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Abstract 
 
The development of Electric Vehicles in present scenario is gaining 

momentum as one of most covenant solutions for environmental pollution 

and for the escalating scrutinize on energy crisis. In precise, Switched 

Reluctance Motor offers wide-speed operating range, high efficiency, and 

high authority to the automotive vehicles which is also cost-effective. The 

paper proposes a dc-dc converter with Push Pull topology supplying its 

output voltage as the source for SRM via asymmetric converter (6/4 motor). 

The Switched reluctance motor is linearly modeled. The Gate drive 

components and complex control logic is delineated by the control system of 

the SRM drive model. By using the hysteresis current control strategy, the 

currents in all the three phases are controlled around a reference value to be 

inside the range of the band also this strategy is more expedient for SRM 

operation as desired current can be reached easily. The simulation is 

implemented using matlab Simulink. 

 

Keywords: Switched reluctance motor, Push Pull converter, asymmetric 

converter, Electric Vehicle, hysteresis current control. 

  

1 Introduction 
 
      Switched Reluctance Motor (SRM) runs on the variable reluctance 

principle, which connotes that the alignment of the rotor is alongside the  
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lowest path of reluctance. In this paper, the source of input given to the 

Simulink model of linear SRM (6/4) is the output voltage of converter with 

push pull toplogy. The converter penciled in push pull topology is a 

symmetrical bidirectional mechanism that arrays conversion of voltage (AC-

DC and DC-DC) and bestows galvanic isolation for the load, that also comes 

under the category of dc-dc converter which transforms the current amid one 

voltage magnitude to the output at a different level of voltage [1]. The input 

source to the SRM converter is fed from the push pull converter via 

asymmetric converter, which is amongst the most adaptable topology of 

SRM having advantages such as machine current control flexibility, 

exhibiting high current torque and current control performance. The control 

method for SRM drive used here is Hysteresis Current Control, which 

applies source voltage in order to maintain the torque of SRM confining a set 

of hysteresis band [2]. The Phase angle controller being put at a constant 

turn-on and turn-off angle, based on the motor speed the rotor position is 

estimated by the Position Activation Block and Position Sensing block, that 

compares the limits of phase angle to that of the rotor position mainstreamed 

by the phase angle controller [3]. The block diagram in Figure 1 shows that 

the position sensor after sensing the position of the rotor endows the output 

to the error detector, which prompts error signal given to the hysteresis 

control block by comparing the reference current to the actual current. 

 

 
 

Figure 1 Block Diagram of Current Control of SRM 
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      The current error for the respective phases is the result of feedback 

current signal and active phase current, which after passing through the 

Relay block activates the Gate signals for the Asymmetric converter which 

subsequently runs the switched reluctance motor. This paper pioneer’s 

novelty of a symmetrical bidirectional isolated converter which is the push 

pull converter supplying its output voltage as the input source for the 

switched reluctance motor. The current control strategy easily reaches the 

appropriate current by two modes of switches that is when the current 

surpasses an upper band limit, the switches of the converter are turned off [4] 

and when the current is beneath the lower band limit, the converter switches 

are turned on [5]. 

 

2 Electrical Energy Conversion in Switched Reluctance 
Motor 
 

The stator and rotor salient poles of switched reluctance motor inhering 

of magnetic circuits of variable reluctance, hence the switching mode can be 

steered in continuous mode wherein the name switched reluctance machine 

can be extracted from. Here there is no rotor winding, but stator pole has 

winding. The motor phases are configured by annexing opposite windings. 

Amidst electrical drives SRM is in cognizance due to its low-cost 

manufacture, high efficiency, simple construction, and good converter rating 

also. 

The process through which Electrical Vehicle works is given in the 

below figure 2, considered to be carried out through a Power Electronics 

coupling at the Wheel axis [3]. 

 

 
 

Figure 2 Block Diagram of Process of Energy Conversion in Electrical Vehicle 
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   In Essence the Energy Conversions Here Starts from Chemical Energy and 

ends with Mechanical Energy Via Electrical Energy. The Technique Here 

Involves Power Prime Unit Consisting of Stored Fuel energy, Which Is in 

The Form of Chemical Energy, Is Converted to Mechanical Energy When 

Passes Through Internal Combustion Engine. This Mechanical Energy Is 

Converted to Electrical Energy and Is Stored in The Supply Unit of Power, 

Thereafter This Power Is Dispensed in The Switching Compartment Which 

Also Connects the Dc-Dc Power Supply Converter Which Comprises the 

Motor Controller Entity Hence Carrying Out Operations Such as Forward, 

Braking and Reverse. The Electrical Energy at Last Is Converted to 

Mechanical Energy in The Motor Unit. 

 

2.1 SRM Motor Specifications  
 

Table 1 shows Switched Reluctance Motor specifications with the 

configuration of six stator poles and four rotor poles also the speed, torque, 

current and flux range of the machine is given. 
 

Table 1. SRM Motor Parameters 

 

Parameters Range 

Number of stator poles (Ns)   6 

Number of Rotor poles (Nr) 4 

Speed 1186 RPM 

Torque 10.87 Nm 

Current        32.77 A 

Flux 0.183 (Vs) 

 

 
3 Asymmetric Converter  
 

      The below figure 3 is the Asymmetric converter bridge for one phase of 

SRM, the rest of the phases are also connected alike as shown. Per section each 

phase embraces two transistor switches and two diodes that clinches uni-polar 

shift strategy which accomplishes. 

      High shift voltage is to obtain reconciled excitation current [6]. Current 

circulates in phase 1 of SRM when transistors Tr1 and Tr2 are turned on. There 

is a prescribed value above which if the current rises, Tr1 and Tr2 are turned off. 

The current is in the same direction as in phase 1 of the motor winding the 

energy is stored until it gets exhausted. 

      The source which is now fed by the Push Pull toplogy converter is recharged 

as the diodes Di1 and Di2 gets forward biased. Now this brings the current 

below the prescribed value, hence it gets decreased. The current feedback loop is 

executed with the current command i1* in which it is differentiated with the 

phase current i1. Now across the Hysteresis Controller,  
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the current error is surmised to be processed with a current window of ∆i. 

transistor switches Tr1 and Tr2 are switched off when the current error 

surpasses -∆I during this time the current flows through the diodes Di1 and 

Di2 and flows across the dc source [7]. 

Here are few of asymmetric converter advantage: 

i. It is proficient of Positive, Negative and Zero voltage output. 

ii. Exemplary for High accomplishment in current and torque control. 

iii. Pliable in SRM current control. 

iv. Across the switching element the voltage stress is confined to Vdc.  
 

 
Figure 3 Asymmetric converter for one phase of SRM 

 

 

4 Push Pull Converter Circuit 
 

     In Figure 4 the Push Pull dc-dc converter topology is shown that embraces 

switches affixed to its two primary windings and the secondary winding of 

the transformer is centre tapped, diode rectifiers are connected [8]. 

      Two forward converters which are anti-parallel, out of one full cycle 

pilots one half apiece, hence from the forward converter springs the Push 

Pull converter topology [9]. This topology with single input confers multiple 

outputs, which when the transformer windings turns ratio is altered can be 

elevating or little than the input voltage. The name push-pull arises from the 

set of two transistors methodized in the symmetrical push pull circuit. 
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 The units when switched on and off the transformer currents get reversed 

periodically. In the course of switching time of both halves, current is drawn 

via the line. Push pull converters are more coherent in high power 

applications as they bestow unvarying input current and modulated output 

voltage. 

 

 
 

Figure 4 Push Pull Converter Circuit Topology 

 

5 Hysteresis Control Block  
 

      The Relay block in the Hysteresis Current control block shown in the 

below figure 5 lays hold of reference input current and with the active phase 

gate signal it is multiplied, consequently the reference current is zero when 

the phase is inactive [3]. The current error for a specific phase which is the 

result of the difference between the active current and the feedback current 

signal, ascertains whether around the reference input current error it is above 

or below the desired threshold. When the phase current is above the 

threshold, the switch is turned off and when the phase current is below the 

threshold, the switch is turned on.  
 

                    
 

Figure 5 Hysteresis Control Block of SRM 
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6 Activation of Phase Block  
 
      Figure 6 displyas the phase angle controller that has a constant turn on 

angle set at 45 degree and constant turn off angle set at 75 degree which also 

comprises the phase activation block. The rotor position is estimated in the 

position sensing block. Each motor phase is defined when the phase angle is 

compared to the current rotor relative position. 

 

 
  

Figure 6 Phase Activation Block 

 

7 Simulation of SRM and Push Pull Converter 
 

      Simulation of Switched Reluctance motor and Push Pull converter is 

given below in figure 7. Push pull converter acts as a dc source supply for the 

Switched reluctance motor via three phase Asymmetric converter. The gate 

signal is given to the converter after the Phase is Activated in the Position 

Sensor block. In the Hysteresis current control block the reference current 

and  
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Actual current is compared, and the gate signals are generated, since this is 

current-controlled mode of operation hence hysteresis current controller 

autonomously controls the phase currents. 

 

 
 

Figure 7 Simulation Model of Switched Reluctance Motor with Push Pull Converter 

 

The enactment of turn-on and turn-off angle of srm is done through the 

position sensor accompanying the rotor. The hysteresis band decides the 

switching frequency. 

The motor waveforms such as flux, motor current, speed, torque, voltage 

is derived. Figure 8. shows the working mechanism of Push pull converter 

which acts as the source for srm. DC source voltage of 100 Volts is given to 

the converter, the primaryside of the transformer is connected with the two 

switches. The switching pulses are generated through the Pulse Width 

Modulation (PWM), which are given as gate signals to the two switches. The 

secondary side of the centre tapped transformer is connected to the two the 

diode rectifiers and the load. The output voltage obtained is 220 Volts which 

is double than the input voltage which makes the proposed converter 

topology as source operative for applications falling under high power and 

medium power. 
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Figure 8 Simulation Model of Push Pull Converter 

 

8 Simulation Output 
 

      Simulation Outputs obtained from the Switched reluctance Motor and 

Push Pull converter topology are given below 

 

8.1 Flux 
 

In figure 9 shows the motor flux obtained is 0.183 Vs. 

  

 
Figure 9 Simulation Output of Flux 
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8.2 Push Pull Converter Voltage 
 

Figure 10 shows the Output Voltage of Push Pull converter topology 

derived through simulation that is 220Volts which is given as the source 

input for the switched reluctance motor. 

 

 
Figure 10 Simulation Output of Push Pull Converter Voltage 

 

      
 

8.3 Current 
 
        Figure 11 shows, the motor current acquired through simulation is 32.77 

Amperes.  

 
 

Figure 11 Simulation Output of Current 
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8.4 Torque 
 

In Figure 12 The achieved switched reluctance motor torque is 10.87 

N.m. 

 
 

 
Figure 12 Simulation Output of Torque 

 

 

8.5 Speed 
 

Figure 13 ehibits the motor speed obtained through simulation that is 

3300 RPM but when load is applied the speed then acquired is 1186 RPM. 

 

 
Figure 13 Simulation Output of Speed 
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8.6 Gate Signals  
 

 In Figure 14, The Gate signals obtained from the hysteresis controller 

given to the Asymmetric Power converter is shown for all the three phases. 
 

 
Figure 14 Simulation Output of Gate Signals 

 

      . 

 
8.7 Voltage 
 

               In Figure 15 the simulation voltage obtained of the switched reluctance 

motor is shown below. 

 
 

Figure 15 Simulation Output of Voltage 
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8.8 Theta 
 

    Figure 16 shows that the Theta value derived from the Srm keeps 

increasing with time. 

 
Figure 16 Simulation Output of Theta 

 

9 Conclusion 
 
       The Novel concept of interleaving Switched Reluctance Motor with 

Push Pull Converter topology providing input dc source to the motor has 

been presented in this study. MATLAB/Simulink software tool is used for 

modelling the SRM. The control scheme Hysteresis Current Control, controls 

the phase currents of the machine confining the band also the motor torque is 

sustained. The eradication of permanent magnets of SRM is one of the most 

apt proxy for the Electrical Vehicles as the fabricating cost steers low, 

thermal and mechanical robustness is retained wherein to persist an 

environment with high heat the integration of the internal combustion engine 

and electric motor is done. 
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