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On the Simulations of Slow Drift Motions and

Mooring Forces of a Moored Floating Platform in Random Waves

By
Shunji KaTto

Abstract

The purpose of this paper is to develop the simulation program of slow drift motions and mooring
forces of moored floating structures,

The simulation is based on the system functional method (modified Wiener’s filtering theory)
which is evaluated by using the quadratic transfer function computed from pressure integrals over
the instantaneous wetted surface of a floating body. Comparisons between simulated results and
experimental ones have been conducted both frequency and time domains, and it has been confirmed
that both results are in good agreement while the problem that the added mass and the damping force
in still water are modified in waves remains unsolved. Furthermore it has been found from these
comparisons that the hydro-dynamic forces acting on the mooring lines should be considered to
estimate the mooring forces,
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Table 1 Principal dimensions

ITEMS ACTUAL MODEL
LENGTH (m) 30.0 2.10
BREADTH (m) 20.0 1.40
DISPLACE 527.5 0.168
MENT (t) in sea water in water
DRAFT (m) 5.5 0.385
KG (m) 6.8 0. 330
Kyy 43.7%L 44.0%L
GM; (m) 4.80 0.269
Scale 1.0 1/14.3
Mooring ghain Lingar

atenary Spring

)]
Sori Vertical Gyro LED M
= Spring S
» —

Servo Needle
Wave Prob

Camera

Fig. 2 Set-up of model test

FAEBOTEHS Table 1 1277 T, & ¥, AER
&, HEUHEERHHBTOHA%E Cilg L E8b o
EEREIEY “POSEIDON” 50 1/14.3 OfEAEITH 3,
(2) FREIKBREE DIRAE & FHAEH

BERRER L, YUATO SRS MMkl (B
400m, 18 18m, /KiE8m, 77 v 7R IMEEE &k
BE) IRV TERL 2, REROIREEX % Fig. 2 12K
To CORD»EH B &5 ITHERNL, KIEXFICEDfF
FAHRSO S ABES,» SHBBITh R UEEEAN L
BAIA A FEBIL & - CHEH 2R h T w3,
ZE, 1 RKDITREHIT 1. 683kg/m(FEHILE T 0. 663
ton/m) Th 3,

B 35k k (LED) %/ L - JEEahRig)
TEAHHIEE 1D L3R ROFBER, N—F ALY v A
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T2 & 3 RORETEN, EEPOGEEICEREL 24—
AREFFHZLBASETH 3,

(3) HEVABROMMNE & KB Fi:

(a) #kHBEHBBRER

ZORBRTIE, FEBEEROMBIEAOEGEME Y
Z ORI 2 EMBENFEEERD S, &6, 2
DRERRE 1Y, MBIBAOBEARERL L s 3-8
2HEEDIThEH (1.683kg/m & 5. 09kg/m) % (FH
L7

(b) FRAN R OTRAIE BRI R I KBk

REGE BB IR RER L, #AP IR THIERER17.5
sec, BIFIENE 3. 75~ 15em D#PITIT-» 70 DI
BREE D Ko $0(2 m X EIRRIE, —A D3 5 L1%) 13,
1.6~6.2 DHEEHTH 3. & H, ZORERIIANBIEN
DRENEHDOK BIRFHEETANS D17 1
THAE R BRI, BAh TP EELED
¥ ECHKRIENE L 2B E, RELESOREK R
HEDXIIIENT 222N 720 Fig. 2 DIREE
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4 TREORMBIELD T — ¥ 2 HBIREBEICAALT
1T 7%

() TEH BRI S EHA Bk
HIRFIZRT 3 ERBIZEMNEGHET 5720, e
DHEVAE 0°,30°,60° KU 90° O 4 FEEASL &
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0.79~1.80rad/sec) DPHEHTH 3, &, HE LK
LOMBEVADEEIL, BEY A FEBOIRY L
BAERBZETIT- e EEERNIL, EBMAH
IBEHAE B I L AT IBN O T — & » L EHRE
B2 biw, 2T hERE»TEZETRD

(d) BIRIEND 2RO ERBICE EHEHAIRER
ZRBR RO EBFRIBNORBMCEEYE (2X
DEEHICERFME) 2 EBRMIZKRDH 2 -0121%, 2.2
BHTRUALIICHEIDE LD 7O RN, AR b
EHELZITNELRS 2w, 2D aHIZiE, Dalzel®
ARL L) ICRIBH O RRE AN EIZ L b, 22
TAEBRD & 5 5 HiETRIBMTRAIE 2 &KL 2.

I, HDT v 54 4 AREBHSDABKE
15 % 24db/oct DIFMEEE T B/ F/XZAT7 4L ¥
—5@ELTHBET L, ZOESEISEHARE
B U TEBEL 2, kL ATHRAEIZ Ny Foexr
T ANy —ORLEKREA, 0.4,0.5,0.6 R0, THz
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D A FEME, EHEERSIZ 0. 7THz DB AH0R T, %
DA TH 3,
THRANEFORERIFIZ B3 EDEAAIIEBTI
80° DHEE XTI TH 3,

2.4.2 BERIHMOME

(1) HEFE
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Ta 7T AEROTIT - 720 3RO 4 BN BSE
BIBUIEI R S L L RO D &l g s R L,
BREES L VHBELO T T4 “MOTIO
N" EHOTHEL 2o ZRTERBADMEIZLS
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Fig.3 Components of the computed mean
second order forces of a half sphere
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Fig.4 An example of the surge damping curve
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A EFNF N, BN TFgsn k) 2N
o RIZ, TNHDOERSZRDAFEZHANT
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v 7 U ABEADFEE 5K B, IS DE L SRk
DRHTER K USEHBEENZEP AR TE 25

45

nd,
M+M11=T02K/(4 “2)

N¢,=-T,K Ina/x* (241)
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Fig. 5 Extinction curves of surge motion

ZIT, T, EHEM, KFThERTH S,
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EROFEZ, RBIREOULOHA A& 2% 0
ZWZEHARETHY, SEO &) IIREIRED LA
BEE xbdTLEVHRITRENEHOEEH»ESL
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%2 ZC U FDOEETHRENOKEE DMEREIT- 720

(b)  ASHRBI 5 Hil Air 1% 4% N 3Bk

EEMES £ & O RAEHAT B AR L 1TV,
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Table 2 Experimental results of free damping
oscillation tests

Spring

Coeff. (kg/m) 1.683X 2 | 5.09X 2

Natural

Period (sec.) 2.0 10.6

Virtual Mass

(kgsec? /m) 37.60 28.97

Equivalent
damping force 4.60 8.325
(kgsec/m)

N
02F o

o Free oscill.
® jest

0l

1
o}

I
[e]

-01

| |
005 01

g

1- (M*mn)wz/K
6

-6 Potential theo N

!
0 dﬁ Qlw

Fig.6 Hydrodynamic coefficients of surge
motion (frequency base)
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T PN BTV, R & o TRIREBENOTES
R ERD =,
K_(M‘+‘ mu) w2=Re(SXF/Sx) (2.4. 2)

N =Im(Sxs/Sx) /@ (2.4.3)

Z I T Syp (IREBIATHRIBNENL L =5 NEHI & Bk
EHAFRER T ED 7T R ARY MU, Sy ILEEE
DF— FANRT NVThH B, 72 NG IESHHESD
FZMTH 5,

B R R T RA R B IR AR H 5 5K 7281
BIBLOWKNER % Fig 6 ITR T, i, o=
JD/g THY, DI, —kDI 7 LERE, o iBHEE
WHTH B, Krh OO AR5 5 BTRRER » 5 K
B 2RI R R, @FIEE BEIERER S SR K
FF¥, BARIE 3 ROCHER S OMEIC £ R A
WEHMOBMBEHERERTH 2, &b, SRENEY
i3, pV/g/D TERITML 2o TORAS, HHH)
BB R URAEFIE AR » S ko 2 ITh—HEE
IR E BRIERERE R S, HIERC—BL T3 2
LB, 7, THEHAERIBIERER » 5K 2EHE
Mg, ADEL RS h, BEREKIHL Tr 2
DIESDVWTWVEY, HHRMEBRBREREO—HF I
BIFThH b, ZOERLE, BKkpTEEMEHZ &
CRTRIEN AT -2 L 2 ORBMBOLTENIE, K7
YR VRICEOSCHERBHE»SKRD S N, RENR
M, BHZREBR,»SKDSNIFHEE—HT S &
BA15%, UL, —RIIRAERDIE, BREEMNOKE
SIRIFTAEEDNTHY, ZOZELERANZ D
IR EIZRER 2 1T - -0 Fig 713, #IBAM
17. 5sec. (@=0.0429), W& % 3.75~15cm IZ&fL &
4 TIT - 2RSS IBRBRER 2 R L T v S 448
ITK: #(27A/D: A IZEERIE) ThH 5. X DOER
ITEHEIRRER S 5RO SR, B, BAF v x
WHOREIZE D ERAJEBETH S, ZOM» 55
Bl HErEH 128 < BRI Q0MT2E) TOWMERIRE
W HFE DK BREE T, EENER(1 +ma /M)
E152.0, SMHEZEHFEE(N) D, 4. 6kg-sec/m (E
HeHaE 3, 56ton-sec/m) THB3Z :Hhbhd,

2.4.4 ATEEN OB R RMIS SR

Al DORERIERER (2 () U 7- 48O A RANZ D 2k o
L% Fig. 812, 2R FRDEDH & & Table 3
IZ7RT e AT NUIBHTO 5 7813256, 4 ¥ B
PE ¥4 1: Hamming B! # FIA L 720 7 — & 13, wave
condition 4 NP HA355007 — %, Z DD wave
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Table 3 Statistical values of waves
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AVE
Sea W
(cm?sec)
Wave .
Condition | Lines
'| ......
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// A 4 n—
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!
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1
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i
1
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Fig. 8 Wave spectra

condition DA A23000 7 — FTHY, F—IBRD
Y7y M T 120msec. TH B, & FH, T—

& FHAlEE D v 7)) v s EERNIS 60msec. Th 3,
B-TiFIZL24 - MAXRY MV TIES

HE,

THETF - S HOUI0LFIZT A3 LAEELLES
NTw 35, Dalzel?Vi3 7 0 R854 X7 bR T
127 VA 7T — 2 HD1/200~ 125081 L B v e K
ERLTUARNL AR MBS NEVWIEERLT
W3, BlEAROFT— I3t L Tk 7 g X34 AR
7 FVERIT DS 7 EIZ100—150f2E A EE L Wb T T

wave STATISTICAL ANALYSIS SPECTRAL ANALYSIS DURATION
Condition vV (§) Hy. s m, 4/m, To, TIME
No. (m?) (m) (sec) (m?) (m) (sec) (hr)
1 0. 2527 1.954 7.888 0. 2369 1. 958 8.038 2.84
(0.00124) (0.1366) (2. 086) (0. 00172) (0.1369) (2.126) (0.75)
9 0.2311 1. 869 6. 562 0. 2380 1.952 6. 628 2.84
(0. 00113) (0.1307) (1.735) (0. 00116) (0.1365) (1.753) (0.75)
3 0. 2502 1. 957 5. 477 0. 2568 2. 027 5. 606 2.84
(0. 00122) (0.1368) (1. 448) (0. 00126) 0.1417) (1. 482) (0.75)
4 0. 3047 2.219 5. 006 0. 3104 2.229 5. 045 5.67
(0. 00149) (0.1552) (1.324) (0. 00152) (0.1559) (1.334) (1. 50)
( ) : Model Scale
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Fig.9 Surge response spectra
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Table 4 Numerical tables of the quadratic transfer function of low frequency drifting force
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Fig. 22 Comparisons between simulation results and measured ones on the floating
body which is moored by linear springs (wave condition 3 and 4)
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Fig. 23 Comparisons with surge spectra of simulations and experiments
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Fig. 32 Dynamic tension characteristics
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