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Abstract—Variable reluctance motors (VRMs) are an
attractive solution for drive systems due to their simple
construction and the absence of permanent magnets. Their
torque is generated by an attractive force between stator and
rotor teeth, resulting in inherently unipolar phase currents.
This property allows for simplified converter topologies
compared to machines requiring bipolar current waveforms.
While numerous VRM converter topologies have been pro-
posed, they are predominantly based on voltage-source DC
links, which impose high-frequency pulsed voltages across
the motor windings. In this paper, we propose a current-
source converter (CSC) topology tailored for VRMs. CSCs
inherently offer smooth voltage waveforms at the motor
terminals, owing to their output filter capacitors, thus miti-
gating issues such as insulation stress and EMI. Exploiting
the unipolar nature of VRM currents, the proposed CSC
topology, referred to as uniCSC, is simplified to require only
a single MOSFET and diode per phase. Furthermore, unlike
conventional CSCs, it does not require a dedicated DC link
inductor, as the VRM’s phase inductance inherently serves
this purpose due to the open-end winding configuration.
The paper presents the derivation of the topology, explains
its modulation method, analyzes the equivalent DC-side
parameters, and verifies its operation through transient
time-domain simulations.

Index Terms—Variable Reluctance Motor, Switched Re-
luctance Motor, Current Source Converter, Unipolar Cur-
rent, Motor Drive, Converter Topology, PWM Modulation

I. INTRODUCTION

Due to their simplicity and robustness, variable reluc-
tance motor (VRM) drive systems present an attractive
alternative to induction and permanent magnet motor
drives. VRMs produce torque based on the reluctance
force generated by the alignment tendency between stator
and rotor iron structures, specifically, between stator teeth
equipped with wound coils and rotor teeth that carry no
windings. Since the reluctance force is proportional to
the square of the magnetic flux density in the air gap, the
resulting stator coil currents are unipolar, e.g., positive as
shown in Fig. 1.

The unipolar nature of VRM phase currents enables
the use of simplified converter topologies. As a result,
numerous converter configurations have been proposed
in the literature [1]-[6]. A comprehensive comparison of
various converter topologies is presented in [7], where
two new converter circuits are introduced, along with a
detailed design procedure for the evaluated configurations.

D e I
o4— wt
2//\ i
0‘ 77777777777777777777777777777777777777777777777777777777777777 — wt
ZX'W i3

(@) 0 wt
Z,i,‘ ,,,,,,, ho i2 ﬁ ,,,,,,,,,,,,

(b) 0 wt

wt

© wiy

Fig. 1: Three-phase example of unipolar positive currents typi-
cally required for supplying VRMs: (a) ideally rectangular cur-
rent pulses, which are challenging to realize in practical VRMs,
(b) trapezoidal currents with limited di/d¢, and (c) sinusoidal
unipolar currents containing both AC and DC components. In all
cases, the total current sum across phases, denoted ¢z, remains
constant.

Despite the variety of proposed converter topologies for
VRMs, no single standard topology has emerged, unlike
the well-established three-phase converter for induction
machines and PMSMs, commonly known as the ’’six-
pack.” This standard topology has become widely avail-
able as an integrated module, benefiting from economies
of scale and resulting in highly cost-effective solutions. To
leverage the simplicity and affordability of standardized
converter hardware, several attempts have been made to
adapt existing converter topologies for VRM applications.
For example, in [8], a standard three-phase converter is
extended with a fourth leg to accommodate the VRM'’s
star point, which is necessary since its unipolar phase
currents do not sum to zero. Another approach is pre-
sented in [9], where VRM windings are connected in a
delta configuration, each phase including a series diode.
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More recently, four-leg converter topologies for VRMs
have been analyzed [10], where the phases are connected
in an open-delta configuration. A similar concept was
previously proposed in [5], using an asymmetric converter
topology.

A recent wave of research has focused on applying
pulse-width modulation (PWM) and vector control tech-
niques to VRMs [11], [12], aiming to simplify their
control. Traditional VRM commutation requires precise
timing of the switching instants, which becomes increas-
ingly challenging at higher rotational speeds. In contrast,
PWM-based approaches offer a more continuous and
robust control.

However, the converter topologies employed in these
studies are typically based on voltage-source DC links,
meaning the VRM windings are subjected to high-
frequency pulsed voltages. This can introduce several
issues, especially when using wide-bandgap (WBG) semi-
conductors, which are capable of extremely high dv/d¢
values. Such steep voltage transients can lead to bearing
currents, accelerated insulation aging, and increased elec-
tromagnetic interference (EMI).

Compared to voltage-source inverters (VSIs) with a
DC link, current-source converters (CSCs) offer smoother
voltage waveforms across the motor windings, thereby
mitigating the aforementioned issues such as bearing
currents, insulation stress, and EMI. Motivated by this, the
present paper proposes a CSC-based topology for VRMs.
Taking advantage of the unipolar nature of VRM phase
currents, the proposed CSC topology can be significantly
simplified: it requires only one switch and one diode per
phase and eliminates the need for a dedicated DC link
inductor. Instead, the inherent phase inductance of the
VRM fulfills this role. We refer to this topology as the
uniCSC.

In the following sections, we present the derivation of
the uniCSC topology, explain its operating principle and
modulation strategy, derive the equivalent DC-side circuit
model, and validate its functionality through transient
time-domain simulations.

II. DERIVATION OF THE UNICSC TOPOLOGY

As discussed in Sec. I, VRMs typically require unipolar
phase currents, as illustrated in Fig.1. To enable such
current waveforms, this section derives a suitable CSC
topology, starting from the classical configuration shown
in Fig.2(a), where L¢ denotes the DC link inductance.
The DC link current ¢4, is typically regulated by an input-
stage converter, such as a buck converter supplied from a
DC voltage source Uiy, as also shown in Fig. 2(a).

As explained in detail in [13], the average value of the
phase current, averaged over a switching period, is given
by the product of the DC link current and the difference
between the upper and lower duty cycles:

(i) = idc (dur — dix) - (1)

Here, the index k denotes the phase number. In the
example shown in Fig.2(a), k£ € {1,2,3}, and d,; and
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Fig. 2: Derivation of the CSC topology for unipolar currents
(uniCSC), starting from: (a) a conventional CSI for AC phase
currents, composed of two CSC cells, (b) a simplified configu-
ration using a single CSC cell to supply unipolar phase currents,
and (c) the proposed CSC topology, in which the MOSFETSs of
a CSC cell share a common ground potential and the DC link
inductor L, typically required in classical CSCs, is omitted.

dyi, represent the duty cycles of phase k for the upper and
lower CSC cells, respectively.

Equation (1) holds for any average phase current,
whether positive or negative. As noted in [13], if the
average phase current is positive ({ix) > 0), the lower
cell’s duty cycle can be set to dj, = 0, and the duty cycle
of the upper switch is then calculated as dyx = (i) /idc-
Conversely, if the average phase current is negative
((ix) < 0), the same logic applies in reverse. To ensure
a continuous flow of the DC link current, additional
measures such as handling the ’excess duty cycle’ must
be implemented, as detailed in [13].

Therefore, when a phase current is positive in the CSC
topology shown in Fig.2(a), the corresponding switch
in the upper CSC cell actively commutates, while the
switch in the lower CSC cell remains off. It is important
to note that in a CSC, commutation occurs within each
CSC cell, rather than across a half-bridge as in voltage
source inverters. Using this analogy, if all phase currents
are unipolar, i.e., always positive as shown in Fig. 1, only
the upper CSC cell is needed to generate the desired
phase currents, as illustrated in Fig.2(b). In this case,
the load’s star point must be connected to the DC minus
rail, since the unipolar phase currents do not sum to
zero. Instead, their sum is equal to the DC link current:
Zik =11 + i9 + i3 = igc.-

The converter topology shown in Fig.2(b) employs
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n-phase VRM

uniCSC

Fig. 3: Proposed uniCSC with arbitrary number of phases n.

a single CSC cell to commutate unipolar positive phase
currents. As a result, only one switch (MOSFET) and one
diode per phase are required. Similar to the conventional
CSC topology in Fig.2(a), the DC link current iq. is
commutated within the CSC cell, this also applies to the
simplified single-cell converter in Fig. 2(b). As mentioned
in the Sec.I, we refer to this simplified converter as
uniCSC, indicating a CSC for unipolar currents.

In the conventional CSC, the DC link current is im-
pressed using a dedicated DC link inductor L, which is
initially retained in the derivation of the uniCSC topology
in Fig.2(b). However, since the uniCSC is intended
to supply VRMs, an inherently inductive load where
each phase includes inductance, these phase inductances
effectively reflect into the DC link circuit and act as
an equivalent series inductance. Therefore, the external
inductor L; can be omitted without loss of functionality,
resulting in the simplified circuit shown in Fig. 2(c).

Additionally, in the final uniCSC topology of Fig. 2(c),
the MOSFETs and diodes are rearranged such that the
MOSFET source terminals connect directly to the DC
minus rail. This enables the use of non-isolated gate
drivers, further simplifying hardware design. As a result,
the uniCSC becomes more cost-effective and component-
efficient.

The proposed uniCSC topology can be extended to a
VRM with an arbitrary number of phases n, as illustrated
in Fig.3. In this general case, the uniCSC requires n
MOSFETs and n diodes, one of each per phase. Addi-
tionally, a minimum of two MOSFETs or one MOSFET
and one diode is needed for the input converter to regulate
the DC link current when a half-bridge configuration is
used.

III. UNICSC OPERATION PRINCIPLE

In contrast to the conventional CSC, where the average
phase current is determined by the product of the DC link
current and the difference between the upper and lower
CSC cells’ duty cycles, as expressed in (1), the proposed
uniCSC employs only a single CSC cell. Consequently,
the average phase current is given by

(i) = dilqc, ()

where dj, is the duty cycle, defined as the relative time
duration for which MOSFET S, is turned on, k£ de-
notes the phase index, and () denotes average value
over the switching period. Therefore, the duty cycles for
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the uniCSC can be directly computed from the desired
average phase currents and the DC link current as

di = @ 3)
ldc
As with any CSC cell, the uniCSC must ensure a
continuous conduction path for the DC link current at
all times. This means that there must never be an instant
when all MOSFETs are turned off. Consequently, each
CSC cell, uniCSC included, must always have exactly
one MOSFET conducting at any given time. This imposes
a constraint on the conduction durations dTy, of each
MOSFET, where Ty, is the switching period. Specifically,
the sum of all conduction intervals must equal one full
switching period, which leads to the condition on the duty
cycles:

deor = ) i = 1. @)
k=1

To explain better modulation process of the uniCSC,
an example is considered where the time moment wt;
denoted in Fig. 1(c) is zoomed in to the level of a single
switch period. The current waveforms in Fig. 1(c) can be
expressed as

(i1) = Isin(wt + 6;) + I

. . 27
<Zg> = Ism(wt + GL - ?) + 107 (5)
. 4
(ig) = Isin(wt + 0; — g) + Iy

where I is the peak value of the AC component, [ is the
DC component of the current, w is the electrical angular
frequency, and 6; is the initial current angle. For the
waveforms depicted in Fig. 1(c), 6; = —7/2, Iy = iq./3,
and [ = Iy = i4c/3. Therefore, for the considered time
moment wty, the averaged phase currents are equal to
Be  fig) = (ia) = 5. (©6)

(i1) = =5 5

Using (3), the duty cycles at the specific time instant wt;
are calculated as

%, d2 = é, and dg = é (7)
As previously discussed, to ensure a continuous con-
duction path for the DC link current, the duty cycles
satisfy the condition d; + ds + d3 = 1. Based on these
duty cycles, the corresponding gate signals for controlling
the switches are generated using a multiple-threshold
modulator (cf. [13]), as illustrated in Fig.4(a). This
PWM technique ensures that gate signals are sequentially
activated, similar to a relay race, with no overlap in
conduction. At any given moment, exactly one switch is
conducting, and the total conduction time over a switching
period sums up to Ty, as can be seen in Fig. 4(b) for the
resulting gate signal pulses.

The resulting phase currents 7, i2, and ¢3 are pulsed
waveforms, as illustrated in Fig.4(c), with pulse ampli-
tudes equal to the DC link current i4.. The corresponding
circuit configurations for each conduction state, i.e., all

dy =
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Fig. 4: Modulation of the uniCSC: (a) multiple-threshold pulse-
width modulation principle, (b) resulting gate signals, and (c)
corresponding phase currents.
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Fig. 5: Switching states of the three-phase uniCSC: (a) phase 1
conducts the DC link current, (b) phase 2 conducts the DC link
current, and (c¢) phase 3 conducts the DC link current. For each
state, the corresponding capacitor currents are indicated. These
three states represent the only valid switching configurations for
the uniCSC.
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Fig. 6: Block diagram of the uniCSC modulation scheme,
illustrating the signal flow from phase current references to gate
signal generation.

valid switching states, are shown in Fig.5. No other
switching combinations are permitted. These pulsed cur-
rents are filtered by the output capacitors Cf, yielding
average currents delivered to the VRM. Consequently, the
VRM phase currents correspond to the average values
of the pulsed currents and are given by (i1) = diidc,
(i9) = daigc, and (iz) = dsigc. These average currents
are regulated by controlling the pulse widths, that is, the
conduction durations of the respective switches, according
to the desired phase current references 7, 45, and 3.

The implementation of the multiple-threshold modu-
lator to obtain the desired phase currents load is shown
in Fig. 6. Notably, this realization inherently guarantees a
continuous current path for the DC link current without
explicitly requiring the value of the last duty cycle ds.
Instead, it is automatically enforced as d3 = 1 — d; — ds.

For an n-phase system, the final duty cycle is similarly
determined by

n—1
dy=1- dp, ®)
k=1

as discussed in [13]. The extension of the multiple-
threshold modulator to n phases is straightforward: it in-
volves replicating the comparator and digital logic blocks
used for the three-phase case in Fig. 6; see also [13].

IV. EQUIVALENT DC-SIDE PARAMETERS

The previous section explained the operation of the
proposed uniCSC, detailing its modulation strategy and
the commutation of the DC link current among the phases.
The DC link current itself is regulated by an input
converter, which effectively “sees” the uniCSC and its
load (i.e., the VRM) as an equivalent DC load. Therefore,
the objective of this section is to derive the equivalent DC-
side parameters of the uniCSC. To focus on the converter
operation, a pure RL load is assumed in this section, as
shown in Fig. 7(a).

We consider sinusoidal unipolar current waveforms, as
exemplified for the three-phase case in Fig. 1(c). Regard-
less of the number of phases or the specific waveform
shape, the instantaneous sum of all phase currents must
equal the DC link current:

Zik = ige. )
k=1
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Fig. 7: Derivation of the equivalent DC-side circuit model: (a)
schematic of a general n-phase uniCSC supplying an RL load
with back-EMF, and (b) resulting equivalent DC-side circuit
model.

Since the AC components of the sinusoidal waveforms
always sum to zero, this condition implies that the DC
component of each phase current must be Iy = ig./n.

The peak value of the AC component, denoted I,
cannot exceed /y. To generalize this, a modulation index
m € [0,1] is introduced, defining the AC peak as I=
miq./n. Consequently, the expression for the average
phase current becomes:

(ig) = m™ cos (wt +6;, — (k- 1)27T> + zd—c, (10)
n n n
where k € {1,...,n} denotes the phase index.

The derivation of the equivalent DC-side parameters
is based on power balance averaged over the switching
period, where we assume that the input DC power must
equal the sum of the powers delivered to each phase, see
Fig.7(a):

n
(Uswhide = > _(ur) (i), (11)
k=1
where (ugsy,) denotes the average value of the pulsed DC
link voltage. The voltage of each phase is modeled as
d(ix)

(ur) = R{ig) + L?, (12)

with R and L representing the phase resistance and
inductance, respectively.

It should be noted that the effect of the filter capacitors
Ct is neglected in the power balance equation (11), as
these capacitors primarily filter high-frequency current
components and have a negligible impact at the fun-
damental frequency range, where the power balance is
evaluated.

If we assume that the voltage drop in (12) is solely due
to the phase resistance, the power balance equation (11)
simplifies to

(tsw)ide = > Rix)?. (13)
k=1

Substituting the expression for the phase currents

(VDE2025-Munich)

Parameter Symbol Value
Sinusoidal Operation

Input current Ide 40 A
Output capacitance Ct 4.7 uF
Load resistance R 10
Load inductance L 3.5mH
Switching frequency Sow 200kHz
Fundamental frequency fo=1/Tp 50Hz

TABLE I: Simulation Parameters.

from (10) into this equation and performing the summa-
tion yields
2 2
TR (14)
J,_/
=Rdc

(usw > idc =

from which the equivalent DC-side resistance can be
identified as R4, = % R. It is important to note that
the equivalent DC-side resistance Rq. depends on the
modulation index m. Its minimum value occurs at m = 0,
yielding Rq. = R/n, which corresponds to the expected
result for n parallel-connected phase resistances of value
R.

If we now assume that the voltage drop in (12) is
solely due to the phase inductance, the power balance
equation (11) becomes

<usw>ldc = Z L dt <Zk>» (15)
k=1

where L is the inductance of each phase. Substituting

the expression for the phase current from (10) into this

equation yields

) mLdm . 24+ m? _ dige .
<Usw>2dc = %E 230 om L dtc ldc, (16)
N—— ——
=Rx =de

where the phase inductance L results in two equivalent
effects on the DC side: a dynamic resistance term Ry,
which accounts for the power increase or decrease due to
variations in the modulation index m (see [14]), and an
equivalent DC-side inductance L.

Similar to the equivalent resistance Rq., the minimum
value of the equivalent DC-side inductance is Lq. = L/n,
which occurs when the modulation index m = 0. This
represents the lowest inductance required to sustain con-
tinuous DC link current operation in the uniCSC. As a
result, the presence of this equivalent inductance, arising
from the phase inductances themselves, eliminates the
need for a dedicated external DC link inductor in the
proposed uniCSC topology, see Fig. 2.

The resulting equivalent DC-side circuit, along with
the summarized expressions for its parameters, is shown
in Fig.7(b).
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Fig. 8: Simulation waveforms for (a) sinusoidal reference and (b) trapezoidal reference. From top to bottom; (i) gate signals of
switching devices, (ii) duty cycles, (iii) dc and phase currents, (iv) switching device voltages, (v) diode voltages, (vi) line-to-line

capacitor voltages.

V. SIMULATION RESULTS

Time-domain simulations are conducted to validate the
operational principles of the proposed uniCSC, using an
R-L load with parameters summarized in Tab.I. A com-
plementary analysis, including simulations with a VRM,
is provided in [15], where the advantages of the uniCSC-
fed VRM are highlighted, particularly in simplifying
control and achieving behavior similar to that of a series-
excited DC machine.

In the sinusoidal operation shown in Fig.8(a), the
phase current closely follows the explicitly defined duty
cycle (see Fig. 8(a.ii) and (a.iii)), confirming the in-
tended current-source converter behavior without DC-
link inductor. For each switching device, the maximum
positive line-to-line voltage connected to the device,
e.g. max(ujg,uss,uszy;) for Sy, is applied, while the
corresponding diodes block the negative voltage in the
reverse direction, as illustrated in Fig. 8(a.iv) and (a.v).
The line-to-line voltages across the output capacitors are
determined by the load impedance, as the phase currents

are impressed, see equivalent circuit depicted in Fig. S.

Fig. 8(b) illustrates the simulation waveforms obtained
under trapezoidal current reference operation. To mitigate
voltage spikes caused by steep di/d¢ transients, the rising
and falling edges of the trapezoidal current waveform are
smoothed using cosine interpolation.

As in the sinusoidal case, the phase currents closely
follow the duty cycle references due to the current-
source behavior of the converter, as shown in Fig. 8(b.ii)
and (b.ii). However, elevated line-to-line voltages are
observed during current transitions between phases, see
Fig. 8(b.iv)-(b.vi). This behavior is expected, as these
voltages are responsible for driving the current transitions.

For example, when the current (i1) decreases from its
peak value 74, to zero, and (i) simultaneously increases,
the current is effectively “handed over” from phase 1
to phase 2. This transition is driven by the line-to-line
voltage 112, which becomes high and positive during this
interval. A faster transition—i.e., a higher di/dt—would
result in an even larger w15. Thus, in the uniCSC topology,
the speed of current transitions is fundamentally limited
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by both the blocking voltage capability of the devices
and the passive parameters of the motor phases. Similar
observations apply to other transitions: us3 becomes high
when (o) decreases and (i) increases, while w3 rises
during the transition from phase 3 back to phase 1. A
detailed analysis of these transition dynamics is beyond
the scope of this paper and is reserved for future work.

These results demonstrate that the uniCSC is capable of
handling unipolar current waveforms with overlap, such
as sinusoidal currents where multiple phases conduct si-
multaneously, not only during current transitions. This ca-
pability is particularly important for VRM converters, as
many topologies are unable to accommodate overlapping
phase currents. Additionally, the simulations confirm that
the uniCSC can effectively support trapezoidal current
waveforms as well.

VI. CONCLUSIONS

This paper has proposed a current source converter
(CSC) topology specifically tailored for variable reluc-
tance motors (VRMs). Compared to voltage source in-
verters (VSIs), CSCs offer smoother voltage waveforms
across the motor windings, which is advantageous for mit-
igating electromagnetic interference and insulation stress.
In the case of VRMs, which inherently require unipolar
phase currents, the CSC topology can be significantly
simplified: only one MOSFET and one diode are needed
per phase. We refer to this simplified topology as uniCSC,
highlighting its suitability for unipolar current drive ap-
plications.

A key advantage of the uniCSC is that, unlike con-
ventional CSCs, it does not require a dedicated DC
link inductor. This is enabled by the open-end winding
configuration of VRMs and the presence of a DC current
component, which allows the motor’s own inductance to
fulfill this role. We derived the uniCSC topology starting
from the conventional CSC structure, explained the as-
sociated modulation scheme, and analyzed its equivalent
behavior from the DC-side perspective. The proposed
operation was validated through time-domain simulations
using both sinusoidal and trapezoidal unipolar phase
current waveforms.

Future work will focus on the hardware implementa-
tion of the uniCSC and the development of a VRM test
bench, where the proposed drive system will be experi-
mentally validated under various operating conditions.

APPENDIX A
EQUIVALENT MODEL OF UNICSI

This appendix derives the equivalent DC-side param-
eters for a Variable Reluctance Machine (VRM). In this
analysis, the machine is modeled as a switched reluctance
machine (SRM), wherein the mutual inductances between
phases are negligible due to the magnetic and physical
isolation of each phase winding. This assumption is
consistent with conventional SRM modeling practices,
where each phase operates independently and the mag-
netic coupling between phases is minimized by design.

(VDE2025-Munich)

In addition to the phase currents defined in (10), the
self-inductance of each phase is modeled by its funda-
mental component as

LZ LA 2w
Ly = 5 T cos(wt—i—(k 1)n), (17)
where Ly, and La represent the sum and difference
of the aligned and unaligned inductances, respectively.
This expression represents the dominant harmonic of the
inductance variation, and higher-order spatial harmonics
are neglected for analytical simplicity. This formulation
reflects the periodic variation of inductance with respect
to the electrical angle wt. Throughout this analysis, the
number of phases n is assumed to be greater than 3.

The voltage drop across each phase consists of a
resistive component Ri; and the contribution from the
time-varying flux linkage. Following the power balance
formulation introduced in (11), the total DC-side input
power is expressed as

n .
. . dLy, . diy, .
_ 2 > -2
<usw>ldc = I; (R’Lk + Wzk + Lkdtlk)

di
.2 dc . .2 .2
= Racti. + Lac——t%dc + Rxi3. + R+15,-

dt
(18)

Each term on the right-hand side represents an equiv-
alent DC parameter:

o Rgc: equivalent resistance due to copper losses in
the stator windings,

e Lg.: equivalent inductance representing average
magnetic energy storage,

o R,: apparent resistance associated with modulation
index variation, and

e RR.: equivalent resistance representing mechanical
power output.

These parameters are given from (18) by

2 2
Rie—=21™pn (19)
2n
2 DL 2 5(6;)L
Lo = 2T ZZ meosi)la o)
n
mLys, + cos(0;)La dm
R, = an 21
4n dt @D
R = mw sin(&i)LA. 22)
4n
REFERENCES

[1] P. Lawrenson, J. Stephenson, P. Blenkinsop, J. Corda, and N. Ful-
ton, “Variable-speed switched reluctance motors,” IEE Proceedings
B (Electric Power Applications), vol. 127, no. 4, pp. 253-265,
1980.

[2] R. Davis, W. Ray, and R. Blake, “Inverter drive for switched reluc-
tance motor: circuits and component ratings,” IEE Proceedings B
(Electric Power Applications), vol. 128, no. 2, pp. 126-136, 1981.

[3] H. Le-Huy, P. Viarouge, and B. Francoeur, “Unipolar converters
for switched reluctance motors,” in Proc. of the IEEE Industry
Applications Society Annual Meeting, California, USA, 1989, pp.
551-560.

[4] R. Krishnan and P. Materu, “Analysis and design of a new
converter topology for switched reluctance motor drives,” in Proc.
of the IEEE Industry Applications Society Annual Meeting,. Cal-
ifornia, USA: IEEE, 1989, pp. 1181-1185.



(5]

(6]

(71

(8]

(91

[10]

The 10th International Conference on Electromechanical Drive Systems

C. Pollock and B. W. Williams, “Power convertor circuits
for switched reluctance motors with the minimum number of
switches,” IEE Proceedings B (Electric Power Applications), vol.
137, no. 6, pp. 373-384, November 1990.

C. Pollock and B. W. Williams, “A unipolar converter for a
switched reluctance motor,” IEEE Transactions on Industry Ap-
plications, vol. 26, no. 2, pp. 222-228, 1990.

S. Vukosavic and V. R. Stefanovic, “SRM inverter topologies: A
comparative evaluation,” IEEE Transactions on industry applica-
tions, vol. 27, no. 6, pp. 1034-1047, 1991.

Z. Grbo, S. Vukosavi¢, and E. Levi, “A novel power inverter
for switched reluctance motor drives,” Facta universitatis-series:
Electronics and Energetics, vol. 18, no. 3, pp. 453-465, 2005.
A. Clothier and B. Mecrow, “Inverter topologies and current
sensing methods for short pitched and fully pitched winding SR
motors,” in Proc. of Applied Power Electronics Conference and
Exposition (APEC 99), vol. 1.  Texas, USA: IEEE, 1999, pp.
416-423.

A. Li, D. Jiang, W. Kong, and R. Qu, “Four-leg converter for
reluctance machine with DC-biased sinusoidal winding current,”
IEEE transactions on power electronics, vol. 34, no. 5, pp. 4569—

(11]

[12]

[13]

[14]

[15]

(VDE2025-Munich)

4580, 2018.

K. Kawarazaki, R. Kojima, and N. Hoshi, “Vector control of SRM
based on general rotating coordinate system synchronized with
electrical rotor angle,” in 2023 12th International Conference on
Renewable Energy Research and Applications (ICRERA).  Os-
hawa, Canada: IEEE, 2023, pp. 231-236.

N. Nakao and K. Akatsu, “Vector control specialized for switched
reluctance motor drives,” Electrical Engineering in Japan, vol.
194, no. 2, pp. 24-36, 2016.

P. Pejovi¢, T. Ohno, U. Borovi¢, and S. Miri¢, “Pulse width
modulation for current source inverters with arbitrary number of
phases,” Scientific Reports, vol. 15, no. 1, p. 8744, 2025.

S. Miri¢, P. Pejovi¢, T. Ohno, and M. Haider, “Current source
inverter drive system with equivalent DC-machine control charac-
teristics,” in Proc. of 27th International Conference on Electrical
Machines and Systems (ICEMS 2024). Fukuoka, Japan: IEEE,
2024, pp. 1814-1821.

S. Miri¢, P. Pejovi¢, T. Ohno, and M. Haider, “Current source
inverter-fed variable reluctance motor drive with DC-machine-like
control characteristics,” in Proc. of the VDE Kongress Antriebssys-
teme 2025, Munich, Germany, 2025, to appear.



