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ABSTRACT

Switched Reluctance Motor (SRM) has become a competitive selegtion for“many applications:of\electric
machine drive systems recently due to its relative simple construction and its robustness. It not only features a
salient stator with concentrated coils, which allows earlier winding and shorter end returns than other types of
motors, but also features a salient pole rotor, which has ne’conductors or magnets,and is thus<the simplest of all
electric machines. In this paper, the design of new converter, consisting©f Half-bridge IGBT modules and SCRs
for open loop and closed loop control of switched reluctance motar drives are groposed. The proposed
converter topology is the variation of asymmetric bridge converter. In order te verify the proposed converter
topology for SRM drives, it is verified thraugh open legp and closed loop contrel through MATLAB/SIMULINK

environment.
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I. INTRODUCTION

The Switched Reluctance Motor (SRM) drives have recently gained considerable attention among researchers
due to several reasons. In construction, the SRM is simplest of all electric machines. Only the stator has
windings. The rotor contains no conductors or permanent magnets. It consists simply of steel laminations
stacked onto a shaft. It is because of this'simple mechanical construction that SRMS carry the promise of low
cost, which in turn has motivated a large amount of research on SRMs in the last decade. The mechanical
simplicity of'the device, hogvever, comes with some limitations. Like the brushless DC motor, SRMs cannot run
directly from a DC bus or an AC line, but must always be electronically commutated. Also the saliency of the
stator and rotor is necessary for the machine to produce reluctance torque, causes strong non-linear magnetic
characteristics, complicating the analysis and control of the SRM. Not surprisingly, industry acceptance of
SRMs has been slow. This is due to combination of perceived difficulties with the SRM, the lack of
commercially available electronics with which to operate them, and the entrenchment of traditional AC and DC
machines in the market place.

Fig.1 shows the cross section of an 8/6 pole four phase basic switched reluctance motor. It has been realized [1],
that the reluctance motor requires only unipolar or unidirectional currents and this gives rise to the possibility of
operating with only one switching device in series per phase, instead of two in series in each phase leg of an AC

or brushless DC drive.
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Fig.1: Basic Switched Reluctance Motor

True reluctance machine in the sense that both rotor and stator have variable r agnetic circuits, or,

more properly, it is a double salient machine. The concept of switched reluctance machine is very old, going

back to the 19" century inventions called “clectromagnetic engines” [3], whic
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Fig.2: Inductance Characteristics
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Another important feature of an SRM drive is that the mutual coupling between phases can be neglected. It
makes the independent current control possible. Meanwhile, the lack of mutual coupling brings about the
problem of dealing with the stored magnetic field energy. An additional path has to be provided for the magnetic
field energy during phase commutation. Otherwise, it will result in excessive voltage across the windings and
hence on the power switches leading to their failure. Neglecting the mutual coupling between phase windings
and regarding all components as ideal ones, the operation of an SRM drive can be described as

dalg.n
V=R +—— (1)

Where R; is the resistance per phase and A the flux linkage per phase given by

A=L{g, i

Where L is the inductance dependent on the rotor position and phase current.

V =R;i+L(®, i}ﬁ + 200

The induced emf ‘e’ is expressed as

=7 e ©)

and electrical power is converted into mechanical output (motoring), while

%<0 the torque is and mechanical power is converted into electrical power (generating). Note that the

produced torque is independent of the direction of the current, since i is always positive. With the machine

driven in saturation, although equation (9) being no longer valid, these conclusions remain true.
1. EXISTING TOPOLOGY-ASYMMETRIC BRIDGE CONVERTER

For switched reluctance motors, the converter is not fixed till now also, the research is still going on and various
topologies viz. resonant, bifilar, split dc supply, r-dump, c-dump, asymmetric bridge converter [8]. In this paper,
a new effective converter topology, which can be regarded as a variation of asymmetric bridge topology, is

developed. The proposed converter topology overcomes with the disadvantages of the asymmetric bridge
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converter topology. Furthermore, it has higher utilization of switching devices. Thus the proposed converter
circuit can be designed with more compact configuration, smaller size and lower cost. Among those converters,
the asymmetric bridge converter is the most popular and best performed one, in which each phase branch
consists of two discrete switching components and two freewheeling diodes, as shown in Fig 3. It is efficient for
fault tolerant and independent current control can be accomplished. However, the high switching component
counts and the poor utilization are the main disadvantages of this topology. The major disadvantages of
asymmetric bridge converter configuration are there are high switching losses and the presence of larger heat
sinks [6]. Also, the asymmetric bridge converters are not suitable for high power applications. The major

application of asymmetric bridge converter is in low power levels inverters fed from a yoltage source.
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Fig.4: Phase Branch Using Half-Bridge Switch Modules
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To figure out the problem, a new converter for SRM drives is developed in this paper. Fig 5 illustrates the
proposed converter circuit for four phase SRM drives. It can be observed that the proposed converter needs four
half-bridge IGBT modules and four SCRs, in comparative to the eight discrete IGBT modules in asymmetric
bridge converters. On the other hand, each phase is controlled by different switching devices. It is helpful to

reduce the temperature rise and extend the lifetime of IGBT components.

pd
DC Source

gate signals and co ing current profile are shown in the figures below respectively.

Mode 1: Charging

Referring to figure 6(a) if the switching devices Q1,Q4,Q5 are turned ON, then the DC link voltage is applied to
Phase A and then the current rises rapidly in the phase winding. Referring to Fig 7(a) if the switching devices
Q2, Q3, Q6 are switched ON, the phase C is charged through the switches Q2,Q3,Q6. This mode is called as
charging mode or Energizing mode.
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Fig.6 (a): Charging mode for Phase A i se C

Mode 2: Freewheeling
Referring to Fig 6(b), it can be seen that if the switch Q1 is
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Fig. reewh mode for Phase A Fig.7 (b): Freewheeling mode for Phase C

Mode 3: Dischargi
As shown in Fig 6(c) the switches Q1 and Q4 are turned OFF and the switch Q5 is still turned ON in this mode.
Hence Phase A discharges to the DC link capacitor through the diodes D2, D3 and switch Q5. Referring to Fig
7(c) Phase C discharges to the Dc link capacitor through the switch Q6 and the diodes D1 and D4 if the switches
Q2 and Q3 are switched OFF and the switch Q” is still ON. This mode is called as Discharging mode or De-

energized mode.
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Fig.6(c) Discharge mode for Phase A

4.2 Control Methods
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Fig.8: Matlab/Simulink Model of SRM Drive with Basic Converter Circuit

Figure 8(a), 8(b), 8(c), 8(d) shows the resultant waveforms of electromagnetic torque , Current, Flux, Speed of

the switched reluctance motor drive when fed through the basic converter circuit.
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-8(c) Flux waveforms for basic converter circuit of SRM drive
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Fig.8 (d) Speed characteristics for basic converter circuit of SRM drive
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Fig 9 shows the simulink model of the proposed converter in open loop configuration. The actual speed of the
motor is compared with the reference speed. This gives the speed error in the circuit. The speed error is applied
to the controller which generates the reference current which generates the required gate pulses for driving the
motor. In the open loop system, the controlling cannot be done automatically i.e., the open loop control can only

counteract against disturbances for which it has been designed; the other disturbances cannot be removed.
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Fig.9: Matlab/Simulink Mod Configuration
Fig 9(a), 9(b), 9(c) shows the simulation

proposed converter in open loop configuration.
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Fig.9 (a) Torque characteristics in Open loop configuration

As the torque is directly proportional to square of the current, the current waveforms vary according to the
electromagnetic torque. The speed in the open loop is varying through each phase and it is not maintained
constant. Also there will be a slight delay in order to achieve the steady state position i.e. the steady state error
will be high. These are the certain disadvantages in the open loop model, which can be easily overcome by the

closed loop configuration of the proposed converter.
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Fig.9 (b) Current characteristics in Open loop confi
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Fig.10: Matlab/Simulink Model of Proposed Converter in Closed Loop Configuration
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Fig 10(a), 10(b), 10(c) shows the resultant waveforms of Electromagnetic torque, current, speed of SRM drive
of proposed converter in closed loop configuration. Due to the fact that that torque is proportional to square of
current the current varies as per the torque induced in the motor. By using closed loop analysis, the speed can be
maintained constant; the system can achieve fast response compared to open loop model. The torque ripples are
minimized in the case of closed loop compared to that of open loop configuration.
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Fig.10 (a) Electromagnetic torque characteristics in closed\loop configuration
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Fig.10 (b) Current.characteristics in closed loop configuration
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Fig.10 (c) Speed characteristics in closed loop configuration
V1. CONCLUSION

This paper presented the open loop and closed loop control of four phase 8/6 pole switched reluctance motor
(SRM) drive. When compared to the asymmetric bridge converter, the proposed converter topology consisting
of half-bridge switch modules is more compact and has higher utilization of power switches with lower cost,
without degrading their performance. The control schemes enhanced with the SRM drives are presented. The
simulation in Matlab/Simulink has demonstrated the proposed converter topology. This new converter topology

allows reduction in switching components and thus the performance of the drive can be improved. Now a days,
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closed loop control is enhanced all over in order to achieve fast transient response, constant speed of the

machine. This method can be applied for all even numbers of phases of the switched reluctance motor drive.
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