Motors and Controllers Laboratory

The Motors and Controllers Laboratory is a cutting-edge facility designed to provide hands-on
experience and in-depth knowledge about the operation, control, and performance of electric motors
and drives, which are integral to the electric mobility sector. This lab focuses on the study and
analysis of various types of motors, including DC motors, Brushless DC (BLDC) motors, Permanent
Magnet Synchronous Motors (PMSM), and Switched Reluctance Motors (SRM), along with their
associated controllers. Through a series of experimental setups, participants gain practical
experience in motor design, operation, performance analysis, and control techniques.

The laboratory provides a comprehensive learning environment, designed for engineers, students,
researchers, and professionals eager to enhance their understanding of electric vehicle (EV) motor
drives and powertrain systems. Whether you're working in the EV sector or looking to advance your
career in this rapidly growing field, this lab offers invaluable hands-on exposure to key motor
technologies and control systems.

Key Areas of Focus in the Motors and Controllers Laboratory

1. Cut Section Analysis of AC and DC Motors

Understanding the internal structures and
components of electric motors is crucial for
diagnosing performance, efficiency, and design
improvements. Our laboratory is equipped with a
variety of motor types—DC motors, Stepper
motors, BLDC motors, PMSM, and SRM—for
comprehensive analysis.

Learning objectives include:

e Detailed Internal Examination: Dissecting motor components to explore how each part
contributes to performance and efficiency.

e Component Identification and Structural Analysis: Identifying key motor components (e.g.,
stator, rotor, magnets) and understanding their role in motor functionality.

e Electromagnetic Field Analysis: Exploring the electromagnetic principles behind each motor
type and its impact on performance.

e Material Composition: Studying the materials used in motor construction and their effect on
wear, stress, and overall longevity.

e Comparative Performance Analysis: Comparing different motor types in terms of efficiency,
torque, speed, and operational suitability for various applications.



This section of the lab provides a strong foundation in motor technology, offering valuable insights
into their design and functionality for EV applications.

2. Speed Control & Drive Characteristics of Differentially Mounted PMSM/SRM Motors Using
EV Powertrain Control Panel

The lab offers a control panel setup for studying
the speed control and drive characteristics of
Permanent Magnet Synchronous Motors
(PMSM) and Switched Reluctance Motors
(SRM), which are key components in EV
powertrains.

Key learning objectives include:

e Motor Control Analysis: Investigating speed control mechanisms for both PMSM and SRM
under varying load conditions.

e EV Powertrain Components: Gaining a deeper understanding of the integration between the
motor, battery, controller, and drive system.

e Differential Mounting: Exploring how different mounting configurations affect the motor's
performance in the powertrain.

e Battery Management System (BMS) Understanding: Learning how the BMS interacts with
motor drives to optimize performance and manage power distribution efficiently.

e Precision Measurements: Utilizing advanced tools to measure motor speed, torque, and power
under different driving conditions.

This setup helps participants gain a practical understanding of motor performance and control within
an EV, focusing on the optimization of powertrain efficiency and reliability.



3. Speed Control, Torque & Drive Characteristics of In-Wheel (Hub) BLDC Motors Using EV
Powertrain Control Panel

In-wheel (hub) motors are a key technology
for modern two-wheeled electric vehicles.
The lab features a testing setup specifically
designed for analyzing the speed control,
torque, and drive characteristics of BLDC
motors integrated into the wheel hub.

Learning objectives include:

In-Wheel Motor Dynamics: Analyzing the performance of BLDC motors mounted in the wheel
hubs, focusing on torque delivery, speed regulation, and efficiency.

EV Powertrain Functionalities: Studying how in-wheel motors interact with other components
like the battery, BMS, and controller to deliver power to the wheels.

Torque vs. Load Characteristics: Measuring the torque output under varying loads and
understanding how it impacts acceleration and vehicle handling.

Battery Management System (BMS): Gaining insights into how the BMS monitors and controls
the power supply to the in-wheel motors.

Comprehensive Measurement Capabilities: Using advanced instrumentation to measure and
optimize motor performance, ensuring efficient power use and extending vehicle range.

This experiment is essential for understanding the unique dynamics of in-wheel motor systems and
their impact on modern EV design.

4. Torque Measurements Using MAGTROLL DSP6001 Tandem Dynamometer

The MAGTROLL DSP6001 Tandem Dynamometer is a cutting-edge device used to measure torque
in various types of electric motors. This tool is crucial for evaluating motor performance under real-
world conditions.



Key features and learning objectives include:

o Precise Torque Measurement: Using the dynamometer to assess torque under a range of
operating conditions, ensuring accurate performance evaluations.

e Dynamic Torque Response: Studying how motors respond to changes in load and speed,
simulating real-world driving scenarios.

e Load Condition Simulation: Applying different load conditions to measure how motors behave
under various driving conditions, helping to optimize motor design and control strategies.

e Motor Performance Evaluation: Analyzing motor efficiency, power output, and response to
torque demands, critical for improving EV drive systems.

This tool plays a vital role in advancing motor research, allowing for the detailed analysis of motor
performance and the development of more efficient and powerful electric drive systems.

5. Control Strategy of Electric Motors Using Snetly FPGA

The Snetly FPGA (Field Programmable Gate Array) system enables the development of advanced
control algorithms for electric motors. This system allows for real-time motor control, optimizing motor
performance and efficiency.

Key learning objectives include:

e Real-Time Control Algorithms: Developing and implementing advanced control algorithms to
manage motor speed, torque, and power delivery.

e Versatile Motor Support: Supporting various motor types, including BLDC, SRM, PMSM, and
Induction Motors, for diverse EV applications.

e FPGA-Based Control: Utilizing FPGA technology to achieve real-time control and dynamic
adjustments to motor performance.

e Performance Optimization: Fine-tuning motor operation for maximum efficiency, power delivery,
and responsiveness in EV systems.

The FPGA-based setup allows students and engineers to experiment with cutting-edge motor control
strategies, enabling them to design and implement innovative solutions for electric drive systems.



6. Study of Regenerative Braking System

Regenerative braking is a key technology in electric vehicles (EVs) and hybrid vehicles, enabling
the recovery of energy during braking and improving overall energy efficiency.

Key learning objectives include:

e Fundamental Principles of Regenerative Braking: Understanding how regenerative braking
works to recover energy during braking and feed it back into the battery.

e Simulated Braking Conditions: Using the lab setup to simulate various braking conditions and
assess the effectiveness of regenerative braking in different scenarios.

e Voltage and Current Measurement: Monitoring the voltage and current during braking to
understand how energy is captured and stored in the battery.

This section of the lab helps students and engineers explore the potential of regenerative braking to
enhance vehicle efficiency and extend driving range.

The Motors and Controllers Laboratory provides a hands-on learning environment where students,
engineers, and industry professionals can deepen their understanding of electric motor technologies
and motor control systems. Whether you are working on electric vehicle powertrains, motor control



strategies, or system optimization, the laboratory offers a comprehensive set of tools and setups to
support your research and professional development.

Key features include:

e Comprehensive Motor Testing Facilities: In-depth analysis of DC motors, BLDC motors,
PMSM, SRM, and more.

e Advanced Control Systems: Real-time control of electric motors using FPGA and other cutting-
edge technologies.

e Regenerative Braking Studies: Exploring energy efficiency improvements through regenerative
braking systems.

e Torque Measurement and Performance Analysis: Using advanced dynamometer systems to
evaluate motor performance across varying conditions.

The laboratory is an invaluable resource for anyone looking to advance their knowledge and skills in
electric motor technology and E-mobility.
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