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Abstract  

 

 Switched reluctance motors (SRM) are used to produce a lot of torque when they are 

operating at high magnetic saturation. Due to the high magnetic saturation, the relationship 

between phase current, rotor position, and the flux linkage of SRM is nonlinear. Noise, 

disturbances, and inertia of load torque can all have a negative impact on the SRM driver 

system's speed controller performance. In this study, the SRM driver system's sliding mode 

controller was developed .The sliding mode controller( SMC) speed controller was used to 

regulate speeds of the SRM throughout a wide range speeds, including high and low speeds. 

This study compares (SMC) with a modified reaching law and a Proportional Integral 

Divertive Control (PID) controller for a 6/4 pole SRM using an optimization technique for 

switching controllers. Furthermore, the rotor speed was simulated and compared to the 

reference speed. The Exponential Sliding Mode Controller (ExpSMC) is the best in terms of 

performance and robustness for an electric vehicle application, depending on a simulation of 

an established test bench using the two controllers. 

 

Keywords: Exponential Sliding mode controller, Proportional Integral Divertive PID, 

switched reluctance motor, Electric vehicle. 

 

1.Introduction 

In recent years, industries have given more thought to induction motors (IM), 

permanent magnet synchronous motors (PMSM), and switching reluctance motors (SRM). 

SRM stands out among these motors thanks to its straightforward and robust design [1-4]. 

Also, the SRM's rotor contains neither magnets nor windings; instead, the stator poles have 

just windings. Furthermore, low-cost silicon, sheets with a doubly. salient structure are used 

to make the stator and rotor. SRM is strong and able to operate in extreme temperatures and 

demanding operational situations. Because  their fault tolerance, low inertia, low maintenance 

requirements, high efficiency, high torque--generating capacity, simple speed control, SRMs 

are used in a variety of industrial. applications, including servomotor drives, home 

appliances, electric aircraft wind turbines, electric vehicles, and air conditioning fans [5-9]. 
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However, the SRM's electromagnetic torque ripple is brought on by the stator and rotor poles' 

double salient construction [10]. Due to radial forces, the motor also exhibits acoustic noise 

and vibration problems [11]. Also, it can be hard to model SRM and high-performance speed 

control in a dynamic way because the torque generation and inductance change in a way that 

is not linear and depends on phase current and rotor position[12]. Back electromotive force 

(EMF) makes it hard to control SRM drivers, but recent improvements in power electronics, 

digital signal processors, and sensors have made it possible to run SRM drivers at a wide 

range of speeds. This lead to the creation of a number of ways to control the current, such as 

ramp comparison control with constant switching frequency, hysteresis control, and adaptive 

sliding current control. Traditional PI controllers are not advised for use with SRM drives 

since they are ineffective at controlling non-linear control systems [13]. proposes an integral 

saturation problem-free switching variable proportional desaturation PI regulator that 

provides better dynamic performance and speed control stability throughout all stages of 

operation. However, consideration must be given to dynamic performance stability at higher 

operating speeds, as well as torque ripple pulsations and the inherent flaws of mathematical 

models [14]. PID control, sliding mode control, and higher-order sliding mode control based 

on the slide mode control algorithm are all presented concurrently for the proposed control 

strategy's current and velocity loops. Even if they are long-lasting, expositional sliding mode 

control is still the best way to eliminate chattering, particularly in electric car applications 

[15]. In fact, as other applications depend on the dynamic behavior. of the vehicle where 

the/model of the vehicle drivetrain is taken into consideration, they can be improved with the 

enhancement of vehicle drivetrain performances utilizing SRM and ExpSMC control. The 

angle estimate in vision-aided intelligent vehicles that sideslip is based on a dynamic 

model[15-16]. 

The main contribution of this paper are focused on the following 

 Performance comparison of Exponential Sliding Mode Controller (ExpSMC)and 

Proportional Integral Divertive Control (PID) for the current and speed control of SRM 

control strategy. These control are developed and validated by simulation  

 The speed ripple and finite time convergence are simultaneously minimized ,and the 

undesired chattering effect under load and a wide speed range are reduced  

 Finally ,performance compression are carried with the collected simulation data showing 

that the Exponential Sliding Mode Controller is the best control to select for the improvement 

of electrical vehicle drivetrain performance  

 

2. Mathematical Model of SRM 

 By neglecting the mutual inductance among the phases, it is feasible to formulate the 

equivalent\circuit for the SRM in the subsequent manner [16],[17],[18],[19].  

The voltage applied to any phase is given by: 

                                    
       

  
                                                 (1)                                   

Where Rph represents the resistance per phase and λ denotes the flux linkage per phase, the 

flux linkage is determined by:  

                               λ(ϴ,i(=L (ϴ,i)i                                                                   (2) 
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The phase/voltage equation is expressed as follows, considering that the inductance (L) is 

dependent on the phase current and rotor position: 

                        
  

  
  

   

   
 
       

  
                                                      (3) 

                      
  

  
      

       

  
                                                        (4) 

The induced electromotive force (emf), obtained as e, is calculated as follows: 

                                     

   
                                                               (5) 

 

The emf constant, Kb, is defined as follows: 

                                              
       

  
                                                                   (6)                 

 The emf constant, Kb, is dictated by the system's operating point and can be derived by 

measuring it at a constant current at that point. Figure1 depicts the analogous circuit for the 

switched reluctance motor (SRM) with only one phase using the voltage expression and the 

equation for the induced emf. 

 

 

 

 

 

                    

 

 

Figure 1: One-phase Equivalent Circuit of SRM 

The power can be calculated as follows: 

            
     

       

  
         

  

  
                                  (7) 

  In order to draw a meaningful conclusion, the last term can be expressed in terms of known 

variables as follows 
 

  
(
 

 
         )        

  

  
 

 

 
   

       

  
                                        (8) 

The power equation is given by: 

          
           

  

  
 

 

 
   

       

  
                                   (9)   

Pi stands for the instantaneous power supply. The input power is made up of the sum of 

the resistive losses, the rate of change of field energy, and the air gap power (pa), which is 

described as (L(, i) * i2/2). By putting time in terms of where the rotor is and how fast it is 

going, the equation can be written as: 

                                    
    

 
                                                              (10) 

The air gap power yields the following expression 
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                                                (11) 

The air gap power is defined as follows: 

                                                                                                        (12) 

The electromagnetic/torque is calculated using equations. (11) , (12) as follows 

                                    
 

 
  

       

    
                                                         (13) 

3. Speed Control for Switched Reluctance Motor  

The speed of the motor is sensed through a speed sensor which is converted into a 

signal (  ). This signal is compared with a reference or desired signal to generate the error 

signal which equals the difference between the desired speed and the (  ). The error signal 

is fed to a speed controller to let the actual motor speed equal to the desired speed . reduce the 

error value to zero. The controlling signal that is generated from the speed controller is 

modulated through a pulse width modulation (PWM) technique which generates the required 

pulses for each driver-switching device. On the other hand, to synchronize the generated 

pulses with the motor position, the (  ) is integrated to get the rotational angle which is fed 

to the position sensor as shown in Figure 3. for the rotor position calculations. For precise 

synchronization, both the PWM signal and the generated signal from position sensors are 

logical operator (AND gate) to get the required pulses for the insolated gate bipolar transistor 

6 IGBT switching devices in the motor driver. 

 

 

Figure 2: Block Diagram of PWM Mode of Operation 

4. Speed Control Methods 

In this research, the speed of an SRM is controlled through several methods like PID 

controller and slide mode controller. 

 

4.1 PID Controller 

For many years, the proportional integral derivative (PID) controller is considered one 

type of conventional controller which are employed in countless applications. It is 

constructed from three types of controllers named proportional (P) and Integral (I), and 
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Derivative (D) [20]When the error/signal is fed to this controller, it will generate the required 

control signal (𝑡) such that:  

                                 𝑡    𝑡       ∫   𝑡  𝑡    
 

  
  𝑡                                (14) 

where   ,    , and    are representing the proportional, integral, and derivative gains 

respectively. These gains can be tuned in several methods based on the system response. 

They can be tuned manually by the Ziegler-Nichols method, or automatically through using 

optimization techniques[21]. The implementation flow chart is shown in Figure 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Flow Chart of PID Implementation 

 

4.2. Sliding Mode Controller 

It can be considered that the sliding/mode\controller (SMC) is one kind of nonlinear, 

discontinuous, and robust technique [22].It is more appropriate to regulate systems which its 

configuration may change during its normal operating conditions[23].  It is slides the system 

states on such a surface which is called as “sliding surface” as shown in Figure (4) 
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Figure 4: The Idea of Sliding Mode[24]. 

In general, SMC places the state variables of the controlled system near the sliding 

surface[24]. Let’s suppose that the state variables are represented by the error   and change 

of error with time  ̇. Let’s suppose that the error   is the difference between desired speed 

and the motor rotational speed. In order to make these state variables in asymptotic 

convergence then   and  ̇ should reach zero i.e.          ̇       Where  [25]: 

                                           𝑡                                                                               (15) 

                                      ̇ 𝑡                                                                                (16) 

where the constant    . In this case can introduce a new variable called “ ” where: 

                                                  ̇   ̇                                                              (17) 

It is required to drive   sliding variable to be zero in finite time to provide a 

controlling variable named as “ ”. This can be made through applying of “Lyapunov 

function techniques” to the   dynamics where: 

                                 ̇     ̇       ̇ 𝑡                                                         (18) 

There are many kinds of SMC where in this chapter we talks briefly about two of them. 

 

4.2.1 Exponential Sliding Mode Controller 

In exponential SMC or (ExpSMC) it can be identified by the following mathematical 

expressions where [26]: 

                                        
 

    
                                                                    (19)   

 

then    

                                                             
                                              (20) 

where p is a strictly positive integer, α is also strictly positive, and    is a strictly 

positive offset less than 1. For each SMC, the sign function is defined by: 

                                        {
         
         

                                                            (21) 
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One of the drawback of SMC is the effect of chattering on the controlling signal u(t). 

In order to decrease the chattering effect, it is desirable to replace       function by 

hyperbolic tan (          function[15]. The implementation flow chart is shown in Figure 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Flow Chart of SMC Implementation 

 

5.Simulation Results 

Operation of the SRM motor was simulated using MATLAB Simulink R2020a. The 

Exponential Sliding mode controller as shown in figure. 6 and, in parallel, a PID controller 

was also simulated for comparison. The parameters used in the SRM motor of this paper are 

listed in the Table 1. Various simulations were done according to the cases presented in the 

following sub-sections to elucidate the speed control and system behavior. 

 

5.1.System Response at the Start 

The desired speed reference was 4000RPM. At the beginning, a PID controller was 

used. Figure. 7 shows a high overshoot and delay time compared to ExpSMC, which will 

subsequently be used. In the ExpSMC case, the simulation results show a rapid response to 

reach a steady-state condition with a lower overshoot value. In comparison with Figure (7), 

the motor speed decreases for a short period of time, then the motor accelerates towards the 

set point. In the simulation results, the peak speed is 4480 RPM and the desired speed is 4000 

RPM, resulting in an overshooting of 12% when using PID control, while the peak speed is 

4000 RPM using sliding mode control, where the overshooting is (0.0013) equal to 

mailto:info@journalofbabylon.com
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive


م
ــــــ

ج
جلــة 

ـــــــ
امعة بـ

ـــــــ
ل للعلــ

ـابــ
ــ

ــــ
وم ال

سي
هند

 ة
م

ــــ
ــ

ج
جلــة 

ـــــــ
امعة بـ

ـــــــ
ل للعلــ

ـابــ
ــــــ

وم 
سية

الهند
م 

ــــــ
ج

جلــة 
ـــــــ

امعة بـ
ـــــــ

ل للعلــ
ـابــ

ــــــ
وم ا

سية 
لهند

 
 

in
fo

@
jo

u
rn

al
o

fb
ab

yl
o

n
.c

o
m

   
|  

 J
o

u
rn

al
.e

n
g

@
u

o
b

ab
yl

o
n

.e
d

u
.iq

   
  |

   
   

w
w

w
.jo

u
rn

al
o

fb
ab

yl
o

n
.c

o
m

   
   

   
   

   
IS

S
N

: 2
6

16
 - 

9
9

16
  

 

Vol.31, No.6.| 2023 

 

86 
 

zero. Table 2 represents both controller responses and Simulation resulted . The gains of the 

PID controller were set after tuning. They were Kp = 0.3 ,Ki = 1.2and  Kd=0 

 

Table 1: SRM Parameters 
Parameters Values 

Phase  3 

rated power 1.5KW 

No_load Speed(RPM) 10000RPM 

Rated Speed(RPM) 0066/0066 RPM 

Stator Resistance 0.025Ω 

Unaligned inductance 
(H) 

0.314e-3H 

Aligned inductance 1.8e-3 H 

Rated current 31/35A 

No load current 16/17A 

Inertia 0.0082J(kg.m2) 

Staror/rotor poles 6/4 

  

 
 

 

Table 2: Both Controller Responses 

 

 

Control 

 

Reference 

.speed 

.Rad/sec 

.Rise 

.time 

(ms) 

.Peak 

.time 

(ms) 

. Overshoot 

(%) 

.Settling 

  time 

(ms) 

PID 4000 0.0777 0.1559 12.1779 0.6142 

Exponential 

SMC 
4000 0.1885 1.8888 0.0013 0.2660 
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Figure 6: System Simulation by MATLAB Simulink with Exp-SMC 

 

Figure 7: Speed Control Response of SCIM by PID and Exp-SMC 

  
5.2 System Response To Desired Speed Change  

In this case, the motor load torque is kept constant at its rated value. The speed of the 

motor changes from (2000 – 3000) RPM. When a PID controller is used, during speed 

change, the simulation results show a clear overshoot in the speed response and electrical 

torque (Te) of the motor, as shown in Figure 8. During this transient period, which lasted for 

(1 seconds), the Te of the motor reached more than twice its rated value. Also, the speed 

overshoot is high, but less than shown in Figure 5. This is due to the low-speed differences in 

the cases examined. Simulation results when Exp-SMC is used are shown in Figure 9. In this 

case, the transient period lasted with low overshoot in the speed response. Te reaches its rated 

value very quickly as well. Moreover harmonics due to a chattering phenomenon that is 

related to Exp-SMC. This chattering leads to a continuous change in the control variable, 
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which is translated to the driver frequency and modulation index .In this short period, Due to 

the SRM motor's high starting current and strong starting torque when operating, the motor's 

Te was high, reaching around five times its rated value . However, this high change might not 

affect the motor operation.  

 

Figure 8: Change in Motor Speed from 2000RPM to 3000 RPM withPID 

 

Figure 9: Change in Motor Speed from 2000RPM to 3000 RPM when ExpSMC 

 

5.3. System Response to Load Torques Change  

Another case that must be taken into consideration is the load torque change. The load 

torque was changed from 2N.M to 12N.M, where the full load torque is 12 N.m. When a PID 

speed controller is used, the stator current of the motor increases in a smooth manner during 
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the transient period. Also, the speed response exhibits a small dip in its value up to 3000 

RPM. The torque of the motor (Te) increases as well, during the transient period. Te shows 

an overshoots to approximately twice its rated value. The SRM motor current is 

discontinuous because it operates in a PWM mode that employs a plus sign when one phase 

is on and a zero sign when the other is off. The transient period of load change lasted for (1 

seconds), as shown in Figure 10. In the case of control by ExpSMC, the speed response 

shows no dip in its value during the transient period as the load is increasedin Figure 11. Te 

reaches its rated value very quickly as well. Moreover, the stator current changes 

immediately, but it suffers from harmonics due to a chattering phenomenon that is related to 

ExpSMC. This chattering leads to a continuous change in  the control variable, which is 

translated to the driver frequency and modulation index. In comparison with a PID controller, 

EXPSMC in the transient period after load exhibited a change that lasted for (1 seconds). To 

overcome the issues related to chattering, several techniques can be applied. These include 

either increasing the switching frequency of the inverter, adding an LC filter between the 

inverter output terminals and the motor, or use of an unsaturated activation function for the 

controlling variable. Each of these solutions can be applied singly or in conjunction with 

others. The factors related to the enhancements are the system nature, size, and cost. 

Application of all the aforementioned solutions with the experimental work of this paper will 

be made in a future study. 

 

Figure 10: Change in Motor Load Torque from 2 Nm to 12Nm using PID 
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Figure 11: Change in Motor Load Torque from 2 Nm to 12Nm using ExpSMC 

 
 

Conclusions 

This study focused on implementing PID and Exponential SMC controllers for scalar 

control of the switched reluctance motor. Various simulations were conducted to assess the 

motor's performance in different operating scenarios. The simulations involved altering the 

rotational speed with a constant load and varying the load itself, starting from a desired set 

point. The findings revealed that the Exp-SMC controller exhibited significantly improved 

characteristics compared to the conventional PID controller, including remarkably low values 

for overshoot, settling time, and steady-state error. These attributes contribute to its enhanced 

robustness and faster response. Consequently, the Exp-SMC controller holds potential for 

effectively regulating the speed of switched reluctance motors in manufacturing processes, 

industrial applications, and electric vehicles utilizing SRM motors. 
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