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The best alternative machine for synchronous and induction machine is
switched reluctance machine for various applications. An artificial neural
network (ANN) based vector controller is implemented for novel converter
to drive switched reluctance motor (SRM) in this paper. To reduce the cost
and simplified the controller an effective configuration of converter is

proposed with only 4 pulse-withmodulation (PWM) based switches. The 6

pole stator and 4 pole rotor machine is considered in this paper to present

Keywords: results based on MATLAB. The ripples in torque are reduced by proposing
vector controller by using novel configuration of converter. Generally SRM

ANN : - B g :

. machines are having high ripples in torque, hence less number of switches
Asymmetrlc converter will be feasible solution to drive the machine in order to reduce ripples. The
Switched reluctance motor proposed controller can also help to operate system with less ripples in
vector control torque since the controller having both torque and flux hysteresis controllers.
The extensive results are presented on Simulink platform to validate the
proposed method under both steady state as well as transient conditions.
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1. INTRODUCTION

There is a switched reluctance motor (SRM) for an alternative to the widely used induction and
synchronous machines in various applications. Since, it is having simple and low-cost structure, high reliability and
better performance at high speeds/torque capabilities [1]-[4]. However, SRM is having some drawbacks due to its
double-salient structure, including high torque ripple and acoustic noises. These can be eliminated by proper
converter and its controller. The cost effective structure of converter and its vector controller is proposed in this
paper to drive the SRM. The proposed configuration of converter having few number of switches comparing to
conventional converter. Further for smooth speed operation of controller an artificial neural network (ANN) based
speed controller is implemented for vector control. Many researchers are focusing on two areas to reduce the
torque ripple those are an optimized structural design for SRMs, and a suitable control strategy [5]-[9].

Many researchers are proposed different types of controllers for SRM for smooth operation of speed
controller. In [10], [12], the author pointed out a dip in torque between two subsequent phases dictates the
existence of torque ripples. In [13]-[15], the authors where proposed model based dead-beat flux controller.
The dead-beat controller proposed in these papers where achieves constant switching frequency and lower
sampling rate while maintaining the similar dynamic response as hysteresis controller [16]-[20]. However,
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the performance of dead-beat controller relies on accurate model and a large gain which may degrade the
performance of the dead-beat controller. In [21]-[24], the authors are introduced lyapunov function based
controller to solve the mismatch issue in the model. The tracking error is bounded by the parameters of the
controller. A sliding mode current controller in proposed in [25]. Parameters of sliding mode controller are
carefully selected according to the model mismatch by proposed method in [26]-[28]. These control methods
need to store several look-up tables, which increase the storage and computational burden of the digital
controller. In order to overcome these problems, a new configuration of converter as well as its controller
based on vector controller is proposed in this paper.

2. SYSTEM DESCRIPTION

The proposed system in this paper is shown in Figure 1. The system consists of new configuration of
converter which is having only 4 switches, SRM and proper controller of converter. In this paper 6/4 pole
SRM s selected. Generally, reluctance machine is consists of variable reluctance magnetic circuits in both
rotor and stator, or, it is a double salient machine. The modeling of motor is achieved by [10]-[14].
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L, , the required time of rotor to turn from aligned to unaligned is represented with ‘t’. The arc of stator pole is

expressed as B, and the aligned unsaturated inductance is Ly . The flux which is aligned is represented with
parameter ‘ ¢ > and stator pole area is Asp. The bore diameter and length of stator pole inductance is represented
as D and L respectively. The flux density of stator pole is considered as ‘B’. The number of turns per pole is Tyh.
The parameter m represents the number of phases conducting simultaneously. For 6/4 pole motor, such as the
example being considered only one phase conducts at a time. The duty cycle and current conducting per phase
are represents by ‘kq’ and 6; respectively. Ps and P, are number of poles for stator and rotor respectively.

The proposed converter is also depicted in Figure 1. The proposed converter consists of only one
DC source, 4 pulse-with modulation (PWM) based switched and 4 diodes only. This configuration used to
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produce power in three phases of SRM. Hence, it is very low cost and simple compared to existing converters
which are used to drive a SRM. Due to reduction in switched in proposed converter, the converter leads to
economical benefits compare to conventional converters.

Proposed converter
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Figure 1. Block diagram for speed control of SRM using proposed converter and vector control

3. SPEED CONTROL OF SRM

The torque hysteresis and flux hysteresis calculations are very important to develop a vector control
for any AC motor. Before getting reference electromagnetic torque by motor, the ANN is used to get speed
control. The motor speed is compared with reference motor speed as shown in Figure 2. The vector controller
is implemented with the help of [5], [15]. The torque hysteresis will generate signal followed by comparing
reference torque produced by ANN and electromagnetic generated torque by SRM. Similarly, the flux is
estimated by using three phase voltage and current which is depicted in Figure 2. The required pulses are
generated by using these two hysteresis signals by using PWM generator.

The modeling of SRM is attempted by synchronous reference frame with the help direct-quadrature
(DQ) reference frame of three phase voltage and currents of SRM as shown in (9) and (10):
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The vector control can able to achieve the torque-current linearization when the zero-phase current
is controlled at constant value. The generated torque is proportional to the g-axis current.

Te =kig (11)

Where, k, =v2PL,iq
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The vector controller is designed based on D-Q reference components. The pulse generator is used
to generate four pulses for four switches respectively. This modeling of SRM is helps to design the
controllers of motor for particular applications. The consumed power by SRM is depends on torque and
speed of the SRM. The reference flux is considered as 0.4 to 0.6 per unit to avoid both flux weakening and
saturation mode of SRM in Figure 2.
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Figure 2. ANN based vector control of SRM

4. RESULTS AND DISCUSSION
The proposed system is implemented and tested under different cases on MATLAB platform.
Considered 6/4 pole SRM and presented the results for following case studies.

4.1. Case-1: Ripples on electromagnetic torque

In this case results are presented for ripples in torque. The proposed model and control is limiting
the ripples in torque as depicted in Figure 3. The ANN controller plays a vital role in minimizing ripples in
torque by generating smooth reference torque of SRM. Hence, the vector controller helps to track the
reference torque by generating proper electromagnetic torque of SRM which is also shown in Figure 3. The
load torque with value of 25.0 N.m is applied on SRM. In this situation, the ANN is generated reference
torque signal by comparing reference and actual speed of SRM (i.e., shown in Figure 2). The load torque,
reference torque produced by ANN and torque generated by SRM are depicted in same Figure 2. From
Figure 2, it is observed that the ripples content in electromagnetic torque generated by SRM is under limit
and allowed. The reference load torque is set to be at 25 and the generated torque is varying between 24.0 to
26.0. Hence the percentage of change in torque is + or — 4 percentage which is allowable ripple in torque.
This is achieved by the proposed controller with novel configuration of converter which is shown in Figure 1.

In switched reluctance motor, the basic control issue is production of ripple free torque. Because of
the presence of ripple in the torque leads to production of undesirable noise and undesirable vibration during
the operation of SRM motor. The proposed controller is helps to reduce the ripples in generated
electromagnetic torque as compared with Ghani et al. [16]. The percentage of ripples presented in torque of
SRM by proposed controller is 8%.

26.4 Torque by SRM Ripples

——Load Torque == Reference Torque by ANN

1 1.05 11 1.15 1.2 1.25 13
Time (s)

Figure 3. Responses of torque
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4.2. Case-2: Response under change in speed

To test the performance of controller, the reference speed is changed from 1000 rpm to 1500 rpm at
t=3.0 sec. in this situation, the ANN try to change to reference torque. In order to increasing the speed of
motor, the ANN will increase the reference torque under transient condition, since the speed can be increased
by increasing electromagnetic torque generated by SRM. The response of speed and electromagnetic torque
of SRM is depicted in Figure 4 and Figure 5 respectively. From Figure 4, it is concluded that the vector
controller working satisfactory to stabilize the speed of SRM according to reference speed. Similarly, the
electromagnetic torque is increased momentarily and gets stabilized to normal value which is equals to load
torque once speed get stabilized at its new reference signal which is depicted in Figure 5.
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Figure 4. Speed response of SRM under changing Figure 5. Response of electromagnetic torque
reference speed generated by SRM under changing reference speed

4.3. Case-3: Response under change in load torque

The proposed system is tested under change in load torque in this case. The load torque is changed
from 25.0 to 27.5 N.m at t=2.0 sec. due to increasing load torque, generally speed of SRM will reduce. In
order to increase or stabilize the speed of SRM, the ANN increases its output value such as reference
electromagnetic torque. Hence, the controller will generate required pulses to converter for increasing
electromagnetic torque of motor. The response of electromagnetic torque and speed of SRM is depicted in
Figure 6 and Figure 7 respectively. The speed of SRM will momentarily decrease for small time period
during the electromagnetic torque reaches to reference load torque. These phenomena are also clearly shows
in the Figure 6 and Figure 7. Moreover, considered only change in load torque and not any changes in speed
of SRM, hence, the speed reaches its previous value.
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Figure 6. Response of electromagnetic torque under Figure 7. Speed response of SRM under change in
change in load torque load torque

5.  CONCLUSIONS

Artificial neural network based vector controller for switched reluctance motor driven by proposed
configuration of converter is presented in this paper. The speed controller is achieved under changes in load
torques which are presented in results section. The ripples in the torque are minimized by proposed method.
The proposed converter having less number of switches compare to conventional converters. Hence, this kind
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of system is a cost effective solution to drive the SRM. The extension results based on Simulink are
presented in this paper to validate the proposed method.
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