CONTROL SYSTEM-I EIC-501

UNIT-3
(Lecture-6)

Steady-state error
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Error and steady-state error

o fow]re. @5 o0 [y
Error: €(t) =r(t)— y(t)
Steady-state error: = !Lrg e(t)
Utilizing the final value theorem: !I_[Q T(t)= Ilm sF(s)
= !Lrg e(t) = I|m SE(S)

Assuming r(t)=1(t) is a unit-step input, accordmg to the above definition,
could you calculate the steady-state error of the open-loop and closed-
loop control systems? 2
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Y(S
R(S) | & ) Y (s) R(s) E(S) | & » ()
r(t) y(t) rt) —7 e(t) y(t)
Unit-step input r(t)=1(t), R(s) = %
E(s)=R(s)-Y(s) E(s) =R(s)-Y(s)
=R(s) —G(s)R(s) _R(s)- G(s) R(s)
=[1-G(s)IR(s) 1+G)
1 g

5 = s =(E) 1+ G(s) o

N Lms[l—G(s)]% = _ISILQSE(S)_ISIEO]SlJrG(s) S

= lim[1- G(s)] i L 1

=1-G(0) S—>0 1+ G(s) 1+G(O)
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The forward-path transfer function G(s) can be

formulated as
v is the order of the

G(S) _ k(Tls +l) AR (2'2252 + 2512'25 -|-1) po]e of G(S) at s=0
s'(T,s+1)---(T/s* +2&,T,5+1)
=£VGO(S) whens —-0, G,(s) —>1
S

System Type: the order of the pole of G(s) at s=0.

When v=0,1,2, the system is called type 0, type 1, type 2; kK is
called open-loop gain.

1

=) =Tee "
e, =limsE(s) =lims " R(s)
s—0 s—0 1—|——VGO (S)

S 4
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e, =limsE(s) =lims

s—0

v=0, type O system

Step input:
=10 RS-
Ramp input:

()=t R(s) =Si2

Parabolic input:

0 =%t2 R(s) =813

1 EIC-501
——R()
S
1 Steady-state
eSS = = error exists
1+ Kk and is finite.
€, = Unstable
e = o0 Unstable
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1 EIC-501
e, =limsg(s) =lims R(S)
s—0 s—0 k
1+—=G,(S)
v=1, type 1 system S
Step Input: 1
1 e =—— —( Nosteady-
rt)=1(t) R(s)== ¥ 1400 state error
S
Ramp input: 1
1 . —— Steady-state
rit)=t R(s)= 2 ok error exists
Parabolic input:
1 1 €, = Unstable
r(t) = Etz R(s)==
S

Type-1 system can track step signal accurately.
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e, =limsE(s) =lims

s—0
v=2, type 2 system
Step input:

(0 =1(t) R(s) =%
Ramp input:
rit) =t R(S) :Si2

Parabolic input:

r(t) = %tz R(s) = 3—13

EIC-501

1
s—0 k R(S)
S
1 No steady-state
Cs = =0 error
1+ o0
e =0 No steady-state
> error
1
e —=— Steady-state error
SS .
k ex1sts

Type-2 system can track step and ramp signals accurately.

v



CONTROL SYSTEM-I EIC-501

Steady-state error constants

with step input
kp = lim G (S) - step-error constant

s—0

with ramp input

. - ramp-error constant
k, =limsG(s)

s—0

with parabolic input

k. =lims°G(s)

s—0

- parabolic-error constant



CONTROL SYSTEM-I

EIC-501

Type of Error
Sy SUN—— Steady-state error GSS
i koK, [ K, | r®)=R-1t) | r®)=Vet |rt)=At*/2
R
0 00 2
K 1+ k e oo
VO
o . L s -
Ay
I |oojoo| k 0 0 I

‘*’Summary of steady-state error and error constants
for unit-feedback systems (H(s)=1)




