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ABSTRACT

This study aims to analyze the effect of additional load on the rotation of a three-phase induction
motor by considering the conditions of balanced and unbalanced stator resistance. The study
was conducted using an experimental method using loading variations of 25%, 50%, 75%, and
100% on balanced and unbalanced stator resistance (1.1 ohm, 2.1 ohm, 3.1 ohm, and 4.1 ohm).
The parameters observed include motor rotation (rpm), slip, current in each phase (la, Ib, Ic),
and torque. The results showed that the addition of load significantly reduced the motor speed
in both stator resistance conditions. In the balanced stator resistance condition, the highest speed
was recorded at 1470 rpm at 25% load and the lowest speed was 1425 rpm at 100% load. In the
unbalanced stator resistance condition, the highest speed of 1430 rpm occurred at 25% load,
while the lowest speed of 1390 rpm occurred at 100% load. The unbalanced stator resistance
resulted in uneven current distribution between phases, increased slip, and decreased motor
speed. Motor torque also increases with the unbalance of stator resistance. The largest torque
was recorded at 2.03 Nm at an unbalanced resistance of 4.1 ohms with a load of 100%, while
the smallest torque of 0.70 Nm occurred at a balanced resistance of 1.1 ohms with a load of
25%. These results indicate that unbalanced resistance can increase torque but has a negative
impact on motor efficiency and stability. The addition of load and unbalanced stator resistance
affect the performance of a three-phase induction motor, especially in terms of rotation and
torque. Therefore, it is important to maintain the balance of stator resistance in order to maintain
optimal motor performance.

Keywords: Three Phase Induction Motor, Stator Resistance, Loading, Motor Rotation, Torque,
Slip.

Introduction

Three-phase induction motors are one of the most widely used types of electric motors in
various industrial applications. This is due to its simple construction, high durability, and
relatively low maintenance costs. This motor is designed to rotate loads with various levels of
torque, making it very versatile in supporting industrial operations, from light applications such
as conveyor drives to heavy applications such as large compressors or pumps. These advantages
make three-phase induction motors an important element in modern industrial production
systems (Hughes & Drury, 2022).

The working principle of a three-phase induction motor is based on the interaction between
the magnetic field generated by the stator winding and the field induced in the rotor. Unlike DC
motors, where the rotor and stator windings are directly connected to a power source, in
induction motors, the voltage and power received by the rotor are obtained through the
electromagnetic induction process of the stator winding (Chapman, 2020). This process allows
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induction motors to work without the need for a commutator or brushes, thereby increasing
efficiency and reducing maintenance requirements.

However, the performance of a three-phase induction motor is highly dependent on
operational conditions, especially the load it receives. A mismatch between the load torque and
the motor capacity can cause problems such as overloading or underloading. If the load is too
large, the motor can stop rotating due to the inability to produce sufficient torque. Conversely,
if the load is too small, the energy used becomes inefficient. This condition not only affects
motor performance but also has an impact on overall operational efficiency (Rashid, 2019).

In addition to the load, one of the technical problems often encountered in three-phase
induction motors is the unbalance of resistance in the stator winding. This unbalance can be
caused by several factors, such as motor age, lack of maintenance, or damage to internal
components. Unbalanced stator resistance can affect the current distribution in the motor, which
ultimately causes a decrease in torque, changes in rotational speed, increased heat, and potential
further damage. In an industrial context, this disturbance can result in decreased productivity
and increased maintenance costs. Therefore, analysis related to this unbalance is very important
to ensure the reliability and operational efficiency of three-phase induction motors.

To understand further, this study focuses on analyzing the effect of additional load on the
unbalance of stator resistance and its impact on the speed and torque of three-phase induction
motors, especially on wound rotor motors. This study aims to provide deeper insight into the
working dynamics of three-phase induction motors under various operating conditions, as well
as identifying steps that can be applied to improve motor performance and reliability.

Literature Review
1. Three phase induction motor

It is an electromechanical device that is widely used in various industrial applications
due to its advantages in terms of efficiency, durability, and ease of maintenance. The working
principle of this motor involves the interaction between the magnetic field generated by the
stator winding and the magnetic field induced in the rotor, producing the torque required to
rotate the load. As technology advances, research on three-phase induction motors continues to
grow, especially to improve their performance and efficiency under various operating
conditions.

2. Characteristics of Three Phase Induction Motor

Hughes and Drury (2022) explain that a three-phase induction motor consists of a stator
that has three-phase windings and a rotor that can be a squirrel cage rotor or a wound rotor. The
voltage and current in the rotor are generated through the electromagnetic induction process of
the stator, which distinguishes induction motors from DC motors. One of the key parameters of
an induction motor is torque, which is the result of the interaction between the stator and rotor
magnetic fields. The amount of torque is highly dependent on the applied load conditions and
the stability of the current distribution in the stator windings. Chapman (2020) emphasizes that
three-phase induction motors are designed to operate with high efficiency under various load
conditions. However, motor reliability can be affected by technical problems, such as stator
resistance imbalance, load variations, and environmental factors. This imbalance can cause
decreased operational efficiency, increased heat, and damage to internal motor components.
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Figure 1. Three Phase Inducton Motor Construction

3. Effect of Load on Motor Performance

The load applied to a three-phase induction motor greatly affects its performance,
especially on torque and rotational speed. Rashid (2019) stated that overloading can cause a
decrease in motor speed, increase power consumption, and damage due to overheating.
Conversely, underloading causes the motor to operate below its optimal capacity, leading to
energy inefficiency. In addition, the relationship between load torque and motor speed can be
explained through the torque-speed characteristic curve. Under normal conditions, a three-
phase induction motor can maintain a synchronous speed close to the nominal. However, when
the load increases, the slip between synchronous and rotor speeds increases, which affects the
overall efficiency of the motor.

4. Stator Resistance Unbalance

One of the significant technical factors in the performance of an induction motor is the
unbalance of resistance in the stator winding. This unbalance can be caused by mechanical
damage, motor age, or unbalanced power supply. According to Rashid (2019), unbalanced
stator resistance will cause uneven current in the winding, which leads to magnetic field
instability, decreased torque, and increased power loss. This unbalance can cause mechanical
vibration in the motor, which if left untreated can accelerate damage to motor components. To
overcome this problem, it is important to carry out routine maintenance and analyze the current
and voltage characteristics in the stator winding periodically.

Research Method
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Figure 2. Flowchart
The following is a flowchart description:
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Balanced Stator Resistance Testing Procedure

1) Assemble the experimental circuit according to figure 3.5.

2) Arrange the external resistance connections in a Y connection configuration.

3) Connect external resistors to the stator terminals, with each external resistor set to 1.1
ohms.

4) Close switch S1 to connect PTAC 1 to the stator terminal, then increase the PTAC 1
voltage until it reaches the specified value, which is 360 volts.

5) Close switch S3, then increase the PTDC 1 voltage until the ammeter A3 shows the
nominal amplifier current.

6) Close switch S2, then set the resistance R to the minimum value according to the
specified data. Record the measurement results on the ammeter A4, A5, A6, as well as
the values of T and n.

7) Increase the resistance R gradually according to the specified data, while maintaining
the voltage V1 to remain constant. Record the measurement results on A4, A5, A6, T,
and n.

8) Testing completed.

Unbalanced Stator Resistance Testing Procedure

1) Assemble the experimental circuit according to figure 3.6.

2) Set the external resistance connections in a Y connection configuration.

3) Connect external resistors to the stator terminals, with each external resistor set to 1.1
ohms.

4) Close switch S1 to connect PTAC 1 to the stator terminal, then increase the PTAC 1
voltage until it reaches the specified value, which is 360 volts.

5) Close switch S3, then increase the PTDC 1 voltage until the ammeter A3 shows the
nominal amplifier current.

6) Close switch S2, then set the resistance R to the minimum value according to the
specified data. Record the measurement results on the ammeter A4, A5, A6, as well as
the values of T and n.

7) Increase the resistance R gradually according to the specified data, while maintaining
the voltage V1 to remain constant. Record the measurement results on A4, A5, A6, T,
and n.

8) Repeat steps 4 through 7, increasing the value of one of the external resistors to 2.1
ohms, 3.1 ohms, and 4.1 ohms to create an unbalanced stator resistance condition.

9) Testing completed.

Results and Discussion
Results of DC Resistance Experiments on Stator and Rotor Windings

The results of the DC resistance experiments on the stator and rotor windings have been
recorded in Table 1 and Table 2. The following is an analysis based on the data obtained:

1. DC Resistance in Stator Winding
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Table 1. DC Resistance Experiment on Stator Winding
Phase Voltage (V) Current (1)

uv 3.5 1.7

e Data obtained: UV Phase: Voltage (V) =35V, Current (1) =1.7 A.
o Calculation of resistance (R):

Resistance can be calculated using Ohm's law:

;
R=7

Value substitution:

w
[y

b

RU—V =

~ 2,06 Q

[
-1

b

e Analysis:
The resistance value of 2.06 Q indicates that the stator winding in the UV phase has a
low resistance value, in accordance with the characteristics of the conductor material in
the winding of the electric machine. This resistance plays an important role in
supporting the function of the stator to produce sufficient magnetic fields in normal
operation of the machine.

2. DC Resistance in Rotor Winding

Table 2. DC Resistance Experiment on Rotor Winding
Phase Voltage (V) Current (1)
KM 1.1 1.3

« Data obtained:
Phase KM: Voltage (V) =11V, Current (1) =13 A.
o Calculation of resistance (R):

Using the same formula:

y
R=7

Value substitution:
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1.1
' x 9)
1.3 0,85

Rig_v =

e Analysis:
The resistance value of 0.85 Q indicates that the rotor winding has a smaller resistance
than the stator winding. This is reasonable because the rotor is designed to produce a
large induction current with minimum resistance, so that it can support the performance
of an induction motor or generator with high efficiency.

The experimental results of loading with balanced stator resistance can be seen in Table 3.
Table 3. Experimental Results Data for Loading with Balanced Stator Resistance

R(%) Nr Slip He(A) Ib(A) Ic(A)
25 1450 0.01 0.85 0.85 0.85
50 1430 0.02 1.05 1.05 1.05
75 1435 0.04 1.25 1.25 1.25
100 140 0.06 1.45 1.45 1.45

The results of the loading experiment with balanced stator resistance show a clear
relationship between the increase in resistance (R), rotor speed (Nr), slip, and phase current (la,
Ib, Ic). At 25% resistance, the rotor speed reaches 1450 rpm, while at 100% resistance, the rotor
speed drops drastically to 140 rpm. This decrease in rotor speed occurs because the increase in
resistance increases the electrical load on the stator, so that slip increases and the rotor moves
slower. The initial slip is only 1% (0.01) at 25% resistance and increases to 6% (0.06) at 100%
resistance, which reflects that the rotor is getting further away from synchronous speed due to
the increasing load.

In addition, the phase currents (la, Ib, Ic) also increase with increasing resistance. At 25%
resistance, the current is recorded at 0.85 A for each phase, while at 100% resistance, the current
increases to 1.45 A. The consistency of the current values in the three phases indicates that the
stator system operates in a balanced condition without any imbalance. This also confirms that
increasing the load on the stator causes an increase in the power that must be drawn by the
motor to counteract the mechanical load. The results of this experiment illustrate the
performance of an induction motor under balanced load conditions. Increasing stator resistance
has a direct impact on increasing slip, decreasing rotor speed, and increasing phase current.
These data are in accordance with the working principle of an induction motor, where slip and
current increase with increasing load applied to the motor.

The experimental data from loading with unbalanced stator resistance can be seen in Table 4.

Table 4. Experimental Results Data of Loading with Unbalanced Stator Resistance

R(%) Nr Slip He(A) Ib(A) Ic(A)
25 1350 0.1 3.25 4.85 4.85
50 1330 0.12 3.35 4.05 4.05
75 1335 0.14 3.25 5.25 5.25
100 1240 0.16 3.55 5.45 5.45
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The results of the loading experiment with unbalanced stator resistance showed significant
changes in rotor speed (Nr), slip, and phase currents (la, Ib, Ic). At 25% resistance, the rotor
speed was recorded at 1350 rpm, while at 100% resistance, the rotor speed decreased to 1240
rpm. This decrease in rotor speed was caused by an increase in slip, which increased from 10%
(0.1) at 25% resistance to 16% (0.16) at 100% resistance. This shows that the unbalanced stator
resistance affects the performance of the induction motor, causing the rotor to move further
away from synchronous speed as the load increases.

The phase currents (la, Ib, Ic) also show unbalance due to changes in stator resistance. At
25% resistance, the current in phase A is 3.25 A, while the currents in phases B and C are 4.85
A each. This unbalance continues at all resistance levels, with phase A showing a lower current
value than phases B and C. At 100% resistance, the current in phase A is recorded at 3.55 A,
while the currents in phases B and C each reach 5.45 A. This current unbalance is caused by
the unbalanced resistance values, which causes the current distribution to be uneven across the
three phases.

From the experimental data and calculations obtained, a curve can be made that shows the
relationship between loading and rotation in Figure 2.
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Figure 3. Rotation curve against balanced stator resistance load
From Figure 2 it can be seen that with increasing load the rotation produced by the
induction motor is getting smaller, where the largest rotation produced is 1470 rpm and the
smallest is 1425 rpm. From the experimental data and calculations obtained, a curve can be
made that states the relationship between loading and rotation in Figure 3.
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Figure 4. Rotation curve against unbalanced stator resistance load

From Figure 3, it can be seen that as the load increases, the rotation produced by the
induction motor decreases, where the largest rotation produced is 1430 rpm and the smallest is
1390 rpm.

From the overall results of the calculation of the loading of a three-phase induction motor
with a balanced stator resistance condition and an unbalanced stator resistance condition, the
following curve can be seen in Figure 4.
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Figure 5. Load curve versus rotation on a three-phase induction motor

From the experimental results obtained, the relationship between loading and rotation in a
three-phase induction motor can be analyzed, both in balanced and unbalanced stator resistance
conditions. Based on Figure 2, the rotation curve against load shows that with increasing load,
the rotation of the induction motor in balanced stator resistance conditions decreases. The
highest rotation was recorded at 1470 rpm at 25% load, while the lowest rotation was 1425 rpm
at 100% load. This decrease is due to increased slip as the load increases, which is a common
characteristic of induction motors.

In Figure 3, which illustrates the relationship between loading and rotation under
unbalanced stator resistance conditions, a similar phenomenon also occurs. The motor rotation
decreases with increasing load. However, the resulting rotation value is lower compared to the
balanced stator resistance condition. The highest rotation was recorded at 1430 rpm at 25%
load, while the lowest rotation was 1390 rpm at 100% load. This decrease is more significant
than the balanced condition, because the resistance imbalance causes the current in the motor
phases to be uneven, which affects motor performance.

From the overall results, the combined curve in Figure 4 shows a direct comparison
between balanced and unbalanced stator resistance conditions to the rotation of the induction
motor. In unbalanced resistance conditions, the rotation decreases faster than in balanced
conditions, indicating that resistance imbalance has a negative impact on motor performance.
In addition, motor torque is also affected by resistance imbalance. The largest torque was
recorded at 4.1 ohm resistance with 100% load, which was 2.03 Nm. Conversely, the smallest
torque occurred at 1.1 ohm balanced resistance with 25% load, which was 0.70 Nm. This shows
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that resistance imbalance not only decreases rotation, but also increases torque due to the
increase in forward (111, 121) and backward (112, 122) currents.

Overall, this study shows that additional load and stator resistance imbalance have
significant impacts on the performance of three-phase induction motors. Resistance imbalance
causes phase currents to become uneven, which increases slip, reduces rotation, and increases
torque. This condition shows the importance of maintaining stator resistance balance to
maintain optimal performance of induction motors in practical applications.

Conclusion

Effect of Load Addition. Adding a load to an induction motor, either in a balanced or
unbalanced stator resistance condition, causes a decrease in motor speed. This decrease occurs
because slip increases with increasing load. In a balanced stator resistance condition, the highest
speed recorded was 1470 rpm at 25% load, while the lowest speed was 1425 rpm at 100% load.
Conversely, in an unbalanced stator resistance condition, the highest speed recorded was 1430
rpm at 25% load, while the lowest speed was 1390 rpm at 100% load.

Effect of Stator Resistance Imbalance. Stator resistance imbalance causes the current
distribution between phases to be uneven, which affects motor performance. This imbalance
produces greater slip, so that the motor speed is lower than when the resistance is balanced. In
addition, resistance imbalance increases the forward (111, 121) and backward (112, 122)
currents, which results in an increase in motor torque.

Induction Motor Torque. The largest torque was recorded at an unbalanced resistance
of 4.1 ohms with a 100% load, which was 2.03 Nm. Conversely, the smallest torque occurred
at a balanced resistance of 1.1 ohms with a 25% load, which was 0.70 Nm. This shows that the
unbalanced resistance can increase torque, but also worsen the efficiency and stability of the
motor.

Optimizing Induction Motor Performance. To maintain optimal performance, it is
important to ensure that the stator resistance is balanced. Resistance imbalance not only reduces
motor speed, but also increases excessive current and torque consumption, which can cause
damage to the motor if continued .
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