Title:

Author(s)
Name:

Contact
Email(s):

Published
Journal
Name:

Type of
Publicatio
n:

Volume:
Publisher:

Publicatio
n Date:

ISSN:
URL:

Other
Related
Info.:

Modeling, Analysis and LQR Control of an EV Differential using
IPMSM

Sumon Kumar Ghos, Mohammad Abdul Mannan

mdmannan@aiub.edu

Journal of Control & Instrumentation

Journal

7 Issue 2

STM Journals

2016

2229 - 6972

https://stmjournals.com/index.php?journal=JoCl&page=article&op
=view&path%5B%5D=7318

Page 13-34

Citation: Sumon Kumar Ghos, Mohammad Abdul Mannan, “Modeling, Analysis
and LQR Control of an EV Differential using IPMSM”, Journal of Control &
Instrumentation (STM Journals), Vol. 7, Issue 2, pp. 13-34, 2016.

W
M= Engineering
@

S
< F
I ]

Faculty of Engineering
American International University-

Page 1 o0f2



Abstract:

Recently, the mechanical differential (MD) of vehicle has been replaced by
electronic differential (ED) by means of electric motor. Electronic differential
ensures dynamic and robust control of the vehicle behavior. The ED has been
designed for an electrical vehicle (EV) based on IPMSM due to its some inherent
advantageous features. The design of speed controller of an IPMSM mainly depends
on its mathematical model. The mathematical model based speed controller has been
developed without consideration of core loss. Practically, the performance of torque
control is affected by the core loss. Hence, the core loss during the design of a control
system should be considered to obtain precise torque as well as speed performance.
Conventionally, the speed control strategy of IPMSM has been designed based on
P1 controller. The design and implementation procedure of Pl controller are easier
and the gains of it’s have been chosen by trial and error method. But, the overshoot
and steady-state error cannot be minimized and the controller is not robust under the
variation of load disturbance. In this paper linear quadratic regulator (LQR) based
speed control of IPMSM is designed and analysis to apply in ED of an EV. The
overall system has been demonstrated by simulation studies which are performed by
Matlab/Simulink software. The simulation results show that the tracking of reference
speed of IPMSM including core loss is achievable without any overshoot and steady-
state error by the proposed designed LQR based optimal speed control. Moreover,
the designed controller is robust under the variation of load torque.
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