Time-Domain Analysis

. of

Control Systems




B
Time Response

 Transient response

» Gradual change of the response from 1its 1nitial state

] Steady-state response
» Approximation to the desired response
 Steady-state error
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Unit Step Response & Time Domain Specs
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Steady-State Error

m Error:  e(t) = r(t) - y(t)

e, = lime(f) = limsE(S)

— oo s—0

R(x) Ui s) ¥(s)
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m Steady State Error :

His) |4
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Type of Control Systems

m Steady State Error :

_ _ SR (s)
o) = sli%l Els) = sll% + G(s)H(s)

m System Type : The number of poles of G(s)H(s) at s=0

(S+z)(S+ 2) -~

G(S)H(s) = S5+ p,)(5+ py) -
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Step Error Constant

m Steady State Error for Unit Step Function
SR(s)  _ R R

e(co) = lim lim =

ool G(S)H(S) g1+ G(S)H(S) 1+ lmG(S)H(s)

$—0

m Step Error Constant : Kp
K, = limG(s)H(s)

S—0
R
= Type 0 : = T+ Kp
m Typel : es= 0 since Kp =
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7-6. Second-Order System

m Second-Order System

Y(s) _ ®,
R(s) s°+2cm,5+w;

G(s)=

m Example : RLC Circuit

LC d;";z(t )+ rC d‘;;t(t )4 v (t)=v,() (LCs?> + RCs+1(s)=V(s)

r(1) ell) w, vit)
—» = ¥

R(s) + E(s) 5(5 4+ 2Lw,) ¥(s)
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Unit Step Response

m Poles : s=-¢o, +J60 J1-¢&7
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Damping

m Damping Factor: S,

® Damping : Damping ratio &
e Overdamping: & >1
e Critical damping : & =1
e Underdamping: & <1
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Relation between System Poles & Response
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Control System Block Diagram

a Control system block diagram

Comparator
_|_

Controller

Command >

\ 4

K(s)

\4

Plant > Output
G(s)

How to implement

(1) Comparator ?
(2) Controller ?
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Control System Example

m TE cooler

® [t converts the electrical energy to thermal energy.
e Model

dar _ T
o = KT ({E) = Ti(t) - T,(t))
e Laplace Trasform

sT(s) — T(0)=-k T(s) + k Ti (s) + k Ta(s)

e Transfer function of TE Cooler: Ta=0

G(s) = T(s)/Ti(s) = k/(s+k)
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TEC Control

m Feedback Control : PI (Proportional & Integral)
Control

Ti(t)= Kk, (T(t)— Tg)+ k,-ZT(tO— T.)dt(

m Transfer Function of PI Control
T;(s)
E (s)
Ki

K (s) =

= Kk, +
where E(s) 1s the Laplace transform of the error,
e(t) = T(t) — Ts.
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Closed-Loop Transfer Function for TEC Control

m Block Diagram

_|_
s — J Pl .| Plant: . T(t)
J Control TEC

K®©) G(s)

m Closed-Loop Transfer Function

Gy () = o2k
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