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Abstract : In the present study we verified performance of feed-forward control algorithm using short term prediction of ship motion information by
taking advantage of developed numerical simulation model of FPSO motion..Up until now, various studies have been conducted about thrust control and
allocation for dynamic positioning systems maintaining positions of ships or marine structures in diverse sea environmental conditions. In the existing
studies, however, the dynamic positioning systems consist of only feedback control gains using a motion of vessel derived from environmental loads such
as current, wind and wave. This study addresses dynamic positioning systems which have feedforward control gain derived from forecasted value of a
motion of vessel occurred by current, wind and wave force. In this study, the future motion of vessel is forecasted via Brown’s Exponential Smoothing
after calculating the vessel motion via a selected mathematical model, and the control force for maintaining the position and heading angle of a vessel
is decided by the feedback controller and the feedforward controller using PID theory and forecasted vessel motion respectively. For the allocation of
thrusts, the Lagrange Multiplier Method is exploited. By constructing a simulation code for a dynamic positioning system of FPSO, the performance of
feedforward control system which has feedback controller and feedforward controller was assessed. According to the result of this study, in case of using

feedforward control system, it shows smaller maximum thrust power than using conventional feedback control system.
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AA o] steAHRE o] &3t =X Y= Aloj7] 9
= Aoj7]el vl Bk F2 Ao sS Helth

=7 9]l A= Dynamic Positioning System2] A A9} 4=2] 2
AAA Gkl #gk AT so] &ks] o] Fox DPS AlF
slol] 8o Htole FH WA E &)y BE
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2 o gd AolAzH AA %t Dps hdAel wa o7}
gk3] 213 ¥ 3L ) th(Mahfouz and El-Tahan, 2006; Tannuri et

al., 2010).

o) A& Drill ship 23S o] &3}
Ass Hrkske 2EAE 71
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Table 1. Principal dimensions of ship

Item Principal dimensions
L 200m
B 44m
T 12m
A 100410 ton

2 AFollA e Adre] =3 F Surge, Sway, Yaws
Aol taew Bfen oF AHE $ES thg A
2ol Yyepd 4 9lon HAAE Fig 13 Fo] Aeojdrt
(Fossen, 2011b).

My+C(v)v = TrB 1

M= M+ M, ®)

Cv) = Crpw)+C,(v) 3)

n=Jon)v @

)

Flg 12 AFaA4FZEA 7128 2 AA2G=3A
714 by 2l F FHEA Aol 4k & FH3L
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Coriolisg & X &3}7] 913 ot} A@)olA ne 7154
{n}ell A o] Auke] %’47?]‘3“3 ne 718 {npell A9l ke
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3.1 Current Load
Aute] 2&3te 93 1S 74, Wind Load, Current
Load, Wave Load® % d3I 25U A 22 o} 2 Th(Fossen,

2011a).

MI./+ C(V)V+Dl/7'(+d( .‘/YT‘L’V7() umd+ wave +TOO’VL (5)

1
- EpAF(‘,CX(:(’VTC) V;zc
d( Vrr:’/y'r(t) = 2 pALrCY( (’YI() ‘/I( (6)
o EPALCLOO'C'N,C(VTC) VTZC
B
{b}—x

Current |

Fig. 2. Example of attack angle.

2GSl Dy, d(V,7,)E 25 o3 Jd&

V.2 olgsto]l 723} Current loadS %A] ol
th o714, D A% ZAAF Adoln d= vy 74
o gloltt. n AR 248 4 WPolA AF(,AJ 2
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A4S Ueh L, Fig 29 4,5 Current?] &S VERHE
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3.2 Wind Load
Wind load= Blendermann(1994)ol ©]3 T2 o] & &
.

CX w ( Yrw ) AFw

Twind — Epaz‘r Vr2w CY,w (,Yr w)A Lw (7)
C’N, w (/Y'rw ) ALu L oa

Apy cos (7,
Cx(’}/w) = ODl L (8)

Amo é(1 — @)Sinz(Z )

2 CD, o
sin(vy,,)

Olw) = D—5—2p, ©)

_ _ 2

1=5 (1 D, )sin®(27,,)
S

Cylv,) = LL —0.18(~,, — %) Ccy(v,) (10)

oa

21®)° CD,,CD2 77+ 38 W&, & U A% Aol
3L cross-force parameter = A3l Y= S HE o] E
A& 4= 9 vhBlendermann, 1994).

oltl,  OD,= CDup(v)Ap,/Ap,Sl A7 glew
| Yy | < /201 CDyp= CDyup(0) %A EECA

CDyup= CDplm) & ©1& 2

3.3 Wave Load

£ AT 4= Modified Pierson-Moskowitz (MPM) Spectrum
= o] &sto] N/ =t aE A st RFetEs ALt
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g Alolel ALgHAT H(12), 19AH Ay, o 18T 6
kHA wto] A= Z}FEula AR o] v] Bt (Fossen, 1994).
o= 0<¢ <279l WY WFolvh Fy L P e,
22} 9437 A9 9] Force-Moment RAOS WeR a1, ~ F%
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Aozl EA
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Fig. 3. Feedback & Feedforward control system block diagram.
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Fig. 8. Standard deviation of forecasting error.
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Fig. 9. Formation of thrusters.
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Table 2. Formation of Thrusters

Location of COG

Thruster Max Thrust
X Y
Azimuth no.1 90m 18m 1000kN
Azimuth no.2 90m -18m 1000kN
Azimuth no.3 -90m -18m 1000kN
Azimuth no.4 -90m 18m 1000kN
Azimuth no.5 -85m 0 1000kN
Azimuth no.6 95m 0 *1000kN

670 Thruster®] x, y'83F FHdd f, FHFmMd T 1
g Aoy 1 & 57 ZTh(Fossen, 2011d).

o =Tf (29)

=|[F,,F, F,,F,F  F ,F F F F F.F " (30

y,2 2,37 y,3 " x4 yd Y,

1 01 01 O 1 01 0 10
7= 0 1 0 1 0 1 0 1 0 1 01} @31
_ly,l Zz,l lyﬁZ lx,? ly,3 _lll',3 _lyA _l:LnAO lr,oo ll .6
2 AFolA 670 Thrustere] F=EulE ZF1ZX5FH
S AME3te] A3 T Thrusterd] 8-S 34 34317] 91
HAEWE gk J= v 7 2ol AgHr)
J=min {f" W} subject to: 7, — Tf =0 (32)
21329l W= Zb Thrustere] FZol i3k 715 34

ol g FFHE o83 EH fe o7
2o g Aoz},
f=witri(rwtrh) '

8% Thrusters 9] Ho] o] 7] o
=T1°l" 2(33)2 thad} o] gk e = et

con

A4S olgdl 22 Adf7t A4Ew
o 299 2] F St 2% 0t Ge5 2o

, a; =atan2(F,,F, ;) (35)

Y12

F, = F+F

N3
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Fig. 10. Allocation of thrusters.
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Fig. 11. X, Y position and heading (feedback controller).
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Fig. 16. Standard deviation and maximum value heading error.
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