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This paper deals with the theoretical equation to estimate the characteristics of
the condenser-excited single-phase induction motor and its experimental characteristics.
Its characteristics at rated frequency 60 (Hz) varied with size of exciting condenser.
Optimum operation can be obtained at minimized negative-phase sequence current.
In optimum operation of sample motor, no-load current decrease by 60 percent, full
load efficiency increase 10 percent, and pulsating torque of double stator frequency
which introduce vibration and noise to motor decrease 30~70 percent compared with
the ordinary single-phase induction motor

The optimum value C,, of exciting condenser, in which optimum characteristics
can be obtained, vary with frequency f and magnetizing inductance /4. Relation among
them is simply represented as

Cop S 2lg=constant

Tests are caried out over frequency range from 30 (Hz) to 70 (Hz) in order to verify
this relation. The speed of condenser-excited motor can be controlled more smoothly,
silently, and efficiently than ordinary single-phase induction motor. Use of exciting
condenser for single-phase induction motor in the speed control systems is suggested
in this paper.

1. Introduction

The single-phase induction motors are very widely used in appliances, in
business, and in industry. They find interesting applications in automatic control
devices of various kinds.

In previous papers®® control characteristics of condenser-excited single-phase
induction motor driven by thyristor inverter were reported, and ifs controlling
characteristics indicated such excellent results that were never obtained by the
ordinary single-phase induction motor. In this case, the wave form of the source
voltage which is supplied to the motor by inverter is a very distorted one. Very
little work has been done to estimate the control characteristics of condenser-
excited motor driven by the ordinary sinusoidal wave source.

This paper deals with the theoretical equation to estimate the charecteristics
of the condenser-excited single-phase induction motor and its experimental charac-
teristics driven by sinusoidal wave source over frequency range from 30 (Hz) to
70 (Hz).
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2. Condenser-excited Single-phase Induction Motor

2-1. Principle Condenser-excited motor resembles condenser motor except
for connection of the stator windings. They are connected as shown in Fig. 1.
The main winding M is connected to a single-phase source and the auxiliary
winding A is short circuited through a condenser C. When the motor is in run-
ning condition, a voltage E, is generated in the auxiliary winding by the rota-
tion of rotor in the field which is energized from the voltage V,. The auxiliary
winding current I, in the condenser C, is out of phase with the current I, in the
main winding. M. Both currents are equivalent to two-phase exciting currents
and can generate the rotating field in the motor. Such a motor can be called
“condenser-excited single-phase induction motor®” because of the condenser C
serves for the excitation of the motor. This motor has no starting torque, but if
started by auxiliary means, it will continue to run efficiently and noislessly.

Rotor
Im M — .
0000 A

Fig. 1 Connection of Condenser-excited motor.

2-2. Calculation of characteristics The stator windings of the motor indi-
cated in Fig. 1, are in electrical space quadrature each other and may have un-
equal turns. The voltage equations in stator circuits can be written as follows

Tmt 5 It Ep=Vy
7 } (1)

{re+jxe~xV L+ E,=0

where 7,, 7, and x., x, are the effective resistances and leakage reactances of the
windings M, A, respectively; x.=1/2zfC is a capacitive reactance of C; and E, is
the counter emf generated in the winding M. Method of symmetrical co-ordinates
is applied to eq. (1). Then the positive- and negative-phase sequence components
of the stator phase currents are



Characteristics of Condenser-excited Single-phase Induction Motor 77

I=gn—jaly,  Iy=-5Ua+jal) (2)

where a(=N,/N,) is the effective turn ratio. Note that ¢x I, is the current in
winding A referred to winding M. The positive- and negative-phase sequence
components of the applied voltage and the induced emfs are

VPZVN=%Vm (3)

Ep=t(En—jLE), Ey=g(En+jgEo ()

The positive- and negative-phase sequence components of the sum of the external
impedance and the leakage impedance of the stator phase windings are

_ 1 Ya ( _Fa x_)
Zp= 7[7,,, @ T\ Fn e g ]

1 (5)
= 5|"m +%’;—+j(x,,,+ 2 —ﬁ”—)]

@ &
When the rotor is running at a slip s, the positive- and negative-phase sequence
components of the rotor and magnetizing impedance Zp and Zy as viewed from

winding M are given by the equivalent circuits shown in Fig. 2. Therefore Zp
and Zy can be written as follows

2
7, Ep 1 (%)xzwi[(—?—) x¢+xzx¢(x2+x¢,)]
pEpt = e~
Ip 1 1 7712
jx¢ + 7’2/S+jx2 (T) + (gt x¢)2
ERP+jXp (6)
( L2 )xz +j[(—12——)2x XXXy + X )]
Zy=En 1 _\2—s)7? @—s)! "¢ ¢l X2 T X
A AR S N v, 12 :
Jxg  7o/2—38)+jxs (2—5) + (X2 +%4)
=Ry+jXy 7)

Equations (1) to (7) can be solved for the positive- and negative-phase sequence

X2 I Xy

Ip

s
»

Ee Evy X 2-s "

(a) ®)

Fig. 2 Equivalent circuits representing (a) the positive and (b) negative-phase sequence
components of the rotor and magnetizing impedances as viewed from the main

winding.

“
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currents, giving

Ip = Zn—2p+2Zy Va (8)
P T ZeZy v an(Zp+ Zy) + 2 —252 | 2
Ty = ZN—ZP—I-ZP s Vo (9)
v ZpZy+zn(Zp+Zy)+252—2p° 2

Considering that x¢ is a variable and rearranging these equations,

_ e+ @ Ry) +j(xs+a*Xn) —jxc |

Te = By +jBy+ (D1 +jDy)xc Ve 1o
_ (ra+a®Rp)+j(xs+a*Xp)— jxc

IN - B1 +sz+ (D1 +jD2)JCc Vm (11)

where

B, ={2a%RpRy—XpXy)+ (27 n+75)(Rp+ Ry)
—(@%m+ 220 Xp+ XN) + 20 ¥ g — %mX2))

By=(2a%(RpXy+ RyXp)+(a%7m+7.XXp+ Xy)
F (A% + %) (Rp+ Ry) +2(Xm¥ o+ %oV )

D\ =Xp+Xy+2x,

Dy=—(Rp+Ry+2r,)

(12)

It can easily be seen from egs. (10) and (11) that locus of currents are circles.
Therefore circle diagram given by eqs. (10) and (11) is immediately applicable to
the study of motor.

From egs. (2), the stator phasor currents can be written,

I,=Ip+1Iy }
L=j(Ip—1Iy)/a

The torque in synchronous watts developed by the motor is

13)

T=2(pRp— PyRy) (W) (19)

In addition to the torque 7, double-stator- frequency torque pulsation is produced
in the single-phase induction motor. This pulsating torque is unavoidable in a
single-phase motor because of the pulsation in instanteneous power input inherent
in a single-phase circuit. It tend to make the motor noiser than a poly-phase
motor. Its peak value 7y57 is represented by

Ty=2Ie| X \Iy| X |Zp— Zy (W) 15)

Let B be the ratio of 7y to 7, then A may be called “pulsating torque factor”.

B=Ty/Tx100 (%) (16)

Input and output power and efficiency of the motor can be written as follows
P;=V,I,cos6 (W)
P=1-95T (W)

a7
= % x 100 (%)
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where ¢ is phase difference between V, and I,.

3. Experimental results

Motor employed for the tests is a condenser start single-phase induction
motor. Its specifications and circuit constants are indicated in Table 1. A torque-
meter serves as the motor load.

Table 1 Specifications and circuit constants of condenser start single-phase induction motor

Specifications
Voltage 100 (V) output 200 (W)
frequency 60/50 (Hz) speed 1730/1440 (rpm)
No. of poles 4 Starting condenser 150 (uF)
Circuit constants in ()
rotor referred to main winding 72=2.84 ¥2 = 1.96
magnetizing reactance referred to main winding xs =59.72
main winding Tm=197 %, = 196
auxiliary winding 74=9.75 x, = 491
Effective turns ratio Ny/Np=a=159

Note; Value of reactances obtained on the frequency 60 (Hz)

3-1.No-load tests The slip of motor at no-load running is nearly equals to
0.005. The circle diagrams of the positive- and negative-phase sequence currents
Ip, Iy at slip s=0.005, frequency f=60(Hz) and V,=100(V), are shown in Fig. 3.

In this figure Ip(15) and Iy(15), I,(15) and I,(15) indicate the positive- and
negative-phase sequence currents, main and auxiliary winding currents at C=15(xF);
Ip(0), Iy(0) and I,(0) indicate the currents of ordinary single-phase motor which has
no exciting condenser i.e. C=0. Phase difference angle between I,(15) and I,(15)
equals to 72 deg.. After this, number in the parentheses of current, input P
torque pulsation factor g etc. indicate the capacity of exciting condenser in «F.

The no-load running tests are carried out over the frequency range from 30(Hz)
to 70 (Hz). The exprimental characteristics of I,,, I,, P; and power factor cosgvs.C
at V,,=100(V), f=60(Hz), s=0.005 are shown in Fig. 4 As compared with values
of ordinary single-phase induction motor, I,/I,0), P;/Px0), 8/80) vs. C charac-
teristics are shown in Fig. 5. In this figure, I,/I,(0) and P;/Pi0) are indicated
experimental results, 5/5(0) are indicated the theoretical values because of the
pulsating torques were not measured in these tests. This pulsating torque tend
to make the motor noisier than a poly-phase motor, can be minimized by use of
the exciting condenser for the motor. Optimum no-load running can be obtained at
minimum input and minimum pulsating torque.

From Fig. 5, it is readily seen that (1) no-load input i.e. no-load loss and pulsat-
ing torque factor are minimum at C~15(uF), ie. optimum no-load running is
obtained at this point; (2) in optimum operation, no-load current, loss and pulsating
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torque factor decrease by 40, 33 and 72 percent, respectively, compared with
ordinary single-phase motor operation; (3)[, is minimum at C=~30(xF), the mini-

mized current I,,;. decrease 73 percent.

¥ Cirey,

f=60(Hz)
Vo =100(V)
$=0.005

Im(15)

Fig. 3 Circle diagrams of the positive and negative-phase sequence currents.
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Fig. 4 No-load characteristics I, I,, P; and cos § vs. C.

0. 1 { i
0 10 20 30 40
C (uF) 1}

B : torque pulsation factor
B0): value of § at C=0

. . g Im b, i ﬁ
Fig. 5 No-load characterlstlcs 0 —P,-(O) and 20) vs. C.
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3-2. Simplified equation to determine optimum value of condenser The
optimum value of condenser in which the negative-phase sequence current Iy is
minimized, is determined by the condition the dIy/dC=0. This calculation gives
trouble. For simplicity, #m, %m, 7 %. and x, are neglected compare with 7,/s,
becouse of s~0 at no-load running of the motor. Optimum condenser Cyp is given

1 1

= azwx¢ = 47:2a2le¢ (#F) (18)

Cor

where ly=1x4/2zf is a magnetizing inductance.
The value of condenser at minimum main winding current denoted as C,;

1
Cpi~—+——7r—=2C, (uF) 19)
T 2m2af 2, op
75
\
\
sol \ Vm 100
ir m \\ ya
z N

- 2 \\
= Ja

3t N\ %0

8 N
s | ° & S
[ L L N a
£ 2 25 o S 0 &
£ In i s o
- o —

g = -~ \:\ =
£ TR

oL 0 1 H |

30 40 50 60- 70

f (Hz)

Fig. 6 Frequency characteristics at no-load Cop and I,min vs. f.

Eq. (19) is verified by no-load test as shown in Fig. 4, 5.

Frequency characteristics of Cop and I, are shown in Fig. 6. In this test,
the supplied valtage V,, of the motor are regulated to be nearly proportional to
the frequency of power source for maintained the constant field flux i.e. constant
exciting current I,(0) at f<50(Hz), and equals to the rated valtage 100(V) at f=50
(Hz) as shown in Fig. 6. Experimental curves for Cyp and I,,;, are indicated by the
solid lines, and the theoretical values by the dotted lines. Fairy agreement between
the experimental and theoretical curves is seen from Fig. 6. No-load tests verified
egs. (18) and (19).

3-3. Load tests The load tests at rated speed i.e. rated slip are carried out
over the frequency range from 30(Hz) to 70(Hz). The experimental characteristics
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of I, I,, output P, and efficiency 7 vs. C at V,=100(V), f=50(Hz), S~0.04 i.e.
speed 1440 (#pm) are shown in Fig. 7. It is seen that optimum and minimum
current running can be obtained at C=~20 (#F) and C~40 (#F), respectively. Fig. 8
shows characteristics of 7 and I, at V,=100(V), f=50(Hz) n=1440 (»pm), where
7(20) and I, (20) represent values of 7 and I, at optimum running; 7(40), 1, (40)
and 7(0), I,,(0) represent the values at minimum current and ordinary single phase

5
4 In 80
250 =
B
200 - = 3k » 60
= =50 (He) o
g 8] &
150 V=100 (V)
2k H40
s=0.04
~
o 100 b
o
1k -4 20
0
ob 0 1 1 ] ! Jo
0 10 20 30 40 50
C (uF)

Fig. 7 Load characteristics I,,, I;, Po and 7 vs. C.

running, respectively. It can be seen, from Fig. 8, that 7 (20) is larger than 7 (0),

7 (40) is smaller than 7 (0) at power range from no-load to 25 percent over load.
L,/ 1.0), 7/7(0), Po/Po©), B/B0) vs. C characteristics are shown in Fig. 9, for

compared the values of ordinary single-phase motor with ones of condenser-excited

ol
60} W B 7 49
4 1,(0)
8 =
wb sl 1.0 g
"
1
| s :
N £=50 (Hz)
" V=100 (V)
s=0.04
1 —
/OL ! L 1 L
0 50 100 150 200 250
53 (W)

Fig. 8 Load characteristics I, and 7 vs. Po.
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“f 1=60(Hz)
140

Vm=100(V)

7
woy (%)

e
B8(0)

’ Po
Po(0)”

Im _
In(0)

!

}
W

L ! [
10 20 30 4

C (¢F)

I, Po

Fig. 9 Load characteristics 7,00 P50)" vs., C.
m

B 7
79@ and Oy

motor at rated speed 1730(7pm) ie. f=60(Hz). In that figure, 5/8(0) are indicated
theoretical values, and others are experimental ones. From Fig. 9, it is seen that
current [,(15) and pulsating torque factor A(15) at optimum full load running
decreased by 10 and 30 percent than I(0) and 7(0) respectively ; P,(15) and 7(15)
increase 10 and 12 percent than P,0) and 7(0).

Frequency characteristics of full load running are shown in Fig. 10. In these

60t

300
Vm
100
—40
Gl
S
£
= 3
Z e
5 S0 I,n(0) o —
F & i 8
ISR Im min 20
~ 3
= =~
= 25|~
— 2
L Taop B
oL 0 | | [ 0
20 40 50 £0 70 o ! ! 1

£ H2)
(a)

50 60 70
f (He)

Fig. 10 Freqnency characteristics at s=0.04 (a) Cop, Lymin and Lop vs. £, (b) Pomax, Py(0),

Tmax and 77(0) vs. f.
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tests as well as no-load frequency tests, the supplied voltage V,, of the motor are
regulated to be nearly proportional to the frequency of power source at f< 50 (Hz)
and equal to the rated voltage 100(V) at f>50(Hz) and the slip is kept the rated
value 0.04. Cop, In(0), Iumi» and Ip vs. f characteristics are shown in Fig. 10(a),
where I,p indicate the auxiliary winding current at optimum running. Pymax,
Py(0), 7 and 7(0) are shown in Fig. 10(b), it is readily seen that high output
power and high efficiency at small main input current of motor can be obtained by
the use of exciting condenser. Full load tests as well as no-load tests verified the
following relation

Cop 2y

Discussion of frequency characteristics and torque pulsation are omitted in
this paper, it will be reported later publication.

4. Conclusion

The running characteristics of condenser-excited single-phase induction motor
vary with exciting condenser which is connect to auxiliary winding. Optimum
running motor can be obtained at minimized negative-phase sequence current.
The optimum value C,p of exciting condenser, in which optimum characteristics
can be obtained, is represented by eq. (18) i.e.

COsz/(led))

The theoritical calculations and experimental tests carried out over frequency
ranges from 30(Hz) to 70(Hz), verified this relation.

In optimum no-load running of the sample motor at rated frequency, source
current, loss and pulsation torque factor decrease by 40, 33 and 72 percent, respec-
tively, as compared with values of ordinary single-phase operation in which motor
has no exciting condenser.

In optimum full-load running at rated frequency, it is shown that source current
and pulsating torque factor decrease by 10 and 30 percent; output power and
efficiency are increased by 10 and 12 percent as compared with values of ordinary
single-phase operation.

The speed of condenser-excited motor can be controlled more smoothly, silently
and efficiently than ordinary single-phase motor. Use of exciting condenser for
single-phase induction motor in the speed control systems is suggested in this
paper.
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