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Abstract: The proposed work presents the 

motion control of DC motor which is an 

indispensable feature to be taken into 

considerations for many industrial applications. 

The work deals with the comparison between 

manual control to a simple on/off control and a 

PID control. The results are interpreted and 

compared through responses obtained by 

MATLAB software. The response of the dc 

motor through the graphs show that the open 

loop condition has a time delay in the system’s 

performance and implementation of ON/OFF 

controller improves the results to an extent, 

while the PID controller finds its path in 

eliminating the error and gives the most 

appropriate result.       

Keywords – DC motor drive, open and closed 

loop, PID controller 

I.  INTRODUCTION  

    An electric drive is an electromechanical system 

that employs an electric motor as a prime mover to 

control the motion of different machines and 

mechanisms. On account of increased competition 

and detailed transparency of practical applications, 

there is a requirement of high performance drives 

which should be efficient in all the fields required 

for its performance apart from just fulfilling the 

industrial requirements. To match such kind of 

expectations from the industry,a high performance 

drive should be able to maintain the dynamic speed 

command and load regulating responses. Direct 

current motors find an immense use in variable 

speed controls and position control system where 

good dynamic response and steady state response is 

required. Robotic drives, printers, machine tools, 

rolling mills, textile and paper industries are a good 

source of DC Motor drive applicant. The electric 

drive holds features like adaption of control 

characteristics to the application, easy and simple 

speed control methods, high efficiency, wide range 

of power, speed and torque ratings.  A typical 

electric drive system includes a controller, a 

transmission system, an electric motor and a driven 

load. 

From control system perspective, DC motor can be 

taken as a Single Input Single Output (SISO) 

system having speed characteristics which suits 

well with all mechanical loads. This characteristic 

makes the DC motor applicable in all the 

controllable devices and provides good adjustments 

to the terminal voltage. This emblematic feature 

makes the DC motor a good choice over other 

driver system and the speed control of these motors 

can also be enhanced.[1 , 2]  

For speed control of dc motor drive a closed loop 

system is employed which calculates the error at the 

output and gives it back to the input of the actuator. 

This makes the output of the DC motor as totally 

desirable for the system and no differences occur at 

the receiving end.There are many methods available 

for maintaining the speed of DC motor  but 

Proportional-Integral-Derivative (PID)Controller is 

the most reliable and commonly used in all the 

industrial processes. The output of the motor is 

regulated and estimated by PID for the proper 

results. [3] 
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Fig.1: Block diagram of a closed loop control of a  

DC motor drive 

 

The speed of separately excited DC motor can be 

regulated as per the required speed by the 

implementation of the PID controller. 

 

II(a) MATHEMATICAL MODELLING OF DC MOTOR 

 

A separately excited DC motor consists of a field 

and armature winding each of them with separated 

supply. Field winding is used to generate flux and 

armature current is drawn by the commutator and 

brush segment. The field current excites the motor 

and as a result armature current flows into the 

circuit. Therefore, the motor develops a Back EMF 

and a torque to balance the load torque at particular 

speed level. [2] 

 

 

 

 

 

 

 

 

 

 

 

Fig2: Equivalent circuit of a DC Motor 

        Applying Kirchhoff’s law to the     

 Equivalent circuit 

Va = Ia Ra + La di/dt + Eb                                          …(1)                                                                                         

Td = J dω/dt + Bω + TL                                            …(2) 

Where Va = armature voltage; Eb = motor back 

EMF; Ia= armature current; Ra = armature 

resistance; La = armature inductance; TL = Load 

Torque; Td = developed Torque; J = moment of 

inertia; B = friction co-effecient of motor; ω= 

angular velocity 

Since, field current If  is constant, the flux will be 

constant. therefore, the emf induced and torque 

developed can be  obtained as : 

Td = Jdω/dt + TL                                           …(3) 

Eb = Kφω                                                     …(4) 

Td  = KφIa                                                                …(5) 

 

Applying Laplace transform to above equations, we 

get, 

Ia(s) = Va-Eb/Ra+La(s)  = (Va-Kφω)/(Ra(1+La/Ras))    

                                                                           …(6)                                  

also,  

ω(s) = (Td-TL) /Js  =  (KφIa- TL )/Js                  …(7)                                                 

Ta= La/Ra  represents armature time constant and Tm 

= JRa/(Kφ)2 represents electromechanical constant 

and replacing Kφ by Km.  By applying block 

reduction method to the block diagram of motor 

model, the transfer function can be obtained as: 

ω(s)/va(s) = [(kΦ/Ra)/(Js(1+sTa) /1+(K2Φ2)/   

                     Js(1+Ta) ]                                    …(8)                                                                                                                                      

further simplifying the equation we get, 

ω(s)/Va(s) = (1/Km)/(1+sTm)(1+sTa)                …(9) 

Thus, it is observed that two time constants i.e. Tm 

and Ta  of the above system transfer function(T/F) 

are taken for account for the response of system.[1] 

 

Motor Data unit Values 
1) Nominal voltage V 12 
2) No load current mA 29.3 
3) Nominal torque mNm 1.054 
4) Terminal resistance Ὠ 23.1 

5) Terminal inductance mH 0.831 

6) Mechanical time constant ms 23.2 

 

Table 1: Showing useful ratings of DC Motor as 

required  
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The motor considered for the experimental response 

is Maxon DC Motor with operating specifications 

are shown in table1. 

 

II(b) CURRENT CONTROL LOOP 

 

The presence of electromechanical windings leads 

to generate resistance at the commence, but the 

speed controller leads off at that very moment. 

Initially, due to the electromechanical constant, 

there is no  output as speed from the motor. Hence,  

the feedback output voltage Va is maximum and 

there is a large amount of current flow in the motor 

due to zero Back EMF.This may lead to reach 

maximimum rated motor current and would damage 

the motor. Therfore, arises the requirement of a 

control loop to regulate the armatue current in order 

to save the motor.[2] 

Whenever there is an increase in current from the 

reference current as denoted by the speed controller, 

the armature current rises and the error in the speed 

output is calculated, this leads to lower the 

acceleration and torque required for the DC motor. 

So, the error generated at the output is fedback to 

the speed controller input to eventually generate the 

desired amount of input from the reference 

position.[3 , 4] 

 

II(c)  PID CONTROLLER 

A proportional-Integral-Derivative controller is a 

feedback loop controller which observes the error 

generated and calculates the required amount of 

input to be allowed to be fed to the system. The 

controller also estimates the error and gives the 

required amount of the input value to be needed on 

calculation of the previous records. The controller 

attempts to minimize the error by adjusting the 

process through use of manipulated variable. The 

PID controller algorithm consists of three terms- 

P(proportional), I- (Integral), D-(Derivative). P 

depends on the present error, I is the integation of 

the past observed values, and D is the prediction of 

future errors based on current rate of change. The 

error can be defined as the difference in the  desired 

output and the observed output.[3 , 6] 

 

 

 

III.RESULTS AND DISCUSSION 

III (a) OPEN LOOP SYSTEM 

                                                                                                                            

Initially, when only the motor is run and the output 

is derived with no closed loop added to the system, 

the initial response of the system will be very slow 

due to the starting torque and armature resistance. 

The desired output is achieved after a delay of few 

seconds. 
 

 
 

Fig:3: Time  Response of Open loop of DC motor 

 

In Fig(3). it can be seen that the final output is 

achieved successfully, but the time required for the 

system to reach the rated speed is 2 seconds. This 

time consumption of the system leads to show the 

system response as very slow. 

This result embarks for some solution which would 

make the system respond quickly with better 

results. 

 

III(b) FEEDBACK  LOOP 

(1) ON/OFF CONTROLLER 
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A feedback loop is applied to the DC Motor which 

takes the output of the system and gives the input 

accordingly. 

When the system starts at first, the speed of the 

rotor rises to the required level. The speed rises 

continuously despite the level of maxima.  

The controller calculates the difference in the 

output and switches off the current. The motor is 

stopped and the speed starts decreasing. The 

velocity of the shaft starts dropping to the required 

level and keeps dropping further. Again, the 

controller calculates the difference between the 

outputs and switches on the motor. Hence, the 

speed starts rising again. This is repeated each time 

the controller senses an imbalance in the output 

desired.  

Fig4. shows the response of the motor with an 

ON/OFF controller implied in the feedback loop. 

This response goes with many ups and downs and 

does not remain constant at the required level, 

though it manages to maintain the output with a 

short span of change in speed. Here,the need arises 

of something that manages to calculate the error and 

tries to maintain the output at constant level. 

 

 
 

Fig4: Time response  for on/off controller 

 

(2) PID CONTROLLER 

 

PID comprises of Proportional-Integral-Derivative 

terms in the system the system ought to be free 

from errors and behaves as in an ideal condition.  

The PID  works with an algorithm process which 

has various instructions and conditions to follow. 

The main advantage of using PID is that it allows 

for consideration of easily constuctable bounded 

initial conditions. By tuning the three parameters in 

the algorithm, the controller can provide control 

action for the speed of the DC motor.[3 , 5 , 6] 

 

 

 

 The response of the controller can be described in 

terms of responsiveness of the system  to the error 

generated and to the degree to which the controller 

overshooots the setpoint. The controller describes 

the error in rise time, time delay and percentage 

overshoot of the system. 

The controller can be prepared as per the 

requirement of the system according to the error to 

be improved. There can be many combinations set 

by the P,I,D terms viz., P only ,PI, PD or PID 

controller according to the need of the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Flow chart of a PID algorithm 
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The application of PID parameters ameliorates 
the response of the dc motor and helps in 
achieving the right output.  

 

Fig 6: Time response for ‘P only’ controller 

 

Fig. 7: Time response for ‘PD’ controller 

 

Fig 8 : Time response for ‘PID’ controller 

 

Fig 9 : Time response for ideal PID 

From the responses shown for various 
parameters of PID controller, it can be observed 
that the rise time which means the starting 
torque of the motor reduces to a minimum 
value giving a sharp rise at the beginning. When 
‘P only’ controller is applied, the rise time 
reduces and simultaneously the overshoot of 
the system increases to 30% from the reference 
line(Fig.6)  .The variations settles at 1.8seconds. 
That means the armature voltage of the system 
rises to a very high extent. This rise of armature 
voltage can harm the dc motor by burning of 
coils.[2] 

So,a differential controller was needed to be 
adjusted along with the proportional controller 
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which would suppress the exces of voltage 
applied to the dc motor. This enables to 
successfully chop the extra overshoot of the 
system. Although, the overshoot and rise time 
have been improved(Fig.7) to almost 10% of the 
desired value and settling time is 1.2 seconds, 
yet there are many displacements while settling 
down to the constant line. 

An integral controller to the system is applied 
which leads  to a subtle time response of the  
system with desired output. In (Fig.8), it can be 
seen that the response of the system is accurate 
to almost at the reference line.The overshoot is 
less than 5% and settling time reduces to 0.8 
seconds. Physically, there can be some 
difference in the output of the system as 
compared to the theoretical values evolved, but 
they can be neglected as the differnce will be 
quite small and would not be visible with 
physical observance. 

Fig.9, shows the ideal response of the DC Motor 
through PID. There is no overshoot for the 
system and the settling time is 0.2 seconds. The 
parameters need to be calculated for every 
system to achieve the desired response from 
the control system. The values of the prameters 
are adjusted as per the specification of the 
system to be controlled. The system can achieve 
its desired result as specified. 

Table 2: Properties of PID parameters 

 

                  IV. CONCLUSION 

  The performance of DC motor has 
been studied and parameters for PID 
controller are obtained. 

 The open loop response gave the 
factors that needed to be improved 
through feedback loop. 

 Application of on/off controller 
encourages to reach to a much closer 
value as it is not found to be 
satisfactory solution to the process. 

 The PID controller added to the 
system can estimate the error and 
control the input of the system 
preventing from delay and wastage 
simultaneously. 

 It is observed that for any system to 
be stable, PID can be a good solution. 
However, it should be noted that 
setting the P,I and D parameters to a 
value resulting in a perfect solution is 
an important step and may require a 
number of iterations before achieving 
the desired outcome. 

 A further study needs to be done for 
incorporation of optimization 
techniques in deriving the parameters 
of PID that will help in achieving the 
desired value of speed of DC Motor in 
real time. 
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