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The use of three-phase induction motors in industry is very widespread due
to their durability, simplicity, cost, and ease of use. These motors are
continuously developed to improve performance. However, the increase in
motor performance is directly proportional to the increase in the motor’s
cost. Therefore, innovative solutions are needed to make three-phase
induction motors more efficient without raising the motor’s price.
The study’s goal is to create a motor coil design that won’t cost a lot more
but will make 3-phase induction motors more efficient. This study developed
a 2-layer coil design with a pair of poles for each layer. The second coil
layer is located 40 electrical degrees away from the first layer. In the lab,
the motor’s performance was assessed and compared to a conventional
motor. This new motor uses identical materials as the conventional model;
therefore, it does not incur additional costs. The results showed that
this method could increase the rotor speed, output power, efficiency, and

load torque of the motor by 0.21%, 16.29%, 15.90%, and 16.05%,
respectively.
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1. INTRODUCTION

Three-phase induction motors are alternating current electric motors widely utilized in industry
[1]-[12] due to their user-friendliness, robust build, affordability, dependability, ease of maintenance,
and operating system [1], [2], [4]-[8], [11]. With this in mind, these motors are still being improved so that
they work better and more efficiently [13]. The efficacy of 3-phase induction motors has been improved
through the implementation of various techniques, such as the integration of permanent magnets into the rotor
[6], [7], [14]; the fabrication of motor coils exceeding three phases and the provision of a power source
adaptable to the number of phases [15]-[32] and the advancement of rotor slot [33] and motor coil
configurations [34]-[39].

By adding solid magnets to the rotor [6], [7], [14], the induction motor will be stronger, move
faster, and use its power more efficiently. Nonetheless, the issue lies in the fact that employing
permanent magnets on the rotor incurs supplementary expenses for the acquisition of the utilized permanent
magnets [6], [7], [14]. Higher quality permanent magnets utilized in the motor result in increased production
Costs.
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The fabrication of motor coils exceeding three phases to 3-phase motor can make it more powerful
[27], [28]; more efficient [32] and more powerful. But if you want to add more phases to the motor coil,
you’ll need to spend more money on a new power source [15]-[31], as well as a dependable control circuit
and safety system [16], [20], [22], [23], [39]-[42]. Consequently, we must devise a novel approach to
enhance the performance of 3-phase induction motors without incurring significant additional costs.

The paper suggests a new design for the stator coil to enhance the performance of 3-phase induction
motors. This is because it is a cheap approach to make motors work better [32], [36]-[39]. The stator coils are
constructed using a 40-degree asymmetric configuration, similar to the 40-degree asymmetric 6-phase coil
design. The motor performance research only looks at experimental data from the lab. It focuses on how
changes in load affect the coil current, speed, load torque, output power, and efficiency of the motor. The
novel motor is contrasted with a traditional motor that has the same stator slots, coil turns per slot, and rotor
and stator designs.

2. THE COMPREHENSIVE THEORETICAL BASIS

A three-phase induction motor comprises 3 identical coils that are 1202 out of phase. This motor
generally functions on a three-phase power supply that is 120 degrees phase-shifted. Figure 1 illustrates the
coil layout design for the motor, with Figure 1(a) depicting the stator winding configuration for the 18-slot,
two-pole induction motor and Figure 1(b) a basic vector representation of the winding distribution.

(@) (b)

Figure 1. Coil layout design for a 3-phase motor within its slot (a) stator winding design for the 18-slot three-
phase induction motor with two poles and (b) basic vector representation

A 6-phase induction motor comprises 6 coils and is deemed more reliable than a 3-phase induction
motor owing to its capacity to operate with reduced vibration, increased stability, higher flux density, torque
[27], [28], power [32], and improved efficiency. Figure 2 illustrates various variations of 6-phase winding
designs. The coil design in Figure 2(a) is called a 3-phase dual design because the distance between the coils
is 02 electricity, while the coil design in Figure 2(b) is called a symmetrical 6-phase coil design because the
distance between the coils is 602 electricity, and the coil design in Figure 2(c) is referred to as an
asymmetrical 6-phase coil design due to the unequal spacing between the coils; specifically, a; and a, are 302
electricity but the distance between coils a2 and b is 902 electricity.
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Figure 2. 6-phase winding design configurations include: (a) a 3-phase dual design (02), (b) a 6-phase
symmetrical design (602), and (c) a 6-phase asymmetrical design (309)
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To guarantee operation at the specified speed, induction motor coils are frequently constructed with
a predetermined number of poles [43]. The coils of an induction motor are designed according to these
formulas to ensure it works [43].

@ ="y, (1)
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ys@ (4)
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Here, ‘Q1’ stands for the quantity of slots in a single pole; ‘s1” for the quantity of slots in the stator; ‘p’ for the
quantity of pole pairs; ‘q:’ for the quantity of slots in a single pole per phase; ‘m;’ for the quantity of phases
in the stator coil; ‘t” for the pitch of the pole; ‘y’ for the coil pitch; and ‘a,;” for the size of the electrical
angle between two neighboring slots.

The magnetic flux that is generated by the motor coil ‘@’ has a direct influence on the induced emf
‘Eq’ that is present in the coil as well as the performance of the motor. This influence can be explained by the
equation that is presented below [44].

® =tLB,2/n )
E,=444f N, k,, 0 @)

In this case, ‘Bn’ is the maximum air gap flux density, ‘L’ is the stator stack length, ‘kwa’ is the winding
factor, ‘N’ is the turns quantity in the stator coil, and ‘f is the source frequency.

The rotor current observed from the stator perspective, denoted as ‘I,’, can be determined using the
subsequent equation [43]:

=+ jX,) ®)

I

In this instance, ‘s’ represents the slip, X2’ represents the inductive reactance, and ‘R2’ represents the rotor
resistance observed from the stator.

Use these formulas to find a 3-phase induction motor’s mechanical power (Pn), output power (Pout),
load torque (T.), rotor speed rotation (w,), input power (Pir), and efficiency () [43]:

P, =3 (12)2’1—2 (1-75) )
Pout = Pn — Prot (10)
7, = Fout/,, (1)
w, = 2.1.Nr/60 (12)
P, =3 .Vy.1,.Cos @ (13)
N = (Pout /Pin)x¥100% (14)

where ‘I’ represents the line current, ‘Cos ¢’ represents the power factor, Vi’ signifies the line-to-line
voltage, and ‘Nr’ indicates the rotor speed (revolutions per minute).
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3. METHOD

As part of the experimental study, the conventional and the new design of the three-phase induction
motor were evaluated by running them at the Electrical Engineering Laboratory of the Institute of
Technology Padang. The performance of both motors is assessed by analyzing the variations in the applied
load relative to the alterations in each motor’s coil current, output power, efficiency, speed, and torque.
This method is used to assess the operational efficacy of the motors. All motor components are the same:
the stator, rotor, pole quantity, coil type, stator slot quantity, and coil current specification. This study
examines the operational parameters of the motor, specifically a 1 horsepower, 50 Hz, 380-volt, Y-connected
motor featuring 1.8 amps, 2830 revolutions per minute, two poles, 18 slots, and a 0.55 mm coil with 118
turns per slot. The conventional motor utilizes a single-layer coil with 118 turns per slot. The coil of the new
motor is designed with a two-layer arrangement, comprising two separate three-phase coil designs, each
corresponding to its respective pole. This innovative coil design employs a 0.55 mm coil; each layer has an
amount of 59, which means a total of 1 slot remains occupied by 118 turns, consistent with the traditional
configuration. The new motor design incurs no supplementary expenditures.

Figure 1(a) illustrates the winding configuration in a conventional motor in its stator, featuring 18
slots and dual-pole arrangements. The coil arrangement comprises three coils (A, B, and C). The three-phase
source must be connected to the input terminals (Al, B1, and C1) in a Y connection configuration, while
terminals A2, B2, and C2 must be joined for optimal motor operation. Otherwise, the motor will function
inefficiently. The stator coil design configuration for the novel design motor is illustrated in Figure 3.
Coils A, B, C, D, E, and F comprise this design shape. The coil Al (first coil) is initiated at slot number 2 on
the initial layer, as illustrated in Figure 3(a). In contrast, the second layer (D1) initiates at slot number 4
(which has been displaced by 2 slots), as shown in Figure 3(b). In (5) illustrates that the spacing between
each slot is 200 when a two-pole configuration is employed with 18 stator slots. This means that the form of
the coil is like the 400-phase asymmetrical coil configuration of a 6-phase motor. To get the most out of the
newly designed motor with a “Y” link, the coil configuration shown in Figure 3 needs to be connected in the
way shown in Figure 4. In Figure 4, the terminals of coils Al, B1, and C1 are sequentially connected to the
three-phase power supply (L1, L2, and L3).

[1T2T3T4ls]e]7Te]oio]11f2fia[14]15]1e]17]1e]  [3]4ls5[6]7]8]9of11f12[13[14]15]16[17[18] 1] 2|
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Figure 3. The stator coil of the new two-pole motor design has 18 slots,
dispersed throughout the first (a) and second (b) layers
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Figure 4. The arrangement of the coil connections of the new design motor, which adheres
to the Y-connection standard
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Figure 5 illustrates the process for testing an induction motor in a lab. A 3-phase induction motor is
directly connected to a 1-phase induction generator, which is used to power several lamps as a load, as shown
in Figure 5. A three-phase induction motor connected to a three-phase power source powers the induction
generator. By altering the load on the induction generator that is directly connected to the motor, a three-
phase induction motor is put through several tests. This enables the evaluation of the motor’s performance
under various circumstances and aids in determining its efficiency and operational limits. To measure
current, voltage, power factor, frequency, and input power, a digital power meter is attached to the motor.
An induction generator has a digital power meter that can measure output power, current, voltage, power
factor, and frequency. Because the three-phase induction motor and the generator are directly connected, the
generator’s input power and the motor’s output power are equal. The rotor speed is measured with a digital
tachometer, then the motor efficiency and load torque are calculated using (10) to (14). A table and graph
were then provided for analytical assessment based on the experimental results of the motors’ performance.

3-phase . 3-phase 1-phase Digital Power Load of
power supply DQ'EL;?“’“ induction Induction Meter = generator
motor Generator (lamps)

@

Figure 5. Procedure for measuring the performance of induction motors in a laboratory setting

4. RESULTS AND DISCUSSION

Laboratory testing was conducted on a newly developed 3-phase induction motor and a traditional 3-
phase induction motor that was identical to the newly designed motor except for the winding configuration.
The changes in current, speed, efficiency, and load torque were observed by varying the load on both motors.
As shown in Figures 6 and 7 and Table 1, the performance results of both motors were then combined into a
comparative graph and table. Figures 6 and 7 illustrate the efficiency (Eff(M40)), load torque (TL(M40)),
rotor speed (Nr(M40)), and coil current (1(M40)) of the recently constructed 3-phase induction motor.
Eff(M3), TL(M3), Nr(M3), and I(M3) stand for efficiency, load torque, rotor speed, and coil current,
respectively, in a typical three-phase induction motor. Figure 6 shows that while the efficiency of the newly
created motor consistently outperforms that of the conventional 3-phase induction motor (Figure 6(a)), the
load torque is significantly higher (Figure 6(b)). The new motor design outperforms the traditional 3-phase
induction motor in terms of efficiency (Eff) and load torque (TL), as shown in Figure 6 and Table 1. Table 1
shows that the 3-phase induction motor’s upgraded design achieves an efficiency of 66.83%, but the
conventional version only achieves 57.66%. The efficiency of the updated motor design has increased by
15.90%. The improved motor design results in a 16.05% increase in load torque, as Table 1 clearly shows.
Figure 7 shows that the innovative motor design’s velocity consistently surpasses that of the conventional
3-phase induction motor (Figure 7(a)), while the coil current is still relatively lower (Figure 7(b)).
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Figure 6. The motors’ characteristics include (a) their efficiency in relation to their output power and
(b) their load torque in relation to their output power
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Figure 7. Characteristics of output power include (a) rotor speed and (b) winding current

Figures 8 illustrate the fundamental winding distinctions between the traditional and the innovative
motor design. Figure 8 shows that the color red represents the first layer coil, green signifies the second layer
coil, and the symbol ‘1> denotes the coil’s pole pitch. Figures 8(a) and (b) delineate the differences between
conventional and new motor designs, with the new one having an enlarged pole pitch (t). Referencing (6) to
(13), it is evident that augmenting the pole pitch ‘t> will enhance the magnetic flux (6). This augmentation
subsequently elevates the EMF (7), rotor winding current (8), mechanical power (9), output power (10), load
torque (11), and motor efficiency (14). Figures 6 and 7 present the graphical statistics that substantiate this
assertion. The newly designed motor surpasses the conventional motor in overall performance.
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Figure 8. The various arrangements of phase A 2-pole, 18-slot coil designs include (a) the coil arrangement
in a conventional three-phase motor and (b) the coil arrangement in a new design motor

Table 1. Accomplishments of motor performance

Object Proposed design  Old design  Enhancement (%)
Number of poles 2 2 0
Winding count per slot 118 118 0
Slot number 18 18 0
Output power (W) 741 637 16.29
Efficiency (%) 66.83 57.66 15.90
Speed of the rotor (RPM) 2821 2815 0.21
Load torque (Nm) 251 2.16 16.05
Winding current (A) 1.80 1.83 -1.82

The “Ansys Motor-CAD v2024.1.1” tool was used to model the coil designs for both motors to go
along with the analysis. The “Ansys Motor-CAD” program was used to make the motor coil design shown in
Figure 9. Figure 10 shows the results of models run with the same software. In Figure 9(a), you can see a
modern three-phase induction motor coil design. In Figure 9(b), you can see an older three-phase induction
motor coil design. As seen in Figure 10(a), the stator of the new design motor has a greater flux density in the
air gap (0.2581 Tesla) than a regular motor, which only has 0.2344 Tesla (as seen in Figure 10(b)).
It indicates that the newly designed motor has a higher flux density than a regular three-phase motor.
As previously indicated, increasing flux density improves motor efficiency, speed, output power, and torque.
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Figure 9. Phase 1 (phase L1) coil illustrations for a three-phase induction motor, created using
“Ansys Motor-CAD v2024.1.1,” showing () the coil of a new three-phase motor and
(b) the coil of a traditional three-phase motor
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Figure 10. Flux density results by using the “Ansys Motor-CAD v2024.1.1” tool, with data including
(a) a new motor design and (b) a traditional motor design

Table 1 demonstrates that the new design motor’s output power, efficiency, rotor speed, and load
torque increase by 16.29%, 15.90%, 0.21%, and 16.05%, respectively, when compared to a traditional motor.
The coil current of the new design motor is 1.82% less than that of a traditional motor. The performance gain
is free because the new design of the three-phase induction motor uses the same stator, coil materials, and
rotor as a traditional 3-phase induction motor (old design). Only a 3-phase induction motor with a 1 HP
power capacity was used to evaluate the method described in this study; however, more research may lead to
its development on 3-phase induction motors with bigger capacities.

5. CONCLUSION

The aim of this research is to develop a novel method for constructing a three-phase induction motor
coil that enhances motor performance without incurring substantial cost increases. The study’s findings
indicate that the proposed coil design can significantly improve the overall performance of a three-phase
induction motor without requiring substantial additional expenditures. The new coil design enhances the flux
density of the motor, hence augmenting torque, speed, output power, and efficiency.
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