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 In current scenario, the Switch Reluctance Motor (SRM) are powerful 

alternative for Electric vehicles applications, due to its simple and rugged 

structure, high speed, its fault tolerance ability and Magnet-free design these 

attributes make SRM superior to other conventional machines. This motor is a 

reluctance torque-driven stepper motor that can be used for bi-directional 

control and self-starting applications. In This paper, novel control strategy 

proposed is to minimizing the Multiobjective function for accurate speed 

control of SRM by using Mamdani-based two-input two output fuzzy 

controller for optimal evaluation of α and β-angle by designing closed loop 

system for accurate speed control of SRM and the corresponding error indices 

ITAE, IAE, ISE for with and without controller is analyzed and compared 

modelling and simulation is done using MATLAB 2020a. 
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1. INTRODUCTION 

The design of Electric Vehicles (EVs) and hybrid EVs have grown in popularity as a result of the 

increased demand for environmental protection against air pollution and fuel efficiency [1]. Minimization 

of volume and energy loss of high-speed Permanent Magnet Synchronous Motors (PMSMs) for electric and 

hybrid vehicle applications is discussed in [2]. Self-sensing control schemes and stability issues of PMSM 

are discussed in [3]. The drawback of PMSM is rare earth materials usage is higher compared to SRM. 

Because of their rare-earth-free nature and outstanding performance of Switched reluctance motors have 

received much interest from both industry and academia [4]. It is a stepper motor that works with a 

reluctance torque. The SRM has a position sensor that detects the stator's energized pole and aligns the rotor 

with it [5]. It provides improved controllability, engine speed and bi-directional control. It is the ideal choice 

for high-speed variable speed drives because it has no coil or magnet on the rotor [6]. The various 

advantages of SRM such as their strength, simplicity and ease of maintenance, as well as their low cost, 

with increased fault tolerance and the ability to handle a wide range of loads, the lack of permanent magnets 

and copper coils in the rotor  and the speed range in constant power, make it a suitable serious contender 

and reliable for use in industry, particularly in the automotive industry [7-8].  

The main drawbacks of SRM include low efficiency, torque ripple, temperature rise, noise, and 

overall cost, all of which can be reduced by using static and dynamic system-level simulations and finite 

element analysis [9]. A low torque ripple is required when using an SRM in a high-power application [10]. 

For advanced control mechanisms, the first step is to improve mechanical design, and the second is to apply 

an electrical implementation approach. Only through altering mechanical design features such as stator and 
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rotor pole structures at the expense of motor performance is feasible to improve. Because of their inherent 

fault-resilient nature, SRM drive systems have become more reliable in recent years than other machine 

drive systems. As a result, a malfunction in one phase has no influence on the other phases, although 

tolerance features are not present in other machine drive systems such as induction motor drives [11]. 

The SRM's characteristics must be considered in the control technique. The nonlinear 

electromechanical behavior which can be achieved by carefully selecting various operational parameters 

such as α and β angles, voltage, current, and shaft load [12]. By using Propositional integral (PI) controller 

MPPT design-based PV system supplied power to SRM, because of PI controller MPPT exact tracking of 

maximum power point is not obtained; due to this an BAT optimization algorithms is used and compared it 

with a Particle swarm optimization (PSO) [13]. Because of their simple form, these motors do not require 

the use of expensive materials and their production is more cost effective. Variable speed motors are used 

in a variety of applications, including aviation power systems (owing to their great reliability), pump gas 

turbines, wind generators, and electric cars [14]. The SRM has various advantages over conventional motors 

including a magnet-free, proper rotor construction that enables for high-speed operation. For EV 

applications SRM is a potential traction machine solution. In hybrid electric vehicles SRM outperforms 

induction motors and permanent magnet motors [15]. 

Minimization of High torque ripples of SRM low torque/power density [16]. 8/6 solid rotor SRM 

is designed for working in water environment in nuclear reactors. Here two-phase excitation method is 

presented for rotor position estimation, for better rotor position estimation ANN structures are trained. For 

this approach, less voltage and current sensors are used [17]. When addressing the needs of traction 

applications, torque ripple minimization is one of the most significant and hardest SRM design components. 

Torque ripples were eliminated using two strategies: structural design and improved SRM control 

technologies [18]. To further reduce torque ripples of the SRM multi-stack and multi-layer structures were 

introduced in [19]. Proton exchange membrane fuel cells (PEMFC) are a source, optimization and operating 

performance of SRM. A multi-objective dragonfly approach (MODA) was used for optimal generation of 

alpha(α) and beta (β) angles of bridge converters and gains of a PI speed controller for different load torques 

[20]. The Switched Reluctance motor has a better cooling system than conventional motors because the 

rotor has no winding. It has a high fault tolerance; thus, it can operate 24/7, which is best suited for large 

industries [21]. Using sliding mode and feedback linearization controllers designed for accurate speed 

regulation of SRM is presented and analyzed in [22]. Non -Dominated Sorting Genetic Algorithm (NSGA) 

is used to offer a control mechanism for speed regulation of SRM with torque ripple reduction. Here the 

control mechanism includes a PI speed control in the outer loop and a PI current controller in the inner loop, 

as well as constant alpha and beta are used [23]. Fuzzy logic-based Beta (β) compensation for torque ripple 

reduction is demonstrated in SRM. The Beta-angle is automatically changed as a sophisticated function of 

motor speed and current throughout a wide motor speed range to prevent ripple in SRM is presented and 

discussed in [24].  

Many optimizations liaison (MOL) algorithms speed control of SRM and torque ripple reduction 

with constant α and β angle are described in [25]. Speed control of SRM is discussed by using PI controller 

with constant α and β and it will take more time to settle its rated speed [26]. The torque ripple effect of 

SRM is reduced by using artificial neural networks with constant angles (α, β) in this method, rated speeds 

can settle with less time [27]. The effectiveness of SRM as well as various speed control techniques such 

as PI and fuzzy are reviewed in [28]. Particle-swam optimization algorithms (PSO) speed control of SRM 

can be designed and analyzed and are also more concentrated on minimization of integral square error 

indices [29]. Ant colony optimization (ACO) algorithm is used for speed control of SRM and PV source is 

used for this proposed method. The ACO algorithm was compared with genetic algorithm-based PV 

controllers for better speed control of SRM [30].  

From the literature review above, speed control of SRM and Torque ripple is minimized, but it is 

for only constant α and β angle. But in this proposed work, work has been carried out by taking into account 

precise tuning of α and β using Mamdani-based Two-input Two-output-based fuzzy controllers.  

 

 

2. MODELLING OF PLUG IN ELECTRIC VEHICLE 

Plug-in electric vehicle (PEV) are the eco-friendly electric vehicles which use electricity as the main 

source of energy to drive the electric motor. The PEV compose of AC-DC, Power factor correction circuit, 

DC-DC Converter, Bidirectional Converter, electric motor and battery management system. The base principal 

of power flow takes place from source to motor via power converter based on the turn-on and turn-off angle of 

the power converter. For accurate speed control of PEV the SRM is used as speed driver with fuzzy logic 

controller. 
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Figure 1. Modelling of Plug in Electric Vehicle 

 

 

3. POWER EQUATION OF SRM  
 

 

Figure 2. Single phase equivalent circuit of SRM 

 

Figure 2 shows the Single-Phase equivalent circuit of an SRM Drive. As a simplification, we will 

ignore the mutual inductance between the phases in the circuit below [31].   

 

The Phase Voltage (𝑉𝑝ℎ𝑎𝑠𝑒) is defined as the sum of the resistive voltage drop and the rate of flux 

connections. 

 

                         𝑉 = 𝑅𝑠𝑖 +
𝑑𝜆(𝜙,𝑖)

𝑑𝑡
                                                                                                                                    (1)  

 

Where, 

   Rs= per-phase resistance,  

    λ= per-phase flux linkage 

Equation of 𝜆  given by: 

 

                𝜆 = 𝐿(𝜙, 𝑖). 𝑖                                                                                                                                                      (2)  
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Where, 

  L= inductance dependent on the position of the rotor and  𝐼𝑃ℎ𝑎𝑠𝑒 . 

Therefore, the 𝑉𝑃ℎ𝑎𝑠𝑒 equation is 

 

          𝑉 = 𝑅𝑠𝑖 +
𝑑{𝐿(𝜙,𝑖)𝑖}

𝑑𝑡
= 𝑅𝑠𝑖 + 𝐿(𝜙, 𝑖)

𝑑𝑖

𝑑𝑡
+ 𝑖

𝑑𝜙

𝑑𝑡
.
𝑑𝐿(𝜙,𝑖)

𝑑𝜙
 

 

               𝑉 = 𝑅𝑠𝑖 + 𝐿(𝜙, 𝑖)
𝑑𝑖

𝑑𝑡
+

𝑑𝐿(𝜙,𝑖)

𝑑𝜙
𝜔𝑚𝑖                                                                                                                 (3) 

 

The induced emf(e) is obtained as: 

 

                      𝑒 =
𝑑𝐿(𝜙,𝑖)

𝑑𝜙
𝜔𝑚𝑖 = 𝐾𝑏𝜔𝑚𝑖                                                                                                                         (4) 

 

Where,   

  𝐾𝑏 = The emf constant is expressed here as and is similar to that of the DC machine:   

 

                    𝐾𝑏 =
𝑑𝐿(𝜙,𝑖)

𝑑𝜙
                                                                                                                                                    (5) 

 

  The emf constant is a function of the operating point and it is calculated using a constant current point. 

When the flux connections are substituted for in the voltage equation and the current is multiplied.  

Then the instantaneous input power is provided by 

 

                          𝑃𝑖 = 𝑉. 𝑖 
 

            𝑃𝑖 = 𝑅𝑠𝑖
2 + 𝑖2

𝑑𝐿

𝑑𝑡
(𝜙, 𝑖) + 𝐿(𝜙, 𝑖)𝑖

𝑑𝑖

𝑑𝑡
                                                                                                              (6) 

 

The last term is physically uninterpretable in this case; nevertheless, it can be expressed in terms of 

known variables as follows: 

 

         
𝑑

𝑑𝑡
(
1

2
𝐿(𝜙, 𝑖)𝑖2) = 𝐿(𝜙, 𝑖)𝑖

𝑑𝑖

𝑑𝑡
+

1

2
𝑖2

𝑑𝐿(𝜙,𝑖)

𝑑𝑡
                                                                                                         (7) 

 

Equation 7 is substitute in equation 6 

 

          𝑃𝑖 = 𝑅𝑠𝑖
2 +

𝑑

𝑑𝑡
(
1

2
𝐿(𝜙, 𝑖)𝑖2) +

1

2
𝑖2

𝑑𝐿(𝜙,𝑖)

𝑑𝑡
                                                                                                          (8) 

 

The input power at any given time is denoted by 𝑃𝑖. The 𝑃𝑖 is the total of the winding resistive losses 

given by 𝑅𝑠𝑖
2the rate at which the field energy changes, defined by 𝑝[𝑖2𝐿(𝜃, 𝑖)]𝑖2/2, and the 𝑃𝑎𝑖𝑟𝑔𝑎𝑝, which is 

identified by the phase [𝑖2𝑝𝐿(𝜃, 𝑖)]/2, in which p denotes the differential operator i.e., d/dt. In terms of speed 

and rotor position, time is substituted by 

 

                               𝑡 =
𝜙

𝜔𝑚
                                                                                                                                                (9) 

 

When power is applied to the air gap, it produces 

 

 

     𝑃𝑎 =
1

2
𝑖2

𝑑𝐿(𝜙,𝑖)

𝑑𝑡
=

1

2
𝑖2

𝑑𝐿(𝜙,𝑖)

𝑑𝜙
.
𝑑𝜙

𝑑𝑡
=

1

2
𝑖2

𝑑𝐿(𝜙,𝑖)

𝑑𝜙
𝜔𝑚                                                                                               (10) 

 

The electromagnetic torque and rotor speed are multiplied to 

get the air gap power  

 

                   𝑃𝑎 = 𝜔𝑚𝑇𝑒                                                                                                                                                      (11) 
By equating equation 10 and 11, we will get Electromagnetic Torque   

 

                               𝑇𝑒 =
1

2
𝑖2

𝑑𝐿(𝜙,𝑖)

𝑑𝜙
                                                                                                                              (12) 
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4. PROPOSED METHODOLOGY 

 

 

Figure 3. Proposed Fuzzy based SRM speed Controller 

 

 In the proposed system shown in figure 3 it consists of a 60kW solar plant feeding power to the grid 

and SRM; in our system the grid acts like a swing bus so the net power is fed to the SRM. If additional load is 

added to the system, then the power has been received from the swing bus. Solar PV array consists of 50 parallel 

string and 4 series string to get maximum power of 60.137kW and MPPT, voltage and current rating of 215.042V 

and 279.655 A for short circuit current and open circuit voltage of 298.92A 253.29V for fixed irradiance and 

temperature of 1000w/m2 and 30°C, respectively. MPPT charge controllers work based on the incremental 

conductance technique; the converter is operated at a duty cycle of 0.5, so that the output voltage of DC-Link is 

500V.The DC link is used as a supply for the inverter which generates 265V AC after L-C filtering, then the AC 

voltage is stepped up to utility voltage of 25kV.  

 The DC-link voltage is fed to 3 level Converter through Controlled voltage regulator in DC mode. SRM 

DC link is 120V which is fed from the controlled voltage regulator. Mamdani based Fuzzy controller is designed 

for regulating α and β angle of SRM. Closed loop control design for SRM motor speed control is based on the 

feedback signal of speed error and change in speed error which is two inputs for fuzzy controller and that fuzzy 

controller give α and β angle from that position sensor is used to calculate the sigma angle which is used to 

generated the actual current which is compared with reference current then that error current signal is pass to 

limiter to generate the clock pulse for three level Inverter to power the SRM. Tuning of alpha and beta is essential 

for speed control of SRM detail design of fuzzy logic design is given in fuzzy controller design.  

 

4.1. Multi-Objective function 

 A multi-objective function is defined as follows 

 

 𝑓0 = 𝑓min (𝑓1 + 𝑓2 + 𝑓3 )                                                                                                                           (13) 

 

       𝑓1 = 𝐼𝐴𝐸  = ∫|𝑒𝜔|𝑑𝑡

∞

0

                                                                                                                                            (14) 

       𝑓2 = 𝐼𝑇𝐴𝐸 = ∫ 𝑡. |𝑒𝜔|𝑑𝑡

∞

0

                                                                                                                                       (15) 

             



IJEEI ISSN: 2089-3272  

 

Novel design and simulation of fuzzy controller for turn-on…. (M Naveen Kumar and R Chidanandappa) 

251 

       𝑓3 = 𝐼𝑆𝐸 = ∫ 𝑒𝜔
2  𝑑𝑡

∞

0

                                                                                                                                                (16) 

    Where,                

  𝑒𝜔 = 𝜔𝑟𝑒𝑓𝑝.𝑢 − 𝜔𝑎𝑐𝑡𝑝.𝑢 

 𝑒𝜔 is the speed error in per unit 

𝜔𝑟𝑒𝑓𝑝.𝑢reference speed in per unit i.e., is 1 p.u 

 𝜔𝑎𝑐𝑡𝑝.𝑢 actual speed in per unit 

 

4.2. Flow Chart for Proposed System 

  Figure 4 Shows Flow Chart for Proposed System; this flow chart gives the overall evaluation of SRM 

speed control with minimization of multi objective function; the steps are as follows. 

1. Read the data from the test system i.e., 60kw solar power plant obtain its system parameters such as 

Solar PV-IV characteristics and evaluate the DC-DC boost converter voltage. 

2. Feed boost converter output to SRM via Controlled Voltage source and 3-Level Inverter. 

3. Define objective function 

4. Measure the speed of SRM and evaluate Error indices. IAE, ITAE and ISE. Save these results as base 

case (Without Controller). 

5. If objective function is not satisfied without controller, then evaluate the objective function Via two 

input two output fuzzy controller, until objective function minimization. 

6. Print results. 

 

 
 

Figure 4. Flow Chart for Proposed System 

5. Fuzzy Controller detail design for Proposed System 

Fuzzy logic can be applied to systems where human constraints are met by fuzzy. Firstly, a basic 

understanding of fuzzy is essential, in figure 5; Single triangular membership function 'A' present in the interval 

of  𝑥1, 𝑥2 and 𝑥3 the value of membership function at 𝑥 is given by 𝜇𝐴(𝑥) 

 
Figure 5. Single Triangular Membership function 
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µ𝐴(𝑥) =

{
 
 

 
 
|𝑥| − |𝑥1|

|𝑥2| − |𝑥1|
,          𝑓𝑜𝑟 𝑥1 ≤ 𝑥 ≤ 𝑥2 

|𝑥1| − |𝑥|

|𝑥3| − |𝑥2|
, 𝑓𝑜𝑟 𝑥2 ≤ 𝑥 ≤ 𝑥3

0,                 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

 

µ𝐴(𝑥) = 𝑚𝑎𝑥 (𝑚𝑖𝑛 (
𝑥 − 𝑥1
𝑥2 − 𝑥1

,
𝑥3 − 𝑥

𝑥3 − 𝑥2
) , 0) 

 

 

 
Figure 6. Block Diagram of single triangular membership function 

 

In figure 6, where we can see the detail diagram inside the fuzzy controller for single membership 

functions, it’s a mathematical block diagram based on the function µ𝐴(𝑥). So, for five membership functions, 

figure 6 has been connected in parallel. 

 

     In our design we have used a triangular membership function for both the input and output of the 

fuzzy controller. 

 

Input 1: Speed Error  

Partition of speed error into 5 subsets {VS, S, M, L, VL} 

Parameter range {-0.25 to 1.25} 

 

 

 
Figure 7.  Speed Error as Input1 Membership function 

   

  Input 2: Change in Speed Error  
  Partition of change in speed error into 5 subsets {VS, S, M, L, VL}  
  Parameter range {-15 to 15} 
 

 
Figure 8. Change in Speed Error as Input2 Membership function 
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  Output 1: Turn-on Angle (α)  

  Partition of speed error into 5 subsets {VS, S, M, L, VL} 

  Parameter range {42.25 to 45.25} 

 

 

Figure 9. Turn-on Angle as Output 1 Membership function 
 

  Output 2: Turn-off Angle (β)  

  Partition of speed error into 5 subsets {VS, S, M, L, VL} 

  Parameter range {73.25 to 77.75} 
 

 

Figure 10.  Turn-off Angle as Output 2 Membership function 

 

 

5.1. Proposed Two Input Two Output Fuzzy Controller 

 

 

Figure 11. Full Structure of Proposed Fuzzy Controller 

 

  Figure 11 shows the full fuzzy structure of the proposed system; the proposed fuzzy controller is 

Mamdani two input, two output fuzzy controller, where the figures 7-8 are the input membership function and 

figures 9-10 are the output membership function. The fuzzy controller yields the accurate value of the turn-on 

and turn-off angle in coordination with speed error and change in speed error. Corresponding surf view as show 

in figure 12-13. 
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Figure 12. Alpha surf View 

 

Table 1. Truth table (5x5) for Alpha Partition and its Surf View 
𝑷𝒂𝒓𝒕𝒊𝒕𝒊𝒐𝒏 𝒐𝒇 𝑨𝒍𝒑𝒉𝒂(𝜶) 𝒊𝒏𝒕𝒐 𝒇𝒊𝒗𝒆 𝒔𝒖𝒃𝒔𝒆𝒕𝒔 

𝒆 
𝒅𝒆

𝒅𝒕
 

𝑽𝑺 𝑺 𝑴 𝑳 𝑽𝑳 

𝑽𝑺 𝑉𝑆 𝑉𝑆 𝑆 𝑆 𝑆 

𝑺 𝑉𝑆 𝑆 𝑆 𝑀 𝑀 

𝑴 𝑉𝑆 𝑆 𝑀 𝑀 𝐿 

𝑳 𝑉𝑆 𝑆 𝑀 𝐿 𝐿 

𝑽𝑳 𝑀 𝐿 𝐿 𝑉𝐿 𝑉𝐿 

 

 

 
Figure 13. Beta Surf View 

 

Table 2. Truth table (5x5) for Beta Partition and its Surf View 
𝑷𝒂𝒓𝒕𝒊𝒕𝒊𝒐𝒏 𝒐𝒇 𝑨𝒍𝒑𝒉𝒂(𝜶) 𝒊𝒏𝒕𝒐 𝒇𝒊𝒗𝒆 𝒔𝒖𝒃𝒔𝒆𝒕𝒔 

𝒆 
𝒅𝒆

𝒅𝒕
 

𝑽𝑺 𝑺 𝑴 𝑳 𝑽𝑳 

𝑽𝑺 𝑉𝑆 𝑉𝑆 𝑉𝑆 𝑆 𝑆 

𝑺 𝑉𝑆 𝑆 𝑆 𝑆 𝑀 

𝑴 𝑉𝑆 𝑆 𝑆 𝑀 𝑀 

𝑳 𝑉𝑆 𝑆 𝑀 𝑀 𝐿 

𝑉𝐿 𝑆 𝑀 𝐿 𝑉𝐿 𝑉𝐿 

 

6. SIMULATION MODEL OF SRM DRIVE AND RESULTS 

Simulink model of PV system integration with Grid as shown in figure 14 here for fixed irradiation 

and temperature power output of PV system is obtained and corresponding characteristic of PV system is shown 

in figure 18. The generated PV power output is tracked with MPPT Charge controller and it’s feed to boost 

converter with the duty cycle 50%. Consequently, the DC-link will be 2 times the input of the boost 

converter. 500V DC-link is used as used to energise the SRM controller via controlled voltage source SRM 

motor is 120V rating therefore the gain is 120/500 (𝑉𝑚𝑜𝑡𝑜𝑟/𝑉𝐷𝐶), this signal has been injected to a controlled 

voltage source which develops the DC voltage for SRM and the three-level converter is used to drive the 

balance power to SRM. For motor operation the gain of 𝑘𝑚𝑜𝑡𝑜𝑟 is 0 for generator mode it should be -1. This 

parameter is the torque load of this machine. The corresponding flux, current, torque and speed are measured 

corresponding Simulink model is illustrated in figure 15. 
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Modelling of Closed Loop Fuzzy control for gate pulse generation represented in figure 16: in this 

first the measured speed is converted into per unit by dividing by 3000 which is nothing but rated speed of 

SRM, then the error signal is obtained by subtracting with the reference i.e., 1p.u. then the obtained error signal 

is used as control input signals of fuzzy controller by one input is speed error and another is change in speed 

error. Output for the fuzzy controller is α and β, which is used to generate gate signal of 3-level converter via 

position sensor with the reference current of 200A. the reference current and actual current is subtracted to 

generate the Gate signal 𝐺1, 𝐺2 and 𝐺3 this gate signal is limited by hysteresis band. Error Indices as modeled 

as per the equation 14-16 in frequency domain shown in figure 17. 

 

 
Figure 14. PV system integration with Grid 

 

 

 
Figure 15. Three level Converter driving SRM from Controlled Voltage source 

 

 
Figure 16. Modelling of Closed Loop Fuzzy control for gate pulse generation 

 

 
Figure 17. Modelling Error Indices 

 

 Figure 14-17 shows all are interconnected using from and goto tags; the signal attributes to 

corresponding lines, for easy understanding all network and control diagrams are divided into four figures. 
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Figure 18. I-V and P-V characteristics curve of 60kw PV array 

 

In figure 18 shows PV parameter irradiance, temperature, output power mean voltage across PV panel, 

duty cycle and Boost converter voltage. In our system the irradiance and temperature constant are which is of 

1000w/m2 and 30 deg Celsius. PV system is designed for 60kw for that series and parallel 50 and series string 

of 4. The mean voltage of the PV array is of 249.9V which is a boost to dc voltage of 500V From the figure 18 

we can see the voltage level and duty cycle of the boost converter, which is operating at a duty cycle of 0.5.  

  

  Figure 20 shows the SRM parameters which are flux, current, torque and speed. The characteristic of 

SRM is ripple in nature with respect to all parameters, so this is the reason that in the graph we can see graphs 

that are all ripple. The main objective of our work is to achieve desirable speed with less amount of time and 

the corresponding error indices. The desirable speed for our system is 3000rpm It can be noted that based on 

fuzzy tuning, the turn on and turnoff angle is strictly decided to get the required speed.  

 

Figure 21 shows that the desirable speed of the SRM motor is achieved within 1.9 sec, whereas 

without fuzzy controller fails within that time. So, the main important thing from this graph is that controller 

play an important role in turn tuning of turn-on and turn-off angle matter. To pick up speed of SRM with 

controller is less time, hence the settling time is less. With out fuzzy controller, the turn-on and turn-off angles 

are between 45 deg and 75 deg. For fixed angles the motor it will take more time to achieve desirable speeds 

of nearly 5 seconds. Error Indices for with and without controller are plotted in figure 22.1-22.6. 

 

 
 

 
Figure 19. Measurement of PV system parameter. 
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Figure 20. SRM system parameter with fuzzy controller 

 

 

 
 

Figure 20.1. Zoom In view SRM system parameter with fuzzy controller. 

 

Figure 20.1 is zoom in view of Figure 19 where we can see the pattern of SRM parameter. 

 

 

 
Figure 21. SRM Speed for without and with Fuzzy Controller Vs Time (Sec) 
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Figure 22.1. Integral Absolute Error without Controller Vs Time (Sec) 

 

 
Figure 22.2. Integral Absolute Error with Fuzzy Controller Vs Time (Sec) 

 

 
Figure 22.3. Integral Square Error without Controller Vs Time (Sec) 

 

 
Figure 22.4. Integral Square Error with Fuzzy Controller Vs Time (Sec) 
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Figure 22.5. Integral Time Absolute Error without Controller Vs Time (Sec) 

 

 
Figure 22.6. Integral Time Absolute Error with fuzzy Controller Vs Time (Sec) 

 

 

Table 3. Fuzzy based optimal Tuning of Turn on and turn off angle 
Sl. No Turn on 

angle 

Turnoff 

angle 

speed 

1. 43.98765 77 3031 

2. 44.1 77 3012 

3. 44.1 76.1 3009 

4. 44.1 76.00123 3008 

5. 44.1234 75.968 3003 

6. 44.1234 75.8 3002 

7. 44.1234 75.6 3001 

8. 44.1290 75.72 3000 

9. 44.3120 74.82 2998 

10. 44.4120 74.90 2998 

11. 44.5120 73.21 2996 

12. 44.6120 73.11 2995 

13. 44.7120 72.31 2994 

14. 44.8120 72.10 2993 

15. 44.9120 71.01 2990 

 

The table show the optimal turn on and turn off angle for SRM motor the evaluation this angle is 

obtained by optimal fuzzy based tuning, Sl.No. 8 give the best optimal value of turn and turn off angle for the 

speed for 3000 rpm 

 

Table 4. Comparision of Proposed and Existing work 
Sl. no Author 

Contribution 

Parameter 

  Speed Time(sec) Controller 

1 Kirti R chichate 

et.al [32] 

3000 5 PID 

2 Proposed 3000 1.9 Fuzzy based 

Ton-Toff 

angle  

 

 

Table 4 shows the improvement of proposed work with existing method as we can observe from serial 

no.1 Kirti R chichate et.al (2020) have proposed the speed control of SRM using PID control for the reference 

speed of 3000 but they are end up with 2970-2980 in 5sec.In the proposed work the reference speed is of 
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3000rmp and the actual speed of SRM is achieved to 3000rpm within 1.9sec with turnon and turnoff angle of 

SRM based on fuzzy controller. 

 

Table 5. Error Indices for without controller and with fuzzy controller speed Performance 

 

 

Figure 23. Error Indices for with and without Controller 

 

  In table 5 the error indices are tabulated and the corresponding graph for with and without controllers 

is plotted. It can observe that the IAE is reduced from 0.3516 to 0.2405, ITAE reduces from 0.2067 to 0.0862 

and ISE reduces from 0.1124 to 0.0885. Figure 22 shows the error indices for both with and without controllers. 
 

7. CONCLUSION 

In this paper, novel work on Mamdani-based two-input, two-output fuzzy controller for angles of 

turning on and off is evaluated. Based on the closed loop response of the system for accurate speed control of 

SRM and the corresponding error indices ITAE, IAE, ISE for with and without controller is Analyzed and 

Compared. Finally, it concluded that the system responds faster with a proposed Mamdani-based fuzzy 

controller than without controller and existing PID controller, performance of speed control of SRM with Fuzzy 

Control will significantly reduced error indices. 
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APPENDIX 

 Control Applications," 2020 2nd International Conference on Innovative Mechanisms for Industry 

Appendix Terminology 

𝑅𝑠             per phase resistance 
λ              per phase flux linkage 

V            Per Phase Voltage 

e           Induced Electromotive force(emf) 

𝐾𝑏           emf constant 

 L         inductance dependent on the position of the rotor   

𝑃𝑖             Instantaneous input power 

𝑖               Instantaneous DC current 

 𝜔𝑚       Rotor speed (rad sec)   

∅            Rotor position (rad) 

𝑃𝑎            Air gap Power 

P            differential operator 

𝑡              Time 

𝑇𝑒            Electromagnetic Torque 

𝑒𝜔           speed error in per unit 

𝜔𝑟𝑒𝑓𝑝.𝑢    reference speed in per unit i.e., is 1 p.u 

𝜔𝑎𝑐𝑡𝑝.𝑢   actual speed in per unit 

α            Turn on angle  

β            Turn off angle 

 

Simulation Parameters of SRM 
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Sl.no Parameter         Ratings 

1. Power 60kW 

2. Speed 3000RPM 
3. DC Link Voltage 120V 
4. Stator Resistance 0.05 

5. Stator Pole Arc 32 

6. 𝑁𝑟𝑜𝑡𝑜𝑟 4 

7. 𝑁𝑠𝑡𝑎𝑡𝑜𝑟 6 


