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ABSTRACT: The capacitor - run single - phase induction motor is
preferred than the other types of single - phase induction motors,
due to lower current |, higher efficiency and power factor. Sﬁccd
control of these motors can be achieved through a wide range by
the variable frequency controller .Frequency variation needs a
voltage variation by the same ratio ( V/F= constant) during the
constant torque region, If the capacitor is kept constant , the
maximum torque will be decreased by the frequency decreasing.
The main object of this work is to keep the maximut torque and
thus full load torgue, at higher values through the frequency
decreasing. The capacitance value should be increased, by
frequency decreasing, toa value which keeps the winding curont
at its rated value and the motor performance amalysis is also

achieved. o
The computed and the measured performance characteristics are

compared and found to be in a good agreement .
LINTRODUCTION

The single ~ phase induction motor is widely used in many light
duly applications such as compressors, puinps, air conditioners
and other picces of equipment that must start at load, where three-
phase power is not readily available . The single- phase induction
motor, like its three- phase counterpart , is a single speed device
when operated from a fixed - frequency supply.
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When three - phase induction motor is supplied from a variable
frequency source , the magnetizing current is normally held
constant by helding the ratio of the terminal voltage to frequency
constant { V/F=constant). At very low frequencies, the stator
reactance drop must be compensated. Therefore, the three-phase
induction motor torque-slip curves are identical in the low-
frequency operation. Rated torque can be obtained from near
synchronous speed all the way down to essentially zero speed by
helding the level of magnetizing current.

The single-phase induction motor does not behave like three-
phase induction motor in variable- frequency operation . Instead,
the available torque is found to diminish substantially as the
frequency reduced , even in the low power ranges a variable-
frequency drives have not been applied to single-phase induction
motors for a number of reasons: starting problems , low-speed
operating characteristics ( especially near the centrifugal switch
operating point ) [1,2,3 ].

The goal of this paper is to study the behavior of the capacitor -
run single- phase induction motor in running conditions when
supplied from a variable-frequency power supply to give an
approximately constant maximum and output torque . The function
of the capacitor is to realize another phase from the supply source
to feed asecond, auxiliary winding so that the motor can operate
as a two- phase machines . For this purpose, the capacitor size

must be carcfully determined according to the impedance of

auxiliary winding . Unfortunately , the auxiliary circuit impedance
is increased at low - frequency yields to decreasing of the output
torque of the motor. To increase the torque at low frequency, the
auxiliary circuit capacitance must be increased to a value
constrained by motor currents in auxiliary and main windings.

2. EQUIVALENT CIRCUIT

The theoretical analysis of the capacitor-run single-phase
induction motor is obtammed, based on the rotating field theory
using the method of :;ymmelrlc,d] component. Based on [4,5,6] the
equivalent circuit and tiic motor performance cquation are derived
for nonsymetrical two phase motor. The motor consisting of the
man phase winding A and the auxiliary phase winding B with an
external impedance  Z, ( run-capacitor) connected as shown in
Fig.(1-a).The two windings A and B have different number of
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turns, N and Ng, and different electrical impedance parameters ,
RaXn and Rp, Xm, respectively .. As usually done, one can
transform one of the windings into a new fictitious winding having
the number of turns of that of the other winding. Here , the new
transformed auxiliary winding will have Na tumns, and its
parameters will be calculated according to the transformation ratio

K = (N5 *Kwn/ Na*Kwa) 1)
as follows, - ' -

RB‘: RB/KABZ . Xgl \=X131/ K@z ’ ZP“=ZP~ /KABz (2)
and,

Vi =V / Kap, I I * Kag (3)

In order to arrive at a “‘symmetrical” motor, the difference in the

impedance’s of both windings will be included in the external
impedance. Thus its value becomes

Zp' = (Zy/ Kan®) + (R = Ra) + (X - X ) (4)
The schematic of the “‘symmetrical” motor is given in Fig(1-b).
Note that the rotor is not affected by this transformation .

. a

AN R, X, A

Na Rar Xaw

—Vy ey |V'u
BNy Rew. Xuw Zy
Fig.(1-a) Connection diagram,of Fig.(1-b) “symmetrical” two- phase

nonsymetrical two-phase motor motor

The voltage equations of the machine can now be obtained in
terms of symmetrical components. For the main - phase one can
write; '

V=Va=Vart Vap (5-a)
and for auxiliary phase, _ _ _
Vi = Vpr+Vas = jVar- 1Vab (5-b)

The terminal voltages expressed in terms of currents and
impedance’s then become; '

Va=Zelar 2 o (6-2)
and,

Vi=Vy+ Zply= Vit Zply+ Zp Iy (6-b)
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where, - _ .
Zi=RatjXat Lo (7-a)
and, 7 :
Zy=Rp+ jXAl +Zn (7-b)
The rotor impedance’s Z'r and Z ' are defined as in [4,5] , which
consist of the parallel connection of the impedance’s of the

magnelizing , and rotor branches.
If the symmetrical components for the currents are introduced

Tar=(Ip-ils)2 5 Taw=(Ia+jln)/2 (8)
and noting that

= jlar , o = Jlau 9
one can define the current ratio of the main and auxiliary -phase
winding as;

v = (lav/lan) = - (Isv/Ing)
= ((Zp+Ze(1 - (j/ Kan) ((Zo+ Zb (L - J/KAB)) (10)

using the Tgs. 7-10 for phase A, the cquivalent circuit as a
function of ¢ can be drawn as shown in Fig.(2).

(U HRA+]Xa)
[

Ear ;
1 (3-8}
N w2
¥ N

VA ZA —

",_,

INW2

Fig. (2) Equivalent circuit of phase A

Therefore one obtains from Fig . (2) the total impedance of phase
A
ZA :Z')_f+ Y‘ZZI1 + (I+ '}") (I{A + ‘]X A{) : Zj‘+ 'Y‘Zh (l I)

The forward and backward rotating components of phase A
current are then;
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Tar= (VA/Za), o = ¥ Tas (12)
and the total current of phase A becomes

Ia= Yar Hlpe (13)
For the currents of phase B are obtained correspondingly;
Ine= jUar/ Ka) » Iw = j(lav/Kan) » Is= Tt T (14)
The terminal current is then
[=Is+1p (15)
The power factor is obtained from;
cos () =Real (1)/[T] (16) .
Losses and efficiency:
The losses are the stator and rotor copper fosses aind the iron

losses which
obtained expermintaly;
Prosses = Peun T+ Peuts + Pz + Py (17)
where ;
Por =12 Rp',Pan =1¢'Rs ,and (18)
Pz =2 ((Tar)* Riar + (F2n) “R)
The ', and ['5p are obtained from the equivalent circuit as,
I'pr={(Zor/ (R'yr /5§ X'20) Jur , and
Do = (7 (Zan / (R0 (2-8) +1 X ) b
From the above equations the efficiency and output torque can be
obtained
while the input power can be obtained from;
Pi/p = V I cos (p) (19)

3.Motor Behavior

From equations (1-19) , the motor characteristics are obtained
as shown in Figs. (3-10). Figure. (3) shows the variation of output
torque versus speed at rated capacitance of 18uF and with a
constant ratio of voltage to frequency V/F in which frequency is
decreased from 50 c/s 10 15 ¢/s in a § ¢/s decrement. It shows that
the maximum forque is decreased with decreasing of frequency .
This Leeds to decrease the full load torque , due to the decreasing
of auxiliary winding curents as a result of increasing auxiliary
capacitor reactance at low frequency. Figures (4 - a,b,c ) show the
variations of the auxiliary winding , mam winding and supply
currents  versus speed . These shows that the currents are
decreased at low speed which tend to decreasing of the torque’s as
shown in Fig. (3) .
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Fig.(4-b) Main winding curnent versus speed Fig{d-c} Supply current versus speed at rated
at rated aapacitance value and censtant V/F capaitanes values and constant V/E

To tmprove the characteristics of the motor at low frequencies
(to give a constant values of output torque , high efficiency and
power factor) is achieved either by increasing the capacitor-run
value which decrease the capacitor reactance or by increasing the
constant value of V/F which conserve the field intensity value or
both. By the trial and error method , a compromise choice between
the suitable value of C and V/F value to give a maximum torque
and full load torque is constrained by rated motor cutrent at low
frequency .

Fipures (5) and (6) show the variation of the capacitor - run
values and variation of V/F versus frequency. These two curves
are used for obtaining the running motor characteristics as shown
in Figs. (7-10) .
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Figure (7) shows the variations of the out-put torque’s versus
speed at variable frequency. Increasing the capacitor-run values at
low-frequencies and voltage supply above V/F coistant the chosen
values of capacitance and voltage are related to Figs.(5,6). It
shows that the full load torque is approximately constant at rated
value 50c¢/s and 0.05 slip .

Figures (8-a,b.c) show the variations of supply , main winding ,
auxiliary winding currents versus speed at variable ficquency at
the same conditions of the torque respectively . It show that the
currents illustrated by a load line are approximately equal the rated
value

The variation of efficiency versus speed shown in Fig. (9)
illustrates that efficiency is decreased slowly than that at full load .
Also the variation of power factor versus speed shown in Fig.(10),
it shows that the power factor is increased reaching the unity
power factor at low frequéncy.
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Fig.(7) Torque versus speed at Fig.(8-u) Supply current versus speed
variable frequency - at variable [Tequency
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4. EXPERIMENTAL RESULTS

The 0.5 hp capacitor - run single - phase induction motor was
tested at low - frequency from a variable frequency supply . The
rotational , core, and other stray losses were carefully determined
so that ‘they could be combined with actual mechanical torque for

comparisons to
simulations

the eclectromagnetic torque data from the
The test results of the motor compared with

theoretical results at variable frequency and 0.05 slip are shown in
table {1}, it shows a good agreement with each other.
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Table {1}

- Experimental and theoretical results at vaniable frequency and 0.05 shp

F] v | ¢ | Torque I(supply) T (aux.) I (main ) ER PF._ |
! L 1 Exp. | Th. | Exp. | Th Exp. | Hr.ll_ Exp. | Th Exp. | Th. Exp. | Th. |
50| 220 | 18 | 41 | 4327 435 ] 4.167 ] 1.55 | 1500 [ 3.15 [ 3.012 ] 068 ] 0.714 | 0.935 [ ¢.985)
4512079 [ 24 | 42 | 4454 | 43 14001 | 1.8 | 1703 | 2.9 | 2780 | 0.67 | 0711 | 0.938 |0.988
40 | 1936 | 30 | 42 | 4432 | 4.1 [3.906 | 1.85 | 1760 | 2.7 | 2,555 | 0.67 | 0706 | 0.939 | 0.989
3511771 | 40| 415 | 4365 | 3.9 13739 19 | 1869 | 24 | 2308 | 066 | 0693 | 094 0992}
30| 1584 | 60 | 405 | 4261 | 3.8 | 3690 | 22 | 2111 | 22 | 2.088 | 0.659 | 0.649 | 0.948 |0.998
251143 |80 | 40 4218 | 3.65 | 3482 | 2.1 |2.093 | 19 | 1.896 | 0.597 | 0629 | 0.949 | 0.999
20 1188 |20 | 35 3702 | 33 [ 3173 | 2.1 2030 | 17 | 1637 | 055 | 058 | 095 [0.999
5| 957 {7160 | 3:05 [ 3195 | 26 | 2519] 17 | 1647 | 13 [1.251 | 052 | 055 | 0.96 ]0.990
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. 5. CONCLUSIONS .

In this paper an extensive study has been carried out in order to
investigate the capability of a capacitor-run single-phase induction
motor to be operated at low frequency with a full load torque .
This study presented the chosen values of caipaci;tance and voltage
that had given a full load torque at low - &equéncy and improved
power factor. Good agreement exists between the measured and
simulated data. To overcome the effect of stator resistances at low
frequencies, the voltage should be increased than the
constantvalues ol V/I'.
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