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Motivation
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Gradability (Deg) Accleration 0-
80kmph (sec)

Max speed (kmph)

Model A
IM (Existing) Model B

Top Speed 89 107
Gradeability 9.1 14.5
Acc : 0-60 11.75 6.8

Low cost, Low Voltage drive system for Indian EV
 Improve the gradability
 Acceleration time reduction
 Above 100kmph
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Different Types of motors

Comparison of different motor technology for Traction application. 

Motors

AC Motors DC Motors

Induction  Motors Synchronous  Motors

SPM Motors IPM Motors

Shanmugam Prabhu, Mahindra Electric Mobility Ltd.
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Comparsion of IM & SM machines

Parameters Induction 
motor (IM)

Permanent Magnet 
Synchronous Motor 

(PMSM)

Power Density - + +
Efficiency + + +
Costs ++ +
Reliability ++ +
Technical Maturity + +

Shanmugam Prabhu, Mahindra Electric Mobility Ltd.
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IPM Vs SPM 

• Over load capability is higher for IPM when compared to SPM 
machine which provides high Gradability & acceleration

• High efficiency over the speed range, which makes IPM machine 
suitable for high speed vehicles 

SPM - efficiency map IPM - efficiency map

Shanmugam Prabhu, Mahindra Electric Mobility Ltd.
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Design methodology



Presenter: 10Shanmugam Prabhu, Mahindra Electric Mobility Ltd.

Design methodology : Rotor DoE

18 0.050 0.051 0.051
17 0.050 0.050 0.051
16 0.050 0.050 0.051 0.051
15 0.049 0.050 0.050 0.051
14 0.049 0.050 0.050 0.050

4 6 8 10
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m
)

Pole-Pole distance (mm)

18 1.388 1.377 1.359
17 1.395 1.383 1.365
16 1.400 1.387 1.368 1.348
15 1.405 1.390 1.371 1.350
14 1.407 1.395 1.372 1.350

4 6 8 10

Ba
se

he
ig

ht
 (m

m
)

Pole-Pole distance (mm)

18 0.114 0.113 0.111
17 0.117 0.116 0.113
16 0.119 0.117 0.114 0.111
15 0.121 0.119 0.116 0.112
14 0.122 0.121 0.116 0.112

4 6 8 10
Pole-Pole distance (mm)

Ba
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 (m

m
) 18 168.9 168.0 165.7

17 167.9 167.1 164.8
16 166.6 165.7 163.6 159.0
15 165.1 164.1 161.8 158.3
14 163.2 162.6 159.9 157.0
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PM flux linkage

Basic rotor profile of IPM motor

Saliency ratio

Lq - Ld Characteristic current



Presenter: 11

Design methodology : CAE results
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Static torque characteristics
Efficiency Map
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IPM - Proto

Skewed stator pack

Skewed assembly 
with high slot fill

IPM rotor assembly

Position Sensor  on 
NDE casing
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Validation results : Component level
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Validation results : Vehicle level
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Impact of IPM motor’s performance parameters on 
vehicle performance in comparison to Induction motor
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Cost comparison
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assembly
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Production cost comparison of  IM Vs IPM for same power rating
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 Torque ripple and cogging torque are minimized to lower values for reducing the
noise and vibration in the system level

 Power density of IPM motor increases to 1.5 times of Induction motor power
density by optimizing rotor lamination to improve reluctance torque

 IPM motor is designed for higher torque, higher power and higher speed;
gradability, acceleration and maximum speed of the vehicle has been improved in
comparison to Induction motor powered vehicle

 Proto build price is completed and the cost is $4/kW against target price of
$3.4/kW

Conclusions
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Thank You

Shanmugam Prabhu, Mahindra Electric Mobility Ltd.


