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Topic: Design of Interior Permanent Magnet (IPM) Motor Using JMAG

The Department of Electrical and Electronics Engineering, NHCE organized an insightful webinar on “Design of
SynRM/IPM Motor Using JMAG” to provide students, researchers, and faculty members with practical exposure
to advanced electric motor design and simulation techniques. The session was delivered by Mr. Jeevan S, FEA
Support Engineer from Powersys Engineering Solutions, who shared detailed knowledge about the application of
IMAG software in the development of high-performance electrical machines.

The webinar began with an introduction to the growing importance of electric machines in electric vehicles,
industrial automation, renewable energy systems, robotics, aerospace, and defence applications. The speaker
explained how modern motor design requires accurate electromagnetic analysis, thermal evaluation, structural
validation, and optimization techniques to achieve higher efficiency, reliability, and compactness. IMAG was
introduced as a powerful simulation platform capable of handling all these requirements in an integrated
environment.

The session first focused on the fundamentals of Interior Permanent Magnet (IPM) motors and Synchronous
Reluctance Motors (SynRM). The speaker discussed the operating principles, rotor structures, torque production
mechanisms, and advantages of IPM motors such as high power density, better efficiency, wide speed range, and
excellent torque characteristics. The comparison between conventional induction motors and advanced IPM/SynRM
motors was also explained to help participants understand the importance of these machines in modern electric drive
systems.

A detailed explanation of the motor design workflow in JMAG was presented. The speaker demonstrated how
motor specifications are initially defined based on application requirements. Important parameters such as DC bus
voltage, rated speed, maximum speed, continuous torque, peak torque, efficiency targets, and cooling conditions
were considered during the design process. The importance of selecting suitable stator and rotor dimensions for
achieving desired performance was emphasized.

The webinar then moved to the rotor and magnet design stage, where different rotor topologies supported in
IMAG were discussed. The speaker explained V-shaped magnet arrangements, double-layer permanent magnet
structures, spoke-type rotor designs, and multi-pole rotor configurations. The impact of magnet dimensions, rotor
barriers, flux paths, and air-gap design on torque generation and flux weakening capability was illustrated using
simulation examples. Participants learned how proper rotor design improves motor efficiency, reduces torque ripple,
and enhances high-speed operation.

One of the key highlights of the webinar was the discussion on Finite Element Analysis (FEA). The speaker
demonstrated how JMAG performs detailed electromagnetic analysis using FEA techniques. The software was used
to evaluate magnetic flux distribution, magnetic saturation, torque characteristics, induced back EMF, cogging
torque, and demagnetization effects. The participants gained understanding of how accurate electromagnetic
simulation helps engineers predict motor behavior before prototype manufacturing, thereby reducing development
cost and time.




The session also covered motor loss analysis and efficiency prediction. Different types of losses such as copper
losses, iron/core losses, eddy current losses, hysteresis losses, and permanent magnet losses were explained in
detail. The speaker showed how JMAG accurately estimates these losses under varying operating conditions,
enabling engineers to improve overall motor efficiency and thermal performance. The significance of efficiency
mapping for electric vehicle traction motors and industrial drives was also discussed.

Another important topic addressed during the webinar was multi-physics simulation. The speaker explained that
modern motor development not only requires electromagnetic analysis but also thermal and structural validation.
IMAG integrates electromagnetic, thermal, vibration, and stress analysis within a single environment. Thermal
analysis helps in evaluating temperature rise in windings and magnets, while structural analysis predicts rotor stress
and mechanical deformation during high-speed operation. This integrated approach enables complete virtual
validation of the motor before physical manufacturing.

The webinar further explored the capability of running multiple simulation studies simultaneously in JIMAG. The
speaker demonstrated how different studies such as torque analysis, efficiency mapping, thermal analysis, induced
voltage studies, and speed-torque performance evaluation can be performed using the same geometry model. This
feature allows engineers to compare multiple operating conditions efficiently and identify design errors at an early
stage. The use of parametric studies and automated simulation workflows for rapid design evaluation was also
discussed.

A significant portion of the session focused on the integration of JMAG with power electronics and control
systems. The speaker explained the concept of model reduction, where detailed 2D and 3D electromagnetic models
are converted into 1D system-level models suitable for controller design and drive simulations. These models can be
integrated with software platforms such as MATLAB/Simulink and SIMBA for motor-drive co-simulation. This
integration helps engineers develop advanced control algorithms, optimize inverter performance, and analyze
complete electric drive systems.

The speaker also introduced the optimization features available in JMAG. Advanced optimization techniques
were demonstrated for torque maximization, loss minimization, thermal optimization, and weight reduction. IMAG
supports automated optimization using multiple design variables and objective functions, enabling engineers to
achieve the best motor performance efficiently. The use of high-performance computing environments and job
schedulers such as LSF, PBS, and TORQ for large-scale simulations was briefly discussed.

The webinar included several practical demonstrations and simulation case studies, which helped participants
understand the real-time implementation of motor design concepts. The interactive nature of the session encouraged
participants to ask questions related to motor modeling, mesh generation, magnet selection, torque ripple reduction,
cooling techniques, and controller integration. The speaker provided detailed answers and shared valuable industry-
oriented insights regarding electric motor development and simulation practices.

Overall, the webinar provided comprehensive knowledge on the design, simulation, analysis, and optimization of
[PM and SynRM motors using JMAG software. The session successfully bridged the gap between theoretical
concepts and industrial applications, helping participants understand modern electric machine development
methodologies. The webinar was highly beneficial for students, faculty members, researchers, and industry
professionals interested in electric vehicle technology, advanced motor drives, and electromagnetic simulation.
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characteristics. In this study, an efficiency map of an IPM motor is x
created and the loss ratios at each operating point are evaluated.
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