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*
=l 85I 1T
hoOF £ %

(PEAMKYEE S TRYE, 4% 257061)

BE X R AN R B B R I AR R R G, R T e R RSk
TR MRS RO R QBT B, S PWERELEER - iR I E R %L,
RTERAFE XKW TTERGEE R &, RIEH PR RERRUEN:. DLBELEB AL <2 SOV A 09 1 9
D5 B A5 RALIRUE T #2 h Aw A R I w42 e 1.

xR JELRMERGE, MRS, FEWAHR - SRR RIWER, KB

MR (2000) EE4%S  93D09

np

1 5]

BB I E R BT B R AR B R R LR —. FEd £+ ILEH, #XAR
W T = A A 3R R A R R B B TR B T B O AP R kR
— MR BT RS, R P WA T R R R, 82 B OR AS  25 E
FiERX, DARIERGHY e 1.

SR Bt XA A T 9 JE R AR R G A B AT R R AR L. RAEH —H3C
KT 0T R T BB BV O s B O BN B R = R R SR AR T A R
PR, (R N1 BRI H R RO AU T SOk (4] R, R T 2%
7 A AN B RS P Y BN B A B R e AR G A R AR B Ok, I o X R R S B
FEAL S SN 2% B 05 BB TE S T 7 B0 25 ] 2 A9 PR BE.

2 R

FR-KENRHFLERSL

&= f(x) + Af(x) + g(z)u + ¥(x(t — 7)), )
y = h(x),

* H K 973(2004CB31800) 1 H ¥F Hi.
Wk H #1: 2005-10-24.
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Her, o=[viao - )" € R* BREME; flo) M gle) I nBmiEg Af(e) RGN
REEM; V(e —1) NREMEE; o WAAEE; y=~nr) HEHEE. K

{ &= f(z) + g(x)u,
y = h(z),

KRG (1) BIRFR RS MRARARG (2) BOHRBA r WUREF RG (1) AT 5
A

(2)

z1 =h(x), 22 = Lsh(x), -+, zp = L’}_lh(m),

Fr#En, TUREEn—r DPBIRBIHER 2000 =m(2), -+, 20 = No—r(@), HH 2(x) 7ET
i wo CRYHERT LLAE R A RS 5, WA BEM T RS

2 =29 +m(2) + & (2(t — 1)),
Z2 = z3 +72(2) + &a(2(t — 7)),

(3)
Zr=v+ '}’r(z) + fr(z(t - 7—));
1= q(z,n) + x(2) + @(z(t — 7)) + p(z,n)u, (4)
Y=z, (5)
He, v= L;h(x) + LgL;ilh(x)u s m(z) = LAfh({E)  12(2) = LAfoh(x) s e(2) =

Lag L hiw) M (=) BB AT € ((1—7)) = Luh(e), &(=(t-7) = LoLh(z), -+
&(2(t— 7)) = Ly L} 'h(z) UK w(z(t — 7)) HETHE. BB

1) LyL h(z) # 0;

2) 7i(0) =0, &(0) = 0;

3) |%(Z)| < 01(21722, .- '721)7 ﬁ“’“ 01(21,227 e '721) ﬁa%ﬂﬁlﬁ%ﬂ%ﬁﬁ@ﬁ, ﬂpi(o) =0;

) & GE—T)| < ki(za(t—T7), 22t —7), -, 2i(t—7)), HeH k(21 (t—7), 22(t—7), -+, zi(t —
7)) AERDGHEAFLERE, H #:i(0) =0.

é\

€1 = 21,
e = 22 — $1(r1),

(6)

€r = Z’I"(Z) - ¢r71(TT71);

Her = ler e, ve]” BB, 1 < <n— 1 ZFFHEMBMES, 7TUHKERITE
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Bl e=ler,en, e BIARGREBERRE. WELLIER (6), R (3) BH
ér=ex+ F1(ri(t)) + Hi(r1(t — 7)) + ¢1(t),

(1)) + Hao(ro(t — 7)) + dolt) — 9¢1 (1)

861 (t)
[ea(t = 7) + Fi(ra(t — 7)) + Hy(ro(t = 20)) + é1(t — 7)),

(r
éy = ez + Fy(r le2 + Fi(r1(t)) + Hi(r1(t — 7)) + ¢1(2)]
(t

T2
9¢1(1)

Oei(t—17)
(7)
- r—1r—1 8¢r 1 ~
ér =0+ F.(rr(t)) + H-(r(t — 7)) ZZ@ t_ﬁ_ W(t—47),
7=0 i=

Sk, Fi(ra(t), Hilrilt — 7)) S BI0 BB, & R FORBER. 578, Bik3)- 4
1R R T AT

5) B ()] < 5 leslons o (6). e oy (1)) & G MRt

6) |Hi(ri(t — 7)) < Zijl lej(t = Tl (ra(t — 7)), Tt ki (ra(t — 7)) K EHICHEAEL L E
3 fahIssmiLit

BB BT T, 00 ¢ R MR, 05— A Bl — B B4k - 5

PLER I R R
F1H SINFELEER - RRRRELZE VI

Vi(er) = —e1 +Z - S1i(e1(0))do, (8)
Hdt Sii(er(0) B—REHERE. 3 Vi kRFH
Vier) = erlez + Fi(ri(t) + Hi(ri(t — 7)) + é1(1)] + :[Su(m(t)) — Su(ea(t —im))],
m=AARFEXMERK 5), 6) 15

%@ﬂ<%GMH@(D+%%@—ﬂ+%%@ﬁﬂm@—ﬂﬂwdﬂw+¢wﬂ

+ Z [S1i(e1(t)) — Suiler(t —i7))],
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T T

r24+3r—2 r24r—1 i—1 2k — 1
alt)=—a-—F— -7 _22(2 2 )
=2 k=i+1

—pui(er(t) ~ grh(ealt — 7)),
P1(t) = er(t)ai(t), (9)
$ooft ey HERENE, W

. 72 4+ 3r — 2 r2+r—2
Vi(er) < — (1 + ———) () - —5—e}(t - 7)

_ zr: KmT_l + XT: 2k2_ 1)@%(1& - mr)} +e1(t)ea(t). (10)

k=m

Fhp 2<k<r) BEFEVEHRRK - CRRKBEZ K

Vilre) = Vi (i) + 56+ 30 [ Sualralo))do, (11)

i=1 t—iT

m=AAFELHMEE 5), 6) 7

p=1 7j=1
MFri<k—-1F
(0f = B [era )+ 0400 + Firu(t) + Hilrite = )]}
< 5l + 50 + 5 g0+ ljzleia )+ (1) M,
o
Lf[9dn1()12 | [96r1(t) 12 N~ [96k-a(t) 2
My = 5{{ 81;@) | +] 81;(15) a(t) +j=1 [ 8];(15) pis (s (1))
' 0dr—1(t) 2.
+jz=; [;T(t)’%j(rj(t - T))} }7
]
Teat)] ~ G n(0) + 911 (0)+ Foa(ria(0) + Huatrieae = )]
1 1 k—1 k—1
< §€i—1(t) t3 Ze?(t) +5 Z e3(t — 1) + ep(t) My(—1),
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Hr
Or_1 Obso_ I T Y 2
=3 2[5 20
k—1
T2 {gf:_i((f)) i (7 (8 T))r}

B, WMFi<k—-1,m<k-1

er(t) {—% [eix1(t — mT) 4+ ¢i(t —m7) + Fi(ri(t — m7)) + H;(ri(t — (m + 1)7’))]}

g% 2 (t—mT)—f—;e t —mr) Ze t —mr) %Ze?(t—(m+1)’7’)+€z(t)kaiv
H
1 00 [ 96a() SO0at) e
Dt = 5{86‘(15 — mr) L?‘e (t— mT) } * [(’96z t— pis (ri(t =mr))

j=1

j
. 0]
+ Z [36:26: _1 Kij(rj(t = (m+ 1)1 }

T

Sim(rs(@) =[5+ 3 =k +1)]d(0), m=12 k1,

i=k+1
Sem(r(@) = | 3 (i =k +1)] (o), m=k,
i=k+1
Skm(r:(0)) = {mT_k_y Z (i—k+1)}ei(a), m=k+1,k+2,---,r
1=m-+1
A
r k-1 r
ak(t)——{ck—f—(g—i—z Z_k+3)+2[ Z z—k‘+1)}+2(i—k+1)
i=k+2 =1 i=k+1 i=k+1
N tm—k SN 12, 1
+ Z [T—i— Z (Z—k+1):|+pkk(7‘k(t>)+Ezpkj(’rj(t))—f—5
m=k+1 i=k+1 i=1
- k—1 k—1
+= Z’%kp Tp +ZM]”+ kai}7
i=1 m=1i=1
Ht o, HIEEMIERE,

Pk (t) = ex(t)ax(t), (12)
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i
Ve e - for + CENELTE D) o, 3y 3 kD
I=k+2
k—1 " l—i+37, (k+r+1)(r—k)7 ,
- ¢+ e; (t) — et —r1)
Y [or X e - [
k T T r
—szz_le%(t_mﬂ— Z (m—i—l Z —2l ) (t —m7)
m=2 =k m=k+1 I=m+1
k k T
—Z{Z (I —i+1)e2(t —mr)
=2 m=1[=k+1
+ { } t—mT)} (13)
m=k+1 lm+1

% EESETHER - HRRRIIEE R
Vo(r) = Vi1 (re—1) + e+Z/ Spi(re(o (14)
BEAE Sy(re(0)) = 2e2(0), m=1,2,.r, &
ar(t) = ={er + 3+ prolrel0) + 3 3 2,3 (0) + 3 D2,y 0 = 7))
+§ [0+ rzllDrmi} 3

ﬁqj Cr j@'ff%ﬁgﬁﬁﬁa M,; 1 Dy E’J%Xﬁ% k3,

’U(t) = er(t)ar(t)a (15)
Nl
olf) — er(t)ar(t) — L;h(x)
®) LgL} 'h(z) (16)
M, WRAERET k2RSSR, ARG
V< -3 [ack®)] <0. (1)

=1

H B A R AR B WA E RGBT A, X (17) BIREDL R e, 1 =1,2,-- -, r ZHH
REW. BT
21| = lea,
lzi| = le; + @il <leil +1gul, i=2,3,---,m,
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M ¢i(0) =0, Brlh 2 REHLTRER.

4 W% CSTR HEREAEHR

LA G S BT FEAL 5 R AR M AL EAT O BT E (WA 1) . 7E SRR R AT
—B AR R A — B BREPA KRN AEAL. SRR 3 SR AT DL
Sy IEy

Y

T Cy

Bl 1 PRESEBE P AL S 25 R

Car = qvll(cm —Ca1) — koee 1 Clay — AkoefRLTlCAh

. AH B UA AH __B_
Ty = 3T, — Ty) + = koee P Cay + (Ter = Th) + —— Akge” F11 Cay,
Vi PCp Vipep PCp
. _ B B t—
Cap = arCar — 1Ca2 kowe™ 7 Cay — Akoe™ 5 Cag + g2Ca1( T)7
Va Va
. T — 1T AH __EB_ UA
T2 — w + —kOee ngb CA2 + (Tc2 _ T2)
Vo PCp ‘/2/)(3[)

+A—HA/€0673LT20A2 + 7(]27}(1? — T),
PCp Va
Hep, Car ZIBHRTY A WEE, o SHERERE, Tr 2HEBWIEE, Ca 2R
Fide 2 OB RS A &R, ¢ RERMRE, T ZRMA2 HHOiEE, Vo &M
iy 2 AR, To RRVE 2 WERAVKIIRE, Ca ZRMA 1HOMRNY A &R,
QR TR, T4 1 HRRE, ViZRMA 1 MAE, To &RVE
LRI HKIIRE. 488 F ko = koe + Ako 2 HEE #RAE S5 A1 A1 SH 2R 58 09 A R T A2 4k,
TN AHEN S TEE R RBOT RS, BB ko f2BL. XHERRTT L
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el @, (HEHEm T EH R ERE. 7EASCH, ko A ko MBIUEME, Ak H—AHHEN
A, BUREBLE © = (21, 22,25, 24]" = [Car, Th, Caz, To|", BHIBH v =T, , FIHAE
y=Cu1 =11 . 1% RGN A 2, R AR R 2 = [h(z), Lih(x), 23, 24)", HE
HBREEERFGIEY, RENTIHITEREDN.

—AMEME) CSTR SERS TESMBUEME 1 rx

F 1 —HAWHK CSTR A TI/EE S 5E

q Car Caz i z AH

1001/min 1mol/1 0.639mol/1 1001 8750K 5 x 10*J/mol
qr Ca1 koe Va p UA

601/min 0.496mol/1 7 x 10™min~" 1001 1000g/1 5 x 1O4J/minK
Cp Tea Ty Tr T2 T,

0.239J/gK 320K 333.425K 350K 310K 331.562K

TERERANREZNB T, BT 5K T 1% 50 0 515t 28t Ak 5 1 25 A4 SCH2 Y B iF &R
FEHJBETHE. HEFP, RAOARHEER Ak =02 x 100, BERIMNCHMEZEH AR
WM |Ako| < 0.3 x 100, i FEFR A HIFRH 71 < 350K , Tb < 350K , NI i1 ] #E B

pl(zl) = 0.05|251|7 pQ(Zl, 2:2) = O.2|Zl| + 0.05|2’2|, RQ(Zl, 2:2) = 0.4|21_7—|.
H b — 37 By i A ot T R A5
vp = —(2r — (1 +5.05)(21 — ya))
(e2 + 1.15 + (—0.5(c; + 5.05) + 0.00125(c1 + 5.05)2 4 0.5(c1 + 5.05)%)),
Up — L?h(m)
Lgth(J?) ’

Her, yo MRS, >0, o >0 HERIFBE
RRH SRR A, M REW AT ERETELHEE, RBERREREER
GURAL TR, R Bl SR A

u =

_ U L?h(x)
LoLygh(z)

Heb, o ] AR S B E A S E
v=—a1(x1 — ya) — aaLsh(z),

He, a1 >0,00 >0 FRITSH.

Wit 2% 1 =03, co =03, a1 = 0.5, az = 0.6. FELAHH H H 0.45mol/1 B, {5 EL Hi 28
mE 2 FriR (- - - AASCREERSmH e, — —- —- HESWRBERENE R SR
HHZR). & 2 A, BT AERBIRE, %5000 B4t 41 Ab #5 tl 4F A RE a1 IR R Y
TR SME, THASSCHE H i 5 ) 4% B AR Sl ST IR BE A 1R 2, i SRR M A



1156

2 4 B ¥ 5 ¥ ¥

28 #

052

051

05

0.43

.:‘_')‘_ a1 (mol)
=
&

o
I
=

0.48

043

0.44

" -
-~
-~
./
1 2 3 4 =
Titnemin)

K2 (HELRLERE

AT BT — R A A PR BN B R et R R B B RO L E
I8 1 B AR SN AL B4 7 K A S B i R S oy AL, ARJR AT T RO B i QR
BE, MERTWEHER - TR R R, BEEH S, ZERSRSTRENL t -7, t—n7
2R A 6. MR BREA R AR TS RRER, WFRATHr Bt i 22 25 B 7T 4R Ik
AI3R R GER TR Pk AR SE ol 10 0 B 45 R Bk 1 148 o o 2 4t 5 1) R A 22 o A
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CONTROLLER DESIGN FOR A CLASS OF TIME DELAY
SYSTEMS WITH UNCERTAINTY

YANG Qing LI Shurong
(College of Information and Control Engineering, University of Petroleum, Shandong 257061)

Abstract A nonlinear robust controller is proposed for a class of single input single
output time-delay nonlinear systems with system uncertainty. Based on an iterative procedure
known as backstepping, the Lyapunov-Krasovskii functions are constructed at each step. By
magnifying inequation at each step, a robust controller can be acquired, and the corresponding
closed loop system is stable. The simulation result of two stage CSTR shows that the controller
proposed in this paper has well control behavior.

Key words Nonlinear systems, time delay, Lyapunov-Krasovskii function, backstepping.



