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® Closed-loop system:

40

5

R(s) P

¥(s)

Plant
G(s)

. Controller
Time (sec) D_(s)

® Signal for satellite tracking

= Regulation:

« Reference input is taken to be
— A constant function,
— Constant for a long periods of time,

— A polynomial in time, of low degree.

= System Type.: —

» The degree of polynomial that they can reasonably track.
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® Closed-loop system:

E

Wi(s)
Ris) N
- Controller  |U(s) + Plant
D(s) G(s)

¥(s)

E = 1 R S = L
1 + G D 1 + G D
_ k
- on () = 1100
= Consider polynomial inputs: 1 u 1
R(S) - Sk_l_l A
= k=0: step input, position input —4'
= k=1: ramp input, velocity input ! i
" k= 2: acceleration input —
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Steady-State Error by the Final-Value Theorem:

ess = lim e(t)
t—00
= |lim s FE(s) = |lim s L
s—0 s—0 1 + G D,
lim L -
p S
s—0 1 4+ G D, shtl
= Type O:
N | r(t) = 1(¢t)
- If GD has no pole at the origin (no integrator) 1
« With a unit-step input; R(s) = A
| 1 1 1
ess = lim s - =
50 1 + G Dy s 1 + GD.(0)
1
€ss €ss
€ss __ Css = egs =
Tss 1 ” 1 + GD4(0)

.. A
= Position Error Constant: GD.(0) = K,
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* |n general case:

0

GD_.(s) = GD?L(S) GDY(s) has no pole at the origin

GDY%(0) = K,
"n=0: GD.; has no integrator
"n=1: GD. has one integrator
"n=2: GD.; has two integrators
lim 1 1
€ — S
0 GDS%(S) sht1
s™ 1

s—0 gh -I_ Kn Sk
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In general case lim s L
n : e —
J o s—0 s 4+ K, sk
= If n > Kk, ess = O
[ | If n < k’ €ss —r OO
| k =0 -
] — — € —
n : $S 1 + K,
|f k =/=0 -
[ | — =/= e —_
n : SS K,
= Type O:
en =k =0

* a step (position) input
 zero-degree polynomial

* K,: position constant, K, = K,
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s™ 1
= |[n general case: ess = |im
J o s—0 s 4+ K, sk

Errors as a Function of System Type

Type Input  Step (position) Ramp (velocity) Parabola (acceleration)

Type 0 155 00 00

Type 1 0 Kiv 91.;:

Type 2 0 0 K
Kp = lim GD = GDY (s

p s—0 G CZ(S)ﬂ n O GDCl(S) — crrl?l( )

Ky = lim sGD_(s), n=1

s—0
Kg = lim s° GD.(s), n=2

s—0

= System Type: a robust property with respect to

parameter changes in the unity feedback structure.
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- _ s™ 1
" I[n general case: ess = S"_% e
n

| ® Relationship between ramp response and K,

| 10
| 9 ,,.-'f
g e
;
] & 1
=~ . — L
i . o =T K,
r.y 5§ . #_..-}
i 4 __,;""’
3 H,,.r-"""'
| g f,.f'
— ].o_-'ﬁjf
] 1]
0 l 2 3 4 5 & 7 2 9 10
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= Example 4.1: System Type for Speed Control

A Kp = lim GD =0
G(S) p— T _I_ 1 p SI—>O G Cl(s)ﬂ n
Ky = lim sGD_(s), n=1
D(s) = kp =0
Ks = lim s GD_(s), n=2
s—0
k, A
— GD — P
c1(8) s + 1

= nopoleats=0, n=0
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= Example 4.2: System Type using Integral Control

G(s) = — 1 Kp = lim GDy(s), n=0
P Ky, = Iirrg) sGD.(s), n=1
_>
D(s) = kp +|7 Nim 2 _
s Ks = lim s GD_(s), n=2
—— s—0
A (kps + kj)
= GD =
cl(5) s(ts + 1)

= single poleat s=0, n=1
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Feng-Li Lian © 2020
® Open-loop system with sensor dynamics.

R =reference, U = control, Y = output, V = sensor noise

Wi(s) Y ( 8)
+ E Controller U(s) ?_ Plant R 7—(8)
k@) D,(s) =S G ¥(s) (S)
R G D,
T W) p—
Sensor <

H(s) \> 1 + G D- H
E(s) = R(s) — Y(s) = R(s) — 7(s) R(s) = R(s)[1 — T(s)]
€ss = tlrgo e(t) = gl_r;no s E(s) = b!'_% s[1 — T(s)] R(s)

= |f the reference input a polynomial of degree k:

B(s) = 537 [1 = T()]

ess = |lim s L = 7(s) — 1 = 7(s)

= |lim
s—0 sk+1 50 sk
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= Example 4.3: System Type for Servo w/ Tachometer Feeldback

Wi(s) —
R(s) O—> E Controller U(.s)‘% [ Plant o G(S) s (7‘ S + 1)
% D(s) N Gls) :E’ Du(s) = kp
Sensor ()
e & H(s) = 1 + ky s
E(s) = R(s) — Y(s) = R(s) — T(s) R(s)
G Dc 1 + (H - 1)G D.
= R o R et
1
ess = lim s R(s) [1 — 7(s)] R(s) = 513
. 1 — 7(s) . 1 s(rs+ 1) 4+ (1 + ks — 1kp
= lim = lim
s—0 sk s—0 sk s(rs+1)4 (1 + k¢s)kp

k=1
kp
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Transfer function from disturbance input W(s) to error E(S)

E(s) Y (s) _ .
Wis) W) Tw(s) with R(s) = O
: 1
Tw(s) = s" Tw,O(S) with Tw,O(O) — 7%
Yss — Slﬂ?) S T’w(s) Sk_l_l
. s™
— .slﬂ?) Tw,O(S) ok
=|f n > k, Yss — 0
= If n < Kk, Yss —» OO
1
=|f n = Kk, Yss —
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= Example 4.4: System Type for DC Motor Position Control

s(rs + 1) Y

(@) De(s) = kp

(b) De(s)

|

o
v

|
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= Example 4.4: System Type for DC Motor Position Control

= Transfer function from W to E (R=0) R@_?Em Joa ooy
Tas) = "
S = — —
v s(rs+ D+ Akp 0 = 57 Twols) 1
with 7,0(0) =
= s’ Tw,O(S) n = 0 ’ Kuw,n

Ak
Kuo =~ 75

= Type 0: Steady-state error to a unit-step torque input Is:
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= Example 4.4: System Type for DC Motor Position Control
k Wi(s)
(b) Dels) = kp + T

oY

= Transfer function from W to E (R=0) .. - Do) f

+ " s(rs +1)

BS —1.0 |«
Tols) = = B0 1) + (kps + kDA
n =1 Tw(s) = s" Tw,O(S)
Kop = — Agf with 75,.0(0) = —

w,n

= Type 1: Steady-state error to a unit-ramp disturbance input is:

B 1
€ss —

_A—k_f Yss —




