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 A three-phase induction motor is extensively employed in the industrial 

sector due to its robustness and cost-effectiveness. An enhancement of this 

motor is underway to optimize its performance. Enhancing motor 

performance is intricately linked to escalating motor production expenses. 

Consequently, an innovative strategy is essential to enhance motor 

performance without incurring substantial extra expenses. This study aimed 

to introduce a novel approach for designing 3-phase induction motor coils to 

enhance motor performance without significant additional expenses. This 

study concentrated on the design of a 3-phase induction motor coil, rated at  

1 HP, 380 V, 2 A, 4 poles, and 24 slots, and arranged in a Y-connection. We 

fabricated the coil using a dual-layer approach, creating magnetic pole pairs 

on each layer. The study's results demonstrated an improvement in output 

power, efficiency, load torque, and rotor speed of the new motor design, 

specifically by 19.32%, 16.26%, 18.48%, and 0.72%, respectively. Despite a 

3.05% rise in motor coil current during peak load conditions, the motor's 

overall performance significantly improves, enhancing its capabilities 

without considerable additional expenses. This study claims that the 

suggested way can make other 3-phase induction motors work better without 

costing a lot more. 
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1. INTRODUCTION 

A 3-phase induction motor is characterized by its straightforward design, durable build, cost-

effectiveness, dependability, and straightforward maintenance [1]-[8]. As a result of these advantages, 

industrial facilities continue to rely heavily on this motor [1]-[12]. The performance of 3-phase induction 

motors is inferior to that of synchronous motors, although they offer many benefits [1], [2], [13]-[15]. Efforts 

are currently being made to improve the performance of three-phase induction motors, and multiple 

approaches are being targeted for improvement [16]. 

Operating the motor on a single-phase power source is one way to improve the performance of 3-

phase induction motors [17], [18]. This can increase the starting torque, power factor, and motor efficiency. 

When you use a single-phase power source with a three-phase induction motor, you have to pay more for 

control and capacitor circuits, which are directly related to the motor's power rating [17], [18]. 

Another effort to make 3-phase induction motors work better is to improve the ferromagnetic 

materials used in them [19], [20]. Development of ferromagnetic motor materials entails significant 

additional expenses, as the quality of the material directly correlates with its price escalation [19], [20]. As 
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the quality of the ferromagnetic material utilized in the motor improves, motor performance enhances; 

nevertheless, the process also results in elevated production costs due to the increased price of the 

ferromagnetic material. 

Incorporating permanent magnets into the rotor is another way to improve the performance of a 3-

phase induction motor [5], [6], [21]. This way can make an induction motor more powerful, have more 

torque, and work more efficiently. However, the problem arises from the additional costs associated with 

procuring the permanent magnets used on the rotor [5], [6], [21]. The use of superior permanent magnets in 

motors leads to elevated production expenses. 

Designing the motor coil with more than three phases and making a power source that matches the 

number of phases in the coil is one way to improve the performance of a three-phase induction motor [22]-

[44]. This technique can improve the flux density [38], [39], power [38], [39], torque [34], [35], and 

efficiency [40], [41] of the motor. In spite of this, adding more phases to the motor coil costs more because a 

new power source [22]-[37] needs to be developed along with a reliable control system and safety features 

[23], [27], [29], [30], [40]-[44] that are related to the number of phases and the motor's power output. 

Because of this, a new way needs to be found to make 3-phase induction motors work better without 

spending a lot of extra money. 

Recent studies demonstrate that optimizing the rotor slot design [45] and motor coil design [38]-[40], 

[46]-[51] are the most economical approaches to augmenting motor performance. That's why this study suggests 

making a new type of stator coil for three-phase induction motors so that they work better. As part of this job, a 

3-phase induction motor coil with a 2-layer design and different pole configurations for each layer had to be 

built. We improved the links between the coils to increase the magnetic flux, which improved the motor's work. 

We tested motors in the lab, looking at how current, speed, total power, and motor efficiency changed when the 

load changed. The performance of the new motor was compared to that of a standard 3-phase induction motor 

that had the same stator, rotor, number of stator slots, and number of turns per slot as the new motor. The only 

difference between the two motors was how the stator coil was set up. Because of this, the newly created 3-

phase induction motor did not cost anything extra. The proposed winding design is verified to be suitable for 

different 3-phase induction motors, improving performance without substantial extra costs. 

 

 

2. THE COMPREHENSIVE THEORETICAL BASIS 

When making a 3-phase induction motor coil, you have to look at several factors, such as the pole 

pitch, the number of slots, and the number of turns per pole. The following equation can be used to figure out 

the pole pitch (τ), the number of slots per pole (Q1), and the number of slots per pole per phase (q1) coil [52]. 
 

𝜏 = 𝜋𝐷
2𝑝⁄  (1) 

 

𝑄1 =
𝑠1

2𝑝⁄  (2) 

 

𝑞1 =
𝑠1

2𝑝 𝑚1
⁄  (3) 

 

In this context, 'D' denotes the stator inner diameter (m), 'π' is defined as 3.14, 'p' represents the number of 

pole pairs, 's1' indicates the number of stator slots, and 'm1' refers to the number of stator coil phases utilized 

in the induction motor. To define the pole pitch (τ) in relation to the number of slots, use the (4) [52]. 
 

𝜏 =
𝑠1

2𝑝⁄ = 𝑄1 (4) 

 

The coil pitch (y) is defined as the distance between two neighboring coil sides in the construction of 

a single pole [4]. The coil pitch is typically rendered nearly equivalent to the pole pitch. For some 

applications, the coil pitch may be reduced (corded coils). The coil pitch (y) is determined by counting the 

slots from the left to the right side of the coil, exactly [52]: 
 

𝑦 ≤ 𝑄1 (5) 
 

The following equation calculates the magnitude of the electrical angle (𝛼𝑒𝑙) between two adjacent slots [52]. 
 

𝛼𝑒𝑙 =
𝑝 360𝑜

𝑠1
⁄  (6) 
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The coil may divide into parallel current channels if the current or voltage in each phase is overly 

elevated. In a single-layer coil, the maximum number of parallel routes (a) per phase is equal to the number 

of pole pairs (p); in contrast, in a double-layer coil, this number is twice. A schematic representation of the 

winding design for a three-phase induction motor is shown in Figure 1. The motor has a double-layer stator 

with the parameters m1 = 3, 2p = 2, and s1 = 24 at the time [52]. In the winding illustrated in this figure, Q1 is 

calculated as 24 divided by 2, yielding 12. This denotes the coil pitch (y) of a full-pitch coil. The coil pitch in 

this design has been diminished via chording, y = 8 [52]. 
 
 

  

(a) (b) 

 

(c) 
 

Figure 1. A two-layer configuration in a three-phase induction motor with m1= 3, 2p = 2, s1 = 24, y = 8, a = 1, 

and q1 = 4: (a) phase A, (b) phase B, and (c) phase C [52] 
 
 

The motor's ability to move its load is based on the strength of the electrodynamic force (F) it 

produces when the coil's magnetic field turns. This results in a mechanical torque (Tm) capable of turning the 

rotor. The link between electrodynamic force (F) and mechanical torque (Tm) is indicated in (7) and (8) [53]. 
 

𝐹 = 𝐵.  𝑖𝑟 . 𝑙 = (∅ /𝐴). 𝑖𝑟 . 𝑙 (7) 
 

𝑇𝑚 =  𝐹. 𝑟 (8) 
 

Where ‘∅’ means magnetic flux (Wb), ‘ 𝑖𝑟’ is electric current in the rotor conductor (A), ‘B’ represents 

magnetic flux density (T), ‘l’ is the effective length of the rotor conductor (m), ‘A’ is the cross-sectional area 

of the rotor (m²), and ‘r’ is the rotor radius (m). The average magnetic flux (∅) in 1 coil and the magnitude of 

the stator winding rms EMF (E1) generated in the stator coil can be calculated as (9) and (10) [52]. 
 

∅ = 𝜏 𝐿 𝐵𝑚  2/𝜋 (9) 
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𝐸1 = 𝜋√2 𝑁1 𝑘𝑤1 𝑓 ∅ (10) 

Where L is stator stack length (m), Bm is maximum flux density in the air gap, N1 is the number of stator coil 

turns, kw1 = winding factor, and f is source frequency. The rotor current referred to as the stator winding (I2) 

and the mechanical power converted to drive the rotor (Pm), can then be calculated using (11) and (12) [53]. 

 

𝐼2 =
𝐸1

(
𝑅2

𝑠
+ 𝑗𝑋2)

⁄  (11) 

 

𝑃𝑚 = 3 (𝐼2)2 𝑅2

𝑠
 (1 − 𝑠) (12) 

 

Where s is slip, R2 denotes the rotor winding resistance as referenced to the stator system (Ω), whereas X2 

signifies the rotor winding leakage reactance also referenced to the stator system (Ω). 

We can calculate the size of the mechanical torque from the coil (Tm), the output power (Pout), the 

load torque (TL), the input power (Pin), and the rotor speed (𝜔𝑟), and the efficiency (η) of a 3-phase induction 

motor using this (13)-(18) [53]: 
 

𝑇𝑚 =
𝑃𝑚

𝜔𝑟
⁄  (13) 

 

𝑃𝑜𝑢𝑡 = 𝑃𝑚 − 𝑃𝑟𝑜𝑡  (14) 
 

𝑇𝐿 =
𝑃𝑜𝑢𝑡

𝜔𝑟
⁄  (15) 

 

𝑃𝑖𝑛 = √3  . 𝑉𝐿𝐿 . 𝐼𝐿 . 𝐶𝑜𝑠 𝜑 (16) 
 

𝜔𝑟 = 2. 𝜋. 𝑁𝑟/60 (17) 
 

𝜂 = (𝑃𝑜𝑢𝑡  /𝑃𝑖𝑛) × 100% (18) 
 

where Nr denotes rotor speed (rev/min), VLL represents the line-to-line voltage, IL signifies line current, and 

Cos 𝜑 indicates the motor's power factor. 

 

 

3. METHOD 

In the Electrical Engineering Laboratory of the Padang Institute of Technology, the study compared 

the performance of a brand-new three-phase induction motor to that of a normal three-phase induction motor. 

Both motors have the same setup regarding their rotor, stator, pole count, stator slot number, coil type, and 

coil current characteristics. This study is mostly about designing the stator coil for a 3-phase induction motor 

that needs to work at 50 Hz, 380 V, Y connection, 2 A, 1390 rpm, 24 slots, and 4 poles, and use a 0.6 mm 

coil with 110 spins per slot. The standard 3-phase induction motor coil is made up of a single-layer coil with 

110 turns in each slot. There are two layers of coils in the new design of the three-phase induction motor coil. 

Each layer has a different 3-phase coil design that is specific to its pole. In the changed motor, each layer has 

55 turns, giving each slot a total of 110 turns. We assess how well both motors work by looking at how coil 

current, speed, torque, and motor efficiency change when different loads are applied. Figure 2 shows how the 

stator coil of a normal three-phase induction motor is set up. It has 24 slots and 4 poles. There are three coils 

in this configuration: A, B, and C. In a Y-connection method, the 3-phase supply is connected to terminals 

A1, B1, and C1, and terminals A2, B2, and C2 are linked together (neutral point). This layout makes the 

motor work properly. 

The new three-phase induction motor includes a stator coil layout with two layers. The first layer 

mirrors the design depicted in Figure 2, comprising coils A, B, and C, while the second layer, illustrated in 

Figure 3, consists of coils D, E, and F, achieved by displacing the coil placement by one slot. Figure 2 (first 

layer) shows that the beginning of the first coil (A1) starts at slot number 1 while Figure 3 (second layer) 

shows the beginning of the first coil (D1) starts at slot number 2 (shifted 1 slot). Referring to (3) with the 

number of stator slots 24, 4 pole design, then the distance between 1 slot is 30°, so the coil design is similar 

to the 30° asymmetrical 6-phase coil design. This new coil design still uses a 0.60 mm coil, but with the 

number of turns per slot for each layer as many as 55 turns (half of the conventional design), so that the total 

1 slot is still filled with 110 turns (the same as the conventional design), so there is no additional cost on the 

new motor design. The novelty of this research lies in the form of a two-layer coil design created where in 

this new design a pair of poles (north and south poles) is created on each layer, while in the conventional 2-
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layer design the first layer and the second layer are combined to create a common pole pair. Figure 4 

illustrates the fundamental difference between the conventional 3-phase induction motor coil design and the 

proposed new coil design, with Figure 4(a) for a single-layer conventional coil design, Figure 4(b) for a two-

layer conventional coil design, and Figure 4(c) for a two-layer proposed coil design, where 'τ' represents the 

pole pitch of the coil. Figure 4 illustrates that the red line represents the coil in the first layer, while the green 

line represents the coil in the second layer. To connect the coils of the new motor design as shown in  

Figure 4(c) using a Y-connection system, the first layer coil connection (Figure 2) must be joined to the 

second layer coil connection (Figure 3) as shown in Figure 5. In Figure 5, we can see that the 3-phase power 

sources (L1, L2, and L3) are connected sequentially to the ends of the coils A1, B1, and C1. By using this 

method, the motor will work like an asymmetrical 6-phase induction motor with better flux density. 
 

 

 
 

Figure 2. The stator coil design in a standard 3-phase induction motor comprises a 4-pole, 24-slot 

arrangement 
 

 

 
 

Figure 3. The configuration of the stator coil in the second layer of the novel design for a three-phase 

induction motor features a four-pole, 24-slot arrangement 
 

 

  

(a) (b) 

 
(c) 

 

Figure 4. The different forms of 4-pole, 24-slot coil designs for phase A (phase L1) include (a) a single-layer 

coil conventional design, (b) a two-layer coil conventional design, and (c) a two-layer coil proposed design 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

 An innovative winding configuration to enhance 3-phase induction motor performance (Zuriman Anthony) 

87 

 
 

Figure 5. The connection form of the first and the second layer coils of the new design  

three-phase induction motor 

 

 

Figure 6 depicts the structure of the induction motor performance testing protocol conducted in the 

laboratory. Figure 6 depicts the direct coupling of a 3-phase induction motor with a 1-phase induction 

generator, which is under a gradually increasing incandescent bulb load. A 3-phase electric power source 

energized the 3-phase induction motor, which then ran the induction generator. The 3-phase induction motor 

is subjected to various tests by modifying the load provided to it while simultaneously regulating the load of 

the directly connected induction generator. A 3-phase digital power meter was linked to the motor to measure 

frequency, current, power factor, voltage, and input power, while a 1-phase digital power meter on the 

induction generator documented the output in terms of frequency, current, power factor, voltage, and input 

power. The generator's input power serves as the output power for the 3-phase induction motor, as the motor 

is directly linked to the generator. The rotor speed is quantified using a digital tachometer, after which load 

torque and motor efficiency are computed employing (15) to (18). We then displayed the experimental results 

of the motors' performance in a table and graph for analytical evaluation. To strengthen the analysis of motor 

characteristics produced by the new coil design in terms of increasing motor output power, motor coil design 

modeling was also carried out using the 'Ansys Motor-CAD v2024.1.1' program. 

 

 

 
 

Figure 6. An induction motor performance testing procedure 

 

 

4. RESULTS AND DISCUSSION 

In the lab, we tested how well both traditional and new 3-phase induction motors worked by 

changing the load on each motor and checking changes in current, speed, load torque, and efficiency. The 

laboratory testing of both motors yielded performance data illustrated in Figures 7 to 9. Table 1 encapsulates 

the detailed data on both motor performances. Figures 7 to 9 show that TL (ND), Nr (ND), Pout (ND), Eff 

(ND), and I (ND) represent the load torque, rotor speed, output power (motor load), efficiency, and coil 

current in the new design motor. TL(M3), Nr(M3), Pout(M3), Eff(M3), and I(M3) represent the same 

measurements in the traditional induction motor. Figure 10 shows the design form of the traditional induction 

motor coil and the new design motor using the 'Ansys Motor-CAD v2024.1.1' program, while Figures 11 and 

12 display the simulation results. 

It is clear from looking at Figure 7 that the new design 3-phase induction motor has better load 

power (TL) and rotor speed (Nr) than the old 3-phase induction motor. Looking at Figure 7 and Table 1 

shows that the updated design of the 3-phase induction motor can handle a load torque of 5.77 Nm at a speed 

of 1390 rpm. The normal three-phase induction motor has a peak load torque of 4.87 Nm and a speed of  

1380 rpm. The research shows that the new design of the 3-phase induction motor is better than the old one. 

The load torque (TL) goes up by 18.18%, and the rotor speed goes up by 0.72%. The phenomenon can be 

explained by the new design of the motor coils, which effectively enhances the pole pitch (τ), as 

demonstrated in Figure 4(c). The design leads to a rise in the magnetic flux (∅) within the motor, as shown in 

(9), which in turn causes an increase in ‘E1’ and ‘Pm’, as evidenced in (10) and (12). The increase in ‘Pm’ 

results in a proportional increase in ‘Pout’ and ‘TL’, as illustrated in (14) and (15). This approach leads to an 
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observable increase in load torque (TL) and motor speed (Nr), as demonstrated in Figures 7(a) and 7(b). The 

increase in flux (∅) in the motor also causes an increase in the flux density (B), which automatically increases 

the electrodynamic force (F) and mechanical torque (Tm) of the motor as shown in (7) and (8). The results of 

FEA simulations conducted with ‘Ansys Motor-CAD’ substantiate this conclusion, as illustrated in Figure 

11. From Figure 11, it can be seen that the stator of the newly designed 3-phase induction motor has more 

brown color, which means it has a higher maximum flux density than the stator of the traditional 3-phase 

induction motor. Figure 11(a) shows that the conventional 3-phase induction motor only has an air gap flux 

density of 0.393 Tesla, which is lower than the air gap flux density of the newly designed 3-phase induction 

motor of 0.4114 Tesla, as shown in Figure 11(b). 

 

 

  
(a) (b) 

 

Figure 7. Characteristics of the correlation between (a) load torque and motor output power and (b) rotor 

speed and motor output power 

 

  
(a) (b) 

 

Figure 8. Characteristics of the correlation between (a) output power and rotor speed and  

(b) efficiency and motor output power 

 

 

 
 

Figure 9. Characteristics of the correlation between winding current and motor output power 
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Table 1. Particular performance accomplishments of the motors 
Object New design Traditional design Enhancement (%) 

Quantity of poles 4 4 0 
Quantity of windings per slot 110 110 0 

Quantity of slots 24 24 0 

Load torque (Nm) 5.77 4.87 18.48 
Rotor speed (r/min) 1390 1380 0.72 

Output power (W) 840 704 19.32 

Efficiency (%) 72.2 62.1 16.26 
Winding current (A) 2.03 1.97 3.05 

 

 

(a) 

 
 

(b) 

 
 

Figure 10. Design form of a 3-phase induction motor coil on phase 1 (phase L1) only using the program 

‘Ansys Motor-CAD v2024.1.1,’ including (a) the coil design on a conventional 3-phase induction motor and 

(b) the coil design on a new design 3-phase induction motor 
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(a) 

 

(b) 

 
 

Figure 11. Flux density data for a 3-phase induction motor utilizing finite element analysis (FEA) with the 

software 'Ansys motor-CAD v2024.1.1' encompasses (a) flux density in a conventional 3-phase induction 

motor and (b) flux density in an innovative design of a 3-phase induction motor 

 

 

The architecture of this new motor coil features the formation of unique magnetic poles for each 

layer, as depicted in Figure 4(c). This arrangement enables the magnetic flux rotation to mimic that of an 

asymmetrical 6-phase induction motor, resulting in enhanced torque. This situation reduces power losses in 

the motor coil, thereby improving output power and motor efficiency, as evidenced in (14) and (18). The 

motor characteristics depicted in Figure 8 and the data presented in Table 1 validate the claim. Figure 8 

shows that the new 3-phase induction motor works better than the old one, especially in terms of output 

power and efficiency, and it is more stable when the load changes. This data is also supported by the 

simulation results using Ansys Motor-CAD, as shown in Figure 12. Figure 12(a) shows that the output power 

characteristic waveform of a conventional 3-phase induction motor is below 1400, while Figure 12(b) shows 

that the output power waveform of the newly designed 3-phase induction motor is higher than 1400. It is 

clear from these two pieces of information that the new motor design is stronger than the old three-phase 

induction motor. 

Table 1 illustrates that the output power and efficiency of the new design motor are 840 W and 

72.2%, respectively. In contrast, the traditional 3-phase induction motor demonstrates an output power and 

efficiency of 704 W and 62.1%, respectively. The data indicate an increase in output power and efficiency in 

the new design motor, measuring 19.32% and 16.26%, respectively. This enhancement underscores the 

efficacy of the new design for optimizing performance, rendering it a more viable choice for applications that 

demand increased power output and efficiency. These advancements have the potential to result in 

considerable energy savings and a decrease in operational expenses. Table 2 shows a comparative overview 

of several ways to improve motor efficiency. By looking at Table 2, which contains several methods to 

improve motor efficiency, it can be seen that the method in the form of stator winding design development 

given in this study outperforms other methods. 

Figure 9 describes the winding current characteristics of the motor, and it can be seen that, in 

general, the new design motor operates at approximately the same load but with lower winding current. 

Although there is a slight increase in the winding current of the new design motor by 3.05% (in Table 1), the 

overall performance of the new design three-phase induction motor is superior to that of the traditional 3-

phase induction motor, with increased output power, motor efficiency, load torque, and rotor speed. By 

looking at the data in Table 1, it can be seen that this new design motor uses the same stator, rotor, and 

windings as the conventional motor, except for the shape of the windings. This innovative motor design 

employs the same materials as traditional 3-phase induction motors; hence, it eliminates the need for costly 

enhancements to boost motor performance. Therefore, the winding design used in this study is recommended 

for use in other 3-phase induction motors to improve their performance without significant extra costs. This 

method improves the motor's overall performance and fosters cost efficiency in production.  
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(a) 
 

 

(b) 
 

Figure 12. Characteristic output power vs. speed of a 3-phase induction motor utilizing the 'Ansys Motor-

CAD v2024.1.1' application, comprising (a) output power of a standard 3-phase induction motor and  

(b) output power of an innovative design 3-phase induction motor 
 

 

Table 2. Comparison of several methods for increasing motor efficiency 
Reference Year Method Efficiency enhancement (%) 

[5] 2022 Permanent magnet rotor 11.10 

[46] 2022 Control system development 7.00 

[47] 2023 Rotor slot design 9.25 
Our current study 2025 Stator winding design 16.26 

 

 

5. CONCLUSION 

The study found that the new winding design for a three-phase induction motor could enhance its 

performance by increasing the load torque capacity by 18.48%, the rotor speed by 0.72%, the output power 

by 19.32%, and the motor efficiency by 16.26%. Although there is a 3.05% rise in the winding current of the 

motor when it is operating under maximum load conditions, the overall performance of the motor improves 

as the motor's capability greatly increases. The newly designed three-phase induction motor does not incur 

any additional expenses because it uses the same materials as conventional three-phase induction motors. We 
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have full confidence in our solution's ability to enhance the performance of the other three-phase induction 

motors without imposing astronomical additional costs on the motor. This strategy not only improves the 

overall reliability of the motors but it also improves their efficiency. 
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