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Abstract—The inhibition of noise and vibration on switched 
reluctance motor (SRM)  was study in this paper to improve 
the speed regulation system. Nonlinear dynamic simulation 
model based on the SRM is studied based on torque 
estimation method of torque ripple. Time-varying and 
nonlinear characteristics of SR motor, speed controller for 
closed-loop system using a fuzzy PID controller for speed 
adjust, the simulation results show that the system has good 
torque ripple effect.  
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I.  INTRODUCTION  

      Similar to the variable reluctance stepping motor, the 
switched reluctance motor (SRM) belongs to a doubly 
salient and singly-excited machine [1–3]. It possesses a lot 
of inherent structural advantages, such as rigid structure, 
high power density, high reliability, low maintenance 
requirement and suited for high-temperature and high-
speed operations. In addition, its converter is free from arm 
fed through short circuit. However, the SRM also suffers 
from many disadvantages: (i) high torque ripple; (ii) high 
acoustic noise and vibration; (iii) absolute rotor position 
information is required for performing the converter 
switching for the SRM; (iv) nonlinear winding inductance 
and torque generating characteristics[2–10]. 
     Although there are many inherent structural 
advantages,the doubly-salient structure and non-ideal 
switched square wave winding current give the SRM 
higher torque ripple,and thus lead to the generation of 
higher vibration and acoustic noise. In addition, the rotor 
position and current dependent winding nonlinear 
inductance makes its torque and dynamic behaviour highly 
nonlinear. Moreover,analysis of vibration behaviour is also 
difficult to perform accurately. For performing the 
development of key technologies, it is indispensable to 
understand thoroughly the key features of an SRM. In this 
Section, the governing equations of an SRM are first 
introduced, and then the sources of vibration and acoustic 
noise are considered[11–18]. 
     This paper seeks to improve the performances for SRD 
based on studying its vibration and acoustic noise. The 
paper is organized as follows. Section II depicts the design 
of torque measurement and torque regulator. In Section III, 
effect of torque measurement.Simulation results on 22kW 
LSPM are provided, In Section IV,the  fuzzy PID 
controller was designed.In Section V simulation results 
based on torque observation was got,and finally, 

conclusions are drawn in Section VI.Simulation studies are 
carried out to verify the proposed method. 

II. DESIGN OF TORQUE MEASUREMENT AND TORQUE 

REGULATOR 

Torque observation link design is based on the 
measured SR motor rotor position angle and current value 
to calculate the current phase of the torque, according to 
the torque deviation to adjust, get the desired torque. The 
torque regulator is used to calculate the desired current by 
the desired torque. According to the torque angle 
characteristic of SR motor, the current expectation value of 
different torque is calculated by the torque as the 
independent variable. The simulation structure of the 
observation and torque regulator is shown in Fig.1. 

 

 
Figure 1. Simulation structure of torque observation link 

III. EFFECT OF TORQUE MEASUREMENT 

The winding of the SR motor requires only a single 
direction of current, but it should be able to receive power 
from the power supply quickly, and can quickly return to 
the power supply. Therefore, SRM power converter need 
only provide a single direction of current to the SR motor, 
due to the inductive energy storage role, in the stop on the 
winding power supply also need of the phase provides a 
freewheeling loop. In the process of continuous flow, the 
current direction of the winding is constant, and the 
position of the rotor is still in the region of the positive 
torque. Because the algorithm uses the PWM single phase 
control mode, in the current phase of the torque control, 
should consider the first phase winding continued to flow 
generated electromagnetic torque[12–18]. 

A. Current regulator design 

The current regulator is composed of a current 
hysteresis loop, which is based on the deviation between 
the given current and the actual current, and controls the 
opening and closing of the switch tube of the power 
converter to change the output voltage polarity. The 
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current regulator adjusting, actual current will focus on a 
given current jagged changes and the deviation is limited 
within the specified error range, to ensure the actual 
current tracking current are given, the realization of SRM  
current chopping control. 

B. Speed regulator design 

In the speed loop, the speed regulator is derived from 
the reference torque value according to the deviation of the 
set speed  w ref and the feedback speed w.Nonlinear 
dynamic simulation model of SRM based on simulink is 
shown in Fig.2. 

Mechanical equation of switched reluctance motor 
 

2

2e L

d d
T J F T

dt dt

 
  

             (1) 
where,Te,TL,F,θ,is the electromagnetic torque,the load 
torque, the damping coefficient,  the rotor position angle, 
respectively.

  

SRM

Speed regulator Torque regulator Current regulator Power converter

Torque observation Current detection

Output torque

dθ/dt

Switching angle control

ωref
Tref Iref+ + +

_ _ _

θ

 
 

Figure 2. Nonlinear dynamic simulation model of SRM based on 
simulink 

Angular velocity equation of switched reluctance 
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Where ω is angular velocity. 

From (1) and (2),we can get 
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When SRM is stable, 
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By the formula (6), the deviation of the 
electromagnetic torque is proportional to the deviation of 
the rotational speed, so that the deviation of the speed can 
be converted into a torque deviation by a proportional 
regulator. In actual control, in order to eliminate the 
steady-state error of the system and need to introduce the 
integrating factor, while the introduction of differential 
link conditioning system dynamic process, in order to 
make the system has good dynamic and static performance, 
so the speed regulator with PID controller. The 
conventional PID controller is a linear regulator, which is 
stable and reliable, and has some limitations on the ability 
to adjust the nonlinear control object. In this paper, we 
study the SRM is a time-varying, nonlinear system, if the 
use of conventional PID controller, the performance is not 
satisfactory, so this paper uses adaptive fuzzy PID 
controller[19–22]. 
 

IV. DESIGN OF  FUZZY PID CONTROLLER 

  
In this paper, the  fuzzy PID controller is used to 

modify the PID parameters online by using the fuzzy 
control rules, as the input of the EC and the deviation 
change rate of E. The structure of  fuzzy PID controller 
based on SIMULINK simulation environment is shown  
Fig.3. Deviation E and deviation change rate EC absolute 
value and scaling limit to theory within the domain of 
fuzzy reasoning, three parameters are obtained after into 
PID controller, respectively is multiplied by the deviation, 
the deviation of the integral and error differential get the 
total amount of control, namely the reference torque. 
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Figure 3.  Fuzzy PID controller structure diagram 

 
The stability, response speed, overshoot and steady 

state accuracy of the system are considered. The 
parameters of Kp, KI and KD are as follows: 

Proportional coefficient KP's role is to speed up the 
response speed of the system, improve system accuracy. 
KP is bigger, faster system response speed, the higher the 
accuracy of the system, namely the higher the resolution of 
deviation, but overshoot, and even lead to system 
instability. Kp value is too small, you will reduce the 
accuracy, especially for slow response, thus prolonging the 
settling time, to bad the static and dynamic characteristics 
of the system. 

The integral action coefficient KI, the function is to 
eliminate the system's steady state error. KI, the more large, 
the static error of the system is eliminated, but the KI is too 
large. In the initial stage of the response process, the 
integral saturation phenomenon will be generated, which 
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will lead to a large response. If KI is too small, will make 
the system static error is difficult to eliminate, the impact 
of the system's accuracy. 

The function of differential coefficient KD is to 
improve the dynamic performance of the system. Because 
the PID controller of the differential role link is the 
response of the system deviation change rate EC and its 
role is mainly in response to suppress the deviation in any 
direction changes, the deviation changes were predicted in 
advance. However, the KD is too large, it will make the 
response process too early to brake, so as to extend the 
adjustment time, and the system's anti-interference 
performance is poor. 

The tuning of the PID parameter must take into account 
the differences in the effects of the three parameters at 
different times and the relationship between them. 
According to the influence of the parameters KP, KI, and 
KD on the output characteristics of the system, the system 
can be summarized in the general situation. For  different 

E  and EC , the controlled process parameters KP, KI, 

and KD. Self tuning requirements for: 

(1)When E  is large, the system is in the I section of 

the response curve, in order to speed up the system 
response speed, and avoid  the deviation of the E of the 
moment become large at the beginning of, may cause 
differential over saturation, and make the control effect 
beyond the license range, therefore, the larger KP and 
smaller KI, in order to make the system response speed up, 
and to prevent to integral saturation, to avoid the system to 
respond to a larger overshoot, this time should be removed 
from the integral role, take KI=0; 

(2) when E  and EC  are of medium size, the system 

is in the Ⅱ section of the response curve,KP, KI and KD 

can not take large, should take the smaller KI, KP and KD 
value of the size to be moderate, in order to protect 
response speed of card system; 

    
TABLE 1 FUZZY RULE TABLE OF KP 
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(3)When E is small, the system is in the III section of 

the response curve, so that the system has good steady 
state performance.Take larger KP and KI, while avoiding 

the system to avoid the oscillation in the vicinity of the 
system, and consider the system anti-jamming 
performance, the value of KD should be appropriate, the 

principle is: when EC  is less value than that of KD.It is 

usually taken as medium size; when EC  is large, KD 

should be smaller. 
The parameters of, and Kp are obtained by Mmadani, 

and the KI and KD are used to solve the fuzzy, and the 
input and output parameters of the graph are shown in 

TABLE I, TABLE Ⅱand TABLE III . 

 
TABLE 2.FUZZY RULE TABLE OF KI 
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TABLE 3 FUZZY RULE TABLE OF KD 
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  In Fig.4(a)and(b) is membership function diagram of 

EC  and E ,respectively. 
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Figure 5.  Kp, Ki and Kd membership function diagram 

V.  SIMULATION RESULTS BASED ON TORQUE 

OBSERVATION 

The nonlinear dynamic simulation model of the 
prototype waveforms of plus torque observation link 
corresponding each phase torque, torque and speed, 
corresponding to the Fig.5 is without torque observation 
link the torque phase, the total torque and speed simulation 
waveform. The comparison between the 4 and the 5 and 
the shows that the torque and the torque ripple can be 
reduced and the speed fluctuation can be reduced. 

 
Fig.6  is contrast wave if not torque observation link 

corresponding  total torque and rotational speed of the 
simulation waveform. Contrast Fig.6 and Fig.7, join the 
torque observation link, can reduce the torque and total 
torque pulsation, decrease the speed fluctuation. 
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Figure 6.Torque observation of system performance 
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Figure 7.Speed observation of system performance 

Fig.6 is the torque  loop for the  fuzzy PID controller of 
the torque simulation waveform. The relevant parameters 
in the simulation are as follows: θon =4°,θoff =25°, voltage 
U=110V. Fig.6  is a given speed 1191r/min when moment 
of inertia  is 000183kg.m2 for speed waveform, we can see 
from the graph, for a given speed, adjust the parameters of 
fuzzy PID can effectively restrain the fluctuation of torque. 

Fig.7 is the speed loop for the  fuzzy PID controller of 
the speed simulation waveform. The relevant parameters in 
the simulation are as follows: θon =4°,θoff =25°, voltage 
U=110V. Fig.7  is a given speed 1191r/min when moment 
of inertia  is 000183kg.m2 for speed waveform, we can see 
from the graph, for a given speed, adjust the parameters of 
fuzzy PID can effectively restrain the fluctuation of speed, 
speed and stable operation of a 1191r/min.  

Thus, a fuzzy PID controller adjusting ability, excellent 
control performance and system parameters change, it can 
effective regulation and control, for SRD the time-varying, 
nonlinear and complex system, a fuzzy PID controller can 
obtain good system dynamic and static performance to 
achieve reliable speed. 

VI. CONCLUSIONS 

The nonlinear dynamic simulation model of SRD 
based on of suppression in SRD based on torque 
observation method of torque ripple, in view of switched 
reluctance motor (SRM) is a time variable, nonlinear 
characteristics, the speed of the closed-loop system 
regulator, a fuzzy PID controller in speed regulation. The 
simulation results show that the system has good torque 
ripple suppression effect. 
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