International Conference of Applied Science on Engineering, Business, Linguistics
and Information Technology (ICo-ASCNITech)
Politeknik Negeri Padang and Politeknik Ibrahim Sultan, 13-15 October 2017

ISSN : 2598-2532

A New Winding Design for Single Phase Induction Motor
Zuriman Anthony1, Erhaneli Erhaneli2
1,2 Department

of Electrical Engineering, Institute of Technology Padang (ITP), Jl. Gajah Mada Kandis Nanggalo Padang, 25143, Indonesia
1 E-mail:antoslah@gmail.com
2 E-mail:erhanelimarzuki@gmail.com

Abstract— This research is purposed to give a new winding design for single-phase induction motor. The design of the proposed method has
three winding like the three phase induction motor. Two winding acts as a main winding and other winding act as auxiliary winding. The
performance of the single phase induction motor designed in this proposed method is compared with a three phase induction motor in the same
current rating of the winding. This way is used for finding the power rating of the proposed method. The three phase induction motor used as a
compared is the three phase induction motor with data 380 / 220V, 2.7 / 4.7A, Y / Δ, cage rotor, 4 poles, 1.5 HP, 1400 rpm, 50Hz. The winding
current rating of the proposed method is 2.7A that is the same as the 3-phase induction motor winding rating. The result of this study showed
that the single phase induction motor design in this proposed method can operated well in power factor close to unity.
Keywords— Single phase induction motor design; current rating of the winding; 3 phase winding.

operate with better performance when is given capacitor bank
that installed on the terminal circuit in the motor. This capacitor serves to produce phase difference between the two motor
windings (auxiliary and main windings) which aims to produce a large torque to the motor [1], [2].
The three-phase induction motors normally operate on the
three-phase power system. In the development of operating
system, the three-phase induction motor had been operated on
single-phase powe supply[11]–[16]. The motor was operated
on single-phase power supply by installing the capacitor
banks to the windings of the motor[11]–[16]. Some others
modification operation system of the three-phase induction
motor on single-phase power supply had developed by using
single-phase inverter, pulse wide modulation (PWM) control
technique, etc [11], [12], [14]–[19]. Some of the modification
technique were developed by adopted 2 windings prinsiple of
single phase induction motor, the main and auxiliary
windings. The three windings (U, V, and W winding) of the
three-phase induction motor were modified in two types
system instalation, auxilary and main winding, like the
winding of a single-phase induction motor[13]–[16]. By this
condition, the three-phase induction motor operated on
single-phase supply like a single-phase induction motor,
especially capacitor start-capacitor run induction motor. The
motor operated properly with the same efficiency as its 3phase efficiency and with a better power factor. The motor
operated on unity power factor in 85% of power rating[15].
Anthony [13] has published a paper that discussed about a
new equivalent circuit for analyzing the three-phase induction
motors while operating on a single-phase power system. The
equivalent circuit was suitable for analyzing the motors with
accuracy above 90%. The equivalent circuit was the same as
a single-phase induction motor. The paper showed that when
a three-phase induction motor operaed on a single-phase
power system, the motor had characteristics such as a singlephase induction motor with better performance and power
factor close to unity.

I. INTRODUCTION
Induction motor is the electric motor that widely used in
many sectors, especially in industrial and home application,
because this motor is simple and robust construction. At
present, there are two type induction motor in application,
three-phase and single-phase induction motors. The threephase induction motors are usually supplied by a three-phase
system whereas a single-phase induction motor is supplied by
a single-phase system[1].
In an operating system, the three-phase induction motors
usually operate on a three-phase system. The motors are usually produced in high power ratings. They are normally
operated by using Three-phase power supply. The motors
have 3 identical windings separated by 120 degrees of electricity. The number of turns of each winding is equal so that
the motor can operated with a balanced current on each
winding when the 3-phase balanced source is used to the
motor[1], [2].
Characteristics of the three-phase induction motor usually
can be monitored through some measuring apparatus mounted
on a control panel. On the other hand, the characteristics of
the motor can be analyzed by using an equivalent circuit of
the motor [1], [3]. The equivalent circuit can be used to
predict the characteristics of the motor on various load even
in blocked rotor condition. So the hazard condition of the
motor can be predict before the motor operated direct on
power system. There are several methods that have been developed to predict motor characteristics well[4]–[10]. By using these methods, it is expected that the performance of the
motor will be easily predicted and drawn for more in-depth
analysis needs.
Single-phase induction motor is one type of induction motor that produced in low power rating. The motor is operated
on single-phase supply and widely used in the household sector, such as washing machices, fans, etc. The motors have 2
windings, auxiliary and main winding that are placed within
90 degrees of electrical in construction [1]. The motor will
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With attention to above condition can be concluded that
when a single-phase induction motor is made with construction similar to a three-phase induction motor, the motor will
operate well with a power factor close to unity. In addition,
the winding construction of a three-phase induction motor is
not as complicated as a single-phase induction motor winding.
Therefore, this study is intended to design a single-phase induction motor construction similar to that of a three-phase induction motor.
This paper is concentrated to discuss a single-phase
induction motor which has three windings (U, V and W
windings). The two windings (U and V) are constructed
bigger than the other winding (W) and enlarged 2 levels, and
the capacitors are mounted on this enlarged winding. The
motor is test in laboratory, later the performances of the motor
are compared to the performance of the three-phase induction
motor that has windings current rating equal to the motor that
has been made. The performances to concern to the motor are
power factor, output power, efficiency and motor torque. The
investigated on other performance and other winding design
of the prepared motor will be discussed in another paper.
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From Figs. 1, 2 and 3, it can be explained that there are 3
windings in a three-phase induction motor, ie. winding A
(coming from point A and out of point A '), winding B (coming in from point B and out of point B') , winding C (coming
from point C and out of point C '). The letters R, S and T in
Figs. 2 and 3 are the spots for which a three-phase source is
connected to supply the motor.
When the stator winding of the three-phase induction
motor is connected to a 3 phases power supply, the induced
voltages will produce rotor currents and torque to the rotor.
Then, the rotor will start rotating and reach a steady-state
speed ‘N’ that is less than synchronous speed ‘Ns’. The
difference between the rotor speed and the stator rotating
magnetic field rotates in the air gap by referencing to rotating
the magnetic field rotates in the air gap is called the slip ‘s’
that can be discribed as follows[1].

s

B

B

Fig. 3 Delta connection standard of the three-phase induction motor’s
windings

A. Three-phase induction motor
Three-phase Induction motor is a alternating current motor that widely used in industry aplications. The motor has a
strong construction and easy to operate. The name of
induction motor is derived from the fact that this motor operates by a three-phase power supply that yeild the induction
magnetic field rotate of the stator to the rotor. The current
generated by the rotor (moving parts) is not obtained from a
particular source, but is an induced current as a result of the
relative difference between the rotation of the rotor and the
rotating magnetic field generated by the stator current.
The three-phase induction motor has three identical
windings that are separated from each other by 120 degrees.
The motor is normally operated by using a three-phase power
system. By construction, the windings of the motor can be
modeled as illustrated as shown in Fig. 1.

A

A

Fig. 2 Wye connection standard of the three-phase induction motor’s
windings

II. THE MATERIAL AND METHOD

A
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Ns  N
Ns

(1)

Where:
s = slip
Ns = stator speed rotating field rotates in the air gap (RPM)
N = rotor speed rotating (RPM)

C

Fig. 1. The model of the three-phase windings of the three-phase induction
motor

The three-phase induction motors are usualy supplied by
a three-phase power supply. Farhermore, for simple
analyzing, the three-phase voltage source on the motor is considered to be balanced, so the three-phase induction motor is
analyzed by using a single-phase supply with the equivalent
circui is shown in Fig. 4. All data impedances of the motor
can be obtained by doing some testing on the motor such as
dc-source test, no-load test, and blocked-rotor test[1], [2].

Fig. 1 is a three-phase induction motor whith 3 identics
winding model consisting of 3 windings. The windings of the
motor can be conneted in two variation standard, Wye (Y) and
delta (Δ) connection. Fig. 2 show a Wye connection standard
of motor windings and Fig. 3 show a delta connection standard
of motor windings.
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From Fig.4 can be explained that:
V1 = phase voltage source
R1 = resistance of the stator windings per phase
X1 = leakage reactance of the stator windings per phase
R’2 = resistance of the rotor windings per phase referred to
the stator
X’2 = leakage reactance of the rotor windings per phase
referred to the stator
Xm = magnetizing reactance of the motor per phase
I1 = current through the stator windings
I’2 = current through the rotor windings referred to the
stator
s
= slip

B. Single-phase induction motor
Single-phase Induction motor is a alternating current motor that widely used in many hause aplications. The motor typically uses a single-phase power system. The motor usually
has 2 windings, the main and the auxiliary windings. Both
windings are usually used for start, and for special aplication
the windings also used for run as aplied for single-phase
capacitor run induction motor (fig. 5) and capacitor startcapacitor run induction motor (Fig. 6). One of the winding of
the motor is connet to the capacitor installed in series with the
winding and another winding is installed parallely with this
winding as shown in figs. 5 and 6.

From the equivalent circuit as shwon in Fig. 4 can be
calculated the total impedance (Zt(3ph)), power factor (PF(3ph)),
input power (Pin(3ph)), line current (IL(3ph)), mechanical power
(Pm(3ph)), output power (Pout(3ph)), mechanical torrque (Tm(3ph)),
load torque (TL(3ph)) and efficiency (Eff(3ph)) of the three-phase
induction motor as follows.

Y

N

Fig. 5 Windings design of a single-phase capacitor run induction motor

(4)

=

V
I1  1
Zt
Pin(3 ph)  3V1.I1. cos 

Pin
I L (3 ph) 
3.VLL . cos 
V I Z
I '2  1 1 1
Z '2
 (1  s) 
Pm(3 ph)  ( I '2 ) 2 r '2
s 

Pout(3 ph)  Pm(3 ph)  Prot

m

Y

(3)

Zt (3 ph)  Z1  Zp2  Zt 

Pm (3 ph)

X

C

(2)

Z1  R1  jX 1
Z ' x. jXm
Zp2  2
Z ' 2  jXm

Tm (3 ph) 

X

F

R '2
 jX '2
s

PF(3ph)
φ (6)

(15)

Where:
Prot = rotational losses

Fig. 4 The equivalent circuit of the three-phase induction motor per
phase[1]
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Fig. 6 Windings design of a single-phase capacitor-start capacitor-run
induction motor

(9)

From the Fig. 5 can be explaned that the X to X' and Y to
Y’ are the main and auxiliary windings respectively. C is the
capacitor used in series with the auxiliary winding. Letter ‘F’
and ‘N’ in Fig. 5 are the line power and the Neutral of the
single-phase supply system respectively.
Fig. 6 show a capacitor start-capacitor run induction motor
whith power supply is connected to the motor. The main and
auxiliary windings are used for starting and running
condition. Cs is the capacitor start that used only for starting
condition and Cr is the capacitor run that used for starting and
run condition.

(10)

(11)
(12)
(13)
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When the single-phase induction motor is supplied by
using the single-phase power, there will be two magnetic
fields of forward and backward fields act in the windings of
the motor. So, the motor will have 2 slips that are as forward
silp ‘sf’ and backward slip ‘sb’. Referring to Equition (1), the
forward slip ‘sf’ can be explained as follows.

sf  s

Zb = leakage impedance of the forward field direction
a
= turn ratio
and:
Efa

(17)

When the motor from Fig. 6 in running condition, the
motor will act like the the capacitor run induction motor as
shown in Fig. 5. The equivalent circuit of the capacitor run is
shown in Fig. 7.

=
Zf

Ia

a2
(22)

Ia

a2
(23)

Eba

(2.71)
=
Zf

Efm

(2.72)
=
Zf

Im
(24)

(2.73)
= Im Zb

(25)

(16)

Later, the backward slip ‘sb’ also can be writen as follows.

sb  2  s
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Ebm

By using eqs. (23) to (25) into (18) to (21), then we can find
the new equitions as follows.

Vm  (Zlm  Z f  Zb ) I m  ja (Z f  Zb ) I a

(26)

Va  ja (Z f  Zb ) I m  (Zc  Zla  a 2 Z f  a 2 Zb ) I a (27)
Later, by using both equitions (26) and (27), it can be found
Ia, Im and Is. Then the power factor (PF) of the motor can be
found as follows.

PF  cos 

(28)

Where;
φ = angle between Vs and Is
Later, torque developed in the motor can be writen as follows.

Fig. 7 The equivalent circuit of the capacitor run induction motor

From the equivalent circuit as shown in Fig. 7 can be
explained that:
E
E
(18)
Vm  I m ( Zlm  Z f  Zb )  j fa  j ba
a
a
Va  I a (Zc  Zla  a 2 Z f  a 2 Zb )  jaE fm  jaEbm (19)

Va  Vm  Vs

(20)

I L  Im  Ia

(21)

T  T f  Tb 

Pgf  Pgb

s

(29)

where:

Pgf  Re( E f I m*  jaE f I a* )

(30)

Pgf  Re( Eb I m*  jaEb I a* )

(31)

Later, mechanical power (Pm(1ph)), output power (Pout(1ph)),
mechanical torrque (Tm(1ph)), load torque (TL(1ph)) and
efficiency (Eff(1ph)) of the single-phase induction motor can be
writen as follows.

Where:
Vm = phase voltage source in main winding
Va = phase voltage source in auxiliary winding
Zla = Rla+ jXla , is the leakage impedance of the auxiliary
winding
Zlm = Rlm+ jXlm , is the leakage impedance of the maim
winding
Zc = - jXc , is the capacitor reactance of the capacitor
IL = line current enter to the motor (A)
Ia
= current through in auxiliary winding (A)
Im = current through in main winding (A)
VS = single-phase voltage source (V)
Zf = leakage impedance of the forward field direction
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Pm(1 ph)  ( Pgf  Pgb ).(1  s)

(32)
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Eff (1 ph) 

Pout(1 ph)
Pin (1 ph)

x100%

and capacitor run (Cr) as shown in Fig. 8. By referring to
Anthony’s formula[15], it can be calculated the total capacitance reactance of the capacitor start (Cst) as follows.

(36)

C. Method
This study aims to create a new design for the winding of
the single-phase induction motor, especially for the capacitorstart capacitor-run induction motor. The winding design for
this proposed method is given in Fig. 8. The winding design
is similar to the three-phase induction motor’s. To validate the
results of the method, the performance of the motor design is
compared to the performance of the three-phase induction
motor that has the same coil capability rating. The induction
motors used as comparator for this study is the 3-phase induction motors with data 380 / 220V, 2.7 / 4.7A, Y / Δ, 4 poles,
1.5 HP, 1400 rpm, 50Hz. The single phase induction motor
used in accordance with the method made is to use the same
coil rating of 2.7 A with the same construction like as the 3phase induction motor. This study only focused for discussing
about the output power, power factor, efficiency and torque
the motor.
The motor of this proposed study has 3 windings
constructed in the stator, 2 windings (U, V) is made bigger
than anathor winding (W) as shown in Fig. 8. From Fig. 8 it
can be explained that the coil of Z to Z' act as the main
winding and the X to X’ winding that combined with the Y to
Y’ winding act as the auxiliary winding. The main winding is
0.65 mm2 and the auxiliary winding is 0.75 mm2. The main
winding has 96 coils and the auxiliary winding has 172 coils.
Letter ‘F’ and ‘N’ in Fig. 8 are the line phase and Neutral from
a single-phase source system respectively. ‘Cs’ and ‘Cr’ in
Fig. 8 are the capacitor start and capacitor run respectively.
‘S1’ in Figure 8 is a switch (centrifugal switch) used to disconnect the capacitor start after the motor reach the run
condition.

X

X

Y

Y

S1

Cr

Z

Cst 

(0,1757).I N
( Farad )
( f ).VLN

(37)

Later, the capacitance reactance of the capacitor run (Cr) can
be calculated as follows.

Cr  k

IN
( Farad )
(12,5664).( f ).VLN

(38)

Where:
IN = nominal current of the winding of the motor (A)
VLN = Line to nuetral voltage (V)
k
= 0.77 for motors with loads below 70% and 1 for
motors with loads above 70%
Later, the capacitance reactance of the capacitor start (Cs) can
be calculated as follows.

Cs  Cst  Cr (Farad )

(39)

The magnitude of the voltage on the capacitor run ‘Vc’
and the reactive power donated by the capacitor run (VARc)
then can be calculated respectively as follows.

Vc  2.VLN

(40)

VARc  .Cr.(Vc)  4..Cr.(VLN )
2

2

(41)

Later, the magnitude of the apparent power (S) of the singlephase induction motor can be calculated by the following formula.

Z

S  VARc

(42)

Further, the line current (IL) enter to the motor can be calculated as follows.

Cs

IL 
F
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N

S
VLN

(43)

When a single-phase induction motor is operated with the
nominal current shown in equation (43), the motor will operate with a power factor close to unity. Therefore, the power
factor (PF) of the motor can be determined as follows.

Fig. 8 Single-phase induction motor on proposed model

To calculate the value of the capacitor to be used in a
single-phase induction motor in Fig. 8 must pay attention to
the nominal current standard passed by the motor coil for the
motor to work properly. Anthony's formula[15] can be used
to determine the value of capacitance reactance of the capacitor to operate the proposed single-phase induction motor on
a single-phase supply system. These formulas can be used to
determine the capacitance reactance of the capacitor start (Cs)

PF  Cos( )  0,98

(44)

III. RESULTS AND DISCUSSION
A. Rotor Speed Characteristic
The single-phase induction motor proposed was test in
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laboratory. The characteristics of the proposed motor then
compare with the characteristics of the three-phase induction
motor that has the same coil rating. The rotor speed
characteristic of the proposed motor is shown in Fig. 9.

Fig. 10 is the power factor characteristic of the single-phase
induction motor (proposed motor). From the grahp above can
be seen that the characteristic of proposed motor has beter
power factor characteristic than the three-phase induction
motor. The power factor of the proposed method always
above 0.9 and then power factor reach 0.98 at full load
conditions that better than the three-phase induction motor.
This is because the capacitor used in the proposed motor is
setted to improve power factor quality.

Rotor speed Vs Output Power
1.500
1.492

1.490

Nr 3-ph

1.487

rotorspeed (RPM)

1.480
1.481

1.470

Nr 1-ph
1.476
1.460

1.450

C. Efficiency Characteristic
The Effeciency characteristic of the proposed motor is
shown in Fig. 11
.

1.464

1.469

1.460
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1.434
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1.410

Efficiency Vs Outout power

1.410
1.409

1.400

1.403

1.390
0,00

200,00

400,00

600,00

70,00

800,00

1000,00

60,00

Output Power ( W)

55,21

57,51

51,08

Efficiency (%)

Fig. 9 Rotor speed characteristic of the motor

Nr 3-ph in the Fig. 9 is the rotor speed characteristic of the
three-phase induction motor as comparison motor to the
single-phase induction motor proposed and Nr 3-ph in the Fig.
9 is the rotor speed characteristic of the single-phase induction
motor (proposed motor). From the grahp above can be seen
that the characteristic of proposed motor has beter
characteristic than comparison three-phase induction motor.
This is because the torque developed in the proposed motor is
bigger than the conventional single-phase induction motor. So
that the proposed single-phase induction motor can be
operated close to the three-phase power rating of the a
comparative induction motor.

62,66
61,91 62,81
61,64

57,07

46,86

50,00

60,02 60,4861,3861,20

Eff M3 ph

39,54

Eff M1 ph

40,00
41,18

30,00
29,76

20,00
10,00
-

200

400

600

800

1.000

Output power( W)

Fig. 11 Efficiency characteristic of the motor

Eff M3 ph in the Fig. 11 is the Efficiency characteristic of
the three-phase induction motor as comparison motor to the
single-phase induction motor proposed and Eff M1 ph in the
Fig. 11 is the Efficiency characteristic of the single-phase
induction motor (proposed motor). From the grahp above can
be seen that the characteristic of proposed motor has almost
the same with the characteristic of the three-phase induction
motor. This is because the winding design used in the
proposed motor is setted to be the same with the three-phase
induction motor.

B. Power Factor Characteristic
The power factor characteristic of the proposed motor is
shown in Fig. 10
.

Power factor Vs Output Power
1,20
0,93

Power factor

1,00

0,96

0,94

0,97

0,80
0,60

0,52
0,42

0,56

0,60

0,64

0,68

D. Mechanical Torque Characteristic
The mechanical torque characteristic of the proposed
motor is shown in Fig. 12
.

0,98
0,98
0,98

0,71 0,73

0,46

PF M3 ph

0,40

PF M1 ph
0,20
0,00
-

200

400

600

800

1.000

Output Power ( W)

Fig. 10 Power factor characteristic of the motor

PF M3 ph in the Fig. 10 is the power factor characteristic
of the three-phase induction motor as comparison motor to the
single-phase induction motor proposed and PF M1 ph in the
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method had the similar characteristic with the three-phase
induction motor, and the motor can be operated at power
power factor close to unity.

Load torque Vs Output power

Mechanical torque (Nm)

6,00

5,34
4,82

5,00

4,32
3,80

4,00

3,28

4,12

2,78

3,00

2,28
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5,20
4,99
4,79

Tm 3 ph
3,16
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0,00
-

200

400

600

800

1.000

Output( power (W)

Fig. 12 Mechanical torque characteristic of the motor

TM 3 ph in the Fig. 12 is the mechanical torque
characteristic of the three-phase induction motor as
comparison motor to the single-phase induction motor
proposed and TM 3 ph in the Fig. 12 is the mechanical torque
characteristic of the single-phase induction motor (proposed
motor). From the grahp above can be seen that the
characteristic of proposed motor has almost the same with the
characteristic of the three-phase induction motor. This is
because the winding design used in the proposed motor is
setted to be the same with the three-phase induction motor.
If we compare all the maximum data of the characteristics
of the motor, it can be written in a table as shown in table 1.

[1]

[2]
[3]

[4]

TABLE I
MOTOR CHARACTERISTICS AT FULL LOAD CONDITIONS

No.

ISSN : 2598-2532

Comparison characteristics at full load conditions
Object

1-phase IM

3-phase IM

[5]
1

Output Power (W)

766.18

784.42

2

Rotor Speed (RPM)

1409

1403

3

Power factor

0.984

0.733

4

Efficiency (%)

61.64

61.62

5

Mechanical Torque
(Nm)

5.20

5.34

[6]
[7]

[8]

[9]

From Table 1 it can be seen that all proposed motor
characteristics are as the same as to the three phase induction
motors, except that the power factor of the proposed motor is
better than a three-phase induction motor.

[10]
IV. CONCLUSIONS
In this study, the focus was place on a new winding design
for single-phase induction motor. The windings was designed
similar to the three-phase induction motor’s windings design.
The result indicate that the single-phase induction motor
proposed can be opererated close to the three-phase induction
motor power rating. The characteristic of the proposed

[11]
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