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Steady state errors for nonunity
feedback systems (1)

U(s) 4 (S Y(s)
. ) +‘(% . GCST) >
Hi(s) <—]
» Note: £ (s)1s NOT error signal!
Error: E(s)=U(s)—Y(s)

e Method: Directly use the error definition and the
final value theorem to find the steady state error.



Steady state errors for nonunity
feedback systems (2)

Closed-loop TF T(s)= G(s)
[+ G(s)H(s)

E(s)=U(s)=Y(s)= [1 — T(S)]U(S)
1+ G(s)H(s)—G(s)
1+ G(s)H(s)
e, = 121}6(1) = lsi_l}(’)lSE(S) = P_I)I(}S[] — T(S)]U(S)
lims [+ G(S)_H(S) —G(s)
s—0 [+ G(s)H(s)

U(s)

Uf(s)



Example (1)
« A feedback system with forward path and feedback path
transfer functions

G(s) =—" H(s)=—
s(s+10) s+5
» Find the steady state error for a unit step mnput.
100
T'(s)= G(s) _ s(s+10)
[+ G(s)H(s) /4 100 y /
s(s+10) s+5
[100(s+5) 100(s + 35)

Cs(s+10)s+3)+100 §°+155° +50s+ 100



Example (2)
Step input ]
u(t)=1 U(s)y=— Y(s)=T(s)U(s)
S
E(s)=U(s)=Y(s)=[1-T(s)]U(s)
B s>+ 155" =505 —400
s(sP+ 1557 + 505+ 100)

3 2
e —limsE(s)=lims S 3+ [5s ,, J0s —400
B0 s=>0 (57 + 155" +50s+100)
s+ 1557 =505 —400
= lim—; -
52087 + 158" +50s + 100
= —4




Steady state errors for systems with
external disturbances

Car speed control example (open-loop control):

disturbance force | F,(s)

| V(s)
G,(s) >
A actual
velocity Controller & Car velocity

Engine Dynamics

Car Gp (5) = K‘” Controller G,_ﬂ () =K,
I's+1

Vis)=G ()G, (s, (s)+G,(s)F,(s)



Steady state errors for systems with
external disturbances

V(s)=G ()G, (s)V,(s)+ G, (s)F,(s)

E(s)=V,(5)-V(s)=(1-G.()G,())V,(s) =G ()F,(s)

Is+1-K K. K,
_ V,(s)—- F,(s)
Is+1 Is+1
Assume: Vy, (f ) = Ae— known constant value

E(s)=V,(s)=V(s)=

f J (f ) — }JJ €——— unknown constant value

14
A ,- _r
I (s) = = F,(s) -



Steady state errors for systems with
external disturbances

) TS+]—KPKCV( ) K, F(s)
S )= S)— N A
Ts+ 1 I Ts+1 °

T5+1—KPK(,A Kp W
Is+1 s Is+1 s

e, =limsE(s) =lims {

s—0 s—0)

=(I=-K,K)A-K,V

™~

Can be made zero Controller has no
by setting controller control over this
1 term
K =—



Steady state errors for systems with

external disturbances
Car speed control example (closed loop control):

disturbance force

Vy(s) + ~NE

required
velocity

G (s)

V'(s)

Car G, (5)=—>=
o G, =0

Controller

>
actual

velocity

G (s)=K,_



Steady state errors for systems with
external disturbances

Vis)=G,(s)F(s) =G, ()G (s)E(s) =L, (5)]
G, (NG (), (s) =V (s) = £, (s)]

Output:
Vis)=G,(s)G (), (5) =G, ()G () (s) =G, (5)F,(s)

N AR G(s)
(5) = Vd(S)— - ——F,(5)
[+G,(5)G.(s) +G,(5)G, ()/

disturbance

mput



Steady state errors for systems with
external disturbances

Error:
E(s)=V,(s)=V(s)
G (s
= ! V,(s)+ p(5) F,(s)
]-I—GP(S)GC(S) ]-I—GP(S)GC(S)
. / disturbance
mput
A : KP
G (8) =7~ G.(s)=K,
T K
E(s)=—  p o)+ L F (s)

Is+1+K K, Is+1+K K,



Steady state errors for systems with
external disturbances

Assume: V, (f ) — 4 €—— known constant value
f p ([ ) — }JJ €&—— unknown constant value

T K
E(s) = Is+1 A+ p /4
Is+1+K K. s Is+I+K K. s

Steady state speed control (tracking) error:

: . Is+1 K
e =limsE(s)=1lim - A+ e W
$—0 =0\ Is+1+K K, Is+1+K K,

] K
= A+ E—W #0
I1+K K.~ I+K)K,




Steady state errors for systems with
external disturbances

. G, (s
Error: E(s) = i 1 i V:_f (5)+ - p( )_1
[+ (Tp (S)(Tc (S‘) [+ (Tp (S)(TC (S‘)

F,(s)

K, G () = Ks+K,

d Ts+ 1 S

s(Is+1)
s(Ts+1)+K (K, s+K,)
sK

+ - Fy(s)
s(Is+1)+K (K;s+K,)

E(s) =

Va(s)




Steady state errors for systems with
external disturbances

Assume: VY d (f ) — A €——— known constant value

f d (Z ) =W < unknown constant value

E(s) = E(s) = s(Is+1) A
s(Is+1)+ K (K;s+K,) s
N SKP W

sUUs+1)+ K, (Ks+K,) s



Steady state errors for systems with
external disturbances

Steady state speed control (tracking) error:
e, =limsE(s)
s—0
s(Is+1) sK

=lim A+ = W
0 s(Ts+ 1)+ K (K;s+K,) s(Is+ D+ K, (K;s+K,)

=(

Always zero!!!!



Steady state errors for systems with
external disturbances (1)

W(s)
+
Us V % 7 Y(s)
(2 %9 X(s) G (5 (S) + (S) G (5
| D) H(s) ‘

Us): mput Y(s): output  W(s).: external disturbance

Y(s)=Y,(5)+Y,(s) =G, ()U(s)+ G, ()W (s)

/

response due to response due to
iput disturbance

i



Steady state errors for systems with
external disturbances (2)

Y(5)=G,Z(5)=G, (V(s)+W(s))
=G, (G X(s)+W(s))
=G ,G.(U(s)—D(s))+G W(s)
=G, ,GU(s)-G,G.HY(s)+G (s)W(s)

({+G,GH)Y(s)=G,GU(s)+G W(s)

G G, G
Y(s)=———U(s)+———W(s)
[+ GPGCH [ + GPGCH




Steady state errors for systems with
external disturbances (2)

Error:

E(s)=U(s)=Y(s)

| G G, G
=| ] ——F— U(s)———————=W(s)
I+G,G.H [+G,G.H

=F (s)+ L _(9)

Steady e, =lmsl(s)=lmsE (s)+hmsk (s)
State s—0 s—0 s—0

Error: =€, te,



Steady state errors for systems with
external disturbances (3)

Steady State Error: ¢ =e +e
B / - -
e, =lmsE (s)=lm|s| [ ——>—
s—0 s—0 N ] + (Ip (ICH

e state-state error ¢

e. =lmsk (s)=-lm| s
Y s—0 s—0
* State-state CITOr

disturbance w

I

p

I+G,G.H

due

to

Ul(s)

ue to reference input u

W(s)

external
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