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Abstract— This paper describes the design and testing of sensorless speed control technique for a separately excited DC 
motor. The motor speed is calculated from input voltage and stator current. A speed loop with a proportional plus integral 
controller maintains the desired speed irrespective of the supply voltage and load variations on the motor. An inner current 
control loop is used to improve the time response of the system. This loop will overcome the effect of disturbances such as 
variations in the supply voltage. The design aspects of the sensorless control loops are discussed, and simulation results in 
Matlab Simulink platform validate effectiveness of the method. 
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I. INTRODUCTION 

 
C machine is a highly versatile energy conversion 

device. It can meet the demands of load requiring 
high starting torque, accelerating and decelerating 
torques. DC machine is easily adaptable for drives 
requiring wide range speed control and quick 
reversals. In industries the speed control of these 
machines are inevitable. Closed loop strategies are 
used for this purpose, which requires feedback speed 
signals from speed sensors. But, the use of speed 
sensors may adversely affect the stable performance 
of the machine and increases the hardware 
complexity and costs. Thus the system becomes 
unreliable. Nowadays there are many methods 
available for sensorless speed control strategy [1][3]. 
In the proposed method, speed output of the machine 
can be computed from the system inputs like voltage 
and current by using low pass filters [2] and thereby 
making the drive sensorless. 
 
II. SYSTEM DESCRIPTION  
    
A. Filter Design 
Closed loop speed control is achieved by introducing 
a speed loop in the system. The speed of the dc motor 
is calculated from the parameters such as supply 
voltage and current [1].  A low pass filter is used to 
take the average value of voltage and current. 
Assuming field excitation to be constant, the 
supporting equations are: 
The differential equations governing the motor are 
given by  

dt
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From the equation of motor we have (1), 
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Taking average on both sides, 
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 (Since the average current through an inductor is 
zero in the steady state) 
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B. Speed Control Loop 
The speed obtained is compared with a reference 
speed of 360 rpm, using a comparator. If this speed 
exceeds the set value, then the comparator gives a 
positive output and if less would result in a negative 
value. The error signal from the comparator is given 
to a PI controller. This reduces the steady state error 
and the maximum over shoot. The PI controller 
parameters are so selected that it provide an error 
signal with minimum steady state error and minimum 
over shoot. 
 
C. Current Control Loop 
In order to improve the time response of the system, a 
current loop is introduced in the design [4]. As speed 
is a mechanical parameter, the response to any fault at 
the input or load side would be slower. In order to 
make the response faster we introduce an electrical 
parameter along with the mechanical parameter. The 
current loop takes the input from the stator which is 
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compared with the reference current from PI 
controller. In order to enhance the steady state 
behaviour, the output of the comparator is passed 
through another PI controller.   
 
D. Switching Mechanism 
The output of the second PI controller is given to a 
switching device whose switching frequency is set to 
1 kHz. When the switching device receives a positive 
value then output is set zero and when the input is a 
negative value then the output is set positive. 
Whenever the motor speed increases, the error signal 
will be a positive and the switch will receive a logic 0 
input to make the source voltage zero. Thus the speed 
is reduced. When the motor speed decreases, the 
switch will receive logic 1 input and will make the 
source voltage a positive value and hence increases 
the speed. Since the switching occurs at a very fast 
rate, the speed of the motor can be kept nearly 
constant. 
 
III. LIST OF ABBREVIATIONS USED 

 
Va                   :    Armature voltage 
Ia                    :    Armature current 

    Eb                    :   Induced voltage 
    w                    :   Angular velocity 

Tm                   :   Electrical torque 
Tl                     :   Load torque 
Ra                    :   Armature resistance 
La                    :    Armature inductance 
J                      :    Moment of inertia 
Kv & Kt            :   Constants 

    PI                     :   Proportional plus Integral 
    

 
Fig.1 Simulation circuit to calculate speed from voltage and 

current using filter. 

 
Fig.2 Simulink model of the system 

 
Fig.3 Simulink  output 

 
IV. SIMULATION RESULTS 

 
Effectiveness of the method is validated from 
simulation results. Simulation was done in MATLAB 
Simulink platform. Fig.2 shows the Simulink model 
for the sensorless speed control of a DC motor. Fig.3 
shows the output of the Simulink model and a speed 
of 360.59 radian has been achieved. The system is 
able to obtain its steady state at a time less than 10 
seconds. There are rise and dip in two different areas 
in the transient state region. This is due to the use of 
the saturation blocks in the model. 
 
CONCLUSION  
 
This paper describes a sensorless speed control 
technique using a low pass filter. The speed control 
loop and the inner current loop provide fast responses 
against disturbances such as variations in supply 
voltage and load. The proposed method increases the 
acceptance of a dc motor by eliminating the 
disadvantages such as additional cost and 
maintenance instigated by using the sensors to 
measure the speed of the motor. In addition to all this, 
a better time response is also attained with minimal 
error and overshoot. Future scope of the proposed 
model is to convert this analog design to digital 
design so that more accuracy and stability can be 
assured. 
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