
Mathematical Models of DC Motor



Electromecha nica l System
o Direct  current  motor (DC Motor)
o Alterna t ing current  motor(AC Motor)
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Electromecha nica l System: DC motor
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Electromecha nica l System: DC motor
Advantages of DC motors:
 It is easy to control their speed in a wide range; their torque-speed characteristic has, historically, 
been easier to tailor than that of all AC motor categories. This is why most traction and servo motors 
have been DC machines. For example, motors for driving rail vehicles were, until recently, exclusively 
DC machines.

 Their reduced overall dimensions permit a considerable space saving which let the manufacturer of 
the machines or of plants not to be conditioned by the exaggerated dimensions of circular motors
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Electromecha nica l System: DC motor
Disadvantages of DC motors 

Since they need brushes to connect the rotor winding. Brush wear occurs, and it increases 
dramatically in low‐pressure environment. So they cannot be used in artificial hearts. If used on 
aircraft, the brushes would need replacement after one hour of operation.

Sparks from the brushes may cause explosion if the environment contains explosive materials.

RF noise from the brushes may interfere with nearby TV sets, or electronic devices, Etc.

DC motors are also expensive relative to AC motors.
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1. Arma ture-Controlled Motor 
2. Field – Controlled Motor
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Arma ture-Controlled Motor

LBiF a=
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 armature current (A)
 magnetic field (T)
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Arma ture-Controlled Motor

Kirchoff's voltage law states that the sum of  all voltages around a loop must equal zero
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The back emf can be written as
3bv k ω=
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Arma ture-Controlled Motor

Rotational system of  DC motor is

m d
dT T I
dt
ω

− =

4  torque motor (N m)
 damping torque(N m)
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Thus

where
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Arma ture-Controlled Motor



Elements of Electromecha nica l System 
Field-Controlled DC Motor
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dt
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The armature current(ia ) is constant 

Kirchoff's voltage law states that the sum of  all voltages around a loop must equal zero
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Field-Controlled DC Motor
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Rotational system of  DC motor is

m d
dT T I
dt
ω

− =

Thus

where
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Field-Controlled DC Motor
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