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Disturbance Rejection and Vibration Control for a Floating Ocean
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Abstract
ocean resource to electrical energy draws lots of attentions. The flexible pipe which is used to transport cold water in the

With the demands of the renew resource, the ocean thermal energy conversion system which transfers the

ocean thermal energy conversion (OTEC) system will generate the vibration under the external disturbances. A partial
differential equation and some ordinary differential equations are presented to describe the dynamics of the float OTEC
system, and active boundary control laws with disturbance observers are designed based on the dynamical model to reduce
the transverse displacement. Besides, the output constraint problem of this system is handled with the control method.
Further, the stability of the floating OTEC system and the effectiveness of the designed control laws are proven in theory
and in numerical simulation.
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Fig.1 Floating ocean thermal energy conversion system
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p.(t) = 1.024 x 10*> x U(t)?
po(t) = [8sin(0.2t) + 5sin(0.5t) +

2sin(0.7t)] x 10° (41)

Hd, Ut) = U + Y1, Ul'sin(w;t) A &S5
TER 2 .

x2 s

Table 2 Parameters of ocean disturbances
28 SR 28 SR
U, 0.8 m/s w3 2.946 rad/s
U, 1.0 m/s w4 4.282 rad/s
U} 1.0 m/s D 0.15 m
U, 1.0 m/s Ps 1024 kg/m®
U 0.5 m/s Sy 0.2
Ap 1.0 Cp 1.0
w1 0.867 rad/s wa 1.827 rad/s

Hxt OTEC RGEHHT A LRENHES R
HSHL, FANRH3 AL HES, RJEF 3 Al H
SERIEATRS H AT

1) AHEIN S B, FERXM LT, £ X
OTEC RGAMMLATEER, BI, wi(t) = uo(t) =0,
2T 3 M EARRHNA R G2 Ol did
2 R K A E s Eh i = 4R (I 2 Fow), &
11& BIR R KB 2 A R K. 8
Ao WL 4l 1 T i (7 B ) a8 S DL, T 3 () AIA
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4(a) ATLAFE, RGE N i (B A RS e 2 B A
I, AR 3 2 5 B T RR I L
B A LT EE, ZATTAERIZRGALT—4
TR, AWTIE KA L MES5H IR ah il fE & 2L
ARG, i, OTEC RGeS GBI
PR WEENE. ST RALENEIE, &
SR A TR R BN R SR RS, SRIER SR
TARe4.

100070 Time /s

P2 RHIE & T R KA T R (L A%
Fig.2 Displacement of the flexible pipe without control
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Displacement of the ballast under PD control: y(L,t)
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(c) Displacement of the ballast under active vibration control:
y(L, 1)
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Fig.3 Displacement of the ballast

2) PD 4zl /TR, LBl - o (Proporti-
onal-derivative, PD) il #% 2 2% JH 10— Fpix

(b

I N

y(L,£)/m

0 50 100

5 ARG O, FRATHE 1 i 7K A T 1Y) i
ArE AL PD 248 % 70 A Xt R Ge iR i
RO A TRFZIERIZR IR ui(t) = —100 x
y(L,t) — 100000g(L, t) Fl us(t) = —200y(0,t) —
50000y(0,t). LML, FRATEE] T REXNLEIBE)
LT EE, M5 EAREIME S FIE 3 (b) W AF
th, OTEC ARG ZSHIEARSE T —ED
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S BEMERR Az, E 4 (b) FrR. FFiXFpi
D5 AT AT A 2 1 A 155 DOAH LU e, W A3 PD s
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(a) Displacement of the platform without control: y(0,t)
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(b) Displacement of the platform under PD control: y(0,t)
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(c) Displacement of the platform under active vibration
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Fig.4 Displacement of the floating platform
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Fig.5 Displacement of the flexible pipe
with PD controllers
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TR AR BB — E PR EARIE R GEM R E M DA S
& OTEC RE-GI TARE, H2CR AR5
PRAE.

3) Pristit i sl RO, AR
RS A (22) A (21) 0 Sk R kA
T E A b AR B R i v A 5
W AR, e SR N ke = 0.01, ky =
1000, k. = 10°%, k; = 10°%, k; = 500, ko = 0.7, k3
= 155 AS ka = 1. AR HUBRE, AT TBAGH]—4> =4k
APl L B2 3 18], [ 6 2 T HEA SO
BOTEREAEN T, RGP A ER AR
AL O, MIETERYAEA ] MR ) A, etk
IKEERIEASRAFE] T, RN, REH R E
7 S D3 A A T A R sl N2 R I, Al 3 (c)
. FRutz b, I 4 (c) B NERTAA i, RETHY
P2 2P G AR BURIR IR 55 2 )5 2 i BT 4 o
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Fig.6 Displacement of the flexible pipe with

Time /s

the designed controllers
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-5 B EFERTAG 0 TAE AU A ok, iy
FOSLH, 135 TR AT — B AR, M Hrr 4l
R AE BT st i 2 Bl i S i RE RS RO
il OTEC ARG IIA RIRZ, MRIERGIFE.

4 51

AILEP X OTEC 2 40 H Z2 1A 38 1 Hk 3y 7]

B T BB R A AR, R Sk A i S
AR5 5 2L A A Tl s - S A 0 57 B R 4 o B
TN TE I TEAL VA SR 2R GE 10 FE A7 AE /Y i 297K
AR, i B R O L o A ST SRk 1 B
BT RS f a0 A k. SR, ASCARE R T
OETC RGAE/KN-T7 iR, 20 7 RN AE
FCA A7 T R Bh PA R 4507 18] L AR sh AR £ &
=4z m) FE R OTEC KRG IR — T H
APRENER AR, Beoh, X R-rG, weEE
W FERPE AT B, R S A SRR A
HIM & B2 4 S BB AR SERT ST Y . AN, A SO
Pt AR as AE p e] INEE (R B RTIT, AEE
e I PAT TR T BRI S ATAEME BRI R E A
LIRS, BATEARFAERE TR TAEPLEEH IR
B ALY R GUR SE M LA R EAT BT PR A 2RI
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(a) Active vibration control force acted on the floating platform: u, (1)
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(b) Active vibration control force acted on the ballast: u; (f)
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Fig.7 Designed vibration control forces
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