Journal of Theoretical and Applied Information Technology

20" October 2014. Vol. 68 No.2 Y

S

© 2005 - 2014 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645

WWww jatit.org

E-ISSN: 1817-3195

SPEED CONTROL OF SINUSOIDALLY EXCITED
SWITCHED RELUCTANCE MOTOR USING FUZZY LOGIC
CONTROL

' P.KAVITHA, >B.UMAMAHESWARI

2 Department of Electrical and Electronics Engineering, Anna University, Chennai, India

* Department of Electronics and Instrumentation Engineering, RMK engineering college, Chennai, India

E-mail: 'kavithathevan@yahoo.com, 2umamahesb@annauniv.edu

ABSTRACT

This paper presents the speed control of SRM which is directly fed from an AC supply through a simple R
dump converter. The controller uses fuzzy logic control (FLC) for switched reluctance motor (SRM) speed.
The FLC performs a Pl-like control strategy, giving the current reference variation based on speed error and
its change. The performance of the drive system was evaluated through digital simulations through the
toolbox Simulink of Matlab program. Merits and demerits of the proposed control algorithm are brought

out.

Keywords: Switched Reluctance Motor, R Dump Converter, Sinusoidal Excitation, Speed Control, Fuzzy
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1. INTRODUCTION

SRM is a simple motor in construction and in
operation. It produces a torque of reluctance type,
which is independent on the polarity of the current
through winding. It has many advantages like
efficiency, cost, no maintenance, higher torque
volume ratio etc. it has certain disadvantages like
non linear magnetic characteristics, acoustic noise
and high torque ripple. A huge research works on
this machine has been reported in [1]-[2].

Analog control is the best suitable control
mechanism for any industrial drive. The
conventional PID controller is highly robust and
can tackle any disturbance in a system but it
requires proper tuning. Different non linear control
techniques like sliding mode, fuzzy logic control,
and artificial neural network control are common.
These controls have shown a good prospect to bring
robustness and adaptive nature in constant speed
variable torque or constant torque variable speed
drive application. Fuzzy logic (FL) based speed
controller is used successfully instead of the
conventional PID speed controller. FL can be
applied in the form PI controller, called as PI like
FLC, where the PI controller parameters are
automatically tuned for a wide range of speed
demand and also for a wide change in operating
condition. Literature studies on switched reluctance
motors and these controllers are as follows: Torque
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ripple in SRM has been overcome by implementing
an adaptive control of the system. The output of the
controller is demand current, which is a weighted
value using LMS algorithm [3]. Reference [4]-[5]
discuss the sliding mode control (SMC) based on
fuzzy logic is incorporated which explores the
performance as a simulation work.

A gain tuning PI controller structure using the
voltage applied on motor phase windings and motor
rotor speed which is used for the speed control of
SRM [6]. fuzzy logic have been used for adjusting
motor phase turn on and turn off angles to improve
the motor dynamic performance and to increase its
efficiency[6]-[8]. In reference [9] the objectives are
formulated associated with high-grade torque
control of switched reluctance motors. A systematic
approach to wave forms design has been developed
and evaluated wusing both simulation and
experimental testing of an SRM servo-drive system
[10]. A novel angle estimation scheme for a real
time digital signal processor (DSP) based switched
reluctance motor drive using fuzzy logic where
several unique techniques are implemented to
improve the estimation accuracy [11]. The problem
of choosing the firing angles for accomplishing
maximum efficiency in single-pulse controlled
switched reluctance motor drives have been
investigated [12]. An approach of adaptive PWM
speed control for switched reluctance motors
(SRM) based on neural network is reported in [13].
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In reference [14] simulation and analysis, have
derived and demonstrated that a minimal neural
network configuration is attainable to implement
rotor position estimation in SRM drives. Reference
[15] explains about the use of a hybrid controller
consisting of PI and FLPI controllers and they have
compared the performance of this controller with
those of PI, FLPI and FLPD controller, in respect of
steady state error.

In this work the objective is achieving SRM
speed control in MATLAB/Simulink by self tuning
fuzzy PI controller. For this purpose, the dynamic
model of 8/6 1.5 hp SRM is obtained using Fourier
method. Using this model performance of the
controller is compared with the performances PI
controller.

2. SRM DYNAMIC MODELLING

In this section we focus on the electro
mechanics of switched reluctance machines (SRM).
The intent is to provide an understanding of energy
conversion process. Switched reluctance machines
can work as motor or as generator just by changing
their switching angles and control the path of
energy generated. Regarding the operation of the
machine, when rotor pole is in line with the
energized stator pole, the position is said to be a
stable equilibrium. When the rotor pole is not
aligned with an energized stator pole is said to be
an unstable equilibrium. Rotor will tend to turn to
the position of balance featuring a motoring
operation. Thus in SRM there is a natural tendency
to align the rotor and the stator active poles in order
to maximize the inductance of that phase.

A per phase equivalent circuit of SRM can
be derived as below. The mutual inductance
between the phases is neglected. The voltage
applied to each phase is equal to the sum of
resistive voltage drop and the rate of change of flux
linkages in the corresponding phase and is given by
eqn (1)

Vk=Rkik+ d}\.k/ dt (1)
where k is the number of SRM phases, Vi is the
applied voltage, i, is the phase current, Ry is the
resistance of the phase winding. Ly is the inductance
of phase winding which depends on position and
current.

Ak is the flux linkage which is given by,

M=La(0, )ik ()
Substituting equation (2) in equation (1) and
derivate it we get,

Vk:Rkik"" Lk(e,lk)dlk/dt+lk0)aLk/ae (3)

where o is the speed of the motor in rad/sec which
is given by
o=d6/dt 6]
The instantaneous torque developed T, by the motor
is the sum of the phase torques which is given by
the equation,
n
Ty= Z 0.5i,20L,/00 )
i=1
The mechanical equation of the motor is given by
Ty-T=Jdw/dt+Bo (6)
Ty is the load torque, J is the moment of inertia, B is
the friction coefficient of the motor. Considering
equations (1) — (6) the mathematical model for the
SRM is made which explains the complete dynamic
behavior of the machine.

SRM

Controller —IK :vj :fc/g\;%
(3%
Ill;. jI-r‘m, Converter .:
Encoder j

Figure 1: Block diagram of direct AC fed SRM

Figure 1 shows the block diagram of the
direct AC fed SRM. The SR drive consists of a
motor, position sensor, converter and controller.
The current sensor and the position sensor provide
the information about the phase currents and rotor
position to the controller in order to excite the
suitable phase of the machine. The controller also
regulates the SRM performance. The hysteresis
current controller is easy and simple controller for
the SRM control. Due to its inherent nonlinear
capabilities artificial techniques are preferred.

3. CONVERTER TOTPOLOGY

The conventional R dump converter has
one transistor and one diode per phase of the SRM
drive. When T1 is turned off, the current freewheels
through D1, charging the DC link capacitor and
later flows through the external resistor R. This
resistor partially dissipates the energy stored in
phase A. The performance of SRM is investigated
with a full bridge rectifier and an utility AC supply
which is shown in figure 2 as modified R dump
converter. It is shown for a 8/6 SRM which is a
four phase machine. The bulkier DC link capacitor
is removed. The utility sinusoidal supply is rectified
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and applied to the converter. The converter is now
compact and less weight.
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Figure 2: Rdump converter with sinusoidal excitation

The converter has two modes of operation.
During excitation mode the controlled switch T, is
turned on based on the information from the
position encoder. During this period the phase
winding is excited from the supply for a fixed dwell
angle. After the turn off angle the switch is turned
off and the diode is forward biased. The energy
stored in the winding is dissipated in the resistor R.
This period is called as the regeneration period of
SRM

4. SPEED CONTROL OF SRM

In figure 3, the block diagram of the speed
control of SRM is seen. The output of the speed
controller is, the reference current i*. In this paper,
the fuzzy logic controller tuning is used as the
speed controller. The system also consists of a
hysteresis band controller which does current
control, a converter and a trigger circuit which
drives the switches in the converter into conduction
or cut off.

4.1 Conventional PI Controller

Conventionally PI controllers are widely
used in industrial application, due to their
simplicity, low cost and robustness. These
controllers can also be implemented easily through
analog components. The general operation of PI
controller can be represented by following

M, (t) =K,e (t) +Kyde (t) /dt+K fe (t) dt

(7)

where
e(t)=0* o, (®)
Where, e(t) is the speed error, M(t) is the output
of the controller ,Kp is the proportional constant,
and Kj is the integral constant with Kp = 0. Thus
the controller provides an appropriate feedback.
The reference speed @' is compared with the actual
speed o, to get the speed error e(t) as shown in
figure 3. Depending on the position and current

controller information the converter gets the
triggering pulses.

4.2 Fuzzy Logic controller

FLC can be employed to evaluate output
variables when an exact mathematical relation with
the input variables cannot be formulated. It differs
from the conventional system in several aspects.
The main feature of FLC is that it is governed by
symbolic rules (generally if-then rules) and
qualitative fuzzy variables and values. It deals with
linguistic variables. Fuzzy logic approximates the
relation between variables regardless of their
analytical dependence. The inputs of FLC are e(t)
and de(t). The block diagram for the fuzzy based PI
controller is shown in figure 4.
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Figure 4: Block diagram of fuzzy based PI controller

In this paper, the triangular membership
function is used for the variables and its derivative,
trapezoidal membership is used for the output
variables, the max-min reasoning method, and the
centre of gravity defuzzification method are used,
as those methods are most frequently used in many
literature. If-then rule is used to form the rule based
fuzzy logic. Here NB is negative big, NS is
negative small, Z is zero, PS is positive small and
PB is positive big are the labels of fuzzy set and
their corresponding membership functions are
depicted in figure 5.

1NEI ‘NS‘ T i T \P\ T =

Membership Function
=

0 01 02 03 04 05 06 07 08 09 1
e (error)

T T T T ‘PS‘ T =

Membership function

0 014 02 03 04 05 06 07 08 09 1
de (derivative of error)

Figure 5: Triangular membership functions for the input
variables e and de
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Figure 6: Trapezoidal membership functions for the
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The trapezoidal membership function is
chosen for the output variables K, and K;is given
by variables NB is negative big, NS is negative
small, Z is zero, PS is positive small and PB is
positive big which is shown in figure 6. The rule
base for the fuzzy set is shown on Table 1. Using
on this with IF-THEN twenty five rules can be
formed for the tuning of the controller.

T4BLE 1: RULE BASE FOR GLOBAL FUZZY SET

e
NB| NS | Z | PS | NB
de
NB Z PS | PB| PB | PB
NS | NS Z PS | PB | PB
V4 NB|NS | Z | PS | PB
PS {NB| NB |[NS| Z PS
PB | NB | NB | NB | NS Z

less speed oscillations. The simulation of the
starting mode without load is done. A simulation
test was achieved for three speed reference signals,
respectively: 50, 100 and 500 rad/s. The speed
response for the conventional PI and fuzzy PI are
shown in figure 8. The conventional PI shows peak
overshoot when compared with the fuzzy speed
control. The settling time is also large and it has
large ripples. The phase voltages and phase currents
of the SRM are given in figure 9 and figure 10. The
simulation is run with turn on angle 6,,= 45° and
Oor =75°. The negative voltage is the back emf
feedback during the regeneration period. In the
Rdump converter the regenerative power is
dissipated as heat. But various methods are found in
literature stating flywheel storage etc to have more
efficiency of this drive.

The developed torque of this SRM is given
in figure 11. The torque at the time of starting gives
a large value similar to the series motor. The torque
has more ripples due to the high switching rate of
the converter. Various torque ripple minimization
techniques are given in literature can be used to
reduce the ripples present in torque.

70

speed with fuzzy Pl control
speed with P| control

5. SIMULATION RESULTS ANALYSIS

In order to validate the control strategies
as discussed above digital simulation studies were
made. The simulation is realized using the Simulink
software in Matlab environment. To see the entire
output surface of system the surface viewer is
generated which is given in figure 7.

Figure 7: Surface viewer for output variables Kp and K;

The drive responses to a speed reference
step with the motor unloaded is first presented.
Using a PI controller, a good compromise for K,
and K; parameters has been found in order to have
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Figure 8: Speed response of Pl and Fuzzy PI control
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Figure 9: Phase voltage of SRM with Fuzzy PI control at

o = 50 rad/sec
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Figure 10: Phase current of SRM with Fuzzy PI control
at ® = 50 rad/sec

gu . A F
control at ® = 50 rad/sec
Further to analyse the performance of the
fuzzy converter the simulation is run under various
speed conditions. Figure 12 shows the speed
response of PI and fuzzy PI controller when
®=100rad/sec. The fuzzy controller shows a better
response compared with the conventional PI
controller. Figure 13 is showing the speed response
for 500 rad/sec. From the graph we found sluggish
response intially and more steady state error in
fuzzy control.
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Figure 12: Speed response of Pl and Fuzzy PI control at
o = 100 rad/sec
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Figure 13: Speed response of PI and Fuzzy PI control at
o = 500 rad/sec
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Figure 14: Phase inductance profile of SRM

Figure 14 shows the inductance profile of
the proposed SRM. The minimum or unaligned
inductance is 10mH and the aligned inductance is
60mH. The inductance profile is cosine in nature.
Hence Fourier method of modeling is possible for
the analysis.
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Figure 15: Phase current of SRM with Fuzzy PI control
at o = 100 rad/sec
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The figure 15 shows the phase currents of
SRM, when it runs at a speed of 100 rad/sec. The
current has become single pulse mode as the speed
increases.
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Figure 16: Phase voltage of SRM with Fuzzy PI control
at o = 100 rad/sec

The phase voltage of SRM whent it runs at
100 rad/sec is shown in figure 16. The supply is
sinusoidal. When the phase is in regenerative mode
it returns the induced emf

The comparison of statistical performance
of the speed control is listed in table 2. The mean
value maximum value and standard deviation are
listed. The fuzzy control shows a better
performance than the conventional PI controller. At
higher speed the deviation is found to be more in
the proposed controller. Table 3 is listed with the
statistical analysis data with load torque of 0.1Nm.
In this loaded condition also the proposed controller
shows a better performance. In both the conditions
the fuzzy controller performs in a efficient manner
and almost the peak over shoot is eliminated.

Table 2: Comparison of statistical performance of
controllers at no load

Table 3: Comparison of statistical performance of
controllers at load of 0.1Nm

Mean speed Max speed Std
Speed rad/sec rad/sec Deviation
rad/sec
Fuzz Fuzzy Fuzz
PI y PI PI Pl PI Y PI
50 50.2 49.6 61.7 50.1 2.8 1.9
100 100 98.8 1134 100 4.9 4.6
150 150 146.3 170.1 147.4 8.3 7.5
200 199.5 194.8 | 203.1 196.3 114 11.1
300 2993 | 2926 | 302.1 2945 | 203 19.6
400 3979 | 3884 | 403.5 | 3932 | 321 30.9
500 4963 | 4794 | 501.5 | 4913 | 40.6 39.9

Mean speed Max speed Std
Speed rad/sec rad/sec Deviation
rad/sec
Fuzz Fuzz Fuzz
PI Y PI PI Y PI PI Y PI
50 50.2 49.6 61.7 50.1 2.8 1.9
100 100 98.8 113.4 100 49 4.6
150 150 146.3 170.1 147.4 83 7.5
200 199.5 194.8 | 203.1 196.3 11.4 11.1
300 299 292 302 2945 | 203 19.6
400 3979 | 3884 | 403.5 | 3932 | 321 30.9
500 496.8 | 4847 | 5013 | 4959 | 445 | 41.8

The table provides the comparison of SRM
drive under PI and fuzzy modes. The standard
deviation in fuzzy controller is less when compared
with the conventional PI technique. But at higher
speed the fuzzy controller took much time to reach
the set point.

6. CONCLUSION

A fuzzy PI controller is designed for
regulating the speed of the SRM drives. The
effectiveness and robustness of the proposed
controller are investigated by numerical simulation.
The simulation results indicate that the proposed
controller is most suitable for variation in
parameters. The statistical performance of the fuzzy
controller is compared with conventional PI
controller. The robustness verification shows that
the proposed controller can handle with external
load torque disturbance more effectively. It performs
better in tracking capability and load disturbance
rejection capability. The simulation results
demonstrate that the proposed controller is effective
and adequate to apply in a practical SRM drive.
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Figure 3: Block Diagram Of Speed Control Of SRM
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