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Abstract: In this paper, current control of 6/4 switched reluctance motor (SRM) fed by both power factor correction (PFC) SEPIC and CUK converter is realised and 
asymmetric bridge converter is used to drive SRM. Furthermore, SEPIC and CUK DC-DC converters are connected in series to diode bridge rectifier in order to build PFC 
converters. Average current control of PFC converters is carried out by PI algorithm and both converters are operated at continuous conduction mode (CCM). Besides, 
switching frequency of PFC and asymmetric bridge converters is 62, 9 kHz with 5750 W power. Studies are conducted by using MATLAB/Simulink software. Total harmonic 
distortions (THD)s of grid current, grid power factor (PF) and output voltages of the converters are compared. Also, THDs of grid current of each converter are compared by 
IEEE 519-2014 standard. In addition, current waveform and flux of SRM phases are shown. It is validated by simulations that PFC CUK converter gives better result with 
9.08% THD, 0.998 PF than PFC SEPIC converter having 9.61% THD and 0.997 PF. Furthermore, both converters provide the limit defined by standards. 
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1 INTRODUCTION 

Last few decades, one of the most attractive solutions 
to produce mechanical energy from electrical energy is 
switched reluctance motor (SRM). Advantages of SRM are 
concentric stator winding, simple rotor without any 
windings, constant torque characteristic and including less 
power switches in its driver. However, torque ripple that 
can be reduced by changing converter structure may be one 
of its disadvantages. 

On the other hand, SRM needs DC power for its 
operation and this DC power can be supplied by using 
single or three phase grids by rectifiers. Using diode bridge 
rectifiers reduces energy efficiency by causing current 
harmonic on grid and decreasing power factor. 

To provide energy efficiency with respect to grid side, 
grid current should be sinusoidal and in phase with grid 
voltage. This operation can be realized by using PFC 
converters. In single phase systems, PFC converter consists 
of using any DC-DC converters connected series with 
diode bridge rectifier. As a DC-DC converter, buck, boost 
and buck-boost derived topologies can be used by 
regarding the need of output voltage. 

In literature, [1] introduces fundamental knowledge 
about construction, operation and control of SRM in detail. 
Current control of SRM with hysteresis and pulse width 
modulation (PWM) methods is also given in [2-6]. Sliding 
mode and robust based current controller is realized in 
[7-8]. Carries out simulation of hysteresis based current 
control of SRM in MATLAB [9]. Gives summary of 
converter types for SRM [10-11]. PFC CUK converter 
operated in discontinuous conduction mode (DCM) with 
just voltage control used to feed SRM drive as presented in 
[12]. Realizes PFC modified SEPIC operated in DCM with 
voltage control feeding SRM drive [13]. SRM is fed by PFC 
boost converter in [14, 15] uses single phase                  
half-controlled pulse width modulation (PWM) rectifier 
for feeding SRM. Presents combined PFC CUK-SEPIC 
based SRM drive operated in DCM [16]. Another study 
using modified quasi z-source converter that provides PFC 
for SRM drive is realized in [17]. In [18], three level T-type 
rectifier fed by three phase grid is used to improve PF and 
THD with Midpoint SRM drive. 

In this paper, current control of SRM fed by both PFC 
SEPIC and CUK converter is realized. Also, SRM is driven 
by asymmetric bridge converter. Furthermore, average 
current controls of SEPIC and CUK PFC converter by PI 
controller are realized. Also, PFC CUK and SEPIC 
converters are operated in (CCM) whereas in [12-13, 16], 
such converters operated in DCM. In addition, DCM is 
suitable just for low power application and it provides 
easiness in control of PFC converter but higher current 
stress on the devices in converter. On the other hand, for 
high power application CCM is more suitable and efficient 
way for such converters as described in [19-20]. 

Applications of study in this paper are carried out by 
using MATLAB/Simulink. Thanks to the simulations, 
THD of grid currents, PF and output voltage are compared 
for each converter. Furthermore, compatibility of grid 
current THDs to IEEE 519-2014 standard is determined, 
current and flux of SRM phases are shown. 

2 CURRENT CONTROL OF SWITCHED RELUCTANCE 
MACHINE 

In this paper, current control of SRM is realized and the 
current control algorithm is shown in Fig. 1 as in [1]. 
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Figure 1 Current control algorithm of SRM 

Reference current (Iref) is compared with measured 
current (Imeasure), then by using PI controller and with 
respect to rotor position related with turn on and turn off 
angles, control signal is produced and sent to PWM 
controller. This PWM controller produces convenient 
signals for converter to drive SRM. Governing equations 
including voltage and torque for SRM are given in Eq. (1) 
and Eq. (2). 
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In Eq. (1) and Eq. (2), L(Ɵ, i) is self-inductance as a 

function of rotor position and current, Te is electromagnetic 
torque, Rs is winding resistance per phase, V is applied 
voltage to the windings, ωm is rotor speed in radian/s, Ɵ is 
rotor position, i is the stator current. 

As a converter, asymmetric bridge converter shown in 
Fig. 2 is used to drive SRM. 
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Figure 2 Asymmetric bridge converter 

 
In asymmetric bridge converter, each phase of SRM 

consists of two power switch and diodes. Basically, the 
operation of converter is as follows: when the power 
switches are turned on, phase winding is energized and DC 
current flows over windings. Then, switches are turned off, 
winding current flows over diodes and because of applying 
negative voltage to winding, the energy turns back to DC 
power supply. 
 
3 AVERAGE CURRENT CONTROL OF PFC 

CONVERTERS 
 

In average current control of PFC, the control is 
realized with respect to average grid current. This control 
is developed for PFC boost converter as in [20]. In this 
paper average current control is applied to PFC SEPIC and 
CUK converters. To realize average current control, PFC 
converters are operated in CCM. 

The procedure of the average current control is as 
follows: firstly, input side inductor current, rectified 
sinusoidal voltage and output dc voltage are measured. 
Secondly, reference current is obtained by multiplication 
with sinusoidal unity reference voltage acquired from 
rectified sinusoidal voltage and PI controller used for 
output voltage.  Then, reference current is compared with 
input side inductor current and compensated by second PI 
controller. Lastly, regulated output of PI controller is sent 
to the PWM block to produce PWM signal for power 
switch. 
 
3.1 Average Current Control of PFC SEPIC Converter 
 

Average current control algorithm of PFC SEPIC 
converter is shown in Fig. 3. SEPIC converter is connected 
in series to diode bridge. Also, SEPIC converter includes 
two inductors that can be coupled, two capacitors and a 

power switch. The output voltage can be higher or lower 
than the input voltage depending on the duty cycle of 
power switch. 
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Figure 3 Average control of PFC SEPIC converter 
 

Operation principle of SEPIC converter can be 
explained with respect to switch position. During the 
switch on interval, L1 begins to store energy and its current 
increases linearly, also C1 transfers its energy to L2, C2 
feeds the load. During the switch off interval, input supply, 
L1 transfers its energy to C1 and to load through diode. In 
this interval C1 is charged, L2 also transfers its energy to 
the load. 

Operation of average current control is as follows; 
output voltage (Vo) and reference voltage (Vref) are 
compared and the error is regulated by PI controller. 
Output of PI controller is multiplied by the grid sinusoidal 
reference signal. By this multiplication sinusoidal 
reference current is obtained. Then sinusoidal reference 
current is compared with measured current. By using 
another PI controller, the current error is compensated and 
applied to PWM block to produce pulse for power Mosfet. 

To provide operation of PFC SEPIC converter in 
CCM, circuit parameters can be calculated as in Eq. (3) to  
Eq. (6). In Eq. (3), L1m and L2m show the inductor value 
limit regarding the operation mode of CCM and DCM. For 
CCM operation, L1 and L2 values should be higher than L1m 
and L2m. Also, ΔIL = Iin × 40%. Po = 5750 W, Vo = 200 V, 
η = 0.9. In Eq. (3) to Eq. (6), L1m, L2m; minimum inductance 
values of the PFC Converters, C1 is intermediate capacitor 
of PFC Converters, C2 is output capacitor of PFC 
Converters, D is the duty cycle, ΔIL is inductor ripple 
current, Po is output power, Vo is output voltage, η is 
efficiency as in [21-24]. 
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3.2 Average Current Control of PFC CUK Converter 
 

In Fig. 4 average current control of PFC CUK 
converter is shown. PFC CUK converter also consists of 
DC-DC CUK converter connected series to diode bridge. 
CUK converter also includes two inductors, two 
capacitors, diode and power switch. On the other hand, 
output voltage of CUK converter is reverse polarity with 
input voltage. Regarding the duty cycle, output voltage can 
be higher or lower than the input voltage. 
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Figure 4 Average control of PFC CUK converter 
 

Operation of CUK converter can also be summarized 
with respect to switch position. During the switch on 
interval, L1 stores energy, its current increases linearly. 
Also, C1 transfers its energy to L2, C2 and load. During the 
switch off interval, input supply and L1 transfer their 
energy to the C1, also L2 transfers its energy to C2 and to 
load. 

Average current control of PFC CUK converter is 
realized with the same principle as PFC SEPIC converter. 
Also, for CCM operation of PFC CUK converter, from    
Eq. (3) to Eq. (6) can be used. 
 
4 SIMULATIONS 
 

Current control of SRM fed by PFC SEPIC and CUK 
converter is carried out by simulation study. Simulations 
are realized by using Matlab/Simulink. Also, simulation 
parameters are given in Tab. 1. 

Table 1 Simulation parameters for Current Controlled SRM fed by both PFC 
SEPIC and CUK converters 

PFC SEPIC PFC CUK 
L1, L2 C1 C2 L1, L2 C1 C2 

350 µH 150 µF 2200 µF 350 µH 150 µF 2200 µF 
PI PI PI PI 

Kp Ki Kp Ki Kp Ki Kp Ki 

0.1 10 0.1 0.1 0.1 10 0.1 0.1 
Grid fsw SRM 

Vrms fg PFC 
SRM 

Converter 
Stat. P. Cont 

6 PI 
220 V 50 Hz 62 kHz 9 kHz Rot. P. Kp Ki 

    4 0.1 0.1 

 
In this chapter, firstly current control of SRM is 

realized by using PFC SEPIC converter and then PFC CUK 
converter as a power supply. In order to realize comparison 
of the effect of each PFC converter, THD of grid current, 
grid current and grid voltage, current and flux of SRM are 
measured by means of the simulations. In addition, THD is 
calculated in Simulink by using Eq. (7). 
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4.1 Current Control of SRM fed by PFC SEPIC Converter 
 

In Fig. 5 principle diagram of PFC SEPIC converter 
used as a DC power supply for current controlled SRM is 
given. With average current control of PFC converter, 
lower THD and higher power factor are obtained. 
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Figure 5 Principal diagram of current controlled SRM fed by PFC SEPIC 

converter 

 

 
Figure 6 Simulation circuit of current controlled SRM fed by PFC SEPIC converter 
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Fig. 6 shows Matlab/Simulink simulation diagram of 
current controlled SRM fed by PFC SEPIC converter 
circuit. The simulation circuit in Fig. 6 is application of the 
principal diagram given in Fig. 5. As a power supply of 
reluctance machine, PFC SEPIC converter is connected. 
Besides, from Fig. 6, the average control algorithm given 
in Fig. 3 for PFC SEPIC converter is also seen. 

By using PFC SEPIC converter, THD of grid current 
is obtained as 9.61% through simulation results, shown in 
Fig. 7. Making lower the THD of grid current provides 
better energy efficiency. So, it is concluded with the result 
obtained by the study that higher power quality is acquired. 
 

 
Figure 7 THD of grid current for PFC SEPIC converter 

 
Grid current and grid voltage are shown in Fig. 8. It 

can be seen that grid voltage and current are in phase and 
PF is determined as 0,997. It is concluded that higher PF is 
obtained ensuring to draw no reactive power from grid. 
 

 
Figure 8 Grid voltage and current for PFC SEPIC converter 

 
SRM phase currents are shown in Fig. 9 and it is 

observed that currents are controlled as defined in 
reference current that is 50 A. 
 

 
Figure 9 SRM phase currents for PFC SEPIC converter 

Fig. 10 shows the SRM flux linkage per phase resulted 
by realizing current control of SRM fed by PFC SEPIC 
converter. 
 

 
Figure 10 SRM fluxes for PFC SEPIC converter 

 
4.2 Current Control of SRM fed by PFC CUK Converter 
 

In Fig. 11. principle diagram of PFC CUK converter 
used as a DC power supply for current controlled SRM is 
given. It is seen from Fig. 11 that output DC voltage of PFC 
CUK converter is reverse polarity with input voltage, so 
output terminal of PFC CUK converter is changed to have 
positive polarity for SRM converter connection. It is also 
seen in Fig. 11 that PFC CUK converter has average 
current control algorithm given in Fig. 4. Also, asymmetric 
bridge converter in Fig. 2 is connected to PFC CUK 
converter. With average current control of PFC converter, 
lower THD and higher power factor are obtained. 
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Figure 11 Principal diagram of current controlled SRM fed by PFC CUK 

converter 
 

Fig. 12 shows Matlab/Simulink simulation diagram of 
current controlled SRM fed by PFC CUK converter circuit 
given in Fig. 11. It is seen by Fig. 12 that PFC CUK 
converter has average current control algorithm given in 
Fig. 4 and SRM has current control through PI controller. 

THD of grid current is obtained as 9.08% by using PFC 
CUK converter through simulation and it is shown in       
Fig. 13. It is concluded that grid current shape is becoming 
sinusoidal by having lower THD grid current values, 
providing to draw energy from grid efficiently with higher 
PF. 

Grid current and grid voltage are shown in Fig 14. It is 
seen that grid voltage and current are in phase and PF is 
determined as 0.998. It is obtained by simulations that PF 
is very close to unity so the PFC CUK converter does not 
draw reactive power from the grid while feeding SRM 
thanks to the average current control algorithm. 
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Figure 12 Simulation circuit of current controlled SRM fed by PFC CUK converter 

 

 
Figure 13 THD of grid current for PFC CUK converter 

 

 
Figure 14 Grid voltage and current for PFC CUK converter 

 
SRM phase currents are shown in Fig. 15 and it is 

observed that currents are controlled as desired in reference 
current that is 50 A. 
 

 
Figure 15 SRM phase currents for PFC CUK converter 

Fig. 16 shows the SRM flux linkage per phase resulted 
by realizing current control of SRM fed by PFC CUK 
converter. 
 

 
Figure 16 SRM fluxes for PFC CUK converter 

 
In Fig. 17, THD comparison of PFC SEPIC, PFC CUK 

and IEEE standard 519-2014 by 50th harmonics is given 
and it is seen that both converters provide the standard 
given in [25]. 
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Figure 17 Comparison of current THD 

 
Providing THD standard and having higher PF values 

ensure the use of energy in efficient way. Also, minimizing 
THD decreases the torque ripple and acoustic noise of 
SRM. Therefore, by means of the study in this paper, it is 
obtained that both PFC SEPIC and CUK converter ensure 
higher PF and lower THD in order to acquire energy 
efficiency. 
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5 CONCLUSIONS 
 

In this paper, current control of SRM is realized by 
using asymmetric bridge converter. Besides, required DC 
power for asymmetric bridge converter of SRM is supplied 
by PFC SEPIC and PFC CUK converter separately. 
Furthermore, both PFC converters have average current 
control structure which is generally applied for PFC boost 
but not given in detail for SEPIC and CUK PFC converters 
in literature in order to have higher PF and lower THD. 
Thanks to the simulation studies, the effect of each PFC 
converter to the grid regarding THD and PF is investigated 
and results are compared. 

Simulation studies are carried out by using 
Matlab/Simulink software. For PFC SEPIC converter, 
THD of grid current is obtained as 9.61% and PF is 
achieved as 0.997. However, THD of grid current for PFC 
CUK converter is obtained as 9.08% and PF is acquired as 
0.998. It is observed by simulation results that PFC CUK 
converter gives better result than PFC SEPIC converter 
regarding PF and THD. Nonetheless, supplying DC voltage 
that is reverse polarity with respect to input voltage can be 
considered as a weak way of PFC CUK converter. 
However, both PFC converters provide the limit defined by 
the standard. It is also concluded that both PFC SEPIC and 
CUK converters are a good alternative to supply DC power 
for SRM converter with higher PF and lower THD. 

It is also shown by simulation studies that by using 
both PFC converters, current control of SRM is achieved as 
is desired. 
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