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T LT DC Machine Drive

* Theory of operation of DC motor

 The electric current, i, passes through the

a’

armature winding via a commutator and brushes

* When i, passes through the armature winding in

a magnetic field, a magnetic force, F,, 1s induced

* The magnetic force induces a torque, which

turns the DC motor
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* Equivalent circuit of DC motor armature
* R, and L, are the resistance and self-inductance of armature windings

* ¢, 1s the back emf voltage or induced voltage

) e,=Kog,0,;, ¢, =Ci, L .

where

. . MN— Y Y Y ——
K 1s constant depends on machine’s structure R,

¢,1s the machine’s flux e,

w,, 18 the machine’s speed

C 1s constant (slop of magnetizing curve)

ifis the field current
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* Torque equation

KVL 1n the armature circuit
di.

t+e

dt

Under steady state operation,

v =Ri +L

v, = Raza +e -

. .2 .
vi = Ri°~ +el
—— —_— —

Total input Armature copper  Air-gap
Power losses power

The air-gap power, P

» 1s the effective power that has been transferred to
mechanical power

el K a)mia .
= i =T,=Kg,i,

})a :eala :T;la)m :>T;l —
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* Block diagram and transfer function of DC machine

* Machine equations in time-domain

di ]
af;l +ea; ea =K¢fa)m:K'a)m, T;Z:K¢fl'a:K|l’a; T;Z:T;—FJ ;)m
!

v =Ri +L

* Machine equations in s-domain

V :(Ra+sLa)]a+Ea; E=K'Q T =K'I1;T,=T+JsQ_
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* Block diagram

K’I

R_+sL_

* 7| 1s the transfer function when 7,=0

* T, 1s the transfer function when ¥V, =0
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* Closed loop system

D%

E
G »
Y =GE
H Y =G(X—-HY)=GX-GHY
y=1x; T=—2
1+ GH

e (G 1s the direct transfer function

» H is the feedback transfer function
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«7,:7,=0
V:z B K' ]—I = Gl ,
L+ ) I > O 1+GH,
g R ; +S‘T‘a s.)
Ea KV
T TF* G, = , H =K'
| sJ (R, +sL,)
* 75:V,=0
1 -G
I L L=
' v +
R ]+<SL }\_J—r/aH ':] > £ 1 o K 12
[#] a G2 _ _; H2 _
K' <« SJ Ra + SLa
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