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ABSTRACT

The switched reluctance motor (SRM) is a simplej-tmst, and robust motor suitable for variable-spag well
as servo type applications. With relatively simptaverter and control requirements, the SRM isiggim@n increasing
attention in the drive industrilhe SRM is known to be highly cost-effective antiatde due to its simple structure and
the unidirectional operation of its converter. Anmher of power electronic converter topologies hla@en developed over
the years exclusively for use in conjunction wifRNB drives. In principle, the quest has always bieera converter with a
minimum number of switches. In this proposed methortjue ripple of an SRM Drive system has beerrotiad with
the help of Neural Network based PID controllerdfaiso the comparison of results is made betweém avid without

PID controller.

KEYWORDS: SRM Characteristics, Neural Network PID ControlleBack Propagation Neural Network,

Power Converter, Simulink Model
INTRODUCTION

With the High concern over the energy resourcascaad global warming, Hybrid Electric Vehicle (HEMhas
become the most suitable candidate for the nextrg¢ion vehicle due to their lower emission, higalfefficiency. While
the permanent magnet synchronous machine (PMSMsdrae drawbacks such as expensive, fragile and sbostant
power range where as switched reluctance motor (S be suitable for the traction motor for itbust construction,
fault tolerant operation, high starting torque with the problem of excessive inrush current, antityho extremely
high-speed operation[1, 2]. Although the torqueplepis the obvious drawback of the SRM which hasnbsetudied
extensively during high-speed operation, the langetia of the vehicle can effectively smooth dut torque ripple of the
SRM and the motor efficiency becomes the most itgmbdmerformance criterion of the vehicle drivartrahe Switched
Reluctance Motor (SRM) is the simplest of all efisetl machines. In this motor only the stator haswindings. The rotor
contains no conductors or permanent magnets [Bbrisists simply of steel laminations stacked enghaft. It is because
of this simple mechanical construction SRMs cahey promise of low cost, which in turn has motivageldrge amount of

research on SRMs in the last decade [2].
Conventional Operation of the SRM

The reluctance motor is a type of synchronous nmechit has wound field coils of a DC motor for #kator
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windings and has no coils or magnets on its rdt@ure 1 shows its typical structure. It can bensémat both the stator
and rotor have salient poles; hence, the machire dsubly salient machine [14]. The rotor is alignghenever the
diametrically opposite stator poles are excitedalmagnetic circuit, the rotating part prefers tone to the minimum
reluctance position at the instance of excitatMhile two rotor poles are aligned to the two stgiotes, another set of
rotor poles is out of alignment with respect taffedent set of stator poles. Then, this set ofstpoles is excited to bring
the rotor poles into alignment [2]. As shown in g 1 is an example of an ideal inductance prafilphase ‘a’for an
SRM with 8 stator poles and 6 rotor poles. Conwaraily, it is called an 8/6 SRM. It is shown forlpi®0 mechanical
degrees because of its periodicity. Figure 2 pgstem ideal situation while in reality the induatarand torque profiles are
nonlinear functions of the current and rotor positi This ideal inductance profile of the SRM isuased to produce

torque in the conventional drives.

The rotor position is defined as the mechanicaleafrgm the polar axis of phase ‘& one of the interpolar axes
of the rotor [2, 16]. At zero degree, the inductant phase ‘als the lowest and the interpolar axis of the rasoaligned
with the polar axis of phase ‘a’. At the points wdénductance is the highest, a set of rotor patesn full alignment with
two opposite stator poles, which composes pha'sdf‘a phase is excited when its inductance is\gispositive torque is
produced while negative torque is produced durmegfalling slope of the inductance [5]. The torimeroportional to the
square of the phase current as given in. Henceditteetion of the current is arbitrary. This ung&ltional current
requirement has a distinct advantage over otheomasives requiring four-quadrant operational caotsie whereas only a
two-quadrant operational converter is necessarthinSRM drives. To move the rotor by 60 degreesha counter
clockwise direction, it takes four phase excitagiamthe sequence dd b -c —d’ and one revolution of the rotor needs six
sets of the same sequences. Similarly, four phegtatons in the sequence of-d-b—a’ are necessary for the movement

of the rotor in the clockwise direction [2, 3].

Figure 1: Cross Section of an 8/6 SR Motor
Characteristics of SRM

The aligned position of a phase is defined to kedituation when the stator and rotor poles ofgghase are
perfectly aligned with each othes;{e,), attaining the minimum reluctance position anthat position phase inductance is
maximum (L) [5]. The phase inductance decreases gradualtiieasotor poles move away from the aligned position
either direction. When the rotor poles are symroalif misaligned with the stator poles of a phases(), the position is

said to be the unaligned position and at this sthe phase has minimum inductanceg (R, 14].
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Figure 2: Characteristics of Inductance and Torqueof SRM
NEURAL NETWORK MODEL

A Structure of a Neural Netwc (NN) is a mathematical model or computational madspired by the structul
and functional aspects of biological neural systemgh as thérain. It is composed of a large number of hic
interconnected processing elements (neurons) wgrikirunison to solve specific problems. Figure 8veh the typica
structure of a NN. It has one input layer, one atifpyer and several hidden layern each layer, there are a cert
number of nodes (neurons). The neurons in adjdagets are connected together, while there areonaeactions betwee
neurons in the same layer [10, 11].
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Figure 3: Structure of a NN PID Controller
POWER CONVERTER

Power converter of Switched Reluctance Drive (SRP3tem is comprised of a certain amount of pc

electronic devices with certain topological strueturhe functions of power inverter are as follc
* It works as a switch.
* Making the winding and resouis on or off.
» It supplies feedback path for the stored energyinfling.
* And provides power to SR electromotor for the tfarmeation of mechanical ener

Its input terminal is connected to DC power, antpbatiterminal with winding. Power converter hc important
proportion in the whole SRD system, so its ratidpas a key to improve the cost performance r§t®y.

Analysis of the Main Power Circuit

Power converter of Switched Reluctance Drive (SRP3tem is comprised of a certain amount of pc

electronic devices with certain topological structurbe functions of power inverter are as follc
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* It works as a switch.

e Making the winding and resources on or off.

» It supplies feedback path for the stored energyinéling.

* And provides power to SR electromotor for the tfammation of mechanical energy.

Its input terminal is connected to DC power, antpauterminal with winding. Power converter holdspiortant
proportion in the whole SRD system, so its ratidpas a key to improve the cost performance rafibe topology of the
main circuit is one of the keys to the design & gower converter of SRD. The topology of the maiouit has been
classified to many kinds of configurations by diéfet release pattern of magnetic energy of recgcolimding, such as
asymmetrical half-bridge circuit, two-winding poweonverter, power converter with condenser disaharggenerative
type power converter and so on. Selection of th@@iate converter topology for an SRM drive isrmately related to

motor configuration and the number of phases.

The choice also depends on the specific applicgtidn15]. The number of switches required is tvtlee number
of phases in our converter circuit. This circuie&pecially suitable for high voltage, high poweves. The 4-phase SRM
has ‘8" stator and ‘6’ rotor poles, each phase aisep two coils wound on opposite poles and comuoeit series or
parallel consisting of a number of electrically @egied circuit or phases. These phase windingbeasxcited separately
or together depending on the control scheme orexen Due to the simple motor construction, an Sielyuires a simple

converter and it is simple to control [15, 16].

Inverter i SRM

* + * + 9
(\')7‘1)7 rm
—| Speed Controller Encoder

Figure 4: 8/6 SRM with Asymmetric Half Bridge Conveter

Converter Topology

The converter for the SRM should have the abilityptovide a positive voltage loop to increase plaseent, a
negative voltage loop to decrease phase curredtaa®ro maintain the desired current level. Froenexisting converter
topologies, the voltage loop to two most populanvester topologies for an 8/6 SRM are the asymmétalf-bridge
converters shown in Figure 5. They are capable@figing the three voltage loops [4, 15]. Both certers are capable of
operating in two quadrants. The switches and freglihg diodes for both converters should be ratedithstand the
supply voltage and switching transients [16]. Hoem\the current ratings of the upper switchgsamd T,q of the shared
switch half bridge converter must be determineddoy the sum of two phase currents. The upperchedt T, and Ty
shown in Figure 5(a) are connected to two phasalings rather than one in the asymmetric half-bridgewn in
Figure 5(b) [5, 7].
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RESULTS AND ANALYSIS
Simulink Model without PID Controller

The simulation model of a switched reluctance matithout Proportional Integral Derivative (PID) dooller is
shown in figure 6 Without PID controller the simulation results pes high torque ripple, Speed regulation cannc
achieved. The above such drawbacks can be overcgrd¢lbcontroller The switched reluctance motor having ‘8’ ste
poles and ‘6’ rotor poles are taken in to consitienafor simulink process. A DC voltage of 240Vfed to the powe
converter circuit bythe means of external battery source. Positionosaesused to sense the angle of the rotor for
instantaneous speed at which SRM is operating.yRelased to generate a gate signal for the poeevarter circuit tc

operate.

CONVERTER
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Figure 6: Simulation Model without PID Controller

Figure 7(a): Waveform of Flux and Current without PID Controller
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Figure 7(b): Waveform of Torque and Speed without PICController

The waveforms of the SRM without PID controller at®wn in figure7. In the figure7 (a) the first graph shows
flux Vs time deals that how the flux is developedair gap of SRM and its steady state value offfine is 0.3(v*s)

The second graph shows the value of cur

In the figure 7(b) first graph shows the torquf the switched reluctance motor i.e. 2.5 N*m at @4pm with

ripple content. The second graph shows the spe8&Rbfi.e., 1400 radi

Simulink Model with PID Controller
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Figure 8: Simulation Model for with PID Controller

The simulation model of a switched reluctance metibhout Proportional Integral Derivative (PID) dooller is
shown in figure 8Without PID controller the simulation results lWibsses high torque ripple, Speed regulation cabe

achieved.

The abovesuch drawbacks can be overcome by implementingtBecontroller The switched reluctance motl
having ‘8’ stator poles and ‘6’ rotor poles is takie to consideration for simulink process. A DGtage of 240V is fed 1
the power converter circuit bjpé means of external battery source. Position séssed to sense the angle of the r
for that instantaneous speed at which SRM is ojpey.
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Figure 9 (a): Waveform of Flux and Current with PID Controller

Figure 9 (b): Waveform of Torque and Speed with PIDController

CONCLUSIONS

In this paper the modeling and simulation procedsingresented for various operating conditions BVSdrive

system. A Neural Network based torque controller ben presented for SRM Drive system with a mininmumber of

switches have been controlled torque ripple and tbsults are compared with and without PID congmoll

By implementing the PID controller for the SRM drithe torque ripple has been minimized and thigedsystem can be

very efficient for Hybrid Electric Vehicles.
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