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I. INTRODUCTION

This paper is a summary of the debate that took place in the
round tables:
 What is slowing down the application of SRM drives
for road vehicle electrification?
 Where should research and development focus to
boost application of SRM drives to E-traction?
These round tables were the second part of the Workshop
SRM an alternative for E-Traction held at the EPSEVG, on
February 2, 2018.
Nowadays, although most of the traction drives of electric
and hybrid vehicles (EV/HEVs) are permanent magnet
synchronous motor (PMSM) drives, many reasons related with
the drawbacks of using permanent magnets, advise to consider
magnet-less drives [1-4]. Among these drives are: induction
motor (IM) drives, synchronous reluctance motor (SyncRM)
drives and switched reluctance (SRM) drives.
Despite SRM drives having the following strengths to be a
serious candidate for the powertrain of the EV/HEVs:
 Simple construction
 Fault tolerant
 High efficiency and remarkable power and torque
densities
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 Match very well the torque speed envelop required for
e-traction
and that recent studies have shown with consistent
arguments their advantages comparatively to the others
alternatives [5, 6], they continue to be just one more option for
the propulsion of EV/HEVs, as evidenced by the fact that to
date they are not used in any of the commercially available
EV/HEVs (notwithstanding the frequent announcements of
automakers on the utilization of SRMs in their next models of
EV/HEVs).
This paper, the compilation of the discussions of the
aforementioned round tables, tries to find out what are the
reasons that prevent SRM being a real alternative for E-traction
and which are the most advisable research topics to reverse this
situation. It, also, includes some concrete promotion actions for
the SRMs to become a real alternative for the powertrain of
EV/HEVs.
II. REASONS THAT SLOW DOWN THE APPLICATION OF SRM
DRIVES IN EV DRIVES
A. Reasons concerning the SRM
Although to a greater or lesser extent, it can be said that all
electric motors have torque ripple and are noisy, in the SRM
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this statement has become a stereotype. Great progress has
been made in the research of the causes and in the search for
solutions, both in the mechanical design and in the electronic
control of the SRMs to reduce the torque ripple and mitigate
the audible noise to acceptable levels [7-10]. Nevertheless,
these advances seem not to be enough to meet the standards of
automotive industry.
As far as power density and efficiency are concerned,
SRMs reach values slightly higher than induction motors and
are below those attributed to synchronous motors with
permanent magnets. However, the use of suitable magnetic
materials in conventional SRMs, with very thin laminations
(0.1 mm) and high content of silicon (6.5%) has allowed
approaching the power density and performance of permanent
magnet synchronous motors [11]. On the other hand, the
utilization of constructive structures, generally modular, that
tend to increase inductance in the aligned position and reduce
it in the non-aligned position has helped to improve the
performances of SRMs. Specifically, motors with segmented
rotor [12], structures with segmented stator [13-16] and
motors with double stator [17] or double rotor [18]. Axial flux
SRMs are another alternative especially indicated for in-wheel
direct drive motors but they are difficult to build using
laminations and, therefore, require the use of materials such as
SMC (soft magnetic composites) [19-25].
The use of soft magnetic materials different from current
silicon-iron laminations can improve the performance of SRM
or can make possible its construction but greatly increases its
cost.
SRMs structures that increase power and torque density,
whether they be of radial or axial flux, clearly penalize the
most relevant advantage of SRMs that is its constructive
simplicity and robustness, circumstance which has a clear
negative impact on costs.
B. Reasons concerning to electronic power converter
SRM needs an electronic power converter for its operation.
There are several alternatives but all have the particularity that
have to be unipolar converters since the torque is independent
of the sign of the current [26]. Although some efforts have
been done to use common inverters for A.C. machines (IM and
PMSM), they are not entirely suitable for SRM drives [27-28].
Phase leg commercial modules, containing solid state power
switches, can be used in the construction of power converters
for SRM but twice as many modules as in an inverter for
alternating current machines are required (i.e. only half of the
components in each module is employed), implying a
significantly higher cost for the electronic power converter.
Another drawback of SRM is that both ends of the phase
windings have to be accessible unlike A.C. motors where one
of the ends can be connected in star or delta. Designs of power
trains for special purpose IM or PMSM can take advantage of
the use of commercial power controllers (power converters
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with electronic control unit for traction applications). While in
the market there are several commercial controllers for A.C.
machines there is none for SRM.
C. Others reasons
There is still no standard for the powertrain of electric
vehicles but PMSM and IM start with the advantage that they
can adapt the technologies and production processes available
in the industrial sector. In addition, nowadays, SRMs are little
known among engineers working in automotive industry.
Furthermore, in academia, little attention is dedicated to SRMs
in the courses about electric drives.

III. RESEARCH AND DEVELOPMENT TRENDS
In order to boost the application of SRM drives in
EV/HEVs, research and development should focus in the
following topics:
A. Research on new soft magnetic materials
Improvements in soft magnetic materials, both silicon-iron
lamination and SMC, would make it possible to increase the
power density and the efficiency of the SRM. In the case of
silicon-iron lamination it would be desirable to obtain higher
permeability values and lower iron losses at different
frequencies, whilst avoiding the fragility of the material. In the
case of SMC, the aim would be to achieve higher values of
saturation flux density and lower iron losses at different
frequencies, all that, with a higher mechanical strength [29].
Obviously, this research would also benefit other types of
drives as PMSM and IM drives.
B. Search for new topologies of SRM
Despite, new topologies of SRM, both radial flux and axial
flux, increase their constructive complexity they can contribute
to improve the power and torque density of SRM drives.
Therefore, it is necessary to continue investigating the most
promising alternatives and keep on working to develop even
better ones.
C. Development of an electronic power converter/controller
for SRM
Nowadays, unlike PMSM and IM there is not any
commercial controller in the market intended for switched
reluctance motors for E-traction applications. The
commercialization of a three-phase, universal electronic power
converter/controller, which can be used for any type of threephase SRM, specially designed for EV/HEVs could potentially
encourage competiveness and promote new initiatives that
facilitate the definitive launch of SRM as a powertrain for
EV/HEVs.
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[9]

D. Introduction of new control strategies to improve the
behavior of SRM
[10]

Research on new control strategies should not be ignored.
Although great progress have been achieved, researchers must
continue working to find new control strategies that can
improve performance, reduce torque ripple and mitigate
acoustic noise [30, 31] in order to be able to accomplish the
demands of automotive industry.

[11]
[12]

[13]

IV. PROMOTION ACTIONS
Besides promoting research and development in some
topics of SRMs, a greater effort must be made to increase the
reputation and knowledge about SRM drives, both in the
industrial sector and in the automotive sector. For this, it would
be necessary to undertake a neutral, objective comparison
between different drives for a given application (say a given
vehicle type and drive cycle) including as many aspects as
possible (cost of the whole system, size, EMC, NVH,
reliability, etc.). This comparative study will help
understanding the real potential of SRM drives compared to the
other alternatives, and in case it is favorable, will also help
promoting them.
In the University, SRM drives should have a more
prominent role in the courses about electric machines and
electric drives, which requires new ways to teach SRM drives
[32] and that a greater number of lectures be devoted to them.
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