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H-infinity robust repetitive control with output feedback for
roll eccentricity compensation

LI Zhong-de, YANG Wei-dong
(School of Information Engineering, University of Science & Technology Beijing, Beijing 100083, China)

Abstract: An H-infinity robust repetitive controller with output feedback for the roll eccentricity compensation is de-
signed by using the linear matrix inequality(LMI) method. We employ the dynamic output feedback controller to robustly
stabilize the closed-loop system, and treat the controller design problem as an H-infinity output feedback design problem.
The nonlinear matrix inequality is transformed to linear matrix inequalities with variable substitution method, and the con-
troller parameters are obtained by solving these linear matrix inequalities. Moreover, we introduce a feedforward gain into
the repetitive controller to improve the dynamic performance and the static control accuracy, while ensuring the stability
for the closed-loop system. Theoretical analyses and simulation studies show that the performance of the system satisfies
the requirements, even though there are parameter perturbations in the controlled objects.
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Fig. 1 Repetitive control system for roll eccentricity compensation
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Fig. 2 Structure of robust repetitive control system for

roll eccentricity compensation
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FTPAR = FL AR — | 21 %] @ P14 = (OLX + Dmé)AT’ .
Po1 Do Wy = ATY + YA+ BCy + (BCy)T,
BENCED Wy3 =Y By,
P11 = AX + By(Dy,CoX + C, M), Wyy = (Cy + D12DC)T,
@19 = A+ BaDyCo, Wgy = D).
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iE RL(13)E R 55294 Dyy = 0, Doy = 0 [sin (0.17t) 0
INNEEET 7RI kR 0 cos (0.17t)
ST HEX, Y, A, B, G, D ELMIQ5)RIQ27)H— I(t) = 0 0
ANTTATAR, SR B 2 5 4, 7510, N, 8 8
SR(28) I AT A P B B -
Sy T 3 T A ) 2R SR 2 T 0 0 0 ]
S KA T AT P 25 P 5 T U 58, (X A 0 0 0
WA FE 035 5 BB M R, BRIEh T 475 R4 cos (0.1wt) 0 0
(R AS TR BE, 27 50 VT b 98 I (s) I, £ER3E 0 cos(0dnmt) 0
RO R PE RS I RTHR T, ST Rl A PR K 0 0 cos(0.dnt) ]

HI AT I we; FoIR, T HE— D BB IR i R ¢
(R h A1 A 5 AR A1 RS B2, 78 Bt B 42 il ),
T 51N 270 R e BT s A ) R, BIRE A
A B e A A AR Bk TN 380 e R )
N i T 00 LA g, 36 > i A LK /0N B AT 3R A 5
[ fe.
4 i EHWFF(Simulation study)
CAREALHL 24T 05 5030 By, ARk 80an T

A, = 0.616 m?, K = 67.5 t/mm,

¢h = 0.2, wy = 1.101 rad/s,

wp = 893.22 rad/s,

Ky =0.0371m3/(S - A),

Kee =219 %x 1072 m?/(N - s).

TP AN G LR 2 T R G AL o R
, 2.187
Pl)=—3—13
S 48 S

1
6002 + 600 + )(1.101 +1)

1
: 31
72 . €2

1
(893.222 T 923305 © )

Wwe = 100 rad/s, H- W RGHA WH B AAH &
S

(

100 0 0] [0.3]
01000 0
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00010 0
0000 1 [0
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0010 0 0
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0 0 0010
L0 0 0 0 01

P CoAMEAT 5l
AS,(t) = 0.05sin(12t) 4 0.02sin(24¢ + 1.3) +
0.01sin(36t + 2.4).

A B3R T5 RT3 K (s) S B R

Ay =

[0.0527 —0.1712 +0.2754
40.0152 —0.0447 —0.2211
—0.0017 +0.0029 -+ 0.0087
—0.0010 +0.0013 — 0.0046
—0.0004 +0.0004 — 0.0031

0 0 0

425365 +1.6367 + 9.4807]
—0.7086 —0.2255 —5.2541
+0.1072 +0.5078 —6.0632| |,
—0.0524 +0.0887 — 0.6265 ’
—0.0315 —0.0371 + 0.9666
—0.0005 —0.0017 — 0.0636

Cr =[0.0013 —0.0021 —0.0061

—0.7986 1.2414 — 198.4394],
[48.2815 ]
—4.5384
12.6339
11.6844
10.8456
10.0382

By, = x 10%, Dy, = —2.0242.

AT R B SRS B ONET M) R AL
fAT PR 2L S HLk = 0.25.
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AMERE R B 25 A3 R4, 46t = 5s
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Fig. 3 Effect of roll eccentricity compensation without

forward gain
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Fig. 4 Effect of roll eccentricity compensation with

forward gain
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Fig. 5 Roll eccentricity disturbance signal
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Fig. 6 Exit gauge under natural rolling condition
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Fig. 7 Exit gauge with FFT method
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Fig. 8 Exit gauge with robust repetitive control method

5 4Z5i&(Conclusion)
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