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Models and Simulation of the Switched Reluctance Motor Drive System

Hao Chen* and Jin-Woo Ahn*#*

Abstract - The paper presents the component parts and their models of the Switched Reluctance mo-
tor drive system with the angle position-current chopping control and with the fixed angle pulse width
modulation control. The calculation of the parameters and the simulated models based on the MAT-
LAB SIMULINK software package are introduced by a four-phase 8/6 structure prototype with the
four-phase asymmetric bridge power converter. The simulation of the prototype in the course of start-
ing is made by the simulated models at the different control strategies and the different given rotor

speed.
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1. Introduction

The Switched Reluctance motor drive system could op-
erate in a very wide speed range with high efficiency.
There are no windings, no magnet and a brushless structure
on the rotor, and there is only multi-phase centralized
windings on the stator, those give rise to its simple and
firm structure. It has good prospects for application, such
as the electric drive device in coal mine [1][2], in family
electrical equipment, in aircraft [3](4] and so on. It is nec-
essary for the design and research of the drive system to set
up the models and make the simulation. The dynamic
simulation of the Switched Reluctance motor drive system
is essential to analyze and study the drives. The mathe-
matical models of the machine [5] and the mathematical
models of the power converter [6] have been set up, re-
spectively. The Switched Reluctance motor drive system is
made up of the Switched Reluctance motor, the power
converter and the controller. The models and the simula-
tion of Switched Reluctance motor drive system should be
done from the systematic point of view.

The Switched Reluctance motor drive system has the
control parameters, such as the average phase winding
supplied voltage, the peak value of phase current, the
turn-on angle and the turn-off angle of main switches in the
power converter, that could be used to control the output
torque and the rotor speed. There are some variable speed
control strategies, such as the angle position-cutrent chop-
ping control {7] and the fixed angle pulse width modula-
tion (PWM) control [8]. In the angle position-current
chopping control strategy, the current chopping control is
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used at the low speed ranges. The turn-on angle of the
main switches in the power converter is fixed at 0° (In the
rotor position, the phase inductance has the minimum
value, and the axis of the rotor slot is aligned with that of
the stator pole of an conducted phase), and the turn-off an-
gle of the main switches in the power converter is fixed at
8 m (In the rotor position, the phase inductance has the
maximum value, and the axis of the rotor pole is aligned
with that of the stator pole of an conducted phase). The
phase current of the motor is measured and compared with
the limit of the current chopping. If the phase current is
bigger that the limit, the main switches in the power con-
verter are turned off a certain time, then the main switches
are turned on again, and so on. The output torque and the
rotor speed are adjustable by regulating the limit of the
current chopping. In the angle position-current chopping
control strategy, the angle position control is applied at the
high-speed ranges. The output torque and the rotor speed
are variable by regulating the turn-on angle and the
turn-off angle of the main switches in the power converter.
In the fixed angle PWM control strategy, the turn-on angle
and the turn-off angle of the main switches in the power
converter are fixed, the triggering signals of the main
switches are modulated by the PWM signal. The phase
winding average voltage could be adjusted by regulating
the duty ratio of the PWM signal so that the output torque
and the rotor speed of the motor are adjustable by regulat-
ing the phase winding average voltage.

In the braking control of the Switched Reluctance motor
drive system, the angle position control and the fixed angle
PWM control [9] could be also adopted. The braking
torque could be used to control by regulating the turn-on
angle and the turn-off angle of the main switches in the
power converter or by regulating the duty ratio of the
PWM signal.
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At present, MATLAB is one of the most effective simu-
lation tools for control system. The SIMULINK toolbox is
the picture input and simulation tool of control system
models that is provided by Math Works company [10]. It

has two main functions, such as the simulation and the link.

It could transfer the patterns in the warehouse directly or
could create the new patterns, and it could set up the struc-
tural frame drawing of the control system by connecting
the patterns, and then select the control parameters, finally,
the simulation could be implemented. The SIMULINK
toolbox is suitable for the simulation of the Switched Re-
luctance motor drive system. The paper introduces the
founding models and simulation procedure of the drive
system based on MATLAB software package.

2. Component Parts and Models

While the mechanical loss and the stray loss are ne-
glected, there is the motional equation of the Switched Re-
luctance motor as follows,

T =1% Do+, 0
dt

Where, J is the sum of the inertia movement of the

motor and the loads, D is the coefficient of the vis-
cous-damping, @ is the rotor angular velocity, 7, is the
torque of the loads that is the function of the angular ve-
locity of the loads, T,, is the average electromagnetic
torque of the motor. The model of the Switched Reluctance
motor could be expressed as follow,

T,(8-T,(S)=US+D)w 2)

The relationship between the average electromagnetic
torque of the motor and the control parameters based on
the angle position control or the fixed angle PWM control
could be expressed as follows [7],

2
Tav =KmK€ U"; (3)
?
Z
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Where, Z, is the number of the rotor poles, m is the
phase number of the stator windings, U/ 1is the average
phase winding supplied voltage, K, is the coefficient of

the turn-on angle and the turn-off angle, which has the dif-

ferent value while the drive is operated at the different ro-
tor speed range.

In the angle position control, the equation (3) and (4)
could be expressed as follows,

U2

Tav = KmKG 2 (5)
w

Where. U, is the DC supplied voltage of the power

converter.
In the fixed angle PWM control, the equation (3) and (4)
could be expressed as follows,

2

T, =K.K o5 ©
()

Where, K , is a constant that is related to the fixed

turn-on angle, the fixed turn-off angle, the structural pa-
rameters of the motor and the phase inductance. There is
the voltage magnifying coefficient of the power converter

with PWM signal chopping, " K . ". The process of PWM

chopping is regarded as the process of sampling the output
signal of the rotor speed regulator. The zero step keeper
could be equivalent to a little inertial unit.

The relationship between the average electromagnetic
torque of the motor and the control parameters based on
the current chopping control could be expressed as follows

(7],

T.=K,I’ (7)

Where, 1 is the expected value of the phase current, K,

is a constant that has the relationship with the fixed turn-on
angle, the fixed turn-off angle, the structural parameters of

the motor, and the phase inductance, and K .

The rotor speed regulator is a PID regulator [11], the
model is as follows,

LZKP(I-F&-*—KDS) 8)
U,-U, S

D(S)=

Where, K, is the proportional coefficient, K, is the
integral coefficient, K p is the differential coefficient,
U . 1s the given voltage reference value of the rotor speed,

and U s 1s the feedback voltage value of the rotor speed.

The rotor position detector fixed on the end cover of the
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motor is the featured component of the Switched Reluc-
tance motor drive that contributes to implement the rotor
position closed-loop control and the rotor speed
closed-loop control. The output signals of the rotor posi-
tion give the feedback of the rotor speed that is imple-
mented by a frequency/voltage transformer. The rotor
speed feedback unit with a filter is equivalent to a small
inertia unit, the model is as follows,

K
G,(8)=—"— ©
1+T,S

Where, K , 1s the feedback coefficient of the rotor speed,

T, is atime factor of the rotor speed feedback filter.

In order to equilibrate the delay of the rotor speed feed-
back filter, the rotor speed given filter with a time factor, T,
is essential. The model is as follows,

1
G (S)=— 10)
(5 1+T,S (

Fig.1 gives the model of the Switched Reluctance motor
drive system with the angle position-current chopping con-
trol based on MATLAB SIMULINK toolbox. Where, the
pattern " Step Fen " sets up the given value of the expected
phase current at the low speed ranges. The model of the
drive with the current chopping control consists of the pat-
terns, such as "Step Fen", "Sum 1", "PID controller”, "*"
and "Gain 5". The pattern "Constant 2" gives the switch
value of the rotor speed for switching the control strategies.
"500" means that the switch value is 500 r/min. Switching
the control strategies is implemented by the patterns
"Switch" and "Switch 1". If the motor is operated below or
at 500 r/min, the model of the drive with the current chop-
ping control is put through, and the model of the drive with
the angle position control is blocked. If the motor is oper-
ated over 500 r/min, the model of the drive with the angle
position control is put through, and the model of the drive
with the current chopping control is blocked. The pattern
"MTALAB Fcnl" and the pattern "Gain2" give the charac-
teristics of loads with the rotor angular velocity. The pat-
tern "Given" sets up the given value of the rotor speed. The
pattern "Delay" caused by the power converter has 0.006
second delay-coefficient. The patter "MATLAB Func-
tion-negative square" gives the function, 1/@?2 The pat-
tern " * " is a multiplier. "Clock" could be applied to con-
trol the operational time of the system. The pattern "Oscil-
loscope” could give the variation of the rotor speed of the
drive. Fig.2 gives the model of the drive system with the
fixed angle PWM control based on MATLAB SIMULINK

toolbox. T is one period of the PWM signal.
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Fig. 1 Model of the drive with the angle position-current
chopping control
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Fig. 2 Model of the drive with the fixed angle PWM control

3. Calculation of the Parameters

In the prototype, the Switched Reluctance motor is a
four-phase 8/6 structure with the four-phase asymmetric
bridge power converter, the DC bus voltage is 264 V, the
PWM signal frequency, f; is 5.0 KHz, the rated output is
250 W while it is operated at the rated rotor speed, n,
1500 r/min. The sum of the inertia movement of the motor
and the loads is 0.05 N.m.s".

The given voltage reference value of the rotor speed is
regulated from 0 V to 10 V and the duty ratio of the PWM
signal is varied from 0% to 88%, so the maximum value of
the average phase winding supplied voltage is

U =264x88% =232.32 (V) (11)
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The magnifying coefficient K is as follows,

23232

K. =23.232 (12)

The period of the PWM signal is

1 1

=—=——_ =02 13
7 5.0x10° me) 4

The rotor speed and the rotor angular velocity of the
motor has the relationship as follows,

_ Tn

W= 14
30 (14)

The rotor speed of the motor and the input frequency of
the frequency/voltage transformer, f;,, has the relationship
as follows,

n=10f, (15)
The ratio of the frequency/voltage is
[, U r= 40 (16)

From (14), (15) and (16), the feedback coefficient of the
rotor speed is
K, =0.02387 (V.s/rad) (17)

In the prototype, the time factor of the rotor speed feed-
back filter is

T,=0.11 (ms) (18)
and the time factor of the rotor speed given filter is
T, =0.11 (ms) (19)

The coefficient of the viscous-damping is

D =0.005 (N.m.s/rad) (20)

4. Simulation

The simulation of the Switched Reluctance motor drive

prototype is made based on the above-mentioned MAT-
LAB SIMULINK models. The step is 0.1 ms, and the per-
missible error is 1.0 X 10,

In the angle position-current chopping control, Fig.3
gives the simulated rotor speed curve of the drive in the
course of starting, while the given rotor speed is 500 r/min.
Fig.4 gives the tested rotor speed curve of the drive at the
same conditions.
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Fig. 3 The simulated rotor speed curve of the drive system

Scale: Abscissa: 1.0 s/div. Ordinate: 250 r/min /div.
Fig. 4 The tested rotor speed curve of the drive system

In the fixed angle PWM control, Fig.5 gives the simu-
lated rotor speed curve of the drive in the course of starting,
while the given rotor speed is 1500 r/min. Fig.6 gives the
tested rotor speed curve of the drive in the same condi-
tions.

It is shown that the simulated rotor speed curve of the
drive at the same conditions tally with the tested rotor
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speed curve of the drive in the experiments.
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Fig. 5 The simulated rotor speed curve of the drive

Scale: Abscissa: 1.0 s/div. Ordinate: 288 r/min /div.
Fig. 6 The tested rotor speed curve of the drive system

5. Conclusions

The MATLAB SIMULINK software package contrib-
utes to set up the dynamic simulated models of the
Switched Reluctance motor drive system precisely. Found-
ing mathematical models of the Component Parts in the
drive system determining the parameters in the models are
the keys. MATLAB is one of the most effective simulation
tools for control system at present. The SIMULINK
toolbox is the picture input and simulation tool of control
system models that is provided by Math Works company. It

has two main functions, such as the simulation and the link.

It could transfer the patterns in the warehouse directly or
could create the new patterns, and it could set up the struc-
tural frame drawing of the control system by connecting
the patterns, and then select the control parameters, finally,
the simulation could be implemented. The SIMULINK
toolbox is suitable for the dynamic simulation of the
Switched Reluctance motor drives. The founding models
and simulation procedure of the drive system with the an-
gle position-current chopping control and with the fixed
angle PWM control are given in the paper. The method and
the procedure are suitable for the founding models and
simulation of the Switched Reluctance motor drive system
with other control strategies and with other construction.
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