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Abstract

Characteristics of the 3-phase induction motors are usually analyzed by using a
conventional equivalent circuit that needs some particular parameters of the motor.
The necessary parameters used of the circuit only be obtained through the results of
several experiments in the laboratory. So we must have accurate experimental data
in the laboratory if the parameters obtained from the experimental results will be
used to predict the performance of the motor accurately. This research is proposed
to give a new method for analyzing the characteristics of the 3-phase induction
motors by using simple data of the motor. The characteristic of the motor will be
analyzed only by using the nameplate data of the motor so that the motor
parameters obtained through the experimental results are not so much necessary.
For validating of the formulas that used in this research, the experimental result in
the laboratory will be compared with the result of the proposed method.
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INTRODUCTION

The 3-phase induction motor is an electric motor that is most widely used, especially in
industrial areas. The motors are widely used because they have a strong construction and easy in
operation [1]. The performances of the motors are usually analyzed by using an equivalent
circuit that can help to predict easily without having to directly operate the motor in the power
system [1,2,3,4,5,6]. Analyzing the motor by using an equivalent circuit has many advantages as
the performance of the motor can be predicted before the motor is operated directly on the
power system. So that if desire the motor can be analyzed properly, it must do some tests on the
motor to get an accurate parameter value such as testing with the dc source, no-load test, and
blocked rotor test [1,7]. But if the test results are not accurate the obtained parameter data will
not accurate anyway. So it is highly desirable for the motor test data very accurate in the
laboratory.
This research is proposed to provide a simple model of an equivalent circuit to analyze
the performance of the 3-phase induction motor by using only the data from the nameplate (or
full load test data) and a no-load testing of the motor. So it is not necessary the data of the dc
source test and blocked rotor test as it should be done through the conventional methods. The
results of this research are limited only discuss the current through of the windings and the
power factor of the motor while 3-phase induction motor operates by using Wye connection
standard.

EQUIVALENT CIRCUIT

The 3-phase induction motor has three windings that are identically distributed with a distance
of 120 degrees electrically. This motor is supplied by a 3-phase power system so that the motor
can work well. This motor will work better if the 3-phase power supply given to the motor
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terminals have a balanced source voltage. Therefore, it is usually the 3-phase induction motor is
analyzed by using the equivalent circuit using single phase supply as shown in Fig. 1 [1].

Fig. 1: The equivalent circuit of the 3-phase induction motor per phase
From Fig. 1 can be explained that:
V1 = phase voltage source
R1 = resistance of the stator windings per phase
X1 = inductive reactance of the stator windings per phase
R’2 = resistance of the rotor windings per phase referred to the stator
X’2 = inductive reactance of the stator windings per phase referred to the stator
Xm = magnetic reactance of the motor per phase
I1 = current through the stator windings
I’2 = current through the rotor windings referred to the stator
Fig. 1 shows the shape of a conventional equivalent circuit for analyzing the
performance of the motor when operated on 3-phase systems. All data impedance at the motor
equivalent circuit in Fig. 1 can be obtained by doing some testing on the motor such as dc
source test, no-load test, and blocked rotor test. The 3-phase induction motor having multiple
windings placed in the slots. The equivalent circuit model for one coil of the motor can be made
as shown in Fig. 2 [5].

Fig. 2: The equivalent circuit model for one coil of the motor
From Fig. 2 can be explained that:
Rs(f) = resistance cover one coil of the winding
Ls(f) = self-inductance cover one coil of the winding
Re
= iron losses
Cg
= capacitance to the ground
U1, U2 = voltage between one coil
With reference to Figs. 1 and 2, it can also be made a new simple equivalent circuit
model to analyze the performance of the 3-phase induction motors when operates on the 3-phase
power system. The equivalent circuit is shown in Fig. 3.
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Refer to Fig. 3 can be explained that the no load test impedance magnitude of the motor,
as follows.
Zoc = ROC + jXOC
(1)

IOC
IA

IR

Fig. 3: Equivalent circuit proposed for analyzing the performance of the 3-phase induction
motor
From Fig. 3 can be explained that:
ROC = no load test resistance of the motor’s windings per phase
XOC = no load test reactance of the motor’s windings per phase
XA = additional reactance of the motor (usually capacitive reactance)
I1 = phase current through to the motor at full load
IOC = no load test current through the windings of the motor
IR = the additional current through the resistance of the motor
IA = the additional current through the additional reactance
s
= slip
There are two ways to determine the amount of the no-load test impedance (ZOC)
depending on the motor windings connection system. When the motor windings are connected
in 'Wye' connection standard, the magnitude of the ‘ZOC’ becomes:

Z OC (Y ) 

VLL (Y )

3.I L (OC )

(2)

When the motor windings are connected in 'Delta' connection standard, the magnitude of the
‘ZOC’ becomes:

Z OC (Y ) 

3.VLL (  )
I L (OC )

(3)

VLL = line to line voltage source on no load test
IL(OC) = line current on no load test
Full load current of the motor can be obtained from the data written on the nameplate of
the motor. If the motor standard is operated on ‘Wye (Y)’ connection, I1 from Fig. 3 is equal to
the full load current. But If the motor standard is operated on ‘Delta (∆)’ connection, I1 from
Fig. 3 is equal to the full load current divided by 1.73205. So that, the magnitude of the current
of the 3-phase induction motors for ‘Y’ and ‘∆’ connection standard can be explained as follow.
I L (Y )  I 1
(4)

I L (  )  3.I 1

The currents ‘IZ’, ‘IR’ and ‘IA’ can be drawn as follows.

I Z   I1  I OC 
I R  I Z . cos( )
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I A  I Z . sin( )

where:
 = the angle of the full load current
 = the angle of the no-load current
 = the angle of the current ‘IZ’

Then, the magnitude ‘XA’ and R1 + R’2 can be calculated as follows.

V1
IA
R'
V
R1  2  1
s
IR
XA 

(9)
(10)

By assuming R1 = R’2, then obtained as follows.

R1  R ' 2 

(8)

V1
(1  1 / s ).I R

(11)

For some conditions, the motor manufacturer does not specify the power factor of the
motor. So that the motor must be operated directly at full load condition in order to know the
power factor of the motor. With reference to Anthony’s research [6] about the value of the
capacitance of the capacitor run 'Cry' which is designed to operate the 3-phase induction motor
on single phase supply with power factor close to unity, it can be described as follows.
IL
(12)
Cry  k
(12,5664)( f ).(VLN )
where:
IL
= line current of the 3-phase induction motor
VLN = line to neutral of the single phase supply
When the value of 'k' is 1 (for the motor is operating with a close to 3-phase rating), the
capacitor run in equation (12) will have the reactive power as follows.

(13)
QC  .Cry .(VC ) 2  2.VLN .I L
When the reactive power of the motors 'QM' is compared against to the 'QC' from the
equation (13), the magnitude of 'QM = 0.983 QC' (when referring to the rotor speed standard of
the motor) or 'QM = 0.997 QC' (when referring to the nominal current of the motor). Therefore,
the magnitude of 'QM' can be defined as follows.
(14)
QM  0.99QC





Then, the power factor of the motor can be calculated as follows.

cos   cos tan 1 
Q
tan   M
SM

where

S M  3.VLL .I L

cos = power factor of the motor

SM

(15)
(16)
(17)

= apparent power of the motor
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TEST RESULT AND DISCUSSION

The motor used in this research was the 3-phase induction motor of 1.5 HP, 380/220 V, Y/∆,
2.75/4.74 A, 4 poles, 50 Hz, 1400 RPM. To validate the formulas are given in this research, the
calculation results of the formulas are compared against to the results of operating
characteristics of the motor that operated with varying load conditions. The motor is operated by
using ‘Wye’ connection system on a voltage of 380 V, at a frequency of 50 Hz and with a
reference speed of 1400 RPM. Photograph of equipment and accessories conduct to experiments
in the laboratory are shown in Figs. 6. The results of this research are given in tables 1 and 2 as
below.
Table 1: Comparison results of the input current during operation against the calculation results
by using the formulas proposed
No

IL (Exp)

IL (Pro)

2

1.872

1.874

1
3
4
5
6
7
8
9

10

1.829

1.902

1.949

1.924

1.998

1.999

2.113
2.206
2.436

-0,025

2.253

3.026

2.676

2.755

1469

-1.193

2.413

2.610

1.303

-0.118

2.138
2.217

2.323

-4.013

Nr
(rpm)
1481

Error (%)

2.883

-0.490
0.944

-2.513
-4.632

1476
1460
1452
1444
1434
1423
1403
1386

where:
IL (Exp) = the current from operating condition
IL (Pro) = the current from the calculation results by using the formulas proposed
Error (%) = percentage error calculation results when compared against to the results of the
experiment
Nr
= rotor speed (RPM)
Table 2: Comparison results of the power factor during operation against the calculation results
by using the formulas proposed
1

PF
(Exp)
0.43

3

0.54

No.
2
4
5
6
7
8
9

10

0.48
0.58
0.62
0.66
0.70
0.73

0.75

0.77

PF (Pro)
0.364
0.391
0.444
0.506
0.559
0.600
0.644
0.688

0.749

0.789

20.233

Nr
(rpm)
1481

19.222

1469

error (%)

20.104
14.155
11.742
10.455

8.757
6.247

-0.067
-3.052

1476
1460
1452
1444
1434
1423
1403
1386

where:
PF (Exp) = the power factor from operating condition
PF (Pro) = the power factor from the calculation results by using the formulas proposed
978-602-70570-4-3 © 2016 Published by ITP PRESS
DOI 10.21063/ICTIS.2016.121

149

International Conference on Technology, Innovation, and Society

Characteristic performance of current and power factor of the motor from tables 1 and 2
then can be drawn as Figs. 4 and 5 respectively. From Fig. 4 shows that the current
characteristics of the motor with the calculation results are very similar to the operating results.
When referred to Table 1, the error factor of the calculation results to compared to the
experimental results are under 5%. From these results can be seen that the proposed method
provided a good result to predict the motor current. When to be seen from Fig. 5 the power
factor characteristics of the motor with the calculation results are only similar to the operating
results by the rotor speed below 1423 RPM (large load conditions), but not for rotor speed
above 1423 RPM (small load conditions). The error factor for power factor at the rotor speed
above 1423 RPM are above 5%. Therefore, the proposed method is suitable for analyzing the
motor’s current for any load conditions and only suitable for analyzing the power factor of the
motor with large load conditions, but not for at low load conditions.

Fig. 4: Comparison characteristic between current ‘IL (Exp) against to current ‘IL (Pro)’

Fig. 5: Comparison characteristic between power factor ‘PF (Exp) against to power factor ‘PF
(Pro)’
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Fig. 6: Equipment and accessories used in the laboratory

CONCLUSIONS

From the results of this research can be summarized as follows.
1. The proposed method is suitable for analyzing the input current characteristics of the 3phase induction for any load condition by an error factor below 5%.
2. The proposed method only suitable for analyzing the power factor of the motor with
large load conditions, but is not suitable for small load conditions.
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