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Control of DC motor with conventional controllers and its 

comparison with novel Sliding Mode Controller 
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INTRODUCTION  

In today’s world, almost all land-based electrical power supply networks are AC systems of 

generation, transformation, transmission and distribution. Thus there is little need for large DC 

generators. Furthermore, AC motors are used in industries wherever they are suitable or can give 

appropriate characteristics by means of power electronic devices. Yet there remain important 

fields of application when the DC machines can offer economic and technical advantage. The 

wonderful thing about DC machines is its versatility. 
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ABSTRACT 

DC motors have been extensively used in automation systems because of their favorable torque 

and robust speed control characteristics. Examples of DC motors application in industrial 

applications include robotic manipulators, automation systems, steel, paper process and mining 

industries. DC motors are customarily modeled linearly to enable the application of linear 

control theory in controller design. However, most of the existing linear controllers generally 

do not lead to good tracking and regulation responses when the controlled system is subjected 

to wide range of operating conditions. 

In the industrial processes there are many systems having nonlinear properties. Moreover, these 

properties are often unknown and time varying. The commonly used proportional-Integral-

Derivative (PID) controllers are simple in realization, but they suffer from poor performance if 

there are uncertainties and nonlinearities. Sliding-Mode control (SMC) has been suggested as 

an approach for the control of systems with nonlinearities, uncertain dynamics and bounded 

input disturbances.SMC technique provides fast error convergence and strong robustness for 

control system. Here a comparative study is presented between PID Controller and SMC 

Controller for DC Motor. 
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A DC machine can operate as either a generator or a motor but at present its use as a generator is 

limited because of the widespread use of AC power. Large DC motors are used in machine tools, 

printing presses, conveyors, fans, pumps, hoists, cranes, paper mills, textile mills and so forth. 

Small DC machines (in fractional horsepower rating) are used primarily as control devices such 

as tacho-generators for speed sensing and servomotors for positioning and tracking.DC motors 

still dominate as traction motors used in transit cars and locomotives as the torque-speed 

characteristics of DC motor can be varied over a wide range while retaining high efficiency. The 

DC machine definitely plays an important role in industry. 

STRUCTURE OF DC MOTOR 

DC motors are widely used in industrial and domestic equipment. The control of the position of a 

motor with high accuracy is required. The electric circuit of the armature and the free body 

diagram of the rotor are shown in fig.1. A desired speed may be tracked when a desired shaft 

position is also required. In fact, a single controller may be required to control both the position 

and the speed. The reference signal determines the desired position and/or speed. The controller 

is selected so that the error between the system output and reference signal eventually tends to its 

minimum value, ideally zero
[5]

.  

 
Fig 1: Structure of DC Motor 

Depending on type, a DC motor may be controlled by varying the input voltage whilst another 

motor only by changing the current input. In this paper a DC motor is controlled via the input 

voltage. The control design and theory for controlling a DC motor via current is nearly the same. 

For simplicity, a constant value as a reference signal is injected to the system to obtain a desired 

position. However, the method works successfully for any reference signal, particularly for any 

stepwise time-continuous function. This signal may be a periodic signal or any signal to get a 

desired shaft position, i.e. a desired angle between 0 and 360 degrees from a virtual horizontal 

line.  

The torque seen at the shaft of the motor is proportional to the current induced by the applied 

voltage,                                      

Te = Km ia 

where Km, the armature constant, is related to physical properties of the motor, such as magnetic 

field strength, the number of turns of wire around the conductor coil, and so on. The back 

(induced) electromotive force, Eb, is a voltage proportional to the angular rate seen at the shaft, 

ω: 

Eb = Kvω 

Where Kv, the emf constant. 

The mechanical part of the motor equations is derived using Newton's law, which states that the 

inertial load J times the derivative of angular rate equals the sum of all the torques about the 

motor shaft. The result is this equation, 
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J dω/dt = -Bmω + Km Ia  - TL 

 where  Bm is a linear approximation for viscous friction. 

 Finally, the electrical part of the motor equations can be described by, 

Va – Eb  = L d Ia /dt + RIa 

 or, solving for the applied voltage and substituting for the back emf, 

Va  = L d Ia /dt + RIa  + Kvω 

This sequence of equations leads to a set of two differential equations that describe the behavior 

of the motor, the first for the induced current,  

d Ia /dt = - (R/L)  Ia   - ( Kv / L )  ω  + (1/L) Va 

 and the second for the resulting angular rate, 

dω/dt = -(Bm/J) ω + (Km / J) Ia – (1/J) TL 

Where –  

Va: The input terminal voltage (source), [V]; 

Eb: The back emf, [V]; 

R: The armature resistance, [ohm]; 

Ia:  The armature current [A]; 

L: The armature inductance, [H]; 

J:   The moment of inertia of the motor rotor and load, [kg.m2/s2]; 

Te:  The motor electromagnetic torque, [N.m]; 

ω:  The speed of the shaft and the load (angular velocity), [rad/s]; 

Bm:   The damping ratio of the mechanical system, [N.m.s]; 

Kt:  The torque factor , [N.m/A]; 

Kv:  The motor constant [V.s/rad]. 

In matrix form Dc Motor can be represented as : 

dx

dt
   = Ax + Bu   and   y = Cx + Du 

                     

 
 

Where 

               x = [ ω , Ia],                    u = [Va]   

x is the state variable vector. 

u is the input vector. 

y is the output vector. 

A, B, C, D are the coefficients of appropriate dimension.  

 

SLIDING MODE CONTROLLER DESIGN 

In real dynamical system, it is impossible to avoid uncertainties due to imperfect modeling and 

due to environment factors such as temperature, pressure and other external disturbances. So the 

crucial demand is a solution to the robust control problem for uncertain systems. Adaptive 

control can be used to deal with this problem, however a more general solution is sliding-mode 
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control (SMC) since it can deal with both uncertain linear and nonlinear system efficiently in a 

unified frame-work. 

In the sliding-mode control theory, control dynamics have 2 sequential modes. The first is the 

reaching mode and the second is the sliding mode. The lyapunov sliding conditions forces 

system states to reach a hyperplane and keeps them sliding on this hyperplane, so a SMC design 

is composed of 2 phases, hyperplane design and controller design. A hyperplane is first designed 

via pole-placement approach as in state space control; a controller design is then based on sliding 

condition. Stability is guaranteed  by the sliding condition (Lyapunov stability criterion theorem) 

& but a stable hyperplane. In the reaching mode, the controldynamics depend on system 

parameter, but in the sliding mode they depend on hyperplane; this is the invariance property of 

the sliding mode
[1]

.  

A Sliding Mode Controller is a Variable Structure Controller (VSC). Basically, a VSC includes 

several different continuous functions that can map plant state to a control. Surface and the 

switching among different functions are determined by plant state that is represented by a 

switching function. Without lost of generality, consider the design of a sliding mode controller 

for the following second order system: Here u (t) is the input to the system: 

Consider a system: 

buAxx   

In which state x € 
n 

and input is scalar.
 

To apply Sliding Mode control,first decide the sliding surface, 

 = s
T  

x 

Where  € 
 
is scalar because u € 

 
is scalar, and 

 s
T 

= [s1 s2 s3 .. sn-1 1] 

According to Lyapunov stability analysis, 

V = 
2 

/2 > 0          0 

V = 0  for  = 0 

For stability,  

0  V      (1) 

 
     = s

T 
(Ax + b u) 

For Regulatory Control : 

Let u = k
T
 x 

Where k
T 

will be switching gain,then 

 
    =s

T
(Ax +bk

T
)x     (2) 

The switching gain k
T 

can be decided by (1) and (2) as : 

 s
T
(Ax + bk

T
)x < 0 

The switching of gain k
T 

leads to switching control such that (1) is satisfied and on the average  

= 0 becomes the sliding surface along which the trajectories moves to origin of state space as is 

desired. 
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SIMULATIONS AND RESULT 

 

Fig.2  DC motor simulation 

 

Fig. 3  PID control of DC motor 

 

Fig. 4  SMC control of DC motor 

 

Fig. 5  SMC control design 
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Fig. 6  PI control of DC motor 
 

 

 
 

Fig. 7  Proportional control of DC motor 

 
 

Fig. 8  PD control of DC motor 

 

Comparison Of DC Motor, P,PI,PD,PID and SMC controlled DC Motor Speed Response 

  

 
                                                   Time(sec) 

Speed 

(rps) 
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CONCLUSION 

The results show that the new SMC controller gives faster response and lesser settling time than 

other controllers whereas the traditionally used PI(Proportional-Integrator)  controller gives 

lesser steady state error and overshoot. But these traditionally used controllers are ineffective 

against uncertainities and   external disturbances which is the reason why new controller like 

SMC is preferred. 

CLOSED LOOP RESPONSE : 

CL 

RESPONSE 

RISE 

TIME 
OVERSHOOT 

SETTLING 

TIME 

S-S 

ERROR 

Kp Decrease Increase Small Change Decrease 

Ki Decrease Increase Increase Eliminate 

Kd 
Small 

Change 
Decrease Decrease 

Small 

Change 

TABLE I 

Comparative Analysis :  

 

 
Proportion

al  
PI PD PID SMC  

RISE TIME 0.1027 0.09845 0.9840 0.1027 0.0972 

OVERSHOOT 0.01 0.003 0.009 0.0025 0.006 

SETTLING 

TIME 
0.256 0.221 0.219 0.255 0.213 

S-S ERROR 1% 0.3% 0.9% 0.25% 0.6% 

 TABLE III 
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