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Abstract                                                                                                                                                                                            
This paper describes speed control of separately excited DC motor using Chopper as power 

converter and PI as speed and current controller. The separately excited DC motor can be 

controlled from below and up to rated speed  . Optimization filter of speed is obtained using 

Modulus Hugging Approach .  After  obtaining the complete model of DC drive system, the 

model is simulated by MATLAB. The simulation is done  and  analyzed  under  varying  speed  

and varying load torque conditions like rated speed and  load torque, half the rated load torque 

and half speed . 
 

 المستخلص :
يىضر اىبحث طشيقت اىسيطشة عيً سشعت ٍحشك تياس ٍستَش رو اثاسٓ ٍستقيت باستخذاً ٍقطع ) ٍغيش قذسٓ ( ٍع ٍسيطش       

تْاسبي تناٍيي بهزٓ اىطشيقٔ يَنِ اىسيطشٓ عيً سشع اىَحشك ىغايت اىسشعٔ اىَطيىبٔ. تستيٌ دائشة قذذ اىَقطع الاشاسٓ ٍِ 

تح  ا ىَحشك ىيىصىه اىً اىسشعٔ اىَطيىبٔ . تٌ تصَيٌ وتْفيز ٍسيطشيِ الاوه ىيسشعٔ اىَسيطش ىتدهيز فىىتئ ٍتغيشٓ اىً ٍْ

واىثاّي ىيتياس ورىل ىيحصىه عيً سشعت دوساُ راث  استدابت خيذٓ وباستقشاسئ عاىئ. تٌ اخز َّــىرج ىَحشك تياس ٍستَشرو اثاسٓ 

يـز اىَحاماة وتحييو اىْتائح و اىعلاقاث بيِ اىسشعٔ و عزً اىحَو ٍثو ٍستقئ  وتَثيـيـٔ بَْىرج ٍحاماة باستخذاً اىَاتلاب . تٌ تْـف

علاقت اىسشعٔ اىَطيىبٔ ٍع عزً اىحَو اىناٍـو واىعلاقٔ بيِ ّصف اىسشعٔ اىَقشسٓ ٍع ّصف اىحَو بىخىد ٍيف تحسيِ اىسشعٔ 

 ٍشة وبعذٍٔ ٍشة اخشي .

 
 

 

1- Introduction: 
       DC motor is considered a(Single Input and Single Output) system having torque/speed 

characteristics compatible with most mechanical loads. This makes a D.C motor controllable over 

a wide range of speeds by proper adjustment of the terminal voltage [1,2]. Now days 

Induction motors, Brushless D.C motors and Synchronous motors have gained widespread use in 

electric traction system. Hence dc motors are always a good option for advanced control 

algorithm because the theory of dc motor speed control is known more than other types. Speed 

control techniques in separately excited dc motor By varying the armature voltage for below rated 

speed. By varying field flux should to achieve speed above the rated speed. The PI based speed 

control has many advantages like fast control, low cost and simplified structure [3].  
 

1-1- DC Chopper 

A chopper is a static power electronic device that converts fixed dc input voltage to a variable dc 

output voltage. A Chopper may be considered as dc equivalent of an ac transformer since they 

behave in an identical manner. Chopper involves one stage conversion, these are more efficient 

Chopper systems offer smooth control, high efficiency . A chopper is a high speed on or off  

semiconductor switch. It connects source to load and disconnect the load from source at a fast 

speed [4]   
 

 1-2- Basic idea : 
The basic principle behind DC motor speed control is that the output speed of DC motor can be 

varied by controlling armature voltage for speed below and up to rated speed keeping field voltage 

constant. The output speed is compared with the reference speed and error signal is fed to speed 

controller [5] . Controller output will vary whenever there is a difference in the reference speed and 

the speed feedback. The output of the speed controller is the control voltage that controls the 
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operation duty cycle of (here the converter used is a Chopper) . The converter output give Va  

required to make the motor return to the desired speed. The reference speed is provided through a 

potential divider because the voltage from potential divider is linearly related to the speed of the 

DC motor[8]. The output speed of motor is measured by Tacho-generator and since Tacho voltage 

will not be perfectly dc and will have some ripple. So, we require a filter with a gain to bring Tacho 

output back to controller level [6]. 

 
Fig(1):Closed loop system model for speed control of dc motor [7,8]. 

 

1-3- Current controller design :  

 
Fig(2): Block Model for Current Controller Design . 

 

Transfer function of the above model: 
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1-4-  Speed controller design[9] : 

Fig(3): Block model for Speed Controller design[7]. 
 

By converting the block model in transfer function, we will get: 

[
 ( )

 ( )(   )
]  [(             )(     )] [        (    )        ] 

 

Ideally, ω(s) =1/S (S²+αs+β)  . The damping constant is zero in above transfer function because of 

absence of S term, which results in oscillatory and unstable system. To optimize this we must get 

transfer function whose gain is close to unity [10 ,5] . 
 

1-5-  Complete layout for DC motor speed control : 

 
Fig(4): Complete layout for DC motor speed control 

                      

 2- Problem statement : 
A separately excited DC motor with name plate ratings of 300KW, 40 0V(DC), 50 rad/sec is 

used in all simulations. Following parameter values are associated with  

 Moment of Inertia, J = 80 Kg-m
2
. 

 Back EMF Constant = 8 Volt-sec/rad. 

 Rated Current = 670 A. 

 Maximum Current Limit = 1000 A. 
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 Resistance of Armature, Ra = 0.025 ohm. 

 Armature Inductance, La = 0.812 mH. 

 Speed Feedback Filter Time Constant , T1 = 20 ms. 

 Current Filter Time Constant , T2 = 3ms. 
 

 2-1- Current controller parameter : 

Current PI type controller is given by    

  [(     )    ]  Here,        and         (       ) 

                
 

  
                     

For analog circuit maximum controller output is ± 10 Volts . 

 Therefore,  Kt = 400/10 = 40.  

Also, K2 = 10/1000 = 1/100. 

Now, putting value of Ra, Ta, K2, Kt and T2 we get: Kc = 0.333 
 

 2-2- Speed controller parameter :    

Speed PI type controller is given by 

  [(     )    ]  Here,         (      )   (    )                                             
Also           (      ) 
 



   
   
  

                   

Now, Kn = 7.69 
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3-MATLAB  simulation and results : 

 
Fig(5):Simulink Model for Speed Control of Separately Excited DC motor using Chopper 

Converter (without filter after reference speed) 
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Fig(6):Simulink Model for Speed Control of Separately Excited DC motor using Chopper 

Converter (with filter after reference speed) 
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Fig(7):Speed Response at reference speed same as rated speed and full load(without Filter) 

 
Fig(8):Speed Response at reference speed same as rated speed and full Load (with Filter) 
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Fig(9):Reference Speed Vs Time while using Filter after reference 

 
Fig(10):Speed Response at reference speed half the rated speed and full Load 
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Fig(11):Speed Response at reference speed same as rated speed and half of full Load 

 
Fig(12):Speed Response at reference speed of half the rated speed and half of full Load 

 

3-1- Analysis for Graphs:                                                                                    

  From above simulation results, it is clear that the SIMULINK model without filter after reference 

speed (figure 7)  gives larger overshoot in speed before settling to steady state and faster response 

than the model using filter after reference speed (figure 8) .  

0 500 1000 1500 2000 2500 3000 3500 4000 4500
-10

0

10

20

30

40

50

60

Time in seconds

S
p
e
e
d
 (

ra
d
/s

)

0 500 1000 1500 2000 2500 3000 3500 4000 4500
-5

0

5

10

15

20

25

30

Time in seconds

S
p
e
e
d
 (

ra
d
/s

)



Journal of KerbalaUniversity , Vol. 11 No.1 Scientific . 2013 

35 

When the load is constant the speed response is smooth after attaining steady state. When load is 

constant and reference speed is varying (figure 10) then speed response is shifting accordingly 

with a time delay. But when the load is varying , (figure 11)  speed response have ripples due 

to time delay in achieving desired speed. When Reference speed and load is varying (figure 12)  

then in speed response, there is some ripple due to delay in achieving current reference speed. After 

connecting optimizing filter  the over shoot is reduced and speed response is enhanced . 
 

 4- Discussion: 
    Chopper circuit as converter is successful for controlling of speed motor and proportional-

Integral model, speed and current controller using simple closed loop system for the beginning . It is 

a good controller according to the results. The rated current and speed controller is studied. Then a 

general model of separately excited dc motor is done. Then a generalized Dc drive system is 

obtained. Current and speed controller  is designed . Matlab Simulation is done with and without 

filter and compared the response of two state .A dc Motor parameters found out from the derived 

design approach. The simulation results studied and analyzed also show that the proposed controller 

gives better performance and less settling time under varying reference speed or load. MATLAB 

simulation For speed control of separately excited DC motor can be use to other types of 

motors. In this paper , we have done speed control for rated and below rated speed. So the control 

for above the rated speed can be achieved by controlling of field flux. In future the problem of 

overshoot can be removed by using PID controller or Fuzzy approach.  
 

References :  
[1] C.U. Ogbuka, Performance characteristics of Controlled separately excited dc motor, Pacific 

Journal of Science and Technology, 10(1), 67-74. 

[2] Gopal, M., Control Systems, Principles and Design. New Delhi, Tata McG Publishing Company  

limited, 2008. 

[3] Dubey, G.K., Fundamentals of Electrical Drives. New Delhi, Narosa Publishing  House . 

[4] Bimbhra, P.S., Power Electronics. New Delhi, Khanna Publishers, 2006. 

[5] Salam Dr. Zainal ,UTJMB, Power Electronics and drives ( version 3-2003 ) . 

[6] Moleykutty George., Speed Control of Separately Excited DC motor,American Journal of Applied  

Sciences, 5(3), 227-233, 2008. 

[7] Bose B.K., Power electronics and motor drives recent technology advance Proceedings of the  

IEEE International Symposium on Industrial Electronics, IEEE, 2002, pp22-25. 

[8] Ogata, K., Modern Control Engineering. Englewood Cliffs, NJ: Prentice Hall, 2001. 

[9] SIMULINK, Model-based and system-based design using Simulink, Mathsworks, Inc, Natick, MA, 

2000. 

[10] Infineon Technologies, Basic DC motor speed PID control with the Infineon Technologies.   

 

     


