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Abstract 

In this paper, simulation, and performance comparison of a switched reluctance motor (SRM) for a classical asymmetric bridge 

converter and an improved reduced switch converter topology are provided. In an improved converter, switches are shared by 

adjacent phases, and one diode is connected in series with each phase winding to avoid reversal of current. Double-phase 

magnetization is adopted for the analysis of both converter topologies. The performance of both converter topologies are 

demonstrated using a proportional plus integral (PI) based hysteresis current controller and dynamic load on a 7.5 kW, 8/6 pole, 4- 

phase SRM. Improved reduced switch converter topology uses half the number of switches as compared to the classical asymmetric 

bridge converter. According to the simulation results, an improved converter offers superior starting and average torque with less 

speed settling time. An improved converter reduces the most serious problem of torque ripple in SRM by 50% compared to the 

classical topology. The reduced switches lower the winding losses and improve the efficiency of the drive system. 
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1. Introduction 
Across the world, various innovations are going on in the field of electric motors that are compatible with 

dynamic load applications like electric vehicles (EVs). EVs need a motor that is compact in size, low in 

cost, easy to manufacture, and has the capability to work at high speed in harsh environments (Ma et al., 

2019). Commonly used electric motors for EVs use permanent magnets and it is difficult to drive such 

motors in the region of high speed due to the presence of permanent magnets on the rotor. Also, the 

manufacturing cost of a permanent magnet motor is high as it is not available in India and involves high 

cost of mining and refining (Padmanaban and Saravanan, 2023). A switched reluctance motor (SRM) is a 

rival to the many competing motors for dynamic load applications. Its rotor structure is rigid with no 

permanent magnet, no windings and brushes; making it low in weight and in size (Yi and Cai, 2016a). SRM 

doesn’t have any air slot, which helps in making it simple to design and manufacture (Sun et al., 2023). 

Unfortunately, this motor suffers from torque ripple problem due to the singly-excited, doubly-salient 

structural design that adds up to a reduction in the overall average torque of SRM (Ho et al., 2019). 

 

The block diagram of the SRM drive system is shown in Figure 1. It requires a power converter and a 

controller to operate and perform efficiently to give the maximum possible output (Mittal, 2023). A PI-

based closed-loop control is employed here by continuously monitoring the speed using a position sensor 

(Al-Amyal et al., 2022). The load connected to the output of the motor is dynamic i.e., an electric vehicle. 

The most commonly used classical asymmetrical bridge converter (ABC) gives the best performance for 

dynamic load but uses two switches per phase (Mahmoud et al., 2013; Sun et al., 2019). A converter with 

fewer switching devices per phase can typically reduce the cost of the entire drive system. Constant research 

is going on for SRM converters having fewer switches per phase (Li et al., 2022). An Improved converter 

will help to overcome the limitations of conventional converter topologies and improve the overall 

performance during dynamic loading conditions. Mid-point converter, shared switch type converter, C- 

dump, C dump with freewheeling converter, and integrated multiport power converter (IMPC) are a few of 

the popular converters in the less switch per phase converter category addressed in the literature.  

 

 
 

Figure 1. Block diagram of closed loop SR motor drive. 

 

Split DC supply converter, another name for the midpoint converter uses only one switch and one diode 

per phase. The challenge of balancing the capacitor voltage in this converter is enormous, and the DC link 
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capacitor has a significant current ripple (Han et al., 2021; Zhao and Ye, 2023). As the voltage appearing 

across the winding is half that of the source voltage, the speed obtained with this converter is reduced to 

half (Asati et al., 2023). In (Guan et al., 2020), a novel N+2 switch power converter topology that is very 

identical to split supply converter architecture is published. The two capacitors of the split converter are 

replaced with two switches in the middle. These spare switches undergo stress, reliability, and fault testing. 

However, a mid-point switch has a higher frequency of switching. Shared switch topology or Miller 

converter shares the switching device and diode in more than one phase and has the possibility of 

independent phase control (Son et al., 2021). The inability to turn on many phases at once, undesired 

circulating current, and phase current overlap at high speeds are some of the limitations (Pires et al., 2020). 

C-dump converter has fewer switches and phase control is independent. However, the voltage rating of the 

switch is twice as well as uses passive components in the dump circuit (Mehta et al., 2018; Riyadi, 2018). 

C-dump type with freewheeling overcomes the constraint of the C-dump type with enhanced output voltage 

freedom (Indira and Venmathi, 2023). Only motoring operation is feasible in this due to the lack of an 

energy recovery circuit (Cabezuelo et al., 2017; Krishnan, 2001). Integrated multiport power converter uses 

five switches for a four phase motor, widens speed range, reduces capacitor requirement, and less source 

current ripple (Cai and Yi, 2016). However, simple control technique limits its performance so advanced 

complicated control techniques are required to improve the system’s performance, and expansibility 

(Subbamma et al., 2016; Yi and Cai, 2016b). A converter with less than two switches per phase is shown 

in (Pollock and Williams, 1990). The switches in this converter are connected to multiple motor phases, 

and the way these switches function affects the current flowing through each of the phases that are 

connected to them. Furthermore, it is challenging to raise the flux linkage in an adjacent phase while rapidly 

reducing it in the current phase. In (Ding et al., 2023) one diode and one switch are utilized in each phase 

of an x-type converter. The analysis is done on two freewheeling modes, and battery charging efficiency 

has reached 82% in these modes. Flyback converter are incorporated in a modular converter for quick 

demagnetization which is described in (Rana and Teja, 2020); the benefit of reduced torque ripple and fewer 

switches per phase are gained. However, the large discharge circuit limits the benefit of using fewer 

switches due to its bulky size. 

 

The converter presented in the literature work may have fewer switches per phase, but only a few of the 

converter topologies have contributed towards improving the SRM limitation, i.e., torque ripple reduction 

for dynamic load. To reduce the total size of the converter unit and the number of switching devices in each 

phase, an improved reduced switch converter has been described in this research work. Analysis and study 

of an improved converter and classical asymmetric bridge converter have been carried out, based on the 

double-phase magnetization scheme. Between the magnetization and demagnetization states, a 

freewheeling state is added by this reduced switch converter design. In terms of average torque, high 

beginning torque, and settling time; an improved reduced switch converter outperforms even though it has 

half as many switches. Additionally, this converter lessens the main issue concerning torque ripple in SRM. 

The complete paper is systematized into different sections: In Section 2, fundamental equations of the SRM 

and the requirement for the SRM power converter unit have been reviewed; Section 3 explains the operation, 

important features, and conduction mode of both the new reduced switch converter and classical converter 

topology. Section 4 validates and compares the simulation findings of new and classical converters, and 

Section 5 concludes the simulation results.  

 

2. SRM Fundamentals 
This section is divided into two distinct subsections. The first part shows simplified expressions for power, 

electromagnetic torque, and torque ripples. These equations are useful in analyzing power converter 

performance. In the second part, the SRM power converter requirements are reviewed, which differ from 

the other motors due to the current polarity independence and negligible mutual coupling between phases. 
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2.1 Mathematical Equations of SRM 
Switched reluctance motors are represented using linear mathematical modelling equations. A few of the 

main equations are voltage and torque equations. The formula for the voltage delivered to the phase winding 

of the SRM is represented by Equation (1) (Kumar et al., 2023): 

𝑉 = R𝑖 + 𝐿(Ѳ, 𝑖)
𝑑𝑖

𝑑𝑡
+

𝑑𝐿(Ѳ,𝑖)

𝑑Ѳ
 𝜔𝑚 𝑖                                                                                                               (1) 

 

In Equation (1), V is the per phase applied voltage which supplies the resistive drop in motor winding (Ri), 

the second part is the voltage drop in motor winding inductance L, and the last term represents back emf 

produced in the winding. The mechanical power developed by the rotor is given by Equation (2) considering 

all mechanical losses are negligible (Kumar et al., 2023):  

𝑃𝑚𝑒𝑐ℎ  =
𝑖2

2

𝑑𝐿(Ѳ,𝑖)

𝑑𝜃
 𝜔𝑚                                                                                                                                  (2) 

 

Torque in an SRM is produced due to the excited stator poles and rotor poles alignment that gives maximum 

inductance. Equation (3) shows the instantaneous torque produced by SRM (Fang et al., 2021): 

𝑇𝑖𝑛𝑠𝑡 =  
𝑃𝑚𝑒𝑐ℎ

𝜔𝑚
    =

𝑖2

2

𝑑𝐿(Ѳ,𝑖)

𝑑𝜃
                                                                                                                          (3) 

 

From Equation (3), it can be inferred that: 

• In SRM, the torque varies as a square of current but it is independent of the current direction in the phase 

winding. 

• Torque is a function of the inductance of the phase winding that varies with the position of the rotor, 

making SRM a nonlinear motor. 

• For motoring operation 
𝑑𝐿(Ѳ,𝑖)

𝑑Ѳ
> 0 produces positive torque while during regeneration 

𝑑𝐿(Ѳ,𝑖)

𝑑Ѳ
< 0 gives 

negative torque. 

• For breaking torque generation, phases need to be energized in reverse sequence. 

• By varying supply voltage, torque can be controlled as it changes the current proportionally. 

• Commutation angle control can be used to control the torque as per Equation (3) (Makwana, 2021). 

 

SRM suffers from high torque ripple problems, due to the discrete way of torque production. In this motor, 

when stator and rotor pole alignment approaches and departs causes a reduction in the average torque. Also, 

when commutate from one phase to another in sequence gives rise to torque ripples. The total torque 

generated by the motor is the summation of torques produced by the individual phase winding. 

Mathematically, steady state torque ripple in percentage is presented by Equation (4) (Kimpara et al., 2022): 

Torque ripple = 
Tmax−Tmin

Tavg
×100%                                                                                                                (4) 

 

Here, Tmax, and Tmin are the instantaneous values of maximum and minimum torque. Tavg is the average 

torque. Torque ripples can be reduced by the increase in the average torque produced by the SRM drive 

system using different converter topologies, control techniques, or structural changes. 

 

2.2 SRM Converter Topology 
In SR motor the power electronic converter works as a heart. The sort of power converter topology that is 

chosen will largely determine the size, cost, and performance of the SR motor drive. This power converter 

needs to fulfill some of the essential requirements to increase the overall performance of the drive for 

dynamic loading conditions. A few of the important requirements are: 
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• The drive system should be smaller and less expensive by using the fewest possible switches per phase 

in the converter unit. 

• The input supply voltage for each motor phase winding must be its full value. 

• The demagnetizing phase energy should be fed back to the source for regeneration purpose. 

• Fault tolerance, steady state, and dynamic performance should be better. 

• The converter unit must allow phase overlap control. 

• The rating of the switches must be near the motor rating. 

 

Most of the above-mentioned conditions are satisfied by the commonly used classical asymmetric bridge 

converter (ABC) topology except the first one mentioned. As classical ABC topology uses two switching 

devices per phase (8 switches, for a 4-phase motor) for higher phase motors, the size of the overall drive 

system increases considerably. Improved reduced switch converter topology uses one switch per phase was 

proposed by (Hu et al., 2019) with the named m-switch converter, for six-phase SRM and constant load 

torque. In this article, a similar topology is implemented for the dynamic load on a four-phase SR motor 

using the PI current control technique, and the results are compared with the classical asymmetric bridge 

converter. 

 

3. Analysis of Converter Topologies 

The operation of the classical ABC and improved converter is investigated here by utilizing the double-

phase magnetization technique. The commutation process from one phase to another is depicted using 

switching pulses and mode diagrams. To comprehend the commutation process, only two phases are shown. 

 

3.1 Classical Asymmetric Bridge Converter (2m Switch) Topology 
Asymmetric bridge converter (ABC) preserves, eight switching devices and eight diodes for a 4-phase SRM 

(2m switches = 2*4= 8 switches) as shown in Figure 2. 

 

 
 

Figure 2. Asymmetric bridge converter topology for 4-phase SRM. 
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For high-speed operation each phase can be controlled separately. Both current and voltage control is 

possible (Agrawal and Bilgin, 2023), it provides the maximum control flexibility (Cai and Zhao, 2021). 

This classical converter topology provides decent competence for fault tolerance capability and can work 

on the limited capacity with any one switch damage (Xu et al., 2019). Figure 3 shows the switching pulses 

to an asymmetric bridge converter using a double- phase magnetization scheme. The different commutation 

modes of ABC from A phase to B phase in double- phase magnetization is shown in Figure 4, for a four-

phase motor. Each phase follows magnetization, demagnetization, and freewheeling. Different modes are 

explained here: 

 

 
 

Figure 3. Switching pulses to an asymmetric bridge converter in double-phase magnetization. 

 

 

Mode-1: By activating switches S1 and S2 in Figure 3, phase A is first magnetized, which will conduct till 

θ3. The conduction path in Figure 4(i) depicted that only phase A is activated. 

 

Mode-2: Switches S3 and S4 are turned on at θ2 to magnetize the B phase. Both phases A & B will remain 

magnetized from θ2 to θ3 as per double-phase magnetization shown in Figure 4(ii).  

 

 

   

(i) Phase A singly magnetized    

(Double phase magnetization). 

(ii) Phase A & B in magnetization. (iii) Phase A demagnetization & B 

phase magnetization. 
 

Figure 4. Commutation process in asymmetric bridge converter from phase A to B. 
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Mode-3: Phase B remains singly excited after θ3 till θ4 only, and phase A is demagnetized as shown in 

Figure 4(iii). After θ4 next phase will be magnetized, to activate double-phase excitation, and the 

commutation process repeat. 

Consider conduction duration for each phase winding is θp and for switching devices of that phase is θm 

then, it is given by Equation (5) for asymmetric converter (Hu et al., 2019): 

𝜃𝑝  =  𝜃𝑚 =  𝜃3  −  𝜃1                                                                                                                                 (5) 

 

Switching states QA during magnetization is represented by 1, for demagnetization -1, and for freewheeling 

0. Based on this, the voltage equation for phase A in an asymmetric converter is represented by Equation 

(6) (Hu et al., 2019): 

𝑉𝑝ℎ𝑎𝑠𝑒(𝐴𝐵𝐶)
= {

𝑉𝑑𝑐 = 2𝑉𝑚 + 𝑉𝐴                               𝑄𝐴 = 1
   𝑉𝑑𝑐 = −(2𝑉𝑑 + 𝑉𝐴)                         𝑄𝐴 = −1

𝑉𝐴 + 𝑉𝑑 + 𝑉𝑚                                    𝑄𝐴 = 0
                                                                    (6) 

 

Here, Vdc is the input DC voltage to the converter, and phase winding voltage is VA for phase A. On-state 

voltage drop across the switch and diode are denoted by Vm and Vd, respectively. 

 

3.2 Improved Reduced Switch Converter Topology 
The improved reduced switch converter is rather similar to the classical ABC design, with a few alterations 

due to the usage of half the number of switches. This topology was first described by (Hu et al., 2019) for 

a six-phase SRM with a constant load. In this paper similar concept is applied for a four-phase SRM with 

dynamic load. Figure 5 depicts the circuit diagram of an improved converter topology with only four 

switches and eight diodes for a four-phase SRM drive (Asati et al., 2024). As a number of switches are half 

that of the ABC, these four switches are shared by adjoining phase winding. Out of eight diodes, four diodes 

are shared by nearby phase windings, while the remaining four are coupled in series with each phase 

winding to prevent phase current reversal. When compared to the standard ABC topology, phase windings 

in this topology are not independent because they are attached to the neighboring phase winding terminal. 

This topology follows a different mode sequence than the ABC topology, which includes magnetization, 

freewheeling, and demagnetization. Figure 6 shows the switching pulses of an improved converter 

topology with a double-phase magnetization scheme. 

 

 
 

Figure 5. Improved reduced switch converter for 4-phase SRM. 
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Figure 6. Switching pulses to improved reduced switch converter in double phase magnetization. 

 

 

Commutation from A to B phase is represented via Figure 7 in four modes as follow: 

 

  
(i) (ii) 

 

  
(iii) (iv) 

 

Figure 7. Commutation process in improved reduced switch converter from phase A to B. (i) Phase A singly 

magnetized, (ii) Phase A & B both in magnetization, (iii) A phase freewheeling & B phase magnetizing, (iv) A 

phase demagnetizing & B phase freewheeling. 



Asati et al.: Improved Reduced Switch Converter Topology for Torque Ripple Reduction… 
 

 

1027 | Vol. 9, No. 5, 2024 

Mode-1: In Figure 6 to magnetize phase A, switching pulses are applied to switch SAB at θ1, and SDA is 

already conducting. This mode follows the magnetization of only phase A, current path for this magnetized 

phase A is shown in Figure 7(i). Switch SAB will conduct till θ5. 

 

Mode-2: Switch SBC will turn on at θ2, this will magnetize phase B as well. Both phases A & B will remain 

magnetized in this mode from θ2 to θ3, similar to ABC topology as shown in Figure 7(ii). Phase A remains 

magnetized from θ1 to θ3. 

 

Mode-3: In this mode, phase A freewheels from θ3 to θ5, which is different than the ABC as it follows 

demagnetization. Phase B is only magnetized in this mode from θ2 to θ5 as shown in Figure 7(iii). 

 

Mode-4: Here, phase A is in demagnetization status until the phase current reduces to zero while phase B 

freewheels as shown in Figure 7(iv). Now, the process will repeat for the remaining phases as well where; 

each phase will be magnetized, freewheeled, and then demagnetized in the sequence for improved converter 

topology. 

 

Consider in the improved converter, the conduction duration of each switching device is θ'm, and for phase 

winding θ'p then it is given by Equation (7) (Hu et al., 2019): 
 

𝜃𝑝
′ =  𝜃3 − 𝜃1 and 𝜃𝑚

′ = 𝜃𝑝 + 𝜃𝑠                                                                                                   (7) 

 
Here 𝜃𝑠 is called the step angle in SRM, which is represented by Equation (8) (Hu et al., 2019): 

𝜃𝑠 =
3600

𝑚∗𝑁𝑟
                                                                                                                                                     (8) 

 

In SRM, Nr represents rotor pole number, and m presents number of phases. As per the motor specifications 

in Table 1, the value of 𝜃𝑠 in this paper is (3600/4*6) = 150. Similar to ABC topology, phase winding 

voltage equation for an improved reduced switch converter is represented by Equation (9) (Hu et al., 2019):  
 

𝑉𝑝ℎ𝑎𝑠𝑒(𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑠𝑤𝑖𝑡𝑐ℎ)
= {

Vdc = 2Vm + VA                                  QA = 1
VA + 2𝑉𝑑 + 𝑉𝑚                                     QA = 0

   Vdc = −(3Vd + VA)                            QA = −1
                                                 (9) 

 

In this reduced switch topology; the winding voltage will not be zero, even when the current reduces to 

zero; till the current of the nearing phase becomes zero. Phase voltage of ABC topology has two voltage 

states +Vdc and -Vdc while, improved reduced switch topology has three states +Vdc, -Vdc, and 0 during the 

current dwelling. 

 

3.3 Control Technique 
To effectively regulate the phase currents of SRM, a hysteresis current controller is crucial. Figure 8 shows 

the block diagram of PI-based hysteresis current controller to control the speed of the motor and keeping 

current in limit (Asati and Bankar, 2024). It is a simple, yet efficient, approach for attaining the required 

torque and speed characteristics. A hysteresis band is used to guarantee precise current regulation. By 

directly regulating the phase currents without the need for sophisticated motor models, this control 

technique allows quick dynamic response (Mittal et al., 2008; Kurian and Nisha, 2015). The iterative 

approach is used to determine the optimal values of the P and I parameters in the PI speed controller that 

involve a trade-off between responsiveness and stability. There is often an interaction between the P and I 

parameters. Increasing P can lead to an increase in overshoot but also make the system faster to change. 

However, introducing an appropriate amount of I can help in reducing steady-state error without exceeding 
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overshoot or instability. By properly selecting P&I, a tailored response of the controller can be achieved to 

meet specific performance criteria such as settling time, overshoot, and steady-state error. In contrast to 

intelligent, complex control methods, hysteresis current control with a PI speed controller is the 

straightforward method. It maintains its stability in the face of intrinsic nonlinearities and variations in SRM 

parameters. Its key characteristics are simplicity of installation and quick transient response (Pratapgiri, 

2016; Mittal and Panchal, 2023).  

 

 
 

Figure 8. Block diagram of PI-based hysteresis current controller. 

 

4. Comparative Analysis of Simulation Results 
Analysis and comparison of classical Asymmetric bridge converter topology with improved reduced switch 

converter topology is performed in MATLAB/Simulink environment. An electric vehicle with a dynamic 

load weighing 1200 kg and a 7.5kW four-phase SRM model is taken from the simulink library. The 7.5kW 

SRM specification utilized in the simulation is presented in Table 1, and the vehicle road load parameters 

are shown in Table 2. PI-based hysteresis current control technique is adopted for both converter topologies. 

The motor rating in the simulation model allows for a maximum current of 35A in the phase windings; to 

simulate realistic conditions, the hysteresis band is set to 32A.To obtain optimum performance turn on and 

turn off angles are kept 300 & 450 respectively for a 4-phase SRM. The reference speed is set as 1000 RPM, 

and the DC voltage is 250V for both converters.  

 
Table 1. Specification of four-phase switched reluctance motor. 

 

Parameters Value 

Power rating (kW) 7.5 

Type 8/6 pole 

No. of phase 4 

Stator resistance (ohm) 0.5 

Friction (N-m. s) 0.02 

Unaligned inductance (H) 9.15 ×10-3 

Aligned inductance (H) 145.9×10-3 

Saturated aligned inductance (H) 0.15 ×10-3 

Maximum current (A) 35 

Maximum flux linkage (V.s) 0.9 

 

 

Table 2. Parameters of vehicle road load. 
 

Parameters Value 

Mass (kg) 1200 

Rolling resistance coefficient (N) 2 

Rolling and driveline resistance coefficient (N*s/m) 0.5 

Aerodynamic drag coefficient (N*s2/m2) 0.389 

Gravitational constant 9.81 

Gradient 10 

Initial position (m) and velocity (m/s) 0 and 0 
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Figure 9 depicts the performance waveforms, or the speed, current, and torque of the classical and improved 

converter topology. The same voltage, current references, and loading conditions are applied independently 

to each topology during simulation. As observed from Figure 9(i), the initial peak current in both the 

converters is 32 A as it is limited by the hysteresis current controller. The steady-state maximum current in 

the improved converter is 8.5A due to the use of a serial diode in series with each phase winding. This 

series diode configuration aids in avoiding current reversal. While in ABC, this steady state maximum 

current is 18A. Though the phase winding current is lowered, each switch has to carry the current of two 

simultaneously conducting phases; that makes the switching losses almost equal in both the converter 

topologies. 

 
Classical asymmetric bridge converter. Improved reduced switch converter. 

 

 

 

(i) Current vs. time  
 

(i) Current vs. time 
 

 

 
 

(ii) Torque vs. time 

 

 
(ii) Torque vs. time 

 

  
                      (iii) Speed vs. time                                                                             (iii) Speed vs. time 

 

Figure 9. Simulation waveforms of a 4-phase SRM with asymmetric bridge and improved converter topology. 
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For classical topology, the phase winding voltage levels are +Vdc & −Vdc while in improved topology, 

there are three +Vdc, −Vdc & zero. The comparison of torque waveforms in Figure 9(ii) shows that the 

average torque obtained is 5.75 N-m in the former and 6.5 N-m in the latter. The starting torque for classical 

ABC is only 15 N-m, however it is increased to 55 N-m in the improved topology. Torque ripple is 

calculated using Equation (4), and the value obtained for classical topology is 60.8%, whereas it is reduced 

to 30.7% in improved topology. Aside from providing good starting and average torque, the improved 

topology lowers the most critical problem of torque ripple by 50% when compared to ABC in SRM drives. 

As the conduction angle θon is advanced, an improved converter generates more torque than the ABC which 

helps in reaching a particular speed in less time. Figure 9(iii) depicts the speed waveform; the time required 

to reach steady state reference speed in a classical converter is more than one second, but it takes only 0.17 

seconds in improved topology-driven motor. Freewheeling mode often produces a slower response than the 

demagnetization, this improved converter follows the commutation sequence as magnetization, 

freewheeling, and demagnetization, whereas in ABC, freewheeling and demagnetization are swapped after 

magnetization. The improved topology has better settling time than the classical topology while both the 

topologies are not undergoing any overshoot. 

 

Table 3 summarizes the characteristics and conclusions of simulation results for a four-phase SRM drive 

employing classical and improved converter topologies. Switching devices dropped to half (only four for 

4-phase SRM), contributing to the total size and cost reduction of the improved converter unit. The 

magnitude of the phase current in the improved converter was lowered due to the voltage drop in the serial 

diode. Improved average torque reduces torque ripple by around 50%, and increased average and starting 

torque are additional benefits of the improved converter. 

 
Table 3. Comparison of converter topologies for 4-phase SRM. 

 

Parameters Classical asymmetric bridge converter Improved reduced switch converter 

No. of Switches 8 4 

No. of Diodes 8 8 

Average Torque 5.75 N-m 6.5 N-m 

Starting Torque 15 N-m 55 N-m  

Torque ripple 60.8% 30.7% 

Steady state maximum Current 18A 8.5A 

Speed Settling time 1 sec 0.17 sec 

Commutation sequence Magnetized      demagnetized      freewheel Magnetized     freewheel     demagnetized 

Cost High Low (Hu et al., 2019) 

Winding Losses High Comparatively low 

 

 

5. Conclusion 
In this research work, the performance of a classical asymmetric bridge converter and an improved reduced 

switch converter for four-phase SRM with dynamic load is analyzed and compared. Classical ABC uses 

eight switches while improved topology operates with only four switches being shared by adjacent phases. 

Reduced switching devices to half, contribute to the overall size and cost reduction of converter unit. Both 

the converter topologies are studied using a double-phase magnetization scheme in different modes. 

According to the simulation results, the improved converter has a higher average and starting torque and 

uses a distinct commutation sequence magnetizing, freewheeling, and demagnetizing than the classical 

architecture. The reduced switch topology uses serial diodes in each phase, which helps to lower the steady-

state phase current and maximize drive efficiency. The enhanced average torque mitigates the critical issue 

of torque ripple in SRM drive by fifty percent as compared to classical ABC. Study state speed attained by 

the motor using improved topology is also rapid and without overshoot. However; this converter alters the 

amount of current flowing through each phase of the motor by connecting switches to multiple phases of 
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the motor. This presented research does not illustrate the effect of parameter changes during dynamic load, 

open and short circuit fault analysis, and prototype to validate the simulation results; these will be 

investigated in the subsequent research work. 
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