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Understanding the design and calculation of electrical motor components is essential for engineers and
technicians working in the field of electrical machinery. Among these components, the stator plays a pivotal
role in the operation of induction motors, especially in three-phase configurations. In this article, we will
explore the specifics of a three-phase, 10-pole induction motor with 120 stator slots, focusing on the
implications of using lap winding. We will delve into the detailed calculations involved, including how to
determine the number of conductors, turns per coil, and related parameters, providing a comprehensive
understanding of the subject.

Overview of the Stator in a Three-Phase Induction Motor

The stator is the stationary part of an induction motor that houses the armature windings and creates the
rotating magnetic field essential for torque production. Its design influences the motor’s performance,
efficiency, and thermal characteristics. The key parameters in stator design include the number of poles, slots,
winding type, and conductor arrangement.

Significance of Number of Poles and Slots

- Poles: Determine the motor's synchronous speed, given by the formula:

\[
N_s = \frac{120 \times f}{P}
\]

where:
- \( N_s \) = synchronous speed in RPM
- \( f \) = supply frequency in Hz
- \( P \) = number of poles

- Slots: Provide spaces for conductors and influence the winding configuration, affecting the distribution of
the magnetic flux, harmonic content, and overall efficiency.

In our case, the motor has 10 poles and 120 slots, which is a common configuration for medium-sized industrial
motors.

Understanding Lap Winding in Induction Motors

Lap winding is one of the two primary types of winding arrangements used in three-phase AC machines, the other
being wave winding. Lap winding is characterized by:

- Conductors in each coil are connected in such a way that each conductor "laps" around the armature core.
- It allows for multiple parallel paths, increasing the current-carrying capacity.
- Suitable for large machines where high current per conductor is necessary.



The key features of lap winding include:

- The number of parallel paths (A) equals the number of phases (here, 3).
- The number of conductors per coil, turns per coil, and the total number of conductors are determined based on
winding calculations.

Calculations for a Lap Wound Stator with 120 Slots

Given:
- Number of poles, \( P = 10 \)
- Number of slots, \( Z = 120 \)
- Winding type: Lap

Objective:
- To calculate the number of conductors, conductors per coil, and other relevant parameters.

Step 1: Determine Number of Conductors per Slot

The total number of conductors (or conductors) in the armature winding can be calculated based on the
winding configuration. For lap windings, the total conductors, \( Z \), are divided among the coils.

Since the motor is three-phase:

- Number of parallel paths, \( A = 3 \)

The total conductors \( Z \) are distributed among the coils, and the relationship between conductors, coils,
and slots is:

\[
Z = \text{Total conductors}
\]

Assuming the conductors are evenly distributed among the slots, the conductors per slot are:

\[
\text{Conductors per slot} = \frac{Z}{\text{Number of slots}}
\]

But, since the total number of conductors is not yet specified, we proceed to determine the number of
conductors per coil.

---

Note: To proceed with precise calculations, standard assumptions or additional data such as the number of
turns per coil are usually provided. In this scenario, we will assume typical values to demonstrate the
calculation process.

Step 2: Determining Number of Conductors (Z)

In lap winding, the total number of conductors \( Z \) can be calculated using the relation:

\[
Z = 2 \times T \times A



\]

where:
- \( T \) = Number of turns per coil
- \( A \) = Number of parallel paths (for a three-phase, \( A = 3 \))

Alternatively, when the winding is designed based on the number of slots and the coil span, the following
relation is often used:

\[
Z = \frac{\text{Number of slots} \times \text{Number of conductors per slot}}{}
\]

---

Standard calculation approach:

Given the number of slots \( S = 120 \), and assuming each slot contains an equal number of conductors, the
total conductors \( Z \) are typically chosen to satisfy the winding configuration, magnetic flux, and
current capacity.

---

Assumption: For simplicity, let’s assume the total number of conductors \( Z \) is 180 conductors, a common
value for such configurations.

---

Note: In practical design, \( Z \) is selected based on electromagnetic and thermal considerations, but for
calculation purposes, taking a standard value suffices.

Step 3: Calculating Number of Conductors per Coil and per Slot

- Conductors per coil:

\[
Z_{coil} = \frac{Z}{\text{Number of coils}}
\]

- Number of coils:

For lap winding:

\[
\text{Number of coils} = \frac{Z}{\text{Conductors per coil}}
\]

Assuming each coil contains 2 conductors (common in lap winding):

\[
Z_{coil} = 2
\]

Total number of coils:

\[
\text{Number of coils} = \frac{Z}{2} = \frac{180}{2} = 90



\]

- Conductors per slot:

\[
\text{Conductors per slot} = \frac{Z}{S} = \frac{180}{120} = 1.5
\]

Since conductors per slot must be an integer, this indicates we need to adjust the total conductors to a
multiple of 120.

---

Adjusted total conductors:

Choose \( Z = 240 \) (a multiple of 120):

\[
Z_{coil} = \frac{240}{2} = 120
\]

Conductors per slot:

\[
\frac{240}{120} = 2
\]

This is more feasible, with each slot hosting 2 conductors.

---

Step 4: Calculating the Number of Turns per Coil

In lap winding, the number of turns per coil is related to the number of conductors and the number of
conductors per turn:

\[
T = \frac{\text{Number of conductors per coil}}{\text{Number of conductors per turn}}
\]

Assuming one conductor per turn:

\[
T = 120 \text{ turns}
\]

---

Summary of Calculated Parameters

| Parameter | Value |
| --- | --- |
| Total conductors \( Z \) | 240 |
| Conductors per slot | 2 |
| Number of coils | 120 |



| Turns per coil \( T \) | 120 |
| Parallel paths \( A \) | 3 |

Understanding these fundamental parameters provides a basis for designing and analyzing the motor's winding
and magnetic characteristics.

Additional Considerations in Winding Design

- Pitch factor (k_p): Accounts for winding distribution.
- Distribution factor (k_d): Accounts for how conductors are spread across coils.
- Efficiency and performance: Influenced by the winding arrangement, conductor size, and slot design.

Design Optimization

Engineers must optimize these parameters to ensure:

- Adequate magnetic flux
- Minimal harmonics
- Efficient use of space
- Adequate thermal management

Conclusion

Designing the stator winding for a three-phase, 10-pole induction motor with 120 slots involves careful
calculation of the number of conductors, coils, and turns per coil. Using lap winding, the typical approach is
to select a total conductor count compatible with the number of slots and desired winding configuration,
ensuring that each slot contains an integer number of conductors and that the coil spans are appropriate for
the application.

In our example, assuming a total of 240 conductors, each slot hosts 2 conductors, with 120 coils each
having 120 turns, and the winding arranged to facilitate three parallel paths. These calculations form the
foundation for detailed electromagnetic and thermal design processes, ultimately leading to a reliable and
efficient motor.

---

Note: Actual motor design involves iterative calculations, electromagnetic simulations, and adherence to
manufacturing constraints. The above provides a simplified overview suitable for educational purposes and
initial design considerations.

Frequently Asked Questions

What is the significance of the stator having 120 slots in a 3-phase, 10-
pole induction motor?

The 120 slots provide the physical space for winding conductors, influencing the motor's electromagnetic
characteristics, such as flux distribution and torque production, and are chosen based on design requirements
for performance and efficiency.



How do you determine the number of conductors per slot in a lap winding for
this motor?

The number of conductors per slot can be calculated using the total number of conductors, the winding
configuration, and the number of slots, typically by dividing the total conductors by the number of slots,
considering the winding arrangement (lap or wave).

What is the formula to calculate the total number of conductors in a lap
winding of a 3-phase, 10-pole induction motor with 120 slots?

The total number of conductors (Z) can be calculated using the relation Z = 2 × number of poles × number of
phases × turns per coil, considering the winding configuration and the number of conductors per coil connected
in lap winding.

How does the pole number (10 poles) influence the winding calculation in
this motor?

The number of poles affects the number of slots per pole, the distribution of conductors, and the winding
arrangement, which in turn influences the calculation of conductors per coil and the winding factor for the
motor.

If a lap winding is used, what is the general approach to calculating the
number of conductors and turns per coil?

The approach involves determining the total conductors based on the winding configuration, distributing
conductors evenly across the slots, and calculating the number of turns per coil based on the total
conductors and the number of coils, considering lap winding characteristics.

What additional information is needed to complete the calculation of the
winding details in this motor?

Additional information required includes the number of conductors per coil, the number of coils per phase, the
number of turns per coil, and the specific winding arrangement, to accurately determine the winding parameters
and motor performance.

Additional Resources
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Introduction

In the realm of electric machinery, induction motors are widely utilized due to their rugged construction,
simplicity, and reliability. Among the various parameters that define their performance, the stator winding
configuration plays a pivotal role in determining characteristics such as emf generation, torque, and efficiency.

The specific case of a 3-phase, 10-pole induction motor with a stator possessing 120 slots offers an
intriguing insight into winding design and its calculation. When a lap winding method is employed in such a motor,
it becomes essential to analyze how the number of slots influences the winding configuration and to perform
precise calculations to determine the number of conductors, coils, and other related parameters.



This article undertakes a comprehensive investigation into the stator of such an induction motor, exploring the
significance of the slot arrangement, the implications of using lap winding, and detailed calculations pertinent
to the motor's design and operation.

---

Background of Induction Motor Stator Design

Understanding the Stator and Its Slots

The stator, as the stationary part of an induction motor, houses the windings that produce the rotating
magnetic field. The slots in the stator serve as channels for the winding conductors, ensuring mechanical
support and magnetic flux containment.

- Number of Slots: The total number of slots impacts the distribution of windings, influences harmonic content,
and affects the motor's performance.
- Slot Pitch: The distance between adjacent slots, which affects winding arrangement and distribution.

In our case, the stator has 120 slots, a typical choice for large, efficient machines capable of handling
significant power levels.

Significance of 10 Poles and 3-Phase Windings

- The number of poles determines the electrical frequency and the number of magnetic cycles per revolution.
- A 10-pole configuration implies five north and five south poles distributed around the stator circumference.
- 3-phase windings are standard for industrial applications, offering smooth torque and efficient power
transfer.

---

Winding Types and Their Features

Lap Winding Overview

Lap winding, also known as "lap winding," connects each coil side to an adjacent slot, forming a continuous
"lap" around the stator. Key features include:

- High Short-Circuit Capacity: Due to multiple parallel paths.
- Ease of Construction: Suitable for high-voltage, low-current applications.
- Multiple Parallel Paths: The number of parallel paths is equal to the number of phases (here, 3).

Wave Winding (for comparison)

- Connects coil sides across the entire stator, forming a wave pattern.
- Typically used for high-voltage, low-current applications.

In this analysis, focus is on lap winding due to its common use in low- to medium-voltage motors with
numerous slots.

---

Fundamental Concepts for Calculation

Before delving into detailed calculations, it is essential to understand some fundamental parameters:

- Number of Poles (P): 10
- Number of Slots (S): 120
- Number of Phases (m): 3
- Type of Winding: Lap



- Number of Parallel Paths (A): Equal to the number of phases (A = 3)

---

Deep Dive into Calculations

1. Determining the Number of Conductors per Slot

The total number of conductors (also called "winding conductors") connected in the winding influences the emf
and torque production.

The fundamental relation linking the number of conductors, poles, and slots is:

\[
Q = \text{Total number of conductors} = 2 \times \text{Number of conductors}
\]

(since each conductor has two ends)

The number of conductors per phase per pole, denoted as \( Q_{ph} \), is calculated from the winding
requirements.

---

2. Calculating the Number of Conductors (Q)

In a lap winding, the number of conductors per phase (\( Q_{ph} \)) can be derived using the following:

\[
Q_{ph} = \frac{S \times q}{m}
\]

where:

- \( S = 120 \) (number of slots)
- \( q \) = number of conductors per slot per phase
- \( m = 3 \) (phases)

Assuming a common practice, the number of conductors per slot per phase is typically 1 or 2, depending on the
design.

---

3. Determining the Number of Conductors per Slot

Let's consider the scenario with one conductor per slot per phase, i.e.,

\[
q = 1
\]

Thus:

\[
Q_{ph} = \frac{120 \times 1}{3} = 40
\]

Total conductors:



\[
Q = Q_{ph} \times m = 40 \times 3 = 120
\]

Total conductors:

\[
Q_{total} = 120
\]

Number of conductors:

\[
Q_{total} = 120
\]

which implies:

\[
\text{Number of conductors} = 120
\]

---

4. Number of Conductors per Coil

In lap winding:

- Each coil is formed by two conductors, connected end-to-end.
- The number of coils per phase:

\[
\text{Number of coils per phase} = \frac{Q_{ph}}{2} = \frac{40}{2} = 20
\]

- Total coils in the machine:

\[
\text{Total coils} = \text{coils per phase} \times m = 20 \times 3 = 60
\]

---

5. Winding Factor and Coil Pitch

The coil pitch \( y \) relates to the number of slots between the two conductors of a coil.

- For maximum emf, the coil pitch is usually set to the pole pitch:

\[
\text{Pole pitch} (Y_{p}) = \frac{S}{P} = \frac{120}{10} = 12
\]

- Coil pitch:

\[
Y = \text{Number of slots between the two conductors of a coil}
\]



- For lap winding, the coil span can be chosen as the pole pitch or less, depending on design constraints.

---

Additional Design Considerations

- Distributed vs. concentrated winding: The conductors are distributed across multiple slots per pole to
reduce harmonics and improve performance.
- Number of parallel paths (A): For a lap winding, \(A = \text{number of phases} = 3\).

---

Final Summary of Calculations

| Parameter | Value / Explanation |
|---|---|
| Total slots | 120 |
| Number of poles | 10 |
| Number of phases | 3 |
| Conductors per slot per phase | 1 (assumed) |
| Conductors per phase | 40 |
| Total conductors | 120 |
| Coils per phase | 20 |
| Total coils | 60 |
| Pole pitch | 12 slots |

---

Implications of the Calculations

The calculations indicate a well-structured winding configuration suitable for efficient operation. The
distribution of conductors across slots ensures uniform flux linkage, reduced harmonic distortion, and
balanced winding currents.

The number of conductors and coils directly influence the induced emf, torque, and efficiency. Proper choice of
coil pitch and winding arrangement minimizes losses and optimizes performance.

---

Conclusion

The investigation of the stator of a 3-phase, 10-pole induction motor with 120 slots employing lap winding
reveals a detailed and methodical approach to winding design.

By assuming one conductor per slot per phase, we derived the key parameters:

- Total conductors: 120
- Coils per phase: 20
- Total coils: 60
- Coil span aligned with pole pitch for optimal emf generation

These calculations underscore the importance of precise winding design in achieving desired motor performance.

Understanding the interplay between slot number, pole count, winding type, and conductor distribution is vital
for engineers to design efficient, reliable, and high-performing induction motors.

The detailed analysis herein provides a foundational framework for further optimization, including
considerations for coil pitch, winding factor, and harmonic suppression, ensuring that the stator design meets
specific operational requirements.



---
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---

This comprehensive review offers a detailed understanding of the stator winding calculations for a specific
induction motor configuration, highlighting the critical steps and considerations essential for electrical
engineers and researchers in motor design.
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