ME 343 — Control Systems

Lecture 11
September 16, 2009
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Steady-state Tracking

The Unity Feedback Case

R(S) + T E(S) C(S) U (S) G(S) Y (S)

E(s) 1
R(s) 1+C(s)G(s)

t i,
Test Inputs: r(t) =E1(t) k=0: step (position)
'1 k=1: ramp (velocity)
R(S)=—+1 .
gkl k=2: parabola (acceleration)
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Steady-state Tracking

The Unity Feedback Case STJS(Z;
R(S) + e E(S) G,(5) Y(s)
X s"
G.(s 1 1
c(s)6(s) =2 E(g)=— L R(s),R(S) = s
" G, (s) st
1+—°~
Steady State Error: S
Final Value
Theorem
) . . 1 1. s" 1. sk
e. =lime(t) =limsg(s) =lims————~—~=lim—— =lim———
St ( ) s—0 ( ) 50 1+ Go (S) SkH‘ s—>0 5" +Go (S) Sk s-0 5" +G0 (0)
sn
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Steady-state Tracking

The Unity Feedback Case ngtirg

G,(s)” Y(s)

R(S) + @ E(s)
g Sn ) Snfk
e, =lm———
s-05" + G, (0)

Steady State Error:

Input (K)

Type (N) Step (k=0) Ramp (k=1) Parabola (k=2)
1 1 1
TYPe 0 156,(0) " L+limC(s)G(s) 1+K, >
. s>l 1 3 1 _i ;

Type 1 G,(0) limsC(s)G(s) K,

s—0

1 1 1

Type 2 0 0 w

G,(0) lims“C(s)G(s) K,
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Steady-state Tracking
K, = LilrgC(s)G(s) n=0 Position Constant
K, = LI_F)T;)] SC(s)G(s) n=1 velocity Constant
K, = |S|_r)73 S’C(s)G(s) n=2 Acceleration Constant

n: Degree of the poles of CG(S) at the origin (the number of
integrators in the loop with unity gain feedback)

= Applying integral control to a plant with no zeros at the
origin makes the system type > |

= All this is true ONLY for unity feedback systems

- Since in Type | systems e,=0 for any CG(S), we say that
the system type is a robust property.
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Steady-state Disturbance Rejection

. w(t):il(t)
The Unity Feedback Case k!

W) W)=
R(s) + o E(S) c(s) U(ili+ G(s) Y(s)
Set r=0. '

want Y(s)/W(s)=0.

YE) _ GO)  _1(g)=sm (s)
W(s) 1+C(s)G(s)

Steady State Error: €=r-y=-y  Final Value

/ Theorem
1 n

—€s = Y5 =limy(t) = limsY (s) =limsT (s) 7 = limT,(s)

s
s s
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Steady-state Disturbance Rejection

The Unity Feedback Case

W(s)
U (s)k

R(S) +TE(S) > C(S)

G(s)

Y (s)

Steady State Output:

Type (N) Step (k=0)

Type O *
Type 1 0
Type 2 0
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Disturbance (k)
Ramp (k=1)

0

Parabola (k=2)

o0

0

O<*<o0
124

Steady-state Disturbance Rejection

Y (s)

Example:
W (s)
R(S) + @ E(s) K, U(s)i+ A
T K"+? * s(s+1)
K, #0 = typeltow
Ke#0,K, =0 = typeOtow
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Steady-state Tracking

Example: FPE 4.16
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