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Introduction to Electrical Machine Design: A K Sawhney EE2355

Electrical machine design a K Sawhney EE2355 is a comprehensive subject that encompasses
the principles, calculations, and practical considerations involved in creating efficient, reliable, and
cost-effective electrical machines. This course or reference material is often integral in electrical
engineering programs, especially those focusing on power systems, machine design, and
electromechanical energy conversion. Understanding the fundamental concepts of electrical
machine design helps engineers innovate and optimize the performance of electrical motors,
generators, and transformers.

Overview of Electrical Machines

Types of Electrical Machines

- Transformers
- DC Machines
- AC Machines

- Synchronous Machines
- Asynchronous (Induction) Machines

Importance of Design in Electrical Machines

Designing electrical machines involves balancing various parameters such as efficiency, power
output, size, cost, and thermal management. Proper design ensures that the machine operates
reliably over its intended lifespan while meeting performance specifications.

Fundamental Principles in Electrical Machine Design

Electromagnetic Theory

At the core of all electrical machine design is electromagnetic theory, which explains how magnetic
fields interact with currents to produce motion or induce voltage. Key concepts include flux linkage,
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magnetic flux density, and magnetic reluctance.

Material Properties

- Magnetic materials (e.g., silicon steel, ferrites)
- Conductors (copper, aluminum)
- Insulation materials

Material selection impacts efficiency, thermal performance, and cost.

Design Process of Electrical Machines

Step 1: Specification and Requirements

- Power rating
- Voltage and current ratings
- Speed and torque specifications
- Efficiency and power factor targets
- Size and weight constraints

Step 2: Magnetic Circuit Design

Designing the magnetic circuit involves calculating the required flux, selecting core dimensions, and
ensuring minimal losses. The key parameters include:

- Magnetic flux density (B)
- Magnetomotive force (MMF)
- Core cross-sectional area

Step 3: Electrical Parameters Calculation

- Number of turns in the winding
- Voltage and current ratings of the windings
- Leakage flux considerations

Step 4: Mechanical Design Considerations
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- Rotor and stator dimensions
- Material strength and thermal limits
- Bearings and shaft design

Step 5: Thermal Management

Ensuring effective cooling through air or liquid cooling systems helps prevent overheating and
prolongs machine life.

Key Aspects of Electrical Machine Design as per K Sawhney

Design of DC Machines

DC machines are designed considering armature reaction, magnetic saturation, and commutation.
Critical factors include:

- Field winding design
- Armature winding configuration
- Brush and commutator design

Design of Synchronous Machines

Synchronous machines require careful design of the field winding, damper windings, and air-gap
considerations. Important parameters include:

- Field excitation system
- Armature winding layout
- Air-gap and flux path optimization

Design of Induction (Asynchronous) Machines

The focus is on rotor design, slip considerations, and rotor bar parameters. Design factors include:

- Rotor type (squirrel cage or wound rotor)
- Bar and end-ring dimensions
- Slot dimensions and winding arrangements

Material Selection in Electrical Machine Design
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Core Materials

- Silicon steel sheets for lamination
- Advantages: reduces hysteresis and eddy current losses

Conductor Materials

- Copper: high conductivity, costlier
- Aluminum: lighter, cheaper, lower conductivity

Insulation Materials

- Polyimide, varnish, paper
- Purpose: prevent shorts, withstand thermal stress

Design Calculations and Formulas

Electromagnetic Calculations

- Flux per pole: \( \phi = \frac{V \times 60}{4.6 \times f \times P} \) (for certain machines)
- Number of turns: \( N = \frac{V}{k \times \phi \times \omega} \)

Thermal Calculations

- Heat dissipation: \( Q = h \times A \times \Delta T \)
- Designing cooling systems based on thermal load

Optimization of Electrical Machine Design

Efficiency Improvement

- Reducing core and copper losses
- Using high-quality magnetic and conducting materials
- Implementing advanced cooling techniques
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Cost-Effective Design Strategies

- Minimizing material wastage
- Standardizing components
- Utilizing modular design approaches

Testing and Performance Evaluation

Type Tests

- No-load test
- Blocked rotor test

Performance Parameters

- Efficiency
- Power factor
- Starting torque
- Speed regulation

Emerging Trends in Electrical Machine Design

Use of Advanced Materials

- Nanocrystalline cores
- High-temperature superconductors

Integration with Power Electronics

- Variable speed drives
- Smart control systems

Sustainable and Eco-Friendly Designs

- Recycling of materials
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- Designs that minimize environmental impact

Conclusion

Understanding electrical machine design a K Sawhney EE2355 provides a solid foundation for
designing efficient, reliable, and sustainable electrical machines. Whether focusing on transformers,
motors, or generators, the principles involve a blend of electromagnetic theory, material science,
thermal management, and mechanical considerations. As technology advances, electrical machine
design continues to evolve, incorporating new materials, innovative cooling techniques, and smart
control systems to meet the growing demands of modern electrical engineering applications.
Mastery of these concepts not only enhances technical expertise but also paves the way for
innovations in energy conversion and electrical infrastructure development.
 
Electrical Machine Design A K Sawhney EE2355: An In-Depth Exploration

Electrical machine design a K Sawhney EE2355 is a fundamental subject that stands at the
crossroads of electrical engineering theory and practical application. As the backbone of modern
electrical systems?from industrial motors to renewable energy generators?electrical machines are
intricate devices that demand meticulous design to achieve optimal performance, efficiency, and
durability. This article aims to delve into the core principles, methodologies, and considerations
involved in the design of electrical machines, with a focus on the teachings and concepts presented
in the renowned course EE2355 by A K Sawhney.

Understanding Electrical Machine Design: An Overview

Electrical machine design encompasses the process of creating devices such as transformers,
motors, and generators that convert electrical energy into mechanical energy or vice versa. The
design process involves balancing electrical, magnetic, thermal, and mechanical considerations to
meet specific operational requirements.

Key Objectives in Electrical Machine Design:

- Efficiency: Minimizing losses to maximize the conversion of energy.
- Performance: Achieving desired torque, speed, and power ratings.
- Reliability: Ensuring long operational life with minimal maintenance.
- Cost-Effectiveness: Balancing performance with manufacturing and operational costs.

To achieve these objectives, engineers employ a systematic approach rooted in fundamental
principles of electromagnetism, materials science, and thermal management.
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Fundamental Principles of Electrical Machine Design

Electromagnetic Principles

At the heart of electrical machine design lie Maxwell?s equations, which describe the behavior of
magnetic and electric fields. The primary goal is to optimize magnetic flux paths to induce the
desired electromotive forces (EMF) or torque.

- Magnetic Circuit Design: Determining the core cross-sectional area, flux density, and magnetic
path length to ensure efficient flux linkage without excessive saturation.

- Electromagnetic Force Production: Calculating forces generated in the air gap and their
translation into torque or induced voltage.

Material Selection

Materials play a pivotal role in the machine?s performance:

- Core Materials: Silicon steel laminations are preferred for their high magnetic permeability and
low hysteresis losses.

- Conductors: Copper and aluminum are used for windings, with copper offering higher
conductivity but at a greater cost.

- Insulation: Adequate insulation materials prevent short circuits and withstand thermal stresses.

Thermal Considerations

Efficient heat dissipation is necessary to prevent overheating:

- Cooling Methods: Air cooling, oil cooling, or water cooling depending on power levels.
- Design Features: Adequate ventilation and thermal pathways in the structure.

Step-by-Step Approach to Electrical Machine Design

A systematic design process typically involves the following stages:

- Specification Definition

Understanding the operational requirements:
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- Power rating
- Speed
- Voltage and current levels
- Duty cycle
- Efficiency targets
- Mechanical constraints

- Selection of Machine Type

Choosing the appropriate machine configuration:

- DC Machines: Simpler control, used in applications requiring variable speed.
- AC Machines: Such as induction motors, Synchronous machines, which are more efficient for

fixed-speed applications.

- Magnetic Design

Designing the magnetic circuit involves:

- Calculating the flux per pole based on voltage and speed.
- Selecting core dimensions to avoid saturation.
- Determining the number of turns in the winding.

- Electrical Design

Developing the winding configurations:

- Number of turns
- Wire gauge
- Winding arrangement (lap or wave winding)
- Distribution of magnetic flux in the slots

- Mechanical Design

Published by: hatchedtalent.com Page 8 of 11



electrical machine design a k sawhney ee2355 Document Vol. 2023, Issue 5

Ensuring structural integrity:

- Shaft design
- Bearing selection
- Frame construction
- Cooling arrangements

- Thermal Design

Assessing heat generation and dissipation:

- Calculating copper and iron losses
- Designing cooling systems
- Ensuring temperature limits are maintained

Deep Dive into Magnetic Circuit Design

Magnetic circuit design is perhaps the most critical aspect outlined in Sawhney?s curriculum. It
involves detailed calculations to ensure that the flux density remains within permissible limits while
achieving the desired magnetic flux.

Key considerations include:

- Flux Density (B): Typically maintained below 1.8 Tesla to prevent saturation.
- Core Cross-Sectional Area (A): Derived from the flux and flux density relationships.
- Air Gap Length: Longer gaps reduce magnetic coupling but increase leakage flux and reduce

efficiency.
- Reluctance: The total reluctance of the magnetic path influences flux and is minimized for better

performance.

By applying Ampere?s law and magnetic circuit analogies, engineers determine the required
ampere-turns and winding configurations to produce the necessary flux.

Electrical Parameters and Losses

Understanding and minimizing losses is crucial for high-efficiency machine design:
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- Iron (Core) Losses: Hysteresis and eddy current losses within the core material.
- Copper Losses: Resistive losses in the windings.
- Mechanical Losses: Friction and windage in moving parts.
- Stray Load Losses: Additional losses due to leakage flux and harmonic currents.

A comprehensive analysis involves calculating these losses and designing the machine to mitigate
their impact, often through material selection and geometric optimization.

Mechanical and Thermal Design Considerations

Mechanical robustness ensures the machine can withstand operational stresses:

- Shaft and Rotor Design: Balancing, stiffness, and material choice.
- Housing and Frame: Durability, vibration damping, and ease of assembly.
- Cooling Systems: Proper ventilation, fans, or liquid cooling to maintain thermal limits.

Thermal management is integrated into the design phase to prevent overheating, which can
degrade insulation, cause mechanical deformation, or lead to failure.

Practical Applications and Modern Innovations

The principles from Electrical Machine Design A K Sawhney EE2355 are applied across various
industries:

- Industrial Automation: Motors for conveyors, robotics, and CNC machines.
- Renewable Energy: Wind turbines and hydroelectric generators.
- Transportation: Electric vehicles and railway systems.
- Home Appliances: Washing machines, HVAC systems.

Recent innovations incorporate advanced materials like high-temperature superconductors,
improved cooling techniques, and digital control systems, pushing the boundaries of efficiency and
performance.

Conclusion: The Art and Science of Electrical Machine Design

Designing electrical machines is a complex interplay of electromagnetic theory, material science,
mechanical engineering, and thermal management. The teachings of A K Sawhney in EE2355
provide a structured foundation, emphasizing analytical rigor combined with practical insights. As
electrical technology continues to evolve, the principles of meticulous design, balancing efficiency,
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cost, and durability, remain central to advancing the capabilities of electrical machines. Whether in
traditional industrial settings or cutting-edge renewable energy projects, the mastery of electrical
machine design is fundamental to powering the future.
 

 QuestionAnswer What are the key considerations in electrical machine design according to A. K.
Sawhney's EE 2355 course? The key considerations include electromagnetic design, thermal
management, mechanical strength, efficiency, and cost-effectiveness to ensure optimal performance
and reliability of electrical machines. How does A. K. Sawhney's EE 2355 course approach the
design of transformers? The course emphasizes core material selection, winding design, leakage
flux minimization, and thermal considerations to optimize transformer efficiency and performance.
What are the common types of electrical machines covered in A. K. Sawhney's EE 2355 course?
The course covers DC machines, induction machines, synchronous machines, and special-purpose
machines, focusing on their design principles and applications. How does thermal analysis play a
role in electrical machine design in EE 2355? Thermal analysis is crucial for ensuring the machine
operates within safe temperature limits, preventing overheating, and improving longevity through
proper cooling and heat dissipation strategies. What computational tools or software are discussed
in EE 2355 for electrical machine design? The course introduces tools like finite element analysis
(FEA), MATLAB, and other simulation software to model electromagnetic fields, optimize designs,
and predict machine performance. What is the significance of magnetic flux density and flux linkage
in electrical machine design as per Sawhney's teachings? Magnetic flux density and flux linkage are
critical for maximizing efficiency, reducing core losses, and ensuring effective electromagnetic
coupling in machine design. How does the course address the challenges of noise and vibration in
electrical machine design? The course discusses design strategies such as balanced winding
arrangements, material selection, and structural modifications to minimize noise and vibrations
during machine operation. What are the latest trends in electrical machine design covered in A. K.
Sawhney's EE 2355 course? The course explores trends like the integration of smart sensors,
advanced materials, energy-efficient designs, and the development of high-speed machines for
modern applications. How important is mechanical design in conjunction with electrical
considerations in EE 2355? Mechanical design is vital for ensuring structural integrity, ease of
manufacturing, and proper alignment, which directly impact the electrical performance and longevity
of the machine. 
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