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ABSTRACT 
This paper presents a dual output PFC 
(Power Factor Correction) converter for 
switched reluctance motor (SRM) drive. 
Here, a modified SEPIC (Single Ended 
Primary Inductance Converter) converter is  
proposed for wide range of speed control 
and to achieve power factor correction at  
AC mains. The switching frequency of the 
converter is considered at 20 kHz. The 
converter is designed to operate in DCM 
(Discontinuous Conduction Mode) of 
operation, which reduces the size of the 
output inductor. The DCM mode to obtain 
PFC, also reduces the sensor requirement as  
compared to CCM where two voltage 
sensors and one current sensor, add to the 
drive cost. The drive is proposed for 
universal AC mains (90V-270V AC). 
Simulated and experimental results are 
demonstrated to validate the performance of 
the drive during different operating 
conditions. The input current total harmonic 
distortion (THD) is reduced to comply an 
IEC 61000-3-2 standard. 
 
Keywords:- Reluctance motors, 
Inductors, Capacitors, Switches, Voltage 
control, Semiconductor diodes 
 
INTRODUCTION 
Switched reluctance motor (SRM) drives  
are becoming popular due to their simple 
structure and low cost. High efficiency over 
wide speed range, absence of any sort of 
magnet, winding free rotor and no brushes, 
make SRM superior to permanent magnet  
brushless DC motor and induction motor 

drives. However, a SRM drive requires a 
power converter, controller for generating 
switching pulses and position sensor to 
sense exact rotor position, which is used to 
excite sequentially the phases of SRM [1-7]. 
Usually physical position sensor on the 
shaft, senses the rotor position, which adds  
to cost and size to the SRM drive. Thus to 
reduce cost and size of the motor, various  
sensorless position estimation methods have 
also been investigated and reported in the 
literature. These are active phase current  
detection method, EMF method, impedance 
sensing method, inductance slope based, 
Kalman filter based and pulse signal 
injection based methods [8-11]. 
 
Exciting one phase at any instant, is 
conventionally used to control the SRM. 
However, SRM with simultaneous 
conducting two phases at any given time, 
has also been explored in the literature to 
reduce the losses and torque ripple in SRM. 
Here a 8/6 pole, four phase SRM is  
considered, such that all the poles are 
always in torque producing region, 
therefore, to produce continuous torque, two 
phase windings allow to conduct at any 
instant [12]. Conventionally SRM drives are 
powered by AC mains using a diode bridge 
rectifier, which draws harmonics rich 
current. Therefore, poor power factor and 
high losses in SRM drive, are the 
challenging and concerned areas for 
research. Thus to improve power factor and 
to reduce input current THD (Total 
harmonic distortion) of the SRM drive, front 
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end PFC converters are recommended. 
Hence, a modified SEPIC (Single Ended 
Primary Inductance Converter) fed SRM 
drive with PFC, is proposed in this work. A 
mid-point converter, which utilizes a single 
switch and a single diode to excite 
individual phases, is selected here to build 
the proposed drive as a low cost system. 
This converter is well suited for inexpensive 
application due to reduced count of switches 
and drivers requirement. Moreover, switch 
voltage rating requirement is half because of 
its split DC configuration. The only 
drawback associated with this so far 
unpopular converter topology, is the 
required voltage symmetry. This encourages  
the design of a PFC converter, which can 
take care of power quality issues at AC 
mains and generates two symmetrical 
voltages across the capacitors. The 
converter with two output voltages and 
neutral points, is directly connected to the 
mid-point converter with neutral point N. 
 
The PFC converters exhibit unity power 
factor operation, low input current THD and 
well regulated output voltages, which are 
further categorised as buck, boost and buck-
boost converters on the basis of the output 
voltage requirement. Buck type PFC 
converters are required, where preferred 
output voltage is low [13], [14]. However, 
the discontinuous input current in buck 
converter results in requirement of a robust 
input passive filter. To resolve this problem, 
PFC boost converters are widely used with 
an advantage of reduced input current ripple 
but output voltage always higher than peak 
input voltage [15]. In these boost PFC 
converter circuits, input-output isolation 
cannot be implemented. Therefore, PFC 
buck-boost converters are preferred over 
buck and boost converters to resolve these 
problems, which can provide high power 
factor over a complete output voltage range. 
SEPIC and Cuk converters are widely used 
for PFC applications [16]. 

On the basis of the current nature through 
the inductor, three operating modes, are 
reported in the literature to obtain PFC, i.e., 
CCM (Continuous Conduction Mode), 
CRM (Critical Conduction Mode) and DCM 
(Discontinuous Conduction Mode) [17-19]. 
Low rms currents through the device and an 
inductor, add merit to CCM based control 
with reduced EMI (Electromagnetic 
Interference) issues. However, the switch 
always operates at hard switching and the 
diode suffers from reverse recovery. Two 
voltage sensors and one current sensor, are 
required in this PFC approach. 
 
The advantages of CRM over CCM, 
includes zero current turn on of switch and 
no reverse recovery of the diode. The 
demerits associated with CRM, are the 
operation at variable switching frequency at 
different input voltages and load conditions, 
thus noise spectrum is continuous and varies  
in a complicated manner. Therefore,  the 
design of EMI filter is an issue as per the 
given electromagnetic compatibility (EMC) 
standard limits. However, same number of 
voltage and current sensors, are required in 
CRM as compared to CCM. 
 
Whereas, DCM provides soft switching 
with no diode reverse recovery current same 
as CRM based scheme. To ensure 
discontinuous current through the inductor 
during different loading conditions and 
supply voltage variation, the inductor is 
selected of much lower value as compared 
to the calculated value. The control for the 
DCM of operation, requires just a voltage 
sensor to regulate the DC link voltage as per 
the output voltage requirement. However, 
the PFC is obtained due to discontinuous 
inductor current mode during each 
switching period. During this period, the 
circuit behaves as a emulated resistance, and 
thus inherent wave-shaping is provided to 
the circuit. Therefore, DCM of operation is 
selected here for proposed low cost and low 
power rating SRM drive for house hold 
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applications. Accomplishing the system 
requirement, the conventional SEPIC 
converter is modified while adding one 
extra diode and capacitor to the circuit. The 
key features associated with proposed 
converter topology, are as follows. 
 Generating two symmetrical output 

voltages using only one voltage sensor.  
 Eliminating additional voltage 

balancing loop. 
 Unity or near to unity power factor. 
 Low input AC mains current THD. 
 High voltage gain. 
 Reducing stress across semiconductor 

device due to presence of neutral point 
N. 

SEPIC CONVERTER 
Basic of Sepic Converter 
The basic converter we see in our day to-
day life is buck converter. It is so called, 
because it only step down the input voltage 
.the output is given by 
 

 
By interchanging input and output we get 
boost converter .which only step up 
voltage, hence its name boost. The output 
is always greater than input, but main 
problem is to get step up and step down 
voltage from a single device depending on 
output. We can use two cascaded 
converters   (a buck and a boost).but for 
this two separate controller and separate 
switch are required. So it is not the good 
solution .Buck-boost converter can give 
required output but here output is inverting 
.These converters have more component 
stresses, component sizes and lesser 
efficiency. To reduce the losses caused by  
high voltages, a circuit with buck-boost 
conversion characteristics, small energy 
storage element required and smaller 
inductor size is desired .but inductor 

should not be so less ,such that ripple 
current is high. 
 
Thus, the optimum converter however 
should have low component stresses, low 
energy storage requirements and size and 
efficiency performance comparable to the 
boost or the buck converter  One 
converter that provided required output 
is the SEPIC (single ended primary 
inductor converter) converter. by varying 
duty cycle of gate signal of MOSFET we 
can vary the output. If duty cycle is greater 
than 50%, it will step up. so it is called as  
boost converter. if duty cycle is below 
50% it will step down the voltage and 
it operate as buck converter. Another 
advantage of this converter is it provides a 
positive regulated output voltage from an 
input voltage that varies from above to 
below the output voltage. It function as 
both like  a buck and boost converter, the 
SEPIC also has minimal active 
components, a simple controller that 
provide low noise operation. 
 
OPERATION OF MODIFIED SEPIC 
CONVERTER 
The SRM drive with single switch SW1 is  
shown in Fig. 1. The converter comprises of 
two SEPIC converters operating for two 
half cycle of supply voltages, separately. 
This topology provides one common input 
and output inductor for two SEPIC 
converters [20]. However, input inductor 
(Li) operates in CCM, whereas output 
inductor (Lo) is designed for DCM of 
operation. The converter operation can be 
explained under two half cycles of source 
voltages, separately. Two intermediate 
capacitors C1 and C2  operate in CCM such 
that C1 conducts for one half while C2 
conducts for other half. Six operating modes  
of modified SEPIC converter are given as  
follows. 
 
Mode I: This mode begins with every 
switch on period. However, the energy flow 
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takes place from supply side to an input 
inductor (Li) through diodes D1, and D4. 
The output inductor (Lo) starts storing 
energy through diode D6. The intermediate 
capacitor C1 is discharged whereas output 
capacitor Cdc2 is charged during this  
operating mode, which is shown in Fig. 
2(a). 
Mode II: The switch SW1 is turned off as 
this mode begins, the circuit under this 
mode is given in Fig. 2 (b). The transfer of 
energy takes place from input side indutor 
Li to intermediate capacitor C1 and DC link 
capacitor Cdc1 through diode D1 and D5  
while the output side inductor Lo energy 
transfers to DC link capacitor Cdc1 and Cdc2 
through diodes D5 and D6. 
 
Mode III: The current through output 
inductor (Lo) decreases to zero in this 
operating mode. The current flow during 
this operating mode, is given in Fig. 2(c). 
The capacitor Cdc2 is discharged across the 
load during this operating mode. 
 
Mode IV: This mode starts with negative 
half cycle of the source voltage as shown in 
Fig. 2(d). During this mode, the source 
current finds its path through diode D2,  
switch SW1 and diode D3. The intermediate 
capacitor C2 is discharged across output 
inductor Lo. The DC link capacitor Cdc1 is 
charged during this mode while the other 
capacitor Cdc2 keeps on discharging across  
the load. 
 
Mode V: This mode begins with switch off 
state of switch Sw1. The intermediate 
capacitor C2 and DC link capacitor Cdc2 are 
charged during this mode of operation. The 
energy stored in output side inductor Lo 
during previous mode, is transferred to DC 
link capacitors Cdc1 and Cdc2 through diodes  
D5 and D6, which is demonstrated in Fig. 
2(e). 
 
Mode VI: This mode begins as the output 
side inductor current iLo becomes  

discontinuous. This mode is demonstrated 
in Fig. 2(f) and the related current through 
and voltage across waveforms across circuit  
components during each switching period 
are given in Figs. 2(g) and (h).  
 
DESIGN OF MODIFIED SEPIC 
CONVERTER 

To investigate the performance of modified 
SEPIC converter fed SRM drive, a 
prototype is developed for a rated power of 
400W. A DSP (DS1104), a real time 
controller with real time interface (RTI), is  
used to generate pulses for power converter 
to drive SRM and to switch the proposed 
modified SEPIC converter. The motor 
phases are provided with additional fuses  
for protection against high current. 
 
The proposed drive is fed with an input 
voltage vs, which is given as, 

 
However, fL denotes the line frequency and 
peak input voltage is given by Vm. The 
rectified output voltage Vin is given as, 
 

 
 
The voltage Vdc of the SEPIC, is calculated 
as [21], 

 
The maximum and minimum duty cycles 
when DC link voltage is varied from 
maximum to minimum values, can be 
obtained as, 

 
An instantaneous power associated with the 
proposed drive at different DC link 
voltages, is considered as the linear 
function, which can be given as, 
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Where Vdc gives rated DC link voltage. 

 
Fig. 1 Modified SEPIC converter fed SRM 

drive 

 

Fig. 2. DCM operation during (a, b, c) for 
positive half cycle, during (d, e, f) for 
negative half cycle and related waveforms  
(g) and (h) for each switching period during 
Modes I, II, III, IV, V and VI.  
 
A. Estimation of Input Inductor (Li) for 
CCM 
The design for Li is selected to operate in 
CCM mode, with permissible current ripple 
about 50%. Therefore, an expression for 
input inductor calculation is given as  [22-
23], 

 
In this expression, Iin denotes input current, 
the equivalent input resistance is given by 
Rin and converter switching frequency is  
given by fs. However at rated condition 
Vdc=300V with input voltage as  

, the value of input inductor is  
given as, 

 
Hence, on the basis of above calculation for 
input inductor it is considered as 5.5mH 
 
B. Design of Output Inductor (Lo) for 
DCM 
To obtain inherent PFC, the circuit is  
designed to operate in DCM during each 
switching period so that this circuit behaves 
as a resistor. Therefore, the design of the 
output inductor is selected to allow the 
inductor current to decrease below zero,  
which is given as [22-23], 
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To assure DCM of operation, an order of 1 / 
10th of the inductor i.e. is considered 
as an output inductor [16]. 
 
C. Intermediate Capacitors Design (C1 
and C2) 
The energy transfer from converter input to 
converter output, is supported by two 
intermediate capacitors C1 and C2, which 
are designed to operate in continuous 
voltage mode. Therefore, the design of 
capacitors is given as [24-27], 

 
The voltage across both the capacitors, is 
given as, VC(1,2)(t)= {Vdc + Vin} and  
RL=Vdc

2 /Pi . After substituting the value in 
(9) and rearranging, final expression for C1,2  
is written as, 

 
Therefore at Vdc = 300 V the 
calculation for C1 and C2, is made 
for ripple voltage (κ) as 10%, 

 
Therefore C1 and C2, are considered as 690 
nF. 
 
D. Output Capacitor Design 
The value of converter output capacitor, is 
calculated while considering complete 
output voltage range as 100 V-300 V DC. 
For calculation the voltage ripple 

across output capacitor is considered 
as 3%. Therefore converter output 
capacitors are calculated as [24-28], 

 
Therefore two series connected output 
capacitors, are selected as  
Cdc1=Cdc2=1000μF. 
 
E. Design of DC Filter (Lf and Cf) 
The input passive filter is designed to 
eliminate higher order switching harmonics  
generated by the converter switch operating 
at 20 kHz switching frequency. The 
calculation for filter capacitor Cf is given as  
[24-28], 

 
Therefore, on the basis of the above 
calculation, the filter capacitor is selected of 
330nF. Where Vm and Im denote the supply 
voltage and current and ωL denotes the line 
frequency. However,  represents 
displacement between fundamental voltage 
and current. To calculate the value of Lf, the 
source inductance (Ls) is selected as 0.03 
times the base impedance. Therefore, its  
calculation is given as, 

 

 
Where, Lreq is the additional value of 
inductance required. Hence, the selected 
value of filter inductor is used as 2mH. 
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CONTROL ALGORITHM 
 
The DC link voltage is regulated by 
implementing variable duty cycle control to 
obtain speed control of SRM drive. The 
controlled duty cycle is obtained by 
comparing the sensed voltage signal with 
reference signal. The proposed buck-boost 
converter provides step up and down 
function thus, output voltage control over a 
wide range is obtained easily. The PFC 
operation is achieved by allowing converter 
to operate in DCM during each switching 
period. During DCM period, the circuit  
appears as emulated resistance thus  
improves the power quality of the system. 
The control method for the proposed drive, 
is explained as follows. 
 
A. Converter Control 
To obtain well regulated output voltage 
under supply voltage variation and different  
loading conditions, a simple voltage mode 
control scheme is selected here. The 
controlled duty cycle provides the fully 
regulated DC voltage to feed power 
converter of SRM. The PI (Proportional 
Integral) controller is designed to track 
reference voltage (v*ref). However, voltage 
across the output capacitor (Vdc) is sensed 
using Hall-Effect based voltage sensor. If 
“p” is considered as sampling instant, 
therefore, comparator error output voltage 
(ve), is as, 

 
Similarly, controlled output vcdc, is as, 

 
This controlled signal is then compared with 
the carrier signal at 20 kHz i.e., converter 
switching frequency to generate controlled 
duty signal for the converter switch. 
However, gains of the PI controller, are 
denoted as ppv and p iv. 
B. Control of SRM 
Here, the SR motor utilizes an optical 
encoder to estimate the position. A mid-

point converter with two split capacitors, 
excites the motor phases. SRM based drives  
are often operated in hysteresis current 
control mode or voltage control mode. This  
work utilizes a single pulse voltage control 
mode, such that each phase is switched on 
and off at least once in every 60° when 
considering the motor with 8 stator poles 
and 6 rotor poles. This is called the 
fundamental switching of the SR motor. The 
fundamental frequency of SRM at rated 
speed of 1500rpm is as 150 Hz with 24 
strokes per revolution and stroke angle as  
15°. However, in case of hysteresis current 
control, SR motor operates at high average 
switching frequency, which results in high 
switching loss and acoustic noise as  
compared to PWM based control [3]. In 
SRM, a discontinuous nature of the motor 
torque, results in high torque ripples when 
one motor phase is excited at a time. 
Therefore, in the proposed SRM drive, the 
motor control is based upon multiphase 
excitation to reduce torque ripples and 
vibrations [3], [12]. Table-I shows the four 
different states with respect to two encoders 
output P1 and P2. Switches G1 and G2 turn 
on for state-I, which excite phases A and B. 
However, state-II turns on G2 and G3 to 
excite phase B and C. Similarly for state III 
and state IV, switches G3, G4 and switches  
G4, G1 turn on such that two phases are 
excited all the time. 

 
TABLE-I 

SWITCHING STATES BASED 
UPON ENCODER OUTPUT 
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SIMULATED PERFORMANCE 
The proposed modified SEPIC fed SRM 
drive, is considered to evaluate the 
performance, which are discussed here.  
A. Starting Dynamics 
The motor dynamics performance during 
starting, is shown in Fig. 3. The currents 
through motor phases, are well shown in 
this figure. However, iA, iB, iC and iD 
represent currents through phase A, B, C 
and D, respectively. An increase in motor 
speed from 0 to 500 rpm, is demonstrated in 
this figure. During 

 
Fig.3 Starting dynamics at Vdc=50V and 

Vs= 220V 
 
starting reference DC link voltage is set as 
50V, which is well tracked by the controller.  
At reduced speed, an improved power 
quality operation is achieved as shown in 
the figure.  

B. Performance During Steady State  
 
The voltage across and current through 
waveforms in circuit components during 
different operating modes are demonstrated 
in Fig. 4. Figs. 5-6 show the steady state 
performance of the drive for each 
fundamental frequency period. The 
converter side performance is shown in Fig. 
5. The continuous inductor current iLi,  the 
continuous capacitor voltages Vc1 and Vc2  
and the discontinuous output side inductor 
current iLo are well-marked in the figure. 
The diodes D1 and D4 conduct for one half 
cycle while other two diodes D2 and D3 
conduct other half cycle and the respective 
diode current is shown in the figure. During 
steady state condition, the motor side 
performance is shown in Fig. 6. The motor 
speed, torque and currents through all the 
four phases, are shown well in this figure. 
The stress across switch Sw1 is shown in Fig. 
7(a). The source current THD is obtained as  
4.45%, which is demonstrated in Fig.7 (b).  
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Fig. 4 Simulation results showing 
waveforms during (a) Mode I, Mode II and 
Mode III for positive half cycle and (b) 
Mode IV, Mode V and Mode VI for 
negative half cycle. 

 
Fig. 5 Converter performance for each 
fundamental period at 1500 rpm with 
Vdc=300V and Vs= 220V 

 
 
Fig. 6 Motor performance for each 
fundamental period at 1500 rpm with 
Vdc=300V and Vs= 220 V 
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Fig.7 (a) Switching stress with zoomed view 
given at the bottom, (b) Input current at 
rated Vdc=300V and Vs=220V. 
 
C. Input Voltage Variation  
 
The proposed PFC SRM drive is designed 
for practical supply voltage conditions. 
Therefore, the drive performance is  
observed with sudden variation in Vs from 
220V AC to 170V AC, which is well shown 
in Fig. 8. As a result of the supply voltage 
dip, a small inrush source current is  
observed. The momentarily dip in DC link 
voltage with a dip in speed from 1 s to 1.15 
s, is observed, which is recovered within 
four to five cycles due to action of PI 
controller.  

 
 
Fig. 8 Dynamics during supply voltage 
change.  
 
D. DC link Voltage Control  
 
The speed control is considered as a 
function of DC link voltage, such that with 
an increase or a decrease in DC link voltage, 
the speed of proposed drive varies  
accordingly. Thus, to show the controlled 
speed operation of the SRM drive, Vdc is 
controlled from 150V to 300V. The 
obtained results demonstrate the increase in 
motor current with an increase in supply 
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current. The change is motor torque and 
speed, is also observed, which is shown in 
Fig. 9. The Vdc obtained is the summation of 
two generated output voltages Vdc1 and Vdc2  
as shown in Figs. 6, 8 and 9. However, Vdc1 
and Vdc2 are always equal in magnitude for 
any change in DC link voltage. The 
performance of the drive is recorded at 
different DC link voltages, to show the 
improved power quality operation of the 
drive for complete speed range. At rated 
condition, the minimum current THD is 
obtained as 4.45% with PF as 0.998 when 
Vdc is maintained as 300V. Whereas  
maximum current THD is obtained as 8% 
with PF as 0.989 at Vdc=100V. Table II 
shows the wide range of speed control with 
change in Vdc. 

 
Fig. 9 Dynamics during change in Vdc from 

150-300 V DC 
 

TABLE.II 
SPEED CONTROL OF PROPOSED 

DRIVE 

 
 

SIMULATION RESULTS 
 
CONCLUSION 

 
The modified SEPIC converter has the dual 
output configuration, which is required to 
feed a mid-point power converter of SR 
motor. The obtained output voltages, are 
balanced without any voltage balancing 
loop. The selected operating mode to obtain 
PFC, has reduced the inductor size and cost.  
The SRM drive is controlled by regulating 
converter output DC voltage and obtained 
results clearly support the speed control 
over wide range. Equal or near to unity 
power factor operation with reduced supply 
current THD, is demonstrated through 
simulation and experimental results, which 
comply with given IEC standard [29]. The 
overall performance of the drive is validated 
through obtained results. Thus, proposed 
SRM drive is expected to find wide 
applications in household appliances.  
 
APPENDIX 
SRM specifications: 400 W, 8/6 pole, 
1500rpm, Lu (unaligned inductance) = 
12mH, La (aligned inductance) = 110mH, R 
(winding resistance) = 0.7Ω, J = 0.016kg 
m2, B = 0.0065Nms: Cdc1 =Cdc2 = 1000 μF. 
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AC mains: 1-ϕ, 220V, 50 Hz, Kp = 0.01; Ki 
= 0.0008.  
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