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Abstract—This paper offers a new converter for switched
reluctance motor (SRM) drive which uses one switch in each
phase. One switch for each phase is the least number of switches
among the converters used in the switch reluctance motor drive.
Also, the proposed converter enjoy from an important
characteristic which makes it suitable for high speed drive
applications. This is due to the fast phase current commutation
capability of this converter. Therefore, the generation of negative
torque and consequently, large generated torque ripples in SRM
drive are resolved. SRM drive simulation using the proposed
converter is presented and the results are compared with the
asymmetric converter which is usually used in SRM drives.
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L INTRODUCTION

Switched reluctance motor (SRM) drive technology has
remarkably developed in the past two decades. The interest
over SRM is due to its advantages over the induction motor or
permanent magnet synchronous motor. These advantages
include lower price, boosted performance, equal or better
reliability, comparable or better efficiency, lower volume and
ease of production and storage in comparison to AC and DC
motor drives [1-3].

SRM drive has the crucial problem of large torque ripples due
to lack of continuity in the generated torque. But this can be
mitigated to a great extent by phase current overlapping.
Therefore, the converters used for SRM drive requires
separate control for each phase so that the torque ripples can
be reduced by phase current overlapping. Another reason for
torque ripples is that the stator current falls behind the
reference current during the commutation of each SRM phase
current because of back EMF. This means that during
commutation, the phase current reaches zero after the
reference current which causes negative torque and more
ripples in the torque produced by the motor. Thus, the
converter used in the SRM drive must have the quick
commutation ability of phase currents, which will reduce
torque ripples considerably. This is more important at higher
speeds where commutation interval is very short. As shown in
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Fig. (1), when SRM speed increases, if phase current at
commutation interval is not reduced to zero, a negative torque
would be produced.
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Fig. 1. SRM phase inductance and current.

The produced negative torque will create large torque ripples
in SRM. To solve this problem, the converter used for SRM
drive needs to be designed in such a way that it can perform
phase current commutation more quickly. Major research has
been carried out with this aim [3-13]. For example, Krishnan
et al. [4] proposed a low cost converter with a dump resistance
to waste commutation energy. In this converter the voltage
across capacitor C, depends on the value of dump resistance
and can provide fast commutation. The schematic of this
converter is shown in Fig. 2. The advantage of this converter
is the single switch used in each phase which results in smaller
size and lower cost. The disadvantage of this converter is that
the phase inductor energy is basically wasted in a resistance
resulting in low overall efficiency of the drive. Ehsani at el.
[5] have proposed a low voltage dual-decay converter for the
SRM drive. This converter offers less energy losses and
consequently, higher efficiency in comparison to the R-dump
converter. The C-dump converter was proposed in [6-8]. The
difference between this converter and the previously described
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converters is that it stores the phase inductance energy in a
capacitor rather than dissipating it in a resistance. This
converter is shown in Fig. (3). The disadvantage of this
converter is that an extra switch is used in its topology. Also,
the reverse voltage used for the phase current commutation is
limited to V4-V,. The references [9-13] offer a variety of
SRM drive topologies to reduce the commutation interval in
order to solve the torque ripple problem and improve the
performance at higher speeds. However, in all these
converters, either the number of elements used has increased
or the commutation process is not fast enough. A new
converter for switched reluctance motor drive is proposed in
this paper, which uses only one switch for each phase in its
structure. It performs the commutation process with high
speed which provides excellent drive performance at higher
speeds.
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Fig. 2. R-dump converter.
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Fig. 3. C-dump converter.

II.  PROPOSED SRM DRIVE CONVERTER

A. Converter Topology

Fig. (4) shows the per phase structure of the proposed SRM
drive topology. The converter operation is simple with a
minimum number of switches while performing phase current
commutation quickly. Regarding the number of switches used,
the converter is similar to the R-dump converter, and it
functions like the C-dump converter since the phase
inductance energy is recovered. In fact, in addition to its
simple structure, this converter has higher efficiency than the

R-dump converter and a simpler structure and higher phase
current commutation speed than the C-dump converter.
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Fig. 4. Proposed SRM per phase converter

Fig. (5) shows the operating modes of this converter for 2
phase SRM. As shown in Fig. (5-a), in the magnetization
mode, the switch T1 turns on in order to magnetize phase ‘a’.
As T1 turns on, the energy is transferred from the source to
phase winding and the current in phase inductance increases.
Also, in this mode if the magnetizing inductance of coupled
inductors is not reset yet, diode D1 would conduct the
magnetizing inductance current of the coupled inductors and
the input voltage would reset this inductor. When the
magnetizing inductance of coupled inductors is reset, Diode
D1 turns off. The reset of coupled inductors magnetizing
inductance is similar for other phases.

When the phase current reaches the reference, T1 is turned off

and demagnetization starts. This mode is shown in Fig. (5-b).
Since the voltage across phase winding is reversed, diode D1
turns on in this mode. When D1 turns on, Db, turns on and a
negative voltage is placed across the phase winding in
proportion to the coupling ratio which accelerates phase
current commutation. Fig. (5-¢) and Fig. (5-d) show two
overlapping modes of stator phase currents. In the first mode,
the phase inductance ‘a’ is being demagnetized and phase ‘b’
is being magnetized. In the second mode, both ‘a’ and ‘b’
phases are being demagnetized. As it can be observed, this
converter has the ability to separately control phase currents.
Also, It is important to notice that the snubber circuit of each
switch will absorb the voltage spikes across the switches that
otherwise would occur due to leakage inductance of coupled
inductors.
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Fig. 5. Operating modes of the proposed converter

B. DESGN CONSIDERATIONS

For designing this converter, the coupled inductors ratio has
to be determined considering the performing speed of the
drive. As shown in Fig. (1), if the phase current does not
reach zero fast enough during the commutation, the phase
current continues to exist in the negative torque production
area and the phase torque becomes negative. This negative
torque will cause large ripples in the torque generated by the
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motor. This is especially important at higher speeds,
because higher speed requires faster commutation. So, each
SRM drive can function to an extent of speed with regard to
its converters structure. The maximum SRM drive speed
depends on the type of converter used and is illustrated by
the following equation.

Te = T,ln [1 + %] (1



where T is the time needed for the current to reach from
reference value to zero, ta is the electrical time constant of
machine phases, Rs is the resistance of each phase winding,
V. is the reverse voltage applied to the phase inductance
during commutation. The electrical time constant equation
of the machine is as follows.

_Lg

Ta—RS

(@)

As shown in Fig. (1), the phase inductance at the current
commutation area equals to aligned inductance, thus L and ©
would take an “a” subscript. Current drop angle at speed w

is shown as 6¢in Fig. (1) and is calculated as follows.

Ryl
0r = 0Ty = [wyT,]In [1 + ;—CP] 3
As it can be observed from (3), when speed increases, 6f
becomes larger resulting in a larger negative torque and,
consequently, more torque ripples. Therefore, it is needed to
look for a way to reduce 6f at higher speeds. As it can be
observed from (3), commutation can be carried out faster by
increasing Vc. In the proposed converter, the reverse
voltage across the phase winding can be increased for faster
commutation purposes by increasing the coupled inductors
LI and L2 turns ratio. Also it is important to notice that Ve
is constant in most of the converters introduced so far. But,
in this converter, Vc can be designed by changing the
coupled inductors turns ratio considering the maximum
SRM drive functioning speed.
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In this section, the simulation results of SRM drive using
the proposed converter is compared to the results of a SRM
drive that uses a regular asymmetric converter. The
schematic of this converter is shown in Fig. 6.

SIMULATION RESULTS

il <

Fig. 6. Asymmetric converter

For simulation purposes coupling ratio is selected 2.3.
Figure (7) shows the SRM phase currents that are driven by
a regular asymmetric converter at 1500 rpm. Figure (8)
shows the phase currents of the same motor at 4000 rpm.
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Fig. 7. Phase current waveforms of SRM driven by asymmetric converter at
1500 rpm.
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Fig. 8. Phase current waveforms of SRM driven by asymmetric

converter at 4000 rpm.

As explained before, and also shown in Fig. 7 and Fig.8§, the
angle 0; becomes larger as speed increases. Consequently,
causes more torque ripples. Fig. 9 and Fig. 10 show the
results of the SRM driven by the proposed converter.
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Fig. 9. Phase current waveforms of SRM driven by proposed converter at
1500 rpm.



<
ERU / y n
e phase a current phase b current | phasec current
£ - / / s
a
0E 3
4 i i i i i \ 0
02735 0.214 0.2745 0275 0.2755 0.276 0.2765 02 02175
Time {s)

Fig. 10. Phase current waveforms of SRM driven by proposed converter at
4000 rpm.

As shown in Fig. 9 and Fig. 10, the commutation time has
considerably decreased. For a better view of the
commutation speed difference between the converters, the
current waveforms of both drives are compared in Fig. 11.
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Fig.11. Comparison between current waveforms of both drives at 4000 rpm.

In the simulation of each switch, a turn off snubber is used.
Fig. 12 shows the switch current and voltage waveforms.
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Fig. 12. Voltage and current waveforms of one switch.
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IV.  Conclusions

In this paper a new SRM drive is introduced. The proposed
converter is analyzed and its operating modes are discussed.
The proposed converter only uses one switch for each motor
phase. Also, in the proposed converter the phase inductance
energy is recovered to achieve high efficiency. Simulation
results are presented to justify the validity of the theoretical
analysis.
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