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Adaptive boundary control of a flexible riser coupled with
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Abstract: To improve the effectiveness and quality of the vibration control for a flexible marine riser with the system
parametric uncertainty, we estimate the parameters and employ the adaptive control technology and Lyapunov synthesis
method to design an adaptive boundary controller to suppress the vibration of the riser coupled with internal fluid dynamics.
With the proposed adaptive boundary control, system parameter uncertainty can be compensated, the control-spillover
problem can be avoided, and the stability and uniform boundedness can be achieved. Simulation results demonstrate the

effectiveness of the adaptive boundary controller to suppress the riser’s vibration.
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Fig. 1 A typical flexible marine riser system
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Table 1 Parameters of the flexible riser
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Fig. 2 Displacements of flexible riser

2) W prEERE 3 R, BRI AR YE LR B

T AT BT O N A S 2, AR ST A S i i
)  FE A 2 W RS, T
J7 124 R UG W 3 sy 4 1 07 TP MURE G 3

3) X Le Al F 45 R B 2(0) A0 SCHR (314 &3 7 %,
TN ANEB) Al G B0, A8 A SC H Y 1 5t
A L 20 S A I 9% 3 O F% 5 LU SCHk (31
B3 () i A% 8 B /0, e il AR 7 TS (L = 1000 m)
JUAE S, AT U B AR SOV v (1) 3 8 3 S 45
SRR 22 1 N R W 0 B AT 2

4) B s R AN A, H S S
Y A —11 x 105N ~ 2.5 x 10° N, 1fij 47 )45 shil
ARG ) 5 s FE AT .

5) X Ee A B g 45 SCik (31 e nT 4, 7E
AN B A I8N G BT, AR SR 95 i i N AH B



624 o A

i®

I %530 &

SCRIR (317 42 il s A 9/ T4, DR 42 11 4 B2 T
FETRE B 5y s Bl.

—_
(3]

w (1000, £) / m
o

- - = T — H i
(a) x =1000m

w (500, t) / m

0 1I0 50
t/s
- - - gl — FHiEHl
(b) z =500m
Kl 3 etk ks

Fig. 3 Displacements of flexible riser

x10°
23 ! ! ! !

0.0

Ut /N

.
110 10 20 30

t/s
SENSERINVAURE AL TN
Fig. 4 Adaptive boundary control input

40

50

5 458 (Conclusions)

KSR T B SO e e e vk ST
TR AR N AN TR B9 30 3 h s i 1) L 3
FAL I U A R G, SR H Lyapunov
SRR, AN I FE T B G N A
FH DA 745 R 5. AR SO AE SCRR [31R0HIF 77 1 S
Feat bt 2B A, Bt AR ST ST ) S NV
TR A T Ae sk das e ), A B
FEth b, & HAG 1R I E G N, BEAA 2 M AT
B R G AN AT B AR E . R FLyapu-
nov E VAN BT e ) R G A e A — 20l
BT TAER. S5 X AR SOV 3 Bl A
PSR AT T BUE AR, B UE T BT B i A
A R

5
£ 2 3k (References):

[11 LIUY, GAOHX,ZHAO ZJ, et al. Boundary control of a flexible ma-
rine riser [C] //Proceedings of the 31st Chinese Control Conference.
Hefei, China: IEEE, 2012: 1228 — 1233.

ST A, ZEAREE, i, A R R vl LA R R I S 0],
AR B LR 2R (A AFHERR), 2012, 40(8): 32 - 38.

(WU Xinsheng, LI Linye, LIU Yu, et al. Modeling and boundary con-
trol of a marine riser [J]. Journal of South China University of Tech-
nology (Natural Science Edition), 2012, 40(8): 32 — 38.)

FIALEE, R, RUTAE, A BT AN ) (KR ARl R S
AL SR 0. PN 5, 2012, 29(6): 785 - 791.
(GAO Hongxia, ZHAO Zhijia, WU Xinsheng, et al. Robust boundary
control for flexible fluid-transporting marine riser based on internal
fluid dynamics [J]. Control Theory & Applications, 2012, 29(6): 785
-791.)

LIU Y, HUANG H W, GAO H X, et al. Modeling and boundary con-
trol of a flexible marine riser coupled with internal fluid dynamics [J].
Journal of Control Theory and Applications, 2013, 11(2): 316 — 323.
CHRISTOFIDES P D, ARMAOU A. Global stabilization of the
Kuramoto-Sivashinsky equation via distributed output feedback con-
trol [J]. Systems & Control Letters, 2000, 39(4): 283 — 294.
VANDEGRIFT M W, LEWIS F L, ZHU S Q. Flexible-link robot
arm control by a feedback linearization/singular perturbation ap-
proach [J]. Journal of Robotic Systems, 1994, 11(7): 591 — 603.
HOW B VE, GE S S, CHOO Y S. Active control of flexible marine
risers [J]. Journal of Sound and Vibration, 2009, 320(4/5): 758 —776.
GE S S, HE W, HOW B V, et al. Boundary control of a coupled non-
linear flexible marine riser [J]. IEEE Transactions on Control Systems
Technology, 2010, 18(5): 1080 — 1091.

HE W, GE S S, HOW B V, et al. Robust adaptive boundary control
of a flexible marine riser with vessel dynamics [J]. Automatica, 2011,
4(47): 722 -1732

DO K D, PAN J. Boundary control of three-dimensional inextensible
marine risers [J]. Journal of Sound and Vibration, 2009, 327(3/4/5):
299 —321.

MOE G, CHUCHEEPSAKUL S. The effect of internal flow on ma-
rine risers [C] //Proceedings of the 7th International Offshore Me-
chanics and Arctic Engineering Conference. Houston: IEEE, 1988:
375 - 382.

IRANI M B, MODI V J, WELT F. Riser dynamics with internal
flow and nutation damping [C] //Proceedings of the 6th International
Offshore Mechanics and Arctic Engineering Conference. Houston:
IEEE, 1987: 119 — 125.

WU M C,LOUJ Y K. Effects of rigidity and internal flow on marine
riser dynamics [J]. Applied Ocean Research, 1991, 13(5): 235 — 244.
HE W, GE S S. Robust adaptive boundary control of a vibrating string
under unknown time-varying disturbance [J]. IEEE Transactions on
Control Systems Technology, 2012, 1(20): 48 — 58.

HE W, GE S S, ZHANG S. Adaptive boundary control of a flexi-
ble marine installation system [J]. Automatica, 2011, 12(47): 2728 —
2734.

MORISON J R, O'BERIEN M P, JOHNSON F W, et al. The force
excerted by surface waves on piles [J]. Journal of Petroleum Technol-
0gy, 1950, 2(5): 149 — 154.

(2]

[3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

e FA

BREKAR  (1970-), 53, BIBUZ, FEEHIFTT A SRS
ARty ML H15E, E-mail: lyw@gdei.edu.cn;

x| U5 (1977-), 55, By BREST 5L, FE IS Ik S A SR
Ziyasiil, AR PEFE 18 5 8%, E-mail: auylau@scut.edu.cn;

SATE (1961-), U, MIBER, FEERETTT 0k B e Rl 5 8 fig
FE BB BOR TR e R RIRT ST S TR ] AR 77 i T

&, E-mail: auxswu@scut.edu.cn.



