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Abstract − The paper proposes a D.C-D.C converter that corrects 

power factor for a switched reluctance motor used in air 

conditioning application. The converter used for power factor 

correction is Cuk D.C-D.C converter. The hysteresis current 

control technique is used for getting torque, current and speed 

characteristics of switched reluctance motor. The compressor 

speed of the air conditioner is maintained at desired condition by 

controlling voltage of D.C link which is directly proportional with 

the speed of the switched reluctance motor. The switched 

reluctance motor proposed model is modelled in MATLAB- 

Simulink and these simulated results are used to explain the 

improvement of power factor input ac main of switched 

reluctance motor for wide variation in speed and ac input 

voltage. 

Keywords− Asymmetric bridge converter, Cuk converter, diode 

bridge rectifier, hysteresis current control, power factor correction, 

switched reluctance motor, voltage control. 

 

I. INTRODUCTION 

The electrical drives play a crucial role to any industrial and 

commercial applications. Switched reluctance motor has 

become an alternative to permanent magnet brushless motors 

and other relative motor in many industrial applications. The 

disadvantage of switched reluctance motor is acoustic ripple, 

high torque ripple, and difficult to control. Switched 

reluctance motor has gain its attention because of increase in 

power electronic devices. Switched reluctance motors are 

mechanically and electrically more rough than conventional 

AC and D.C motors. Discrete production nature of torque 

mechanism in SRM causes torque pulsation is non-linear. The 

Work of air conditioner is to maintain the surrounding air 

temperature equal to the set reference continuously. The 

improved efficiency of the compressor in air conditioning 

system achieved only by controlling the speed of the drive for 

maintaining optimal temperature of the surroundings. Air 

conditioning system with switched reluctance motor has 

ruggedness inexpensive manufacturing capability and long 

life. Switched reluctance motor speed can be varied by 

varying the D.C link voltage to the voltage which is 

proportional to the rpm of the motor. 

Switches of bridge converter (asymmetric) is turned on or off 

based on rotor position which is sensed by rotor position 

sensor of SRM and hysteresis current control technique. 

Charging of D.C link capacitor which is almost uncontrolled 

causes a high peak in ac input current. Uncontrolled charging 

of capacitor results in power quality problems in terms of 

power factor (PF) which is less, high total harmonic distortion 

(THD) and crest factor (CF). In this paper proposed, voltage 

control drive is Cuk D.C-D.C converter. In voltage controlled 

drive, PFC converter requires continuous input current, 

continuous output current and small output capacitive and 

inductive filter wide range of output voltage. Cuk converter 

fulfills all the requirements of the PFC converter. Proposed 

topology can also be used for smooth D.C link voltage control 

to get required speed of air conditioning.  

 

II. SPEED CONTROL DESIGN OF SWITCHED 

RELUCTANCE MOTOR FOR AIR 

CONDITIONING APPLICATION 

In this design the D.C link voltage is controlled to get desired 

speed for air conditioning. The speed of the switched 

reluctance motor is directly proportional to the input voltage 

of the switched reluctance motor i.e., D.C link voltage which 

is chosen according to the reference speed. Current is 

maintained constant throughout the condition period in each 

phase in hysteresis current controller. Rotor position sensor 

Power factor correction of SRM drive with 

Cuk converter for Air conditioning Application 
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senses position of the rotor and give feedback to the converter. 

For commutation of switches rotor position is required. Three 

phases of switched reluctance motor are independent of each 

other. 

D.C link voltage is controlled by Cuk convertor by energy 

transfer control of capacitor which gives a continuous input 

current and continuous output current. Cuk converter 

switching frequency is very high to get effective control on 

output and small size capacitive and inductive filters. 

MOSFET is used for high switching frequency in Cuk 

converter and IGBT is used in asymmetric converter. Current 

multiplier approach is used for continuous conduction mode of  

Cuk convertor in speed control loop.  Input of speed control 

loop is voltage error (𝑉𝑒𝑟𝑟𝑜𝑟) which is obtained by comparing 

D.C link voltage (𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡 ) and reference D.C link voltage 

(𝑉𝑟𝑒𝑓𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡) equivalent to desired speed of air conditioning. 

Modulated control current signal (𝑖𝑚𝑜𝑑𝑐𝑢𝑟) is obtained from a 

proportional integral controller (PI). Unit input ac mains 

voltage is multiplied with a modulated current control signal 

to get reference D.C current (𝑖𝑟𝑒𝑓𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡). Reference current 

error (𝑖𝑒𝑟𝑟𝑜𝑟) is obtained by comparing with the reference D.C 

current (𝑖𝑟𝑒𝑓𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡) with input current (𝑖𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡) of Cuk 

D.C-D.C converter. Sawtooth carrier wave which is operated 

at switching frequency (𝑓𝑠) compared with reference current 

error (𝑖𝑒𝑟𝑟𝑜𝑟) to get PWM pulses for MOSFET switch in Cuk 

D.C-D.C converter. D.C link voltage is varied by varying duty 

ratio (D) at a switching frequency (𝑓𝑠) of MOSFET in Cuk 

D.C-D.C converter. In switched reluctance motor there are 

fixed number of rotor and stator pole combinations. In this 

paper we used a 3 phase switched reluctance motor having 6/4 

stator and rotor poles configuration. Rotor of SRM is in 

aligned position when any pair of rotor poles exactly in line 

with selected phase of stator poles. Individual phases in SRM 

are alternately excited, making the rotor to rotate. In aligned 

position inductance of SRM is maximum, where as in 

unaligned position inductance of SRM is minimum. 

 

       Fig.1:Proposed Cuk converter- fed asymmetric bridge converter- 

based SRM drive 

 

III. SCHEME OF PFC CUK D.C-D.C CONVERTER 

Design of Cuk convertor power factor correction is based on 

requirement of speed control of compressor for air 

conditioning and improvement of power quality at input ac 

mains. D.C link output voltage (𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡) of Cuk converter 

is written as 

𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡 =
𝑉𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡𝐷

(1 − 𝐷)
 

𝑉𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡 is average output voltage of bridge rectifier. 

Relation between average output voltage of bridge rectifier 

and input ac voltage is written as  

𝑉𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡 =
2√2𝑉𝑠𝑢𝑝𝑝𝑙𝑦

𝜋
 

Boost inductor and capacitors are used for energy transfer in 

Cuk converter. Their values are written as 

𝐿𝑏𝑜𝑜𝑠𝑡 =
𝐷𝑉𝑐𝑢𝑘𝑖𝑛𝑝𝑢𝑡

𝑓𝑠∆𝑖𝐿𝑏𝑜𝑜𝑠𝑡

 

𝐶𝑏𝑜𝑜𝑠𝑡 =
𝐷𝐼𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡

𝑓𝑠∆𝑣𝐶𝑏𝑜𝑜𝑠𝑡
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∆𝑖𝐿𝑏𝑜𝑜𝑠𝑡
 is specified inductor ripple current, ∆𝑣𝐶𝑏𝑜𝑜𝑠𝑡

 is 

specified ripple voltage in the boost capacitor and 𝐼𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡 is 

output current of Cuk converter. 

The output voltage ripple of the Cuk convertor is reduced by 

designing a filter.  Inductor (𝐿𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟) is used to reduce 

inductor peak to peak ripple current (∆𝑖𝐿𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟
) for 

specified switching frequency (𝑓𝑠). Capacitor (𝐶𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟) is 

used to reduce output voltage ripple(∆𝑣𝐶𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟
). Inductor 

and capacitor output ripple filters are written as 

𝐿𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟 =
(1 − 𝐷)𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡

𝑓𝑠(∆𝑖𝐿𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟
)

 

𝐶𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟 =
𝐼𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡

2𝜔∆𝑣𝐶𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟

 

D.C link voltage of power factor correction Cuk D.C-D.C 

converter 𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡=210V and input voltage 𝑉𝑠𝑢𝑝𝑝𝑙𝑦=220v 

for switching frequency of 𝑓𝑠=40kHz, ∆𝑖𝐿𝑏𝑜𝑜𝑠𝑡
=0.45A, 

∆𝑖𝐿𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟
=3.5A, ∆𝑣𝐶𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟

=4V and ∆𝑣𝐶𝑏𝑜𝑜𝑠𝑡
=220V. 

The obtained inductor and capacitor values are 

𝐿𝑏𝑜𝑜𝑠𝑡=6.61mH,𝐶𝑏𝑜𝑜𝑠𝑡=0.3𝜇𝐹, 𝐿𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟=0.82mH and 

𝐶𝑜𝑢𝑡𝑝𝑢𝑡𝑓𝑖𝑙𝑡𝑒𝑟=500𝜇𝐹. 

 

IV. MODELLING OF POWER FACTOR 

CORRECTION CONVERTER- BASED SRM 

The main components of drive are PFC converter and SRM is 

modeled by mathematical equations. These are combined and 

represented as the complete model of proposed drive. 

A. PFC converter modelling: 

PFC converter model consists of a speed regulator, a 

reference current generator and an equivalent 

reference voltage. 

1. Speed controller modelling: proportional 

integral controller is used as speed 

controller. A reference input voltage which 

is equivalent to desired speed is given to 

speed controller. If at 𝑛𝑡ℎ instant of time, 

𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡
∗ (𝑛)is D.C link reference voltage 

and 𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡(𝑛) is D.C link voltage. 

Voltage error 𝑉𝑒𝑟𝑟𝑜𝑟(𝑛) is written as 

                𝑉𝑒𝑟𝑟𝑜𝑟(𝑛) = 𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡
∗ (𝑛) − 𝑉𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡(𝑛) 

PI controller output current at 𝑛𝑡ℎ instant of 

time after processing voltage error is written 

as 

𝑖𝑚𝑜𝑑𝑐𝑢𝑟(𝑛) = 𝑖𝑚𝑜𝑑𝑐𝑢𝑟(𝑛 − 1)

+ 𝑘𝑝𝑟𝑜(𝑉𝑒𝑟𝑟𝑜𝑟(𝑛) − 𝑉𝑒𝑟𝑟𝑜𝑟(𝑛 − 1))

+ 𝑘𝑖𝑛𝑡𝑉𝑒𝑟𝑟𝑜𝑟(𝑛) 

𝑘𝑝𝑟𝑜, 𝑘𝑖𝑛𝑡 are proportional gains and integral 

gains of proportional integral controller. 

2. Reference D.C current generator modelling: 

Input reference D.C current for gate pulse of 

switch in Cuk converter is written as 

𝐼𝑟𝑒𝑓𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡
∗ = 𝑖𝑚𝑜𝑑𝑐𝑢𝑟(𝑛)𝑢𝑣𝑠

 

𝑢𝑣𝑠
 is instantaneous unit of input ac main 

voltage is written as 

𝑢𝑣𝑠
=

𝑣𝑑

𝑣𝑠𝑢𝑝𝑝𝑙𝑦𝑚𝑎𝑥

 

𝑣𝑑 = |𝑣𝑠𝑢𝑝𝑝𝑙𝑦| 

𝑣𝑠𝑢𝑝𝑝𝑙𝑦 = 𝑣𝑠𝑢𝑝𝑝𝑙𝑦𝑚𝑎𝑥 sin(𝜔𝑡) 

3. Pulse width modulator modeling:  current 

error (∆𝑖𝑒𝑟𝑟𝑜𝑟) is obtained by comparing 

input reference D.C current for gate pulse of 

Cuk D.C-D.C converter (𝐼𝑟𝑒𝑓𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡
∗ ) with 

input D.C current of Cuk converter 

(𝐼𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡). Current error (∆𝑖𝑒𝑟𝑟𝑜𝑟 =

𝐼𝑟𝑒𝑓𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡
∗ − 𝐼𝑐𝑢𝑘𝑜𝑢𝑡𝑝𝑢𝑡) is multiplied with 

𝑘𝑑 and compared with sawtooth carrier 

waveform with fixed frequency (𝑓𝑠) of 

modulating index (m(𝑡)). Gate pulse given 

to the MOSFET of PFC Cuk D.C-D.C 

converter is obtained as given below. 

𝑖𝑓 𝑘𝑑∆𝑖𝑒𝑟𝑟𝑜𝑟 > 𝑚(𝑡) 

𝑡ℎ𝑒𝑛 𝑃 = 1(𝑜𝑛) 

𝑒𝑙𝑠𝑒 𝑃 = 0 (𝑜𝑓𝑓) 

           P is switching of Cuk converter. 

B. Switched reluctance motor modelling: 

Phase voltage of SRM is given by below equation 

𝑉𝑏𝑢𝑠𝑣𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑖𝑝ℎ𝑎𝑠𝑒𝑅𝑝ℎ 𝑤𝑖𝑛𝑑 +
𝑑𝜑

𝑑𝑡
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𝑉𝑏𝑢𝑠𝑣𝑜𝑙𝑡𝑎𝑔𝑒 is phase voltage of SRM, 𝑖𝑝ℎ𝑎𝑠𝑒  is phase 

current of SRM,  𝑅𝑝ℎ 𝑤𝑖𝑛𝑑  is resistance of phase 

winding and 𝜑 is flux linkage of stator and rotor 

coils. 

𝑃 =
𝑑

𝑑𝑡2
(

1

2
𝐿𝑖2) +

1

2
𝑖2

𝑑𝐿

𝑑𝜃
∗ 𝜔2 

𝜔 is speed of SRM, L(𝜃) is instantaneous phase 

resistance and P is power. 

𝑉 = 𝐿(𝜃)
𝑑𝑖

𝑑𝑡
+ 𝑖

𝑑𝐿(𝜃)

𝑑𝑡
∗ 𝜔2 

L(𝜃)
𝑑𝑖

𝑑𝑡
 implies rate of increase in stored energy in 

magnetic field. 

𝑖
𝑑𝐿(𝜃)

𝑑𝑡
∗ 𝜔2  Implies mechanical output of SRM. 

Instantaneous torque is written as 

𝑇(𝜃, 𝑖) =
1

2
𝑖2

𝑑𝐿

𝑑𝜃
 

During rising inductance when IGBT switches of 

asymmetric converter are on, then positive torque is 

developed. During falling inductance when IGBT 

switches of asymmetric converter are off, then 

negative torque is developed. 

C. Asymmetric bridge converter of switched reluctance 

motor: 

Asymmetric bridge converter has two switches and 

two freewheeling diodes per phase. Asymmetric 

bridge converter phase is dependent, so independent 

current control can be applied. There are three modes 

of operation in each phase of asymmetric bridge 

converter. In each phase of asymmetric bridge 

converter when two switches are turned on 

magnetizing positive voltage is applied to SRM and 

current increases in phase winding of SRM. When 

speed of SRM is low, current exceed its maximum 

value faster. After exceeding, current flows through 

one switch and one diode other switch and diode are 

off. This operation is called freewheeling mode. In 

freewheeling mode, current is not drawn from D.C 

source. When both switches are turned off capacitor 

is recharged because current is flowing through two 

diodes. This operation is called demagnetization 

mode. 

Hysteresis current controller maintains approximately 

constant voltage throughout conduction period in 

each phase. Input of rotor position sensor is taken 

from rotor and output is given as feedback. Cuk 

converter output is given to the switched reluctance 

motor. Asymmetric bridge converter is turned on at 

45 degrees and turned off at 75 degrees. Starting time 

of SRM is reduced by applying very light load. The 

SRM torque has a ripple component due to the 

transition of currents from one phase to the other. 

The range of speed is up to 3000 rpm, current can be 

reduced to the reference value and motor’s emf is 

low. Torque developed is approximately directly 

proportional to reference current. 

 

V. SIMULATION RESULTS 

In this simulation, an AC voltage source of 220V is given as 

input. SRM output characteristics are obtained according to 

desired speed. 

 

                    Fig.2: Output voltage waveform of Cuk converter 
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Fig.3: Input current waveform of SRM 

 

Fig.4: Torque waveform of SRM 

 

Fig.5: Speed waveform of SRM 

 

CONCLUSION 

A new speed management technique for a switched reluctance 

motor employing a Cuk PFC converter using reference speed 

as identical D.C voltage. The D.C link voltage has been found 

to be proportional to speed of switched reluctance motor. A 

swish speed control has been found controlling D.C link 

voltage of PFC converter. Using PFC converter power quality 

problems like power factor, total harmonic distortion are 

reduced. Proposed PFC converter has been very useful in low 

power variable speed applications.  The major problems of 

power quality like poor power factor, high ripple torque have 

been reduced and proposed converter can also be used for 

varying speed in fan applications.  
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