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Function and design of compensator for time-variant system
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Abstract: The PID controller is widely applied in the liner time-invariant plants for all types of industries, due to the
simple structure and easy tuning. However, the poor robustness is found in the application of PID Controller within the time-
variant and non-linear plants, because of the fixed structure and parameters. The study presents a compensator to enhance
control quality and robust performance in time-variant or non-linear plants for the PID controller based on the transfer
function of nominal operation case. Under several optimization criteria, the compensator is designed by the maximum of
gap metric within uncertain or non-linear model, it is shown that the outputs of control system for the different operational
situations are same as the nominal operation cases. Furthermore, the engineering examples confirm the fine control quality

and robust performances of the control systems with the compensator in the time-variant systems.
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Fig. 1 The time-varying control system with compensation function

EEIH, PID(s) = k. (k, + ki/s + kas/(tas + 1)),
PABR R PR — DA 2 BE LR G, r = U,/
(Tos + 1)2, Hrh U RIREE | U, [ RAE 5, HH &
Gty BRER B

EX 1 HAENRPR—AAHESE RN R
g8, H— LA FEAT TOURIE LSRG, (s), MRk
(1=0,1,--- ,n), BFELTLIENARLNE RGGEIH)
BRI G, (s)Ml(i = 0,1,--- ,n).

EX 2 NEARME 2Gi(s) € P,

Gi(s) = bie(*”’?)/(aing +a;s+1),
i=01,---.n 1)
FERERE .

EX 3  G,(s)RARFRIZAT TIL T 1538 R 4L,
PID* MBS = [k}, ky, k7, by, th 23 Thx
WRIEAT TOLG (s) 2eid AR FEARBETT 9, PID* )
fithu, =PID"e(t), Hte(t)=r(t)—y(t), Z=TG,(s)
B RIPLPID™ I3 R Gik iy, = Go(s)up efa e
I, T L A A LA AR .

EX 4 it
IAE: S = j0°° le(t)|dt,

ISE: S = j0°° le(t)|2dt,

ITAE: S = fooot\e|dt,

ITSE : S = jom tedt.

E 1 WRETHRZT LG, (s) &t
Fabr LT IPID* ¥4 Hiu, = PID*e(t), He =1 —
y, MR ARGy, = G, (s)u, 2R E 1 HLilk e 45
il R b TR AR, BUEIRAME S ke B LB, {3145
A R Gty = yp,i = 1,2, -+, n, MIEM
Bk =G Y(s), HFGi(s) e Pi=1,2,--- ,n.

W AR E X3, y, =G (s)u,, BIAY, =Gi(s)u,
# Yp, 5 ETTAME ke A TSR, o u = u, +
g, (1T A 2 T 1847 TG, (s) 3 R Gifa oy,
=Yp, i =1,2,--- ,n, ANEITHTRI

(up + uq)Gz(S) = Yp,
(up + (Yp — yi) k) Gi(3) = Yy,

Gi(s)up + (Yp — ¥i) ke Gi(S) = yps )
(Yo — ¥i)keGi(s) = yp — Gi(s)uy,
(Yp — yi)keGi(S) = Yp — V-
JITEA
ki(s) = G7'(s), VGi(s) € P, i=1,2,--- ,n. (4)
EEE.

EE 2 WRFTR I AME R RS E 5 R
1E W) A% 38 bR 30 k7 (s) = thr(s)ke(s), H A ke(s) =
G '(s), thr(s) = 1/(t}, 8% + 2tms + 1), BN H
T I 1A] S E, AN B AT () = thr(s)ke(s), fH
RITAE TG (s) € PRI 4y, =& FeE 19, 1M
Bl [((0) ~ ()] = 0,6 = 1.2, n.

E ARG, ke = G, (s):

(up + (Yp — ¥i) k) Gi(s) = yp,

yi + (yp — 1) Gy (5)Gi(s) = v,

yi(1-G 1 (5)Gi(s)) =y (1= G (5)Gi(s)),

Y :ypa i:071727"' , 1.

FEREI R, H K (s) 08 ke, WA R S8t

yi = ki (s)Gi(s)yp/ (1 + ki (s)Gi(s)),

i:1727"'7n7

(&)

ke(s) = Gt

p

(s), thr(s) = 1/(t2,s* + 2t,,s + 1),
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b 2 /N HL A5 38 1 I [) 55 3, Kef (s) = thr(s)ke(s)
&g o NIE WAL I8 R B, 2 RIBUZRELS =1 —
Gi(5)Q, MQ =k (s)/(1+k;(s)Gi(s)) AT E
S AEMR R, Tk (s) = (1 — QG) Qi 2
Youla-KuceraZ#{{t.(Youla-Kucera parametrisation) /A
S, Fr DAAME RS (s) (45 BT H 5 TG, (s) € PIAIFA
Tty R AR 9, 3 ELWE A i | (1) — 1o (8)] =
0,i=1,2,---,n. UEEE.
AR, HTEIE TG (s) = bpe *™/(aes® + ap s
+ 1) W THPID™ 5 il 4% I, O A 40 4 3R I 18] 7, 2% B AE
PID* AL T, Bt AEAME RS Fep:
ki = (ap2s® + aps + 1)/(b,e™) (6)
i, AT = 74 — 7 RBRG) 7, BAE(S)H
N R (AT) = f(1q — ) RAEFK(GS)H e,
FERLFH (S, Koo ~ e/ (A BV N AL, it
Wittrs(s) = 1/(t2,s* + 2t,,s + 1), Here,, 28N
SCAE I )% H. FE(5) A ™ R S 3 Qe
(ESUEA
ki (s) = thr(s)ke(s). (7)
3 LEMH
31 EEEERG
FIEGEAR) R H R A A E Y, PAE3A
LT RIS R EU D 7)) 2
G1(s) = 0.5/(0.06s* + 0.17s + 1),
Go(s) = 1.5/(0.11s* + 0.27s + 1),
Gs(s) = 0.75/(0.01s* 4+ 0.20s + 1),
gap(Gs(s), Ga(s)) = 0.7 = gap,,ay-
EFEG,(s) = Gs(s), Gy(s) = Go(s), TEEN TR
Pl b, A It = 0.001 s, Ty = 0.04 s, &3t
MG, U, RN IR S 5, ZR R4
iy E0.7 sk FI1.
FTHRIR LG, (s) Bt R PID 15 1) #5244
K* =1k k; k' Kk ti] =
[1.0 1.75 10 0.06 0.025]. )
RS (6), Bt AMESRE; (s) N
ki (s) = (0.18s% 4 3.60s + 18.0)/
(0.002s* + 0.075s + 0.750). (10)
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Fig. 2 The closed-loop system output of G}, (s) with and
without compensator (the 2 curves coincide)
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Fig. 3 The closed-loop system output of G (s) with and
without compensator
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without compensator

32 B4R RS
F SR BT TSI G E R, PR3
T A R o



Fo

FF V2255 —AR RGP A ME SR I REAI 13T 1101

G1(s) = 0.5e"2*/(553.65% + 47.1s + 1),
Ga(s) = 1.5e7465/(1175.55% + 68.65 + 1),
Gs(s) = 0.75e325/(816.35% + 57.1s + 1),
Tq = Tmax = T2 = 46.
(11)
G, (5) = Ga(s), Gq(s) = Gals), FIFREE
Hgeh, SEHEAM, =025, Ty =7s, &M —1k
AEHL S, U MR AT RS 5, R R Gk oy 7
190 sk EMEAE L.
FETHRRR LG, (s) WAL PID $5 il 28 244
K* = [k k2 kK, 5] = [0.3,1.75,0.035, 16, 7).
(12)

IR G MA(6), Wit HMEaREf (s) N

ki (s) = [(816.33s% + 57.14s + 1.0)/(0.245°+
1.20s + 1.50)][(0.041s* + 0.29s+
1.0)/(9s* + 6s + 1)]. (13)
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Fig. 5 The closed-loop system output of G, (s) with and
without compensator (the 2 curves coincide)
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Fig. 6 The closed-loop system output of G1(s) with and
without compensator
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