + R,) xsin(¢, _¢’1)] vee ( 10)
Finally the shaft useful torque at rated speed (n,) is:
T2=T—To& e (11)
n

20

Where T, — is the loss torque at no-load speed of (n,,)(Yokozuka & Miuaka
,1987)

Yy
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Motor Behaiver at Starting
At starting where s = 1 we have that Ry = Ry, and therefore, Eg. (10)
for the starting condition becomes:

4x10? .
s :MRfSIlSISS Sm((03s _¢1s) o (12)
" 1

Where I35 and 1} are obtained as in Appendix (B).

It can be shown that I, and I3 are independent from each other, and the
total starting current is:
lg = Iy + I3 .. (13)

Also the amplitude and phase of I is changing with variation of
capacitor value, and its phasor drawing a circle as shown in Fig. (4) The
circle diameter is also the maximum starting current (l.s,) obtained from
the condition (X; — X, =0) which is equal (V1 /R;) where Ry = r{ + 2r.

Fig(4): circle diagram for capacitor motor
The maximum torque is corresponds to (X.) value which makes (I;s =ab)
passing through the circle center; and its value depends on two factors.(i)
current value (lsm) and (ii) its phase shift (¢15). From fig.4 the maximum
starting torque is obtained at capacitance value of:

_10°
S 2ITf, X, .. (14)
where
Xcs = Xlafﬂ

d
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it is evident that as low the stator main winding reactance (X;) as high the
value of the required starting capacitance (Singh, 1982 ;Mcherson, 1990 )

Motor Operating Performance

Balanced Operations: (Fuchsetal., 1990)
The motor is called balanced if the backward field is vanished or 1, =0

i , 4

i.e. |b=—(|1—'3)z—,b=0 . (15)
2b .

Which means that I,=1Jl; then:

R, + oKX, +aKX, —aKX_+R, =0

X, —oKR, —aK (R, +1.)+ X, =0
and the control factor at circular field (o) is:

o - X3+ X,
© K(R+R,+r)

The required capacitive reactance to insure circular field is:
_ (Rl + Ro + rc)(RS + Ro) + (Xl + Xo)(X3 + Xo)

X

« Xy + X,
and For balanced operation at starting (s=1) and forr. =0
Ay = Xs

® KR,
w — RiR+ XX,

cs XB
Load Performance: (Deshpande, 1980 )
Using g as the relative rotor speed (i.e = wy / w,), then the forward slip
S¢=S =1-qand the backward slip S, =2 - S =1 + g, then the torque
equation in (Kg —cm) from eq. 9 is:

’ 2 12 12
_ rz =x10 If _ Ib

981w, 1-q 1+q

... (16)

To simplify this expression assume that:

I’lzr?’lzo y X1:X§:O y X;ZO

m = 0, 1. = 0 and considering that ,_ 2 and B=X/2Xy
Xm

from Appendix (C) the electromagnetic torque becomes in (Kg — cm) as:

T = Vlzﬂae'l(J2 1_q2_q aeﬁ(§2+q2+1)+§(1+aez)_ae(§2+ﬁ)
981w X, |2 (- B) + ] 2 2, ; e (17)
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At starting (g = 0) and the equation simplified to:

Ton = Vi’ pe, -10° .. (18)
M 9.81w X, |2 (- ) + B

The ratio of electromagnetic torque to the starting torque, therefore, is:

m=Te_m={1—qz—q{“e,3(§2+q2+1)+C(1+a§)_ae(é“2+ﬂ)}} - (19)
T 2¢ 2pa, g

At balanced operation when q=0,a.=C, p =1, the ratio of starting
torque to that at balanced operation is:

T _ pe, D.U
CT. <ta-pt A o
The shaft useful torque in p.u. can be expressed as in Eq. 11 by:

mss=m—moqi ...(20)

S

Where m, — is the p.u. loss torque at no — load relative speed of q.

Motor Mechanical Power: (Sawhney , 1988 )
The mechanical useful power (P,) can be expressed in watts as:
I32 = CI I:’em

And in p.u. as:
B s e B H+a ) {+al) a(SC+P)
Pz—Pem—Q{l q q{ % + 2je ; }} .. (21)

The Performance Curves: (Krikor, 1994)

To check the validity of the obtained performance equations for the
proposed motor, there different motor parameters were taken, as given in
table (1). For reference the motors are called A, B and C. The performance
curves required to compare the motor quality are:

a- mg = f (B ) for different { values , when ¢ = ;(L =05 and g = 2>>((° :

m m

b- m =1 ( q) for different o, values
c- P, =1 (q) for different o, values
The results obtained from these relationships are given in Figs (5 —7).

These result are obtain by using computer program ( Visual Basic ) ,
input the data as show in table 1 for three type of motor ( a,b,c ) and the
result are shown in fig. 5,6,7 respectively .

Yo
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Table(1): The description of the motors

Symbol Motor type A Motor type B Motor type C
P, 190 170 20
n 1405 1400 1450
| 1.4 2.24 0.403
I 1.2 0.99 0.424
I3 1.25 0.86 0.212
Cos ¢ 0.995 0.985 0.7
n 66 % 67 % 48 %
T, 800 806 1430 & 838
Kw1 0.846 0.837 0.904
r 16.6 21 71
ry' 20 23 73
Xm 200 240 528
X1 13 15 42
Xy 8 10.5 35
M 13 16 20
Xe 235 368 2090
K 1 0.85 0.595

¥l
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The motor type A:

SCREEN [2) DESIGE DATA

’ ’
| For the motor type A
B ms ] ms 3 ms ] ms
0 0.000 0 0.000 0 0.000 0 0.000
0.1 0.941 01 0122 0.1 0.015 01 0.005
02 2.000 02 0.294 0z 0.038 02 0.011
03 2824 03 0517 03 0.073 03 0.022
04 3200 04 0.769 04 0125 04 0.039
05 3.200 05 1.000 05 0.200 05 0.067
06 3.000 06 1154 06 0300 06 011
062 2949 0.62 1172 0.62 0.322 0.62 0.123
064 2.896 0.64 1.187 0.64 0.345 0.64 0.135
0.656 3.031 0.656 1.140 0.656 0.286 0.656 0.104
066 2842 0.66 1197 0.66 0.367 0.66 0119
068 2.787 0.68 1.204 0.68 0.380 0.68 0.164
07 2732 07 1.207 07 0412 07 0179
08 2.462 08 1176 08 0500 08 0.267
09 2.215 0.9 1.098 09 0.529 09 0.333
1 2.000 1 1.000 1 0.500 1 0.333
11 1.814 11 0.902 11 0.440 11 0.282
12 1.655 12 0811 12 0.375 12 0.222
13 1518 13 0.730 13 0317 13 0173
14 1.400 14 0.660 14 0.268 14 0137
Quit a
. SCREEN (2) DESIGE DATA
| For the motor type A
| e
0 0.000
0.1 0.142
02 0.358
03 0627
04 0916 . . . i
05 1.182 05 0.801 05 0.606
08 1371 06 1.025 08 0653
07 1.420 07 1.042 0.7 0.637
08 1.253 08 0.901 08 0513
08 0.786 039 0542 08 0253
0.936 0.520 0.936 0341 0.936 0117
1 -0.073 1 -0.093 1 -0.166
Quit - b -
% SCREEN [2) DESIGE DATA

| For the motor type A

e n o m o ™

0 1.000 0 1.000 0 1.000

01 | 12 01 | 1118 01 | 1005

02 | 1504 02 | 1207 02 | o987

03 | 1682 03 | 1258 03 | o8

0a | 1787 va | 1263 04 | 0866

05 | 1802 05 | 121 05 | 075

06 | 1708 06 | 1098 06 | 0609

07 | 1489 07 | 0910 07 | o420

08 | 1126 08 | 064 08 | 0186

9 ; 09 | 0603 09 | 0281 09 | -0.0%
0936| 0558 0936|0367 093 0125 0936|0211
1 0073 1 -0.093 1 0166 1 0401

Quit

1

o ao

Xe=15

o.70

0.0

®e-15

0.70

0.0

Fig(®):(a,b,c) a- mg=f(p) for different { values, b-m =1 (q) for
different o, values c- P,=f(q) for different a, values

Yv
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The motor type B:

w. SCREEN (2) DESIGE DATA
] Ior the motor type B

| | (| | | e
0 0.000 0 0.000 0 0.000 0 0.000
01 0.800 01 0.104 01 0.013 01 0.004
02 1.700 02 0.250 02 0.033 02 0.010
0.3 2.400 0.3 0.440 03 0.062 03 0.019
0.4 2.720 0.4 0.654 04 0.106 04 0.033
05 2.720 05 0.850 05 0.170 05 0.057
06 2.550 06 0.981 06 0.255 06 0.094
0.62 2507 062 0.997 062 0274 062 0104
0.64 2.462 0.64 1.009 0.64 0.283 064 0115
0.66 2.416 0.66 1.018 0.66 0312 0.66 0127
0.68 2.369 0.68 1.023 0.68 0.331 0.68 0.139
07 2322 07 1.026 07 0.350 07 0.153
0.8 2.082 08 1.000 08 0.425 08 0227
0.822 2.167 0.822 1.015 0.822 0.404 0.822 0.202
[IK:] 1.883 0s 0.833 (K] 0.450 09 0.283
1 1.700 1 0.850 1 0.425 1 0.283
11 1542 11 0.766 11 0.374 1.1 0.240
12 1.407 12 0.688 12 0318 12 0.188
13 1.291 13 0.621 13 0.270 13 0.147
14 1190 1.4 0.561 14 0.229 14 0117

{ Continue =" Quit -a-

®

CREEN (2] DESIGE DATA

[
| For the motor type B
When & e =15 When & e =05
q m q m
0 1.000 0 1.000
0.1 1,579 0.1 1175
02 2.103 0.2 1.319 } .
03 2534 03 1418 03 1034
04 2.837 04 1.461 04 0.984
05 2.977 05 1437 05 0.893
06 2.916 0.6 1.332 06 0.759
07 2619 07 1135 07 0576
08 2.051 08 0.835 08 0.340
09 1174 09 0.418 09 0.045
0.936| 0.607 0936 0.251 0936 -0.067
1 0.044 1 0118 1 0.202
Continue -> - b - Byl
o.oo
[ L ]
w, Form1
0 0.000 0 0.000 0 0.000
01 0158 01 0132 01 0118
02 0421 02 0320 02 0.264
0.3 0.760 0.3 0.545 0.3 0.425
04 1135 04 0.781 04 0.585
05 1.488 05 0993 05 0.718
06 1.750 0§ 1.140 06 0.799
07 1.833 07 1.169 0.7 0.795
08 1640 08 1.022 08 0.668
09 1.057 09 0.632 0.9 0.376
093 0.753 093 0435 093 0234
1 0,044 1 0071 1 0118
Quit -C -
— | C o0an
C O .00

Fig(6): (a,b,c) a- ms

0.0 o0 0.50 0.30 |.on

=f(p) for different { values ,b-m=f(q)
for different a, values c- P,=f ( q) for different a, values

YA
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The motor type C:

' ’ 2.00
For the motor type C
7 [ 7 s 7 s 7 e 7 s
0 0.000 0 0.000 0 0.000 0 0.000 0 0.000
01 16.478 01 1.180 01 0175 01 0.023 01 0.007
0.2 10.315 0.2 1.904 0.2 0.458 0.2 0.074 0.2 0.023
03 7112 03 1.785 03 0.687 03 0178 03 0.066
04 5.373 04 1.465 04 0.700 04 0.298 04 0.159
05 4304 05 1.180 05 0595 05 0.298 05 0198
0.6 3.584 0.6 0.985 0.6 0.482 0.6 0.223 0.6 0132
0.62 3.068 0.62 0.833 0.62 0393 0.62 0.160 0.62 0.082
0.64 2.683 0.64 0.718 0.64 0.326 0.64 0119 0.64 0.055
0.656 2.382 0.656 0.630 0.656 0.276 0.656 0.092 0.656 0.040
0.66 2164 0.66 0.567 0.66 0.242 0.66 0.076 0.66 0.031
0.68 2.038 0.68 0.530 0.68 0.222 0.68 0.068 0.68 0.027
07 1.945 07 0.503 07 0.208 07 0.062 07 0.025
0.8 1.860 0.8 0.479 0.8 0.196 0.8 0.057 0.8 0.022
09 1.782 09 0.457 09 0.185 09 0.053 09 0.020
1 1.710 1 0.437 1 0175 1 0.049 1 0.019
11 1.643 11 0.418 11 0.166 11 0.046 11 0.017
1.2 1.582 1.2 0.401 1.2 0.158 1.2 0.043 1.2 0.016
13 1.525 13 0.385 13 0.150 13 0.040 13 0.015
14 1.422 14 0.357 14 0137 14 0.036 14 0.013
e auit -a-
¢
. SCREEN (2) DESIGE DATA ]
500 —
¢
| For the motor type C 1
When e =15 When o ¢ 0.5 When &2 =0.2
Fa| M Fa | M Fa | M Mo | Fme
0 1.000 0 1.000 0 1.000 0 1.000
01 2.046 01 1.404 01 1.336 01 1114
0.z 3.007 0.2 1.762 0.2 1.630 02 1.199
03 3818 03 2.049 03 1.861 03 1.246
04 4418 04 2.239 04 2.008 04 1.248
05 4738 05 2.308 05 2.048 05 1.1%6
06 4719 0.6 2228 0.6 1.962 06 1.081
07 | 4291 07 | 1975 07 | 1727 07 | 009
08 3393 08 1.524 08 1321 08 0.627
09 1.960 09 0.847 09 0.724 09 0.272
0836 410 0.936 1.896 0.936 1.636 0936 0831
1 -0.053 1 0.032 1 -0.063 1 -0.132
700
‘ ‘ o.on
%, 5CREEN (2) DESIGE DATA ]
‘ ’ 100 —
| For the motor type C ]
ino
When e =15 When & ¢ =0.5
a 2 a (A a 2
0 0.000 0 0.000 0 0.000 .
a1 | o205 | | 01 | 0140 || 01 | 013
0z | 0601 02 | 032 || 02 | 03%
03 | 116 | | 03 | g5 || 03 | 055
04 | 1767 | | 04 | 08% || 04 | 0803
05 | 2370 | | 05 | 154 || 05 | 1024
06 | 2631 06 | 1w || es | 1w 100
07 3.004 07 1.383 07 1.208
08 | 1219 | |08 | 1219 | |08 | 1057
09 | 0763 | | 09 | 0763 || 09 | 0§52
093| 0652 | | 093 0251 | | 093 0202
1 07 |1 0076 | | 1 0084
1oo
Continue > | i Quit I - C -
oo
‘ ’ o.oo

o.ro o.ao

1

o.7o0 0.ao0 n.s80 n.ao0 r.m

Fig(7): (a,b,c) a-mg=f(p) for diffefent ¢ values , b-m=f( q )
for different a, values c- P,=f ( q) for different a, values
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Conclusion

The validity of the equations derived in this paper is checked by the
accuracy of the curves obtained as in Figs (5 — 7 ) . The curves consistent
witéh the theory of the amplitude control capacitor motor. It is clearly
shown that the output power and torque are directly proportional with the
effective control factor. While the torque at circular field is inversely
proportional with the ratio of rotor resistance to reactance ({).

Appendix (A)
From Fig(3); the magnetizing impedance referred to the main winding is:

Zn=Im + ] Xnn ..(A-1)

where:

_ P
=" ]

and the forward and backward induced emf is:

By =—(l, + J15)Z; and .E2f =172
By, =—(, + j13)Z,

e (A-2)
and E2b = I:‘Zéb

Also the forward and backward rotor impedance is expressed by:

N F
Z,y, :?2"" X,

! r H !
22b=2_28+1><2 . (A-3)
Where:

s=(wy;-wp) /w; and w;=2xnf,/P , w,-rotor angular velocity or
S= (nl - n) / N
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The total forward and backward parameters are:

Zy, :
Z, =72 ——=R,; + jX,
Z +Z;
b = ‘m Lo =R, + JX,
Z +2Z,

rr r12
2+ X))+ 05+ X5)
Rf _ S S

!

(2+%f+OQ+x02

2

x;(r;+x;>+xm('§2+x;2)

Xj=—0
(§+mﬁwm+xgz

' p Zf
If :_(|1+J|3)Z_,

2f

rr r¢2
2 (r2+ X2 +r (2
XD

+X5)

r-2, 2 ' 2
(ﬂ—l— rm) +(X2 + Xm)

;X

The total emf in the main winding:

Ei=Ei+Ep=-1 (Ze+Zo)—j 15 (Ze— Zb)

And the total emf in the control winding:

! ’ ’
E3 = E3f + E3b

Where
ES'f =_jElf :+j(|1+ jlé)zf

Eéb = _jElb = +j(ll+ jlé)zb

Or
Eé = jll(zf _Zb)_ Ié(zf +Zb)

From Kirchhoff equation

)

\

e (A-4)

! M Z
b = _(|1+ Jla)z_,b

2b

>."(A-®
X + X0) + X,

12
rZ

(2_5)2+X;)

!

J

("

g O

.. (A-6)

. (A-T)
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V,+E =1,(Z,+2))

V,+E;=1;Z,

Using equations (A-6) and (A-7) in equation (A-8) we have:

Vl = Il[(Rl + rc)+ J(Xl - xc)]+ Jlé(Ro + jxo)

V3’ = _jll(Ro +JXO)+ Ié(Rs + jxa)

Where
R,=R; -R, X, =X; =X,
R=r+R;+R, X, =X+ X+ X,
R,=r+R; +R, Xy =X+ X, + X,

The winding currents from eq. (A-8) are

Vl(Rs - jxs)_ jV3'(RO + jxo)
[(R+1)+ §(X, = X)) )Ry + X3) = (R, + iX,)°

o VIR A E)+ (X~ X )]+ ViR, + JX,)
TR AT+ TG X)IRs + X5) = (R, + 1X,)?

Appendix (B )
The starting current is:

s = % tan o X, =X,
1s = 5: 1
\/R12+(X1_Xc)2 ' R,
'észv—; tang. _ %
VR + X ’ ¥R,

and

Y'Y

. (A-8)

. (A-9)

... (A-10)

.. (B-1)

..(B-2)
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R =n+2R, R, =1, + 2R,

X, =X +2X, Xy =X +2X

Then the forward resistance and reactance at starting are:

N
B Z:+r 712
F ) (X X)
> .. (B-3)
_ XX+ X2y
S AT R
Appendix (C)
From  assumptions W - £2X_ givenin (4-2) we have that:
o X,(-0) L+ (-g) \
Rf _ éézxg&ﬁta?z X, :i
"+ (L) ¢*+(+a) > e (C-1)
J
’ _Q(m Z' — é)(m
Z "1 g 2b 1+q

206X, (A1-0° =¢*)

R = , B
© -0 et + @ 9)?)
, > . (C-2)
X . 496 X,, |
BGRUE SR
.
>
J

Yy
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X, =
% +<1 q) l@“ +(1+q)J
R =R, 20X, 0-0°+¢%) e (C-3)
T+ a-o] + @ oy
No. [ VZpa. Resgription A" +q"+1) (- 87imbol T+ A) Loy
Xal2M-p)2+ 8] X 2pa, |
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1. Frequency f Hz
2. Rated voltage \Y \Y
3. No. of phases m
4, Pole pairs P
5. Capacitance voltage \Ye \Y
6. Capacitance reactance Xc Q
7. Referring factor K
8. Control factor 0
9. Starting control factor Olgs
10. Effective control factor Ole
11. Forward current If A
12. Backward current Ib A
13. Electromagnetic power Pf W
14, Developed torque T Kg—cm
15. Starting torque Ts Kg-cm
16. Starting current Is A
17. Electromagnetic torque Tem Kg-cm
18. Shaft useful torque Mss
19. Mechanical useful power P2 W
20. Power factor COSQ

Yo




Journal of Kirkuk University —Scientific Studies , vol.5, N0.2,2010

s Gk e skl el dacdal @lS as ds ju e 5 k)
Ll Jalocal) agall

p9ud p Jad (8
Al g jgsl) dsaigl) anid
Lo sl i) Aadla

V~~/\/\Y/Y 'eMAN\ @Juc Y~\~/\/Y° 'd}.\sﬂ @)\3

DAY

O in ¢ shll Apalal deuid) @IS e ol b aSanl AalSQY Ak )8 2 Gl 138 b

55 aga ol po s plandl Aal e Lalid) agadl DA (e S adl 538 ey e 5 k) (Sadl

o o) AL el A8y g 48y phall o3 dana G Bas il & Lggle Jsanll & pl ) L
C a1 b Lalind

A



