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Single phase induction motor (SPIM) has zero torque, this motor has many
types and the main objective is to find the starting torque of the motor. This is
done by providing auxiliary coils that are mechanically separated or weakened
after 75% of the engine speed. The real problem here is that these auxiliary
windings occupy a third of the iron core of the motor, and when they are
separated or weakened, the capacity of the iron core is not fully used and the
main windings must withstand the rated load current alone which shortens the
life of the motor and reduces the hours of continuous operation of the motor.
In this paper, a single-phase motor is fed from a single-phase power source
and again from a two-phase power source, so that the auxiliary coils are not
separated after 75% of the motor's speed and have a continuous role in the
motor's operation. The torque and current flow in the motor are compared in
both cases. Due to the rarity of the two-phase power supply in nominal uses,
it can be supplied by a full bridge inverter. This comparison was provided by
steady-state analysis and the results of MATLAB Simulink.
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NOMENCLATURE

Vm Va Voltage applying on the main winding and auxiliary winding (V)

Xm Magnetizing reactance((2)
Rim Ria  Stator resistance of main winding and auxiliary winding (£2)
Xim X1a  Stator leakage reactance of main winding and auxiliary winding (Q)

Rr, X; Rotor resistance and rotor leakage reactance(Q)

Rr', Xy Referred rotor resistance and referred rotor leakage reactance (Q)
Zim Z1a  leakage impedance of the main winding and auxiliary winding ()
Z1,Zy: The forward and backward impedances (£2)

Nm, Na  The effective numbers of turns for main and auxiliary winding (turns)

a The turns ratio of the auxiliary and main winding
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jaEfm, - The internal voltages induced in the auxiliary winding by the revoving flues ®m and ®pm Of the
jaEom main winding
JEw/a, - The internal voltages induced in the main winding by the revoving flues ®s. and Oy, Of the auxiliary

jEra/a winding

1. INTRODUCTION

Various applications use single phase induction motor (SPIM) commonly as a drive for low-power fans,
pumps, and compressors. In general, a single phase induction motor has a rotating cage winding and a stator
winding with an auxiliary winding with a running or running capacitor which is carried out to ensure the starting
torque, the same sinusoidal voltage source supplying both windings. To model the simple and rapid determination
of the characteristics of an induction motor, circuit models are applied for the assembled parameters
overwhelmingly. The analysis of single-phase capacitor induction motors has been discussed in many papers. In
[1], a single-phase induction motor is simulated when the two windings are completely equal, but in this paper it
was not studied if the two windings were unequal and continued to operate. In [2], a high starting torque and
suitable operating torque for the motor were obtained by using a control circuit with an electronic switch, which
caused a cutoff in the source voltage and therefore it is possible to have some harmonics. In [3], the starting
current of the motor is controlled by an AC chopper and a smooth starting is obtained, but the centrifugal
switch is not dispensed with, so the auxiliary coils are disconnected after the motor is running. In [4] a
mathematical model is used to show the dynamic and stable operation of the SPIMCR system for variable
values of capacitor and voltage at different frequencies in the absence of load and rated load conditions.
Matlab/Simulink is used to build the mathematical model for SPIMCR. Simulation results can be used to
produce improved starting quality for SPIMCR. In [5], two semiconductor electrical switching from a two-
phase inverter are supplied from a single-phase power supply. The static energy conditioner is used to turn the
first stage of the second by 90 degrees and the circuit is not loaded with any load. This paper presents a
comparison between the operation of a single-phase induction motor from a single-phase source, and this type of
motor is called a capacitor start capacitor run motor (SPIMCSCR), or called a phase-split motor (SP1M), and the
operation of the same motor from a two-phase power source after modification at the operating ends. The
adjustment is made so that the main coils are connected to one phase and the auxiliary coils are connected to the
other, and they do not need an expulsion switch or a starting capacitor. This motor is called a two-phase motor
(TPIM). A two-phase power supply is provided by a full bridge inverter and studied in terms of current and torque
and extracting the equation in the two different operating conditions

Figure 1(a) shows the wiring diagram for the SPIMCS system. The single-phase motor consists of two
stator windings, main windings occupying 2/3 of the iron core and auxiliary windings occupying 1/3 of the iron
core. The two coils are different in the number of coils, the diameter of the wire and the distribution of the wires,
and the starting capacitor comes out after 75% of the motor speed, and the current of the auxiliary coils is very
little and has no real effect on the rotation of the motor. In the slotted sewers, the starting coils are completely
separated after 75% of the engine speed [6]-[13].

Figure 1(b) it shows the operation of the same previous motors as TPIM by making the voltages applied
to the phases equal in amplitude and the phase shift between them is 90 electric degrees. This is so that the current
in the two coils has a role in operating the motor, and an internal adjustment can be made in the motor’s coils by
making the coils equal in terms of the number of coils and wire diameter, and thus we get an equal current in the
coils and between them an angle of 90 degrees. The mmfs generated by the currents of the two coils are balanced
and the rotor mmf disappears backwards [6]-[13].

(b)
Figure 1. Wiring diagram of the single phase induction motor (a) SPIMCSCR and (b) TPIM
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2. ROTATING MAGNETIC FIELD OF SINGLE PHASE INDUCTION MOTOR

The induction motors have two stator windings in space quadrature. As a result of the unbalanced
voltage applied to the two-phase motor, the currents in the two windings are unbalanced and the equation of
rotating mmf is [14]-[17].

1
F(0,t) = ﬁ[ (Nl — Ngly sin 6,) cos(wt + 0) — (N,yl, cos 8,) sin(wt + 6)] +
% [((Njp L + Nyl sin 8,) cos(wt — 6) + (Ngl, cos ;) sin(wt — 0)] 1)

Where,
cos(wt-0) and sin(wt-0): The Term From forward-rotating field.
cos(wt+0) and sin(wt+0): The Term From backward-rotating field.
The two-phase windings are unbalanced because of, The number of turns not equal i.e N1=N2. The voltage
applied to the two phases not equal and the phase shift between them is 90°

For the above reasons, the currents flow in the two windings are not equal but the phase shift between
two phases is 90° in this case the equation for rotating mmf is [14]-[16].

F(0,t) = \/% [(Ny L, — NoI) cos(wt + 0) + =[(Npp L, + N,1,) cos(wt — 6)] 2

1

7l
If the two stator windings are the same and the voltage applied to the two-phase are equal and shifted from
each other by 90°, the currents in the two phases are equal and the displacement between them is 90°. In this

case, the two-phase are balanced and the backward rotating mmf disappears, and the equation of forward —
rotating mmf is

F(6,t) = V2Np,1,, cos(wt — 6) 3

3. METHOD

The axes of the two-windings which are placed in the stator are displaced by 90° in space. The main
and auxiliary winding currents can be phase-shifted from each other by two methods. The first method, the
main and auxiliary windings are completely different. The capacitor connected in series with the auxiliary
winding and the voltage applied on the two windings is the same e.g. Vm=V.=V. The equivalent circuit for this
case is shown in Figure 2(a). The second method, the two winding are quite similar and The voltage applied
on the two-phase is shifted by angle ninety electric degrees e.g. Vm =V, Va = V £90°, this case equivalent
circuit is illustrated in Figure 2(b).

Zim Z1a
i Ruin X Ria X
im L
> AL 4 “ o * * L
? 1 ER " | 1 ZaR
1 H
) Efm 2z | Ena a? Z
Ei 1 X jaEsy a2
Yy , Yy
e e
1 . 1 )-i aEm
v v “JEafa v, so0 v
11 2R, : ! Eazku
: Ebm Z i Eom T a*Zs
En+ X -jaEn ; a®Xy
R T+

i ( )jsw'a ] i ( ) -i aEbm
(b)

Figure 2. Equivalent circuit of single phase induction motor (a) SPIMCR and (b) TPIM

The currents in the main and the auxiliary windings are as follows [14]-[17].

i, = V21, cos(wt) (4a)
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i, = V21, cos(wt + 6,) (4b)

The equivalent circuit (i) represents the main winding while (ii) represents the auxiliary winding.
The main and auxiliary windings voltages for the stated equivalent circuits are,
The voltages of the main and Auxiliary winding for both equivalent circuits are,

. E a . a
Vi = InZam + Zp +2,) = (29 +j (222 (52)

“a
Vo = 14(Z1g + a*Zs + a*Zy,) + jaEpy, — jaEpy, (5b)

Zam, Z1a, Zs and Zy, are the impedance and induced voltage of Vi, and V. respectively, and their values of both
the real and imaginary parts of Z;and Zy are given as following:

Xm, . X'r Ry Xm, X', Ry
U=rU5+50)] : U= 05 a9 .
=222 B - =R +jX y Ly =—F—xx— =Ry, +jX
S By & Xy T %5 P atidmeEn) T P %
Zim = Rim + jX1m ) Zig = Ryq +jX1q +jXc

By solving the (5a) and (5b) we can be to obtain Im and la . the difference between the backward torque and
the forward torque is known as the torque developed [14]-[17].

Pgr—P
T=T;—T,=-2"2 (6)

Wsyn
The gap power may be written as follows:
Py = Py = (Il |* + [al|*)(Rf + Ry) + 2allg ||| (R + Ryp) sin( 6, — 6p,) )

For the starting and operation of SPIMs this analysis is valid as both main and auxiliary windings are
in operation. It can be applied for the two-phase motor. For the starting,

_ 23|1a||1m|(Rf+Rb)

Wsyn

T sin( 6, — 6,,) = Kl I;sina (8)

4. RESULTS AND DISCUSSION
4.1. Theoretical results

The parameters of the machine, TPIM and SPIMCSCR, used in the steady-state analysis are taken
from reference [17]-[25] and a single phase 120 V, 60 Hz, foure- pole two phase motor has the following
equivalent circuit parameters:

X1m=2.0 Q, Rim=1.5 Q , R/’=1.5 Q, Xn=48 Q , X1.=2.0 Q, R1o=1.5 Q, X;’=1.5 Q, C=30 YF, a=1

These data are used in the previously equivalent circuit model and the obtained steady state
characteristics are plotted in the following figures. Figure 3 shows that the torque for the two phase motor is
higher than the torque for the single phase motor with the capacitor run at any value of slip. Figure 4 shows
that the torque is higher for TPIM than the SPIMCSCR at any value of slip. The torque of the SPIMCSCR
decreases sharply due to the separation of the capacitor start when the speed reaches 75% of the rated speed.

Figure 5 shows that the current flow in the main winding is higher than current flow in the auxiliary
winding. This is due to either the impedance of auxiliary coil is higher than impedance of the main coil, or the
value of the capacitor run is small. This indicates that the effect of the auxiliary coil in motor operation is weak
relative to the main coil

Figure 6 shows that the current flow in the auxiliary winding is higher than current flow in the main
winding because the value of the capacitor starting is great, to achieve angle 90 degree between the two coils.
When the speed reaches 75% of rated speed the capacitor start disconnects from the circuit and the capacitor
run remains connected in series with the auxiliary coil. So, the current of the auxiliary coil is less than the
current flow in the main coil and also in this motor (SPIMCSCR) the effect of the auxiliary coil in motor
operation is weak relative to the main coil.
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Figure 7 the current slip curves of balance two-phase motor. The currents flow in main and auxiliary
winding are equal because the two windings are equal in the number of turns, distribution of windings and the
voltage applied on the two winding are equal. Comparing the curve in Figure 7, with the curves in Figures 5
and 6 the auxiliary current la is greater than in Figures 5 and 6 in the operation conditions and equal to the
main current. So the auxiliary current la of TPIM affects the value of the rotating magnetic field and motor

operation.
12 12
10 TPIM 10 SPIMCSCR
7~ /]

./ ~_ L/ ~_
. / T~ / ~~ T~
§ 6 g 6 \\
(= o

//\\SPIMCR a / \
4 \ 4 —
> l/ \ \ > /
— /
0O 0.2 0.4 0.6 0.8 1 00 0.2 0.4 0.6 0.8 1

Figure 3. Torque slip curve of SPIMCR and
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Figure 7. The current slip curves of TPIM

Figure 6. The current slip curves of SPIMCSCR
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Figure 8 comparison between the torque slip characteristic of TPIM when the applied voltage is
changed on one phase and SPIMCSCR. The torque slip characteristic of TPIM reduced when the voltage for
any phase reduced and vice versa. If the voltage becomes zero, the torque of TPIM is almost equal to the torque
of SPIMCSCR (dash line).

Figure 9 comparison between the torque slip characteristic of TPIM with control phase shift between
two phases and torque slip of SPIMCSCR. The torque-speed characteristics of TPIM are reduced when the
phase shift is reduced about ninety electric degrees, the highest value for the angle is 90°. If the phase shift
between two-phase equal zero, the torque of TPIM is higher than the torque of SPIMCSCR during the operation
speed. This is due to the impedance of the auxiliary coil for TPIM is lower than the impedance of auxiliary coil
for SPIMCSCR.

12 12
SPIMCSCR
10 > ;MCSCR\
L B=pil2--TPIM
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2 = =pi
4 L o ——— k=04 4 /A \\
\ ~——
2 y / \%
% \
% 0.2 0.4 0.6 0_8\1 % 0.2 o 0 08 1
Slip

Figure 8. Torque slip curve of SPIMCSCR and TPIM Figure 9. Torque slip curve of SPIMCSCR and
with the voltage control of TPIM TPIM with the phase shift control of TPIM

4-2. Simulation results

The simulation of a TPIM and SPIMCSCR using the same data is used in steady-state analysis utilize
the MATLAB/SIMULINK software performs the simulation, the model block diagram is shown in Figure 10.
Figure 11 and Figure 12 shows that the main current is higher than the auxiliary current during starting time
and steady-state operation. The RMS value of the main current is 6 ampere and auxiliary current is 2 ampere.

Single-Phase Asynchronous Machine

Figure 10. Simulink simulation model for TPIM, SPIMCR and SPIMCSCR

Figure 13 and Figure 14 show the main and auxiliary currents are equal during starting time and steady
state operation. The RMS value of this current is 2 ampere. Figure 15 shows that the TPIM motor's rotor reaches
its rated speed more stably than SPIMCR. Thus if the load increases by the same value on the two motors,
TPIM keeps the speed almost constant without any vibrations in the speed value.
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Figure 11. The main and auxiliary currents for SPIMCS during start time and steady state operation
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Figure 12. The main and auxiliary current for SPIMCS steady state operation
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Figure 13. The main and auxiliary current for TPIM during start time and steady state operation

Figure 16 shows the electromagnetic torque of TPIM and SPIM during start time and steady-state
operation. The electromagnetic torque of TPIM is constant at about 1 N.M but SPIMCR oscillates at 0.05 N.M.
Table 1 shows a comparison between two phase induction motor and single phase induction motor with
capacitor start capacitor run. Table 1 shows a comparison of the previous results, and it was not compared with
other researches due to the difference in the data of electric motors, but the results match with other research
with the different method of comparison.

Int J Pow Elec & Dri Syst, Vol. 13, No. 3, September 2022: 1380-1389



Int J Pow Elec & Dri Syst

1387

Current (A)

6

ISSN: 2088-8694 0
MMNN\!\(\(\AAI}{NMMMMN/MAAA
wWwWWwWwwwww W wwwww W W

Figure 14. The main and auxiliary current for TPIM during stert time and steady state operation

Speed

1600

1400

1200

1000

800

600 ——

400

200

i T T
| P Al m—TPIM
== SPIMCSCR
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time

Figure 15. The speed of TPIM and SPIMCSCR during start time and steady state operation

Figurel6. The electromagnetic torque of TPIM and SPIM during start time and steady state operation
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5.

Table 1. Shows a comparison of previous results
Type of motor TPIM SPIMCSCR
Slip 1 0.05 1 0.05
Current value from Theoretical results (A) I, 21 25 20 45

l. 21 25 15 1
Current value from matlab simulation (A) I, 30 25 60 7

l. 30 25 20 2
Torque (N.M) 7 1 4 0.05
Maximum Torque (N.M) 10ats=0.3 4ats=0.1

CONCLUSION
In this paper, a comparison between TPIM and SPIMCSCR is presented, in terms of torque value and

current flow in the coils of all motors. This comparison was carried out using MATLAB simulations that show,
From the previous comparison of the results, using TPIM for loads that require high starting torque and speed
stability is the best in use and the longest in the operating life of the motor because the current is distributed on
the two coils equally. The starting torque and the maximum torque of the TPIM motor are much greater than
that of the SPIMCSCR motor. Also, motor control methods can be used to make the maximum torque the same
as the starting torque and thus produce high torque with low current distributed over two windings compared
to a single phase motor.
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