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Abstract:It is an analysis of asymmetric converters used to drive 

switched-reluctance motors (SRM). Usually, two switches per 
phase exist in these converters,  therefore the cost of converter 
rises up.  The energy recovery chopper in a capacitor-dump 
(C-dump) SRM drive which needs one more additional switch 
than the number of phases is analyzed, designed and discussed.  
The converter allows continuous output current operation. The 
dynamic behavior of the chopper shows that it operates as a boost 
DC-to-DC converter in a regenerative mode.  In this study, A 6/4 
SRM for both no motor phase current control applied and 
controlled at 8A phase current (C.C.), the characteristics of 
C-dump converter voltage (Vc), current (ig) and phase voltages 
applied to the motor windings are examined in Matlab-Simulink 
environment. 
 

Keywords: C-Dump Converter, Switched Reluctance Motor, 
Simulink Dynamic Analysis 

I. INTRODUCTION 

The simple structure of SRM (Switched Reluctance 
Motor), with its low production costs and lower maintenance 
and repair costs raise the interest to such types of motors [1], 
[2].  

An ideal SRM Converter requires to possess 
characteristics as being reliable, stable, having less number of 
switches per phase, highly effective, low noise and torque 
ripple, low VA ratio, and at the same time controlling the 
current very rapidly. SRM converters have to regulate the 
current amplitude and keep the waveform unchanged for the 
motors and power transistors to operate safely. They have 
provided the unidirectional current pulses compatible with 
the rotor position completely. At the same time, in order to 
minimize the torque fluctuation during the commutation, the 
current on the phase to be turned off should be decreased to 
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zero as soon as possible, and on the other hand, the current on 
the phase to be turned on should be raised as soon as possible 
as well.  When the phase inductance of the SRM approaches 
to its maximum value, the commutation circuit during the 
turn-off interval should be able to recover this energy that is 
stored in the inductance. In spite of the fact that the most 
requirements above are similar to that of AC  

and DC converters, many differences in details prevent 
from using an ordinary converter to drive a SRM. In the 
literature, it is possible to encounter so many topologies that 
are used for SRMs [3-10]. These may be mainly given as 
self-commutated, half-bridge and extra commutated 
respectively [6]. C-Dump converters have advantages of 
being able to use one switch per phase and operate without 
snubber circuits due to Cr recovery capacitor. The phases are 
also controlled independently. A three phase C-dump 
converter is designed and analyzed in Matlab-Simulink 
environment with respect to voltage and current waveforms 
in this study. 

II.  DYNAMICS  MODEL  OF  SRM 

The switch reluctance motor has a simple construction, but 
the solution of its mathematical model is relatively difficult 
due to its dominant non–linearity behaviour. The flux linkage 
is a function of two variables, the current (I) and rotor 
position angle () To investigate the behaviour of SRM, 
dynamic model is required.  The dynamic mathematical 
model [1], [2], [9] of a SRM is composed of a set of electrical 
equations for each phase and equations of mechanical system 
[10-17]. In a typical i phase SRM, the machine’s voltage 

equation can be expressed as: 
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Where; Vi is the terminal voltage of phase i in Volts, Ii is 
phase current in Amperes, Rj is phase winding resistance in 
Ohms, λi is the flux linkage in Weber-turns and θj is rotor 

position in degrees.  
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The flux linkage is a function of current and rotor position. 
The mechanical dynamic equations can be expressed as θ. 
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The average toque can be written as the super 
position of the torque of the individual motor phase. 
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In which: 3,2,1=i  

The motion equation is: 




BTT
dt

d
J le −−=                    (5) 

where; Ti is the phase torque in Nm, Tl is the load torque in 
Nm and ω is angular speed in radians per second. J and B 

represent the Torque of Inertia in kg.m2 and coefficient of 
friction in Nm/rad/s respectively. 

III. C-DUMP CONVERTER DESIGN WITH 

SIMULINK 

Three phases C-Dump converter circuit topology is given 
in Fig.1.a. In this circuit, the voltage of Cr (Vc) is controlled 
by the duty cycle of the chopper circuit switch.  Therefore, 
the peak voltages on the phase switches are prevented that is 
a considerable advantage. The winding currents can be 
independently controlled in this converter and the 
accumulated energy during the turn-off is transferred to the 
C-Dump capacitor.  The recovered energy is delivered to the 
power supply by using a chopper. This approach increases 
the efficiency of converter and reduces the turn-off interval.  
The capacitor voltage is remained at 2Vs during (d=0.5) 
turn-on interval, in order to apply –Vs to the phase switch that 
is turned off. This part of the circuit works as a chopper in 
accordance with buck principle to discharge the capacitor. A 
simplified one phase equivalent circuit of three phase 
C-dump converter which describes the operation is presented 
in Fig.1.b.   

i
r

i
r

i1

i2

i3

V1 V2 V3

VC

8
V-

7
V+

6C1

5C24B2

3B1

2A2

1A1

gm

ak

Tr

g
m

a
k

T3

g
m

a
k

T2

g
m

a
k

T1

Rg

Lg

Dr

D3

D2

D1 

Cs

Cr

4
Ug

3
g3

2
g2

1
g1

 

Fig. 1.a   3 Phase C-Dump Converter for a SRM 

 
Fig. 1.b.  C-Dump Converter Equivalent Circuit [9] 

In the figure, (I), (Tr), (Ig) and (Vs) represent the sum of 
the currents of the phase windings during the discharge, the 
transistor of recovery circuit, the recovery inductance current 
and the power supply voltage respectively.  Cr, Lg and Rg 
also represent C-dump capacitor, Lg inductance that stores 
energy during the recovery and total equivalent resistance 
respectively. The operating frequency of Tr switch is 1/T and 
it remains at ‘1’ position for the time of (dT). The switch is 

reversely at the position of ‘2’ for (1-d).  T(0<d <1). In both 
position of the switch, the each one can be considered as two 
separate linear circuits. The circuit equations when the switch 
is at ‘1’ position; 
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The circuit equations when the switch is at ‘2’ 

position; 
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can be written.  
In order to define 1 and 2 positions, a ug control signal 
coefficient may be set   

as 1=gu    and 0=gu  as in Eq. 9. 

( )( )tSinusignu gtg ++= 15.0 ,  
gg f 2= rad/s  (10)    

 
(1) and (2) positions can be combined in one 

equation. 
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The state equations of this system can be given as 
follows;  
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Vc and ig waveforms can be examined by numerically 
integrating in Matlab-Simulink environment using the 
state equations in Eq. 11 and 12  

 
C-Dump inductance voltage (Vg) may be obtained as 

follows; 
( )( )ggsscgg ZuVVVuV −−+−= 11.          (15) 

( )( )gg isignZ += 15.0           (16) 

 
Fig. 2 C-Dump converter Simulink model 

Here, Zg is 1 when the current in the C-dump circuit is 
existing and positive, otherwise is 0.  In Eq.9, ut changes the 
duty-cycle of the energy that is transferred to the power 
supply. In this study, C-Dump switching frequency and 
power supply are selected as fg=17kHz and Vs=24V 
respectively. 

In this control system, Phase voltage equation is given as 
in the following; 

( ) ( )( )( )gncsncsi ZuVVuVVV −−−−−−= 111           (17) 

In Eq.17, the positions of the phase switches are 
determined by un.  In this study, the amplitudes of the phase 
currents are defined by hysteresis control strategy. un equals 
(1) for   and otherwise is 0. Therefore, the effects of 
freewheeling diodes are included to define the phase 
voltages. The C-dump driver circuit obtained by means of 
Eqs.11 -17 is shown in Fig.2.  
Dynamic characteristics of the SRM belonging to the first 
phase are shown in Fig.3.   

 
Fig. 3 a. First Phase drive and winding voltage  

waveforms 

The first phase voltage waveform of the SRM is given in 
Fig.3.a. As can be seen in Fig.3.a, Vi=24V is applied to the 
phase windings during the conduction of the power transistor 
of the first phase (0,3914-0,3940s). At the end of the 
turning-on time, in order to turn on the other phase, the phase 
current to be turned off has to be brought to zero quickly.  

 
Fig. 3  b. C-Dump voltage and current waveform 

Therefore, at the end of the conduction time, Vi=-24V in 
reverse polarity is applied to the phase winding to be turned 
off during the time (0,394-0,3954s) interval.  
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As shown in Fig.3.b, T1 switch that drives the first phase 
winding remains closed until the end of the conduction time 
for uncontrolled current operation in C-Dump circuit. 
C-dump capacitor is charged for once during the conduction 
time and then retains its charge the same up to the end of the 
conduction time.   

In Fig.4.a, when 8A current control is applied to the SRM, 
the control signal voltage of the switch (u1) for one phase of 
the motor and winding voltage V1 are presented. As may be 
seen in the same figure, Vs=24V is applied to the phase 
windings for 0,3921s when it is turned on. The current 
control is applied to the SRM up to the time (0,3958s) that is 
the end of the conduction interval. The C-dump capacitor 
voltage (Vc) and the inductor current (ig) waveforms in time 
domain are given in Fig.4.b.  The voltage of C-Dump circuit 
reaches at 63,5V at the beginning and then drops to the 
approximate average value (48V). 

   

 

Fig. 4  a First phase winding and T1 drive voltage 
waveforms (C.C) 

 
Fig. 4  b. C-Dump voltage Vc and Ig current waveform 

(C.C) 
The C-dump capacitor voltage has a ripple at the average 
value of Vc=2Vs=48V as seen from Fig. 4.b. The amplitude 
of Vc voltage is adjusted by the duty-cycle of T1 switch 
which is described in section I.  C-Dump current ig reaches at 
4.7A at the beginning and then drops to the approximate 
average value (2.89A).  T1 switch that drives the first phase 

winding turns on and off continuously according to the 
reference current value. Therefore, it is observed that ig 
current has ripple due to charging or discharging of C-dump 
capacitor (Cr) and the transient response of the phase 
inductor (Lg). The C-dump current ripple, for the controlled 
operation, is more explicit than that of the uncontrolled 
working.  

Drivers of SRMs have many differences from that of AC 
Machines due to they produce torque by using currents in one 
direction. Although each phase of a SRM is individually 
driven, two phases are simultaneously driven during the 
commutation.  Because of the fact that SRM drivers does not 
have any standardization so far, the model of asymmetric 
converter only exists and commonly used in simulation 
software packages such as Matlab-Simulink and lack of this 
model has been considerable for a long time.  In this study, to 
compensate for this shortage, a C-dump converter model is 
composed by means of circuit equations and the dynamic 
behaviour of the converter is simulated, analyzed in 
Matlab-Simulink and shown that it is applicable to all SRMs. 
It is also presented that the proposed C-Dump converter 
model can be adaptable for any SRM model that might be 
produced by any other model developers in Matlab-Simulik. 
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