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Speed robust control of

rolling mill with actuator saturation
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2. Mechanical Engineering Institute, YanShan University , Qinhuangdao Hebei 066004 , China)

Abstract: Sufficient conditions to satisfy the invariance of closed-loop system and L, performance of disturbance attenua-
tion were presented for speed control system of rolling mill with actuator saturation and bounded disturbance. Then, the robust
state-feedback controller was developed based on linear matrix inequality ( LMI) for speed system of rolling mill driven by DC
motor. The simulation results showed that the tracking error of speed robust control system increased with rise of saturation de-
gree A. To ensure that the system has excellent tracking performance, A was often given small value. The designed robust state-
feedback control system has better performance of disturbance attenuation and robust stability, and can trace time-varying com-
posite signals effectively.
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RERBIBREMRAMIT SHEZESHRHIEN
—ANEEH, PTG MR NEEEE &
Xt ARG ke M= A R R, BT RAXE SE R A3 e R
APITPfam AN Ra it TR eEE S mEE K
KU LBRE L . BHAT, X BA SATOURR AR R &R
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WA R R BAFEA A A4 Hu Ting-
shu, Lin Zongli'® % 7 SCHR [ STHUSERY b, iff— 2 44
T REMHI AN AR B R R R .

A FEE W BAPATIM R R AE R T
P ELVLE R EN R, A THRAREHEARE
M L TR RO /M, REETEREE
MRS (IMD 3R T B IR B ALLE 3 i 5L L
FERGERERFEEEMNS, AdEE - %KSH,
Lyapunov F25€ B 4% {4 5] i Schur & # ¥ 1Ly LML,
FET H Matlab 34k KRB R IREN . T A
MRGEREN, T RELILEEE R SR EERS
EERUE ,JFREAZINHI SN AR g0R e,
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2 EERTNAEHNSEENRESZEEES
(Robust control of system with actuator satu-
ration )

2.1 ZF S H& (Description of system)

ZEWT EARMA BN EARIEI R,
X = Ax + Bo(u) + Bw,
ot {y =Cx + Dw, (1)
z2=Cx+Du+ D,w.

Hex € 2" ARGEHRE u € =" HIERE A,

y € T HEG KL,z € 0 ATEHES,.w € T

AN RIEBNEIA L 6 (+) RPRAEIR AN R, AT R
o(u) = diag(o(u ) .o0(uy) ", 0,(u,)), (2)

sen(u), wl=1,
o{u,) = {

uil < 1.

(3)

u;,
Hr sgn( ) RS K%L
FE T, o (WA R AR
+ 1 ZEMES:

o(u) = k{u)u. (4)
e,
k(u) = diag(hk Cu) kaCuy), - kn(ug)), (5)
1, lwl <1
k(u;) = { st =12, ,m.
1/ ] w1
(6)

WIS A FARES RIRIE RS
u = Kx, (7)
D0 A 3 R G AR SRR 2y
¥ =A,x+ B,(6(u)-u)+ B,w,
A {u = Cpx,

zZ = C:kx + Dw.

(8)
HAF,

A, =A+BK,B. =8B,B, =B,
{ ¢, =K,C; =C,+DK, D, =D,,. ©
2.2 HAMRFESH H. M85 4 (H. performance
analysis of the closed-loop system)
312 17 (Schur £3)¥% 0, € ="*",R, €
O EREE, 8, € 2L

(Ql Sl)
M = ,
ST R,

W M=0%0TR =0fQ -SR'S >0,
ZHMT Q, >0/ R, - STO'S, > 0.

EiRfEA R B X (2), (3) MIER), BN AR
ATIMEERERE R (AR —METEIw()] <
1, ¥t >0) . WRHFELE « >0,8>0,7 > 00K
XA R = diag(ry,ry,0,7,) . S = diag(s;, 50,7,
sp) = 0. B R = S8 N MR ZE RN FRE
T P > 0:

AP + PA, + P(B,S’B} + BB, BL,)P +

CIRC, + aP < 0, (10)
apP-(1-5,/r)"B'ChCy > 0, i = 1,2, m,
(11)
A1P+PA;, +PBkszB£P+C£R‘2Ck PB,, cl
PB,, -yl D! |<0,
Ca D, -7
(12)
Pl

1) RAELTEN = {x0€ 2 :Vx) < 1/(eP)}
B AAER, B TEEN x(0) = x0 € 2,8
x(t) € 02,V >0 15, FEHLHEREE Vix) =
x"™Px>0.Yw(t) =0, ARERS FEH QAN
S sl o
2) EEWHRET ARREN L, i/ T
y(BB [zl <7l wll,, HEZEANEERSFHT
H. PEEE) ;
3y MEBFMEFMAH(10) ~ (12)15 2 2/,
Dl AL B R A AR AR
u < oo/ (1= s:/m). (13)
He, o H¥EHIE AR FIE(E .
iE
V = xT(ALP + PA,)x + 2x"PB,(6(u) - u) +
2xTPB,w < x'(- PB,S’B'P - aP)x +
x"PB(I-k(u))R*(I-k(u))BPx+3 'wiw.

(14)
R

V- ax"™Pr+ D, ((1 = k()% -
i=1

s2)x ' PB,B \Px + B~ 'w'w. (15)
BFR10), AR, BV <-aV + 87 wlw,

AR o YY) o poten Tt mI

RS, TR Ve > 0, V(1) < alﬁ,mﬁ V<0, H

M w(t) = 0BtV < 0, BEEIB (1) AL,
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FHERODERAV+ y 272 - ow'w , FHFAK

(12) #5128 1 A[BH/DT 0, M V < 0, BEE I (2)
AL
£5i6(3) ATl (1) P g 15
afo’P > (1 = 5,/1,)*CiCy, (16)
PNIES]
afox"Px >

(1 -s5/r)°x"ChCyx = (1 - s[/rt-)z. ui(z.
(17)
WAGRERIEEEE Q, B R x"Px < 1/(afB) B,
XU AHRLERG3). IEEE.
2.3 RERGEHBZFHIEIT (Design of state feed-
back controller)
EEX T RL S o Ha RS R B 25 AR
i AR RS S BRI ER R L S RS B 2 TS
AOANAETE R L, #E A5 PERE  ARSES| 2 |, 15 I H#Ee.
®it XM FTHRBREERFFNFFREZ,, W

ROEEEHa >0,>0,0g A; = % < 1(i =1,

2,-+,m) REME ,MREER Q. % L = (L,
Ly, L,) € =" UURMAKE H = diag(h,, ha,
chy) > O, AT R A E AL
QA" + AQ + BL" + LB" + aQ +
BB.B" + f;A%h.-B,-BT L oo,

LT -H
(18)
aQ (1 —A)L,

, >0,i=12,-,m
(1-2A)L] Boil

(19)
T T T
QA +:;1Q+BL +IB + B, QC1;+LD? L
> BB
=1
BT -y DT, o |<0
C:Q + DzLT Dzw = 71 0
LT 0 0 -H
(20)

WBCRER GHEREE A u = LT 'x FIHEHAR RS
REEAEE O = {x € 1" V(xg) < Vol 1,
w(t) = OB, MR REIEH 0 WEEFEREN; 7
TS T AR RGN L,/ F . HP L, Q

ATRIA LM 7R A S (18) ~ (20)74% 3.

iE RS R B R AT RS R 240
RO R, BERAK0) ~ (12) , 7T LUSE
(A+BK)"P+P(A+BK)+P(BS’B"+3B,B.)P +
K'R’K + oP < 0. (21)
ap?P - (1 - s/r)?’B'KIK; >0, i = 1,2,

(22)
(A+BK)'P+P(A+BK) + .
PBS’B"P + K'R1K PB, (C,+DK)
PBw — y] DL} < 0.
C.+ DK D, I
(23)
4 Q = P, BH#E5IHE 2,:0(21) ~ (23)BD AN
QA" + AQ+BKQ+ OK™B"+aQ +
fB.B.+ 2, g‘ s‘BB" oK' <o,
KQ _ R2
(24)

aQ (1-2)QK]

i 50,0 =1,2m
(1 - A)KQ, Boil

(25)
T
A"+ ACHBRO: g ocr ok"D! 0K
QOK'B"+ ), s°BB"
i=1
B" -yl D', o |<©
CO+DKQ D, -7 0
KQ 0 0 - R*/
(26)
&L= QK H = R, Wx(24) ~ (26)FHhh T

(18) ~(20).  iEkE.

TEBOTE , FEES W « MG = 1,2, ,m)
EE N F—FE, i AFER(18) ~ (20) A R&
B, AT R LML 53 o, A, TR, BAR
Ly v B, ERER AR AT E PERE.

3 LULIE FE #E X AR BY (Speed control sys-
tem of rolling mill)

HRB LIRS FLILEE R A EXT RS
g inE 1 Fras Bl i AR PRER R, HR
LB FEEE , o (u) AHRVLE B A AEES R E, R
YR EL KRB, J RSN E, C.¢ A8
DU RRL, M = C.bi RBEEHE , M, RN R
BRAE, L SRR, K, AV R R BB
B, T, R R .
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Dynamic structure of speed control system
2T YR HLS RO - e B BUE DI 1500 kW;
BUEHTE 1720 A5 C,¢ = 29N - m/A; B B BEFE 40
A 50kN+m; R = 0.0314Q;L = 0.0003H; J = 1547
kg - m’; K, = 152; BATHLHIHIRAIETE o = 8.

Cn? |

Fg. 1

wox = []ow = )] S @ vsEs
w L

Ar MEGE L o Z2 WA R E
LR E RE G SRS AR A

-89.4 -8793.1 431440.7

.- oo [5)
0.019 0 0
[8928>< 10 0.0095 x 50000 ]

" 0 - 0.0065 x 500001’

c=[0 1],D,=0, C,=[0 0],
D.=-1,D, =[0.021 0].

4 FULEESEEEHRNETHAE (De-
sign and simulation of speed robust controller

of rolling mill)

FF Matlab %5 LMI A93R % 77 3= 10 34 4L
PUEE R AT FiRiH AR, 38 SIMULINK &
Rt MG EERREH#T THE.

MU ERE N ny = 260 r/min B,

D#&E A = 0.1, 8 a = 0.73055, W@ itoR g
IMIA[{8 3 = 0.0316,K = LTQ"! = [ - 0.00054
- 0.00056], P 2 &t 1 B REMI B BR 5 5 IRER
HE£L .

300

250
200 PRI I
150

n/remin-!

100

50
0

0 2 n 6 8
tls

B2 X =0.10HKESMRELZ
Fig. 2 Tracking curve of step signal when A equals to 0.1

2) %A =0.5Ha =0.4634, [FEREH LMI 7]k
85 =0.025,K = [-0.00066 -0.00057],F3H
RGEHIHER S S RER LR .

3) A =0.7,Ha = 0.4149, [k LMI Al 3K
85 =0.0318, K =[-0.001 -0.004], E 4 KH
MER{E S IRER R .
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Fig. 3 Tracking curve of step signal when A equals to 0.5
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Fig. 4 Tracking curve of step signal when A equals 10 0.7
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Fig. 5 Tracking curve of composite signal when A
equals t0 0.1

B S4HH T ny = (260 + 28sinl12¢) r/min B,/
(1) Wit SRR EE R R R 2

T EB R ETE ¢ = OsHHINAR, RIS A M,
= (14500 + 1450sin3.14¢) N « m. 57345, H{RIE LR
AR AR S B ] 28 SEHH 3T S B A &
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MFELE RN, FEMRSIRE 2 E R
B A BRI K, BEARZEE 0 RIS 2 9K
MY . FEE A RO, 2 15 245 B i 4 K L iR
BEPERER 2 RGN R AR K T AR R 4K
B, R AT R P AN AR X I AR e B R
RERI T EIIHEE. M TP B MELILEE R4, &
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5 %518 (Conclusions)

& T A RITYUS R AR FIE S T
B4 H TR RS R AN R L, TS
BERITE 2 5% R EF AT R B HIT IS I AR R B
AP SIMELYLEE RS, FIUH LML 5Bt 1
RER S HEERS HEWRSREY, nkitey
RER 2R RO R, I REE B
FEMBMIMNE R, BREENBEDREIATE
REEEBAE A (AT K, Bk, BIRIERAK
AORRERMERE , B RERUEL /MY A .

%2 3K ( References ) :

(1] DAVISION E J,KURAK E M. A computational method for determin-
ing quadratic Lyapunov functions for non-linear systems [J]. Aufo-
matica, 1971,7(18) : 627 - 636.

HINDI H, BOYD S. Analysis of linear systems with saturating using
convex optimization [ C],”/ Proc of the 37th IEEE Conf on Decision
and Control . Florida, U.S. A:[s.n.],1998, 1(18):903 - 908.
WEISSENBERGER S . Application of results from the absolute stabili-
ty to the compatation of finite stability domains [J). {fEEE Trans on
Automatic Control ,1968,13(1):124 - 125.

(3]

[4] KHALIL H. Nonlinear Svstems [M] . Upper Saddle River, NJ: Pren-
tice-Hall, 1996.
BLANCHINI F. Feedback control for LTI systems with state and con-

trol bounds in the presence of disturbance [J). IEEE Trans on Auto-

matic Control ,1990.35(11):1231 - 1234.
HU T,LIN Z,CHEN B M. An analysis and design method for linear
systems subject to actuator saturation and disturbance (7). Automatica ,
2002.38(2): 351 - 359.
gy BEEH—— AN EEASE LA kM) b e
KRR ,2002:8 - 9.
(YU Li. Robust Control — The Method of Linear Matrix Inequlities
[M] . Beijing: Tsinghua University Press.2002:8-9.)
BN AR RENREER L EatkakT] EH
it 5 M A 2001, 18(1):83 - 90.
{ XIONG Xuequan . Stability and L, gain performance of linear systems
subject output saturation [J] . Control Theory & Applications 2001, 18
(1):83-90.)
) e B EIRIT P MATLAB BB AR LT] sl S
2£31.,1999,3(3) : 138 - 141.
{ WANG Guangxiong, L1 Lianfeng. Robust design using Matlab [J].
Electric Machines and Controf . 1999,3(3):138 - 141.)
Fie R BEBH, S MR AR R R G 1M
FAEIET].RITH1%,2001.19(3) :80 - 83.
(L1 Hua, SHI Zhongke ,ZHAO Luyang et al. LMI approach for de-

[9]

(10]

termining the incremental gain of saturated nonlinear system[J].
Flight Dynamics,2001,19(3):80 - 83 )

H—ng, EIR, R, % AR NIERETHENLMA
TR E S HEREERHBE ] pEBILTESR, 2003,
23(5):136 - 139.

(FANG Yiming, WANG Le, WANG Yiqun, et al. The research of

fn]

speed robust tracking control on DC motor considering the nonlinear
of armature reaction[J]. Proc of the Chinese Society for Electrical
Engineering ,2003,23(5):136 - 139.)

UEAORIE

F—m8 (1965 — ) B, H B, TERFIE AN A FER &
EFEH B ENER RS XN %, E-mail; fyming @ ysu . edu. cn;

X (979 —) &, LR AE, FENFEREREBIER
i A ELHL A SRR

B K (98— B BEHMALE, EENFHI AN &
e i i Bz FIRR 9

Fis (1938 —)F . BE MLESH, EEREFE LI
B e RERRREE RS


http://www.cqvip.com

