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Abstract: 

The conventional sliding mode control (SMC) is designed for position control of the DC motor, which makes the system highly 

robust against system parameter such as Coulomb frict ion torque and unknown payload variations. The main purpose of this work 

is to show the effect of slid ing surface coefficient matrix on  the reaching t ime of motor position and speed. The proposed control 

technique also makes the system insensitive to payload variation and to any unknown change in the payload mass value .  
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I. INTRODUCTION  

 

In recent years, most of the controllers highly require the exact 

mathematical model of the electromechanical systems. The 

variation in system’s parameter reduces the performance of the 

controller and the closed loop system fails to achieve the 

desired specifications. This mismatch between the 

mathematical model and the nominal plant may  be due to 

aging effect, wear and tear of actuators and un-modelled 

dynamics. To overcome such problem, we need a controller 

which ensures that the system behaves as per the desired 

specification in spite of above mentioned problems. This leads 

to an interest in the development of so called robust control 

methods. Sliding Mode Control is one of the robust control 

techniques which provides invariance against the system 

parameter variation and external disturbances [2]. Several 

SMC approaches have been applied to different types of 

motors. The authors in [1] and [3] forms the basis of SMC i.e., 

variable structure control. In [3] the theory of variable 

structure control is well explained and applied to various 

applications in electrical engineering. In [4] the journey of 

sliding-mode approach after first decade of 21st century is 

explained. The various techniques are applied for the position 

control of dc motor which includes mostly sliding mode 

control and classical techniques [7, 8, 9, 10, 11]  

 

II. MATHEMATICAL MODELLING OF DC 

MOTOR 

 

A commonly used DC motor model derived by using Newton’s 

second law [7]: 

  ˆ ˆ ˆˆ
m m Coul mkV J v         (1) 

Where, m is the angular position of the motor (rad), 

ˆ
m stands for the acceleration of the motor (rad / s

2
) and ˆ

m is 

the velocity (rad / s).  J is the unknown inertia of the motor 

(kg.m
2
), v is the viscous friction coefficient (N. m. s) and 

ˆ
Coul is the unknown friction torque (N. m). This nonlinear 

friction term is considered as a perturbation. When the motor 

rotates ˆ 0m  this only depends on the sign of the angular 

velocity of the motor:  ˆ
Coul sign V   with  an 

unknown constant value, denoted as Coulomb friction 

coefficient (N. m). When the velocity is zero ˆ 0m   the 

friction opposes to the torque produced by the input voltage, 

depending on its sign:  ˆ
Coul sign V  . The parameter k 

is the electromechanical constant of the motor (N. m/V). The 

constant factor n is the reduction ratio of the motor gear; thus 

2

.
( )

.

N m

Jn kg m


 

 

land ˆ
Coul Couln   . V is the motor input 

voltage (V) acting as the control variable for the system. This 

is the input to a servo amplifier, which controls the input 

current to the motor by means of an internally  PI current 

controller. The electrical dynamic can be neglected because 

this is much faster than the mechanical dynamic of the motor.  

The motor angle m

and is used in this feedback control. The design requirement is 

to regulate the motor position ( )m t

reference trajectory
*( )m t . The unmeasured state is estimated 

by computing a finite number of time derivatives of output 

signal. 

 

The nominal system equation of the motor dynamics (1) can 

be written in state space form as  

                                  

0 1 0
0

( ) ( ) ( ) ( )
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J Jn

 

   
             

   

               (2) 

where
2

.
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.
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  . 

Note that the uncertainty represented by ( )msign   acts in 

the input channel (i.e. in the second of the pair of the 

differential equations). The variable structure control system 

with a slid ing mode have the ability to completely reject the 

effect of the bounded uncertainty acting in the input channels 

which is referred to as matched uncertainty. 
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III. SLIDING MODE CONTROLLER DES IGN 

 

Consider the following state representation of an uncertain 

Linear Time Invariant (LTI) dynamic system 0t  . 

( ) ( ) ( ) ( , , )x t Ax t Bu t t x u            (5) 

( ) ( )y t Cx t                                                                (6) 

Where 1 m n  , 
n nA  , 

n mB   and 
p mC   

with 1 m n  . The variables 
mu  and 

py will be 

referred to as the input and output respectively. The uncertain 

vector function ( , , )t x u  represents the lumped sum of 

matched nonlinearities and/or uncertainties. As is well known, 

SMC design consists of a two-step procedure [5, 6]. The first 

one is the description of the control objective in terms of a 

space state surface (called the sliding surface). The surface 

choice is developed such that the system trajectories satisfy the 

performance specifications, when the slid ing variab le lies on 

the sliding surface. The second step (controller design) is 

represented by the definition of a control action which steers 

the state trajectories onto the sliding surface, after a fin ite 

transient. 

 

IV. SIMULATION RES ULTS  

 

The simulation of the robustness to payload changes is 

depicted here by changing the sliding coefficient value used 

to design the SMC. Simulat ions results show the effectiveness 

of sliding mode controller by providing fast output response. 

The choice of sliding surface show the effect of change in 

sliding variable coefficient on output responses. Fig. 1 shows 

the position of DC motor which is achieved before 0.5 seconds 

and it is satisfactory in every practical sense. The 

corresponding voltage required to achieve the desired position 

within less than 0.5 seconds is shown in Fig. 2. The input 

voltage is acceptable in practical sense. The objective of this 

paper is to show the robustness against parameter variations 

which is verified in Fig. 2 and proved by sliding surface by 

reaching towards zero in Fig. 3.  The sliding surface in Fig. 3, 

verifies that the sliding mode is achieved.  The effect of sliding 

variable on position control is described in Fig. 4, which shows 

the by changing the value of sliding variable parameter C1. For 

different values of C1 the output responses are different i.e., 

increasing the value of C1 provides faster responses. Faster 

response is obtained when value of C1 is equal to 10. The 

corresponding voltage for different values of C1 is depicted in 

Fig. 5.    

 
Figure.1. Output Response 

 
Figure.2. Voltage 

 
Figure.3. Sliding Surface 

               
Figure.4. Effect of C1on Output Res ponse 

             

 
Figure.5. Effect of C1 on Control Voltage 
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The faster the response, larger will be the control efforts. This 

the trade of between output response and control input. For 

larger value of C1, the control input is large at initial time. The 

control input is large when C1 is equal to 10 and smaller when 

C1 is equal to 3. Even in the presence of system parameter 

variations the control system provides satisfactory output 

responses with great accuracy, which ultimately provides a 

high robustness to payload variations. 

 

V. CONCLUS ION 

 

A SMC based control design has been presented and designed 

for the DC motor plant. This design approach deals with the 

matched uncertainties in DC motor plant. These results 

provide insensitivity to payload variat ions, to fulfil the desired 

specifications of position of DC motor. The proposed sliding 

mode control provides robustness against system parameter 

variations as well as payload variations. The different values 

of sliding variable coefficient shows the changes in  reaching 

time of output response and the corresponding changes in DC 

motor input voltage. 
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