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y(s)=G(s)e(s) (2.58)
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* Disturbance signals in Feedback Control systems

Example: steel rolling mill

T.(s)
‘O
T.(s)=T.(s)+T,4(s)
C

steel bar

rolls
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* Steel passing through the rolls produces a large
load change (disturbance)

Approximate the load change by a step change in
disturbance torque;

lLe. T, = b , D:the magnitude of the step change
S

D Typically, an armature-controlled
D.C motor might be used to drive

the rollers.

\4
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Recall : Armature-Controller D.C motor

e (1) Ra Field Current i, Is constant
L so, motor torqueT, is proportional
’ toarmaturecurrenti_;i.e.
Tn (8)=K1,(s) (1)
inertia J

Friction f

j. field
f

L)y ®,0

L
e Armature oad
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Armature currents iIs in turn related to armature votage
E,(s);

16.E,()=(L,s+R)1,(5)+V,(5) =V, (5)+V,(s)  (2)
where V, (s) istheback emf (electromotive force) and
IS proportional tomotor speed

l.e. V,(s) =K,o(s) (3)
so, from(2) and (3)

E. (s) - K,o(s)

1,(s) = (Ls+R) (4)
Now, theload torqueT, (S) IS
T, (s)=s°JO(s)+sfO(s) =T _(s)-T,(s)

=Jsw(s) + f w(S) (5)
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so, the armature — controlled DC motor takesthe following form

E,(8) - K,a(8)

Tn(8) = Kl (s) =K, (Ls+R)

T, (s)=T_(s)=T,(s) =s°JO(s) +sf O(s) = Jsaw(s) + f aw(s)
T4 ()

. v,s) [ « o(s)
| Ls+R, "
E.(s)
V, (S)
K,
Back emf
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The transfer function for load torque disturbance can be

obtained by reducing the block diagram: T.(5)
’ MO 1 | @O
E(s) © Las+R, Js+ f
V() K
Assume E_(s)=0 Back emf °
T,(s) 1 w(?)
Js+ f
KKy <
L.s+R,
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1

Thus w(s) Js + f L 1
- Ta(®) 14 el 1 Js 4+ f 4 ko
L. s+ R, Js+ f L.s+ R,

It is coustomary to neglect L, so
w(s) 1

Tq (S) Js+ f + KK,

a

The steady — state speed error duetoT, (S) = b ISthen
_ S —

limo((t) = limsw(s) = lims — D
t—oo s—0 s—0 Kth S
Jds+ f + —*2
B D
f + KK,
R
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Now, consider aclosed —loop control systemwherea Tachometer
Isused asthe measuring element, and wherethe controller isan
amplifier of gain K,

The block diagram for the closed-loop system is

amplifier

R(s) . (Z i) K

E.(s)

1 w(S)

\4

Js+ f
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The block diagram for the closed-loop system is

amplifier

R(s) . c 3

K

a

E.(s)

B Y

1 w(s)
Js+ f '

The output speed resulting fromaload disturbance T, (s)

canbe obtained by block reduction:

Let R(s)=0

T, (s)

b + f

(K, K, +K,)K, |

1
o(s) e @(S) _ Js+ f
., T,(5) " 1 (K, K, +K,)K,
Js+ f R,
_ -1

a

s+ f+(K K, + Kb)(gtj
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so, In the steady - state, for T, (s) = b
S

!Lrga)(t) = |ImSa)(S) = Ilms -1 (Dj
Js+ f +(K K, + Kb)(:tj

a

-D
f+(K, K, + Kb)(:tj

a

Thus, forlarge K,

() = - D
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If we were to plot a typicalset of speed vs. torque curves for
the closed — loop system, we might get

A

200 V; =50

V. =40

speed 150 f
100 V,; =30
50 Vf == 20
] =
10 20 30 40 Motor Torque

The near — horizontal curvesindicatethat speed isessentially
Independent of disturbance torque.
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Home Work #5 (Due date: one week from
today)

5. Solve Problem 16(16) on page 281(283) in the text book 7t ed

*(6t edition)
6. Solve Problem 19(19) on page 282(283) in the text book.
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