
 

 

 
Abstract—This paper presents a controller design technique for 

Synchronous Reluctance Motor to improve its dynamic performance 
with fast response and high accuracy. The sliding mode control is the 
most attractive and suitable method to use for this purpose, since it is 
simple in design and for its insensitivity to parameter variations or 
external disturbances. When this method implemented it yields fast 
dynamic response without overshoot and a zero steady-state error. 
The current loop control with decentralized sliding mode is presented 
in this paper. The mathematical model for the synchronous machine, 
the inverter and the controller is developed. The stability of the 
sliding mode controller is analyzed. Simulation of synchronous 
reluctance motor and the controller with PWM-inverter has been 
curried out, using the SIMULINK software package of MATLAB. 
Simulation results are presented to show the effectiveness of the 
approach. 

 
Keywords—Dynamic Simulation, MATLAB, PWM-inverter, 

Reluctance Machine, Sliding-mode. 

I. INTRODUCTION 
HE Synchronous Reluctance Motor (SynRM) has a 
mechanically simple and robust structure. It can rotate at 

high speeds in high temperature environments because it has 
no rotor winding. It rotates at synchronous speeds, so the 
controller is simpler than other types of AC machines. 

The most commonly used method of control for SynRM is 
field oriented control (FOC) [1]. The FOC represents the 
attempt to reproduce, for a SynRM, a dynamical behavior 
similar to that of the dc machine, characterized by the fact that 
the developed torque is proportional to the modulus of the 
stator current: to reach this objective, it is necessary to keep 
the rotor flux value constantly equal to the nominal value, so 
that, contemporarily, the optimal magnetic circuits 
exploitation guarantees the maximum power efficiency [2].  

The conventional linear controllers such as PI, PID used 
with this structure are sensitive to plant parameter variation 
and load disturbance. 

The performance varies with operating conditions, and it is 
also difficult to tune controller gain both on-line and off-line. 

Another technique to control the torque of the SynRM is the 
Direct Torque Control (DTC). The name of the DTC is 
derived from the fact that, on the basis of the errors between 
the reference and the estimated values of the torque and flux it  
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is possible to directly control the inverter states in order to 
reduce the torque and flux errors within the prefixed band 
limits [3]. 

DTC controller is less sensible to the parameter detuning in 
comparison with FOC and it allows good torque control in 
steady state and transient operating conditions. Nevertheless 
DTC presents some drawbacks such as difficulty to control 
torque and flux at very low speed, high noise level at low 
speed, high current and torque ripple, and variable switching 
frequency behavior [2]. 

Torque disturbances and parameter variations, prone some 
important problems, which need to be modified. Such 
problems in drives, particularly in reluctance synchronous 
motor are the presence of harmonics, which usually leads to 
high torque ripple [4] and consequently mechanical vibration. 
Also, due to dispose the current components in a real 
coordinates, the current control sometimes results in a tracking 
problem [5] when a multiple phase system fed by PWM are 
rnanufactured. 

Several methods have been used to reduce vibration and 
tracking problem, such as variable structure control strategy 
and adaptive control [6,7], but the sliding mode control is 
most convenient technique, due to it's fast dynamic response, 
insensitivity to parameter variations and external disturbance 
rejection and of its simple implementation [8]. 

The theory of sliding mode control has been applied to 
control systems using brushless dc motors [9], induction motor 
and synchronous motor drives. However, its application to the 
reluctance motor still not manufactured. 

This paper shows the design of the decentralized sliding 
mode-sign function of PWM inverter reluctance motor drive, 
in terms of current loops controller described in Tow-axis 
forms. Simulation is carried out by using SIMULINK software 
package of MATLAB for modeling the PWM-inverter and 
discrediting the control laws. A set of sliding mode control 
parameters is designed and given. The results show good 
performance in speed operation under the effect of external 
disturbances and provide an optimum level of torque with low 
ripples. 

II. SYSTEM MODEL CONSTRUCTION 
The proposed synchronous reluctance motor drive is as 

shown in Fig. 1. The system consists of main components: a 
motor, an inverter and controller. The motor is 3-phase 
synchronous reluctance with damping winding. The converter 
consists of a three phase voltage source inverter which powers 
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the stator of the motor. The inverter switches are driven by a 
PWM unit, and the gates are triggered by the 3-line voltage 
error signal of the motor, and carried by a triangular wave of 
the PWM source. The current and position sensors are used 
with a specific references for the feedback control, and the 
Tow-axis transformation blocks are applied. The sign function 
is designed for current loop controller in terms of speed error 
signal, while the resultant tow-axis motor voltage signal is 
transformed back into 3-phase line signal and finally fed-back 
to the PWM-inverter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Block diagram of the drive system 

III. MOTOR DYNAMIC D-Q MODEL 
The well known d-q model of AC machines is widely used 

for simulation purposes. Based on the assumption that the 
stator windings are sinusoidally distributed the d-q model is a 
powerful tool for dynamic simulation of most AC machines 
including the synchronous reluctance motor. The equations 
which describe the behavior of the synchronous reluctance 
motor in d-q reference frame can be written as: 

 

             qqr
d

ddsd IL
dt

dILIRV ω−+=                      (1)                   

        

      ddr
q

qqsq IL
dt

dI
LIRV ω++=                  (2) 

 
Where dL  and qL  are the direct and quadrature axis 

winding self inductance (H), R is the stator winding resistance 
(Ω) and ωr is the rotor angular speed in (rad/sec) and it is 
equal to θ*. 

 
The electromagnetic torque equation is: 

               qdqde iiLLpT )(
2
3

−=                         (3) 

 
The torque equation in Laplace domain is 
   

            *)()(
2
3 θJSBiiLLpT qdqd +−−=             (4) 

 
Where, B and J are the damping fraction and the motor 

moment of inertia respectively and p is the number of pole 
pairs and  θ*= ωr. 

IV. PROPOSED CONTROLLER DESIGN 

A.  Current and Speed References 
The torque and speed control are executed in the d-q 

reference frame. A possible strategy to control the speed by 
sliding mode consists of controlling the direct and quadrature 
currents, so that the motor torque depends on the 
multiplication of both current components. Thus, for the 
current, the reference is specified in d-axis as iref = ido, and 
for the speed, the reference is specified as ωref=θ*0 While the 
current in q-axis is now depends on both direct current and 
speed, through the torque equation. 

B.  Sliding Conditions 
Consider S denotes the sliding surface and vc is the resultant 

Tow-axis control voltage vector. The sliding mode control can 
be achieved if there exists a control law, such that the 
condition SS*< 0 is satisfied [14]. The solution of vc is 
therefore:  

 

dqdqc uvv −=                                (5) 

  
Where vdq is the Tow-axis motor voltage components given 
in (2) and udq is the designed sliding voltage components. 
Since the sliding mode is obtained by changing the structure 
of the controller on either side of the sliding surface ''S'' [14] 
such as the position error trajectory is forced to follow it's till 
origin of the phase plane. Thus, the design of vdq is obtained 
by an exact feedback linearization of S. While udq is designed 
in such a way to fulfill the condition of the state trajectories to 
be attracted toward the surface S=0. The control law is 
therefore established to follow on the given sliding surfaces 
below: 
 

Subject to: Si = -id = 0   and   Si Si *<0 
The current sliding surface is: Si = - id 
 

Subject to: 0
******
=−−= θθθ cS  and 0

*
〈θθSS  

The speed sliding surface is:   
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***

0

**

0 =−+−−= θθθθθ cS                        (6) 
 
These imply:  
       

          id =0 ,  0
**

0 =θ   and  
***
θθ c−=                          (7) 

 
C.  The Sign Function  
The sign function is a discrete odd function of unity 

magnitude and specified time stepping. It is a function of the 
sliding surface S, such that for both current surface Si and 
speed surface Sθ, the function takes the form of Fig. 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 The sign function 
 

D.  The Controller 
The sliding voltage components udq are designed in the 

form: ud = kd Sign (Si) and uq = kq Sign (Sθ). 
Taking into account the existence condition of the sliding 

control and the stability condition of the system SS* < 0, the 
two components of the resultant Tow-axis voltage vector vdq 
are calculated as follows: 
 

From equation (2) and at no load (T=0) we get:  
 

 
 

(8) 
 

But from (7)    
***
θθ c−=      hence: 

 
       (9) 

 
Therefore 
  

(10) 
 
 
 
 

 

 
 
 

 
(11) 

 
 

Where, c, kd and kq are constant parameters, they are tuned 
to obtain an acceptable value of voltage. 

The resultant Tow-axis voltage vector Vc is then 
transformed back into 3-phase components. 

The 3-line voltage are then injected to the PWM-inverter 
and carried by a triangular wave of frequency (3 kHz) and 
amplitude 100, modulated with voltage control. The dc link 
voltage is fixed at 70 V. 

V. SIMULATION RESULTS 
Using the methodology described in the previous section, 

simulation is carried out by constructing the control model in 
the SIMULINK/MATLAB software. Figs. 3, 4 show the step 
response of the system to a speed reference of 100 rad/sec and 
current reference of 0.75 A.  

The system parameters are:  
The stator resistance Rs = 15Ω, d-axis inductance Ld = 0.2 

H, q-axis inductance Lq = 0.05 H, the moment of inertia J = 
0.03 kg.m and the viscous friction B = 0.001 kg.m2/sec. 

In Figs. 3, the sliding mode control parameters are as shown 
in Table I. 
 

   TABLE I 
SLIDING MODE CONTROL PARAMETERS 

C 1000 
kd 100 
kq 20 
Si1 1 
Si2 10 
Sθ1 2 
Sθ2 50 

   
  

In Figs. 4, the sliding mode control parameters are as shown 
in Table II. 
 

TABLE II 
SLIDING MODE CONTROL PARAMETERS 

C 10 
kd 10 
kq 100 
Si1 0.2 
Si2 1 
Sθ1 0.1 
Sθ2 2 
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Fig. 3a Speed response 

 

 
Fig. 3b Response of direct current 

 
 

 
Fig. 3c Response of quadrature current 

 

 
Fig. 3d d-axis controlled voltage 

 

  
Fig. 3e q-axis controlled voltage  

 
 

 
Fig. 4a Speed response 

 

 
Fig. 4b Response of direct current 

 

 
Fig. 4c Response of quadrature current 
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Fig. 4d d-axis controlled voltage 

  

 
Fig. 4e q-axis controlled voltage  

 
It is clear that there are different between the tow sets of 

figures above, according to the selected values of the sliding 
mode parameters. For the machine used in this test, the 
suitable parameters are given for Figs. 3, and those establish a 
good performance of the overall control system. These results 
show no steady-state error and no chattering or ripples. While 
parameters like in Figs. 4, illustrate little swaying in the 
response of most of variables. This might be because the 
system is operating in the instability boundary. It has been 
tested, for the parameters given for Figs.4 that the motor is 
working at the critical stable point, which can be recognized 
by the speed curve. 

The figures, however, illustrate a good efficiency of the 
control strategy, and chattering of the control and the 
corresponding ripple are considerably reduced, and are 
absence in the results of Figs. 3. 

VI. CONCLUSION 
This paper highlights the application of a sliding mode 

controller to robust speed control of Synchronous reluctance 
motor drive. 

The design of the sliding mode controller is described and 
both direct current and speed control laws are investigated. 
Reducing of ripples that caused by the high frequency of the 
voltage source inverter can be obtained by using the sign 
function, which is designed to match the requirements of the 
reluctance motor operation and implemented for this type of 
control. 

Chattering and torque ripple are reduced by the control 
strategy and consequently the efficiency is improved, since the 
efficiency is usually handicapped in the electric drives by 
chattering, as is known. The system is ready made on the 
MATLAB/SIMULINK, and the simulation is given. 
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