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On the Dynamic Responses of the Moored Object

and the Mooring Lines in Regular Waves

by Toshio Nakajima, Member Seizo Motora, Member

Masataka Fujino, Member

Summary

This paper presents both theoretical and experimental studies on evaluating dynamic res-
ponses of the moored object and the mooring lines in regular waves. This time domain
method treats the mooring line as lumped parameter system of discrete masses and considers
the mutual interaction of dynamic response between the moored body and the mooring lines.
Numerical results for the motions of the moored body and the dynamic mooring tensions were
obtained and are compared with experimental data with excellent agreement.

As a result of this study, it is found that the dynamic effect on the mooring tension is
significant when the floating body is moored and may influence on the body motion conside-
rably unless the body is large enough in size. Secondly, the effect of this dynamic tension
on the moored body motions becomes large comparing with that of the nonlinearity of the
mooring restoration in case that the mooring line is heavy. Therefore, it is concluded that
the dynamic analysis of the mooring line is important for the analysis of the moored body
motion and for the design of the mooring system.

1 # £

— IR R EY Y, RO b THREE
NBZENE NI, FRES A v E LOREREOEE)
BT BRI, HEHoReE, BETHL, Thb
DBFFZRICDONTIE, B DRIIIDINBIT R HH,
B 1 v ORBIEFERCE 2 ARy, EBIEN
HEZDHDHRT, FEF 1 v OB ELHERE LIFlIx
HEDIR, FOEBEE LTS, BYF 1 v OBRI2EE
LR WECET R CELHENDE D e &
H— BT bR B, FDIEh, B ORI
AT 5HREHE L, BEERCHERTERE? N EL,
FLIEHICAT » 7ISREETHRE IR D 2 &4 i
%, RET A4 v 052 DB RIS TN EE L DR
BT ERE B, LinLisath, BRKLEDRERFRICE

* FRKE TR
ok ERERRTE (B PmEsr (BrEYR 3Rk

FERFEB)

WL, RREEAS K E S X e L, KRIBOBL
WEEI S ER T EATEEIR, Tok S IR
BT, LIIRRPET A vE T+ ) BRI ERF
FI L7 HERAOEUR  TREHT L0 < 2 LT Y] Tieb
—J, BRET7 AV ARAARTITA T2 OTEC (f3H
BEERES SV ) OFLEERLEIOX T, HIER
T, LinbhE v EBEOKE L A EE RET 55
HIER WU, FRUFEEOEICEL 5HB8 71 08
BRI KENZEREZ BN, 75V P RLORERE
54 v DKL, REI A v OBREE Y & DT
BEALMB LD, T2 TABE TR, BRE5 1 v DRk
HIFEC S 2 2B ENMER TE VWX S ATk
7%, REFEOER S XURE T 1 v iciE EBEH
COWTHR L B LT %, ZOMORIITIE, /M
W, BHELIYD DA, WL, RE5 1 v OBR%
BizownwTiy, P71 vhis 5+ Y —iifExRET5
LIREL, BRES 1 v B BN LB IR N
DOEURE A CTEBIENEZEE L TP HEXR- T



FREZHEOEB*ERLICEE 71 v OBREEGICOWT 267

Wao L L7aih, KRIBOEBZE L 2HE TR
UL, BB 2 »T F Y —FZA L TP L RE TiddE
BEAHD, TRBESAVOIEBHELERL TEXLD
ZERTERNEELDRD,

AR T, FEIM v EEREOCBERCHEIL, &
BEROBEER IOKER DL AMMA % 1 SicEpk
Li: TEAREFA] & LTRIRY, RET 1 v D%H)
FEEICHET A HEERT, Tl ZOXOCHRES
A v REFAMELTRKZE I 2L T, Y1 V1T
B BN E R LRI 5 1 v OB ¢ b
W RHBEERE T 1 v OB CHETE R L ED
TR 24T 5 72D THE T %,

2 REIZEESLIVCRETA -OEHBITE

21 E £ %

BRI DERN A BT T %510 » T, EEE Rk 22
EEERE, FEREORELY RO E T AR B2 R EE
FO2EHEEEX D RWITGRT X 5 ICHiE L, HRBX
DR Z A v OEHOHED DD 2 EEDOEERYE
Z, FlHEL, FHROEBHHFECHV% (Fig. 1 2R),

1 0,(x,2): FavibLREOAHBER LT, FH

FEOELGE LB ZHBEEEE (FoES s
X ORI TR EE)

2) G, (xg,26) : RRXREFEOELRE S Bz

falEeEE (A O EB) B L OUAETD

3) kO, (kx,k2)  BAXEABORETA VDT /A

— R EHEEERE (RE7 1 v OER)D

2.2 REIHOEHHERX

REFEATZ, Fig 2 1R T X 5 fefe CRIF R R A%
Bk, BB @R % 2o, Ho#ETHEC 2 A
DF -V THREIND L 57 2 RTHIRELY®E 2 5,

6o T, HEFHEOEE, Surge, Heave 35 X UF Pitch

D3HMEDADHEFEH Y E 2 5, Fig.2 WirT X5

TR EFEEOER HERL, BNEESERRET D RO

Lo icFEb o, '
(MA+Ayzy) @)+ Ngg-3(8)

1 d-1l6 N .
+5ncdzf_m D(2¢)|26-6() +8(t)
—€(z6, )| {26 0() +3(t) — £ (26, 1)} dzg
4 Ay B+ Nig 608 — émc

=Fzc(t)+Fag (1)
(M+A;:) 2@)+Nzz-2(8)

+30Ca: A28 —1(—d, )] (2
—i(—d, 1)} +cn-z<r>—émc=mo>
(2)

2t
Dy f”
Jl\'r“')
2.2 Gy X
~ MOTION
P Q0 X
1 Azt B3 2 27
' z fen d| e 1 6L_lE X z
Zpot--- - - "T Tt ""/, szfx“’l\"""""' Tt 2ZPo
FELE oraiT IR CoTN
e 2 AR
0 - s R Y
- L o
Xpo 'X }

Fig.1 Coordinate systems

ik

(

(XecZpo),

Xs

Fig.2 Movement of the moored points due
to pitch

o+ A0 -0 () +Nop- 08
1 a-le . .
+50Cas [ Dlze) |26 6D +i @)

— (26, )| {26-0() +i(t) — € (26, 1)} -26-dzg
+Cop- 0+ Agy - 5(t) + Nog- 3 (8)

2
— 3 (T2 =T 2 =Fao(®)  (3)

T, x(t),z(t),00) 1%, TN FEhn Surge, Heave,
Pitch JEE & FEbT, T,

M: GREFROE R

Iy : fRBIFHAE D Pitch HiEke—2 v b

Agy, Az, Agg : Surge, Heave, Pitch JFES INE &%
IO e — 2 v b

Agg, Agy : Pitch 2% Surge & H % \~ X Surge 3
Pitch 12 53 % InE &L

Niz, N2z, Nyo : Surge, Heave, Pitch J7 &I 556k
b4

Ngo, Noz ¢ Pitch 7% Surge & B % \~ 1t Surge 7%
Pitch 12¥ 53 % & EH B S

C.2, Csp : Heave, Pitch FAETHEE

Fuc(t), F,c(t), Fec(t) : Surge, Heave, Pitch J5 ik
IR IOCELEDE—-2V b

Fuc : RS

0 REHE



268 AAGBMESHIE $150 5

Caz, Caz : Surge, Heave J5[AIEHEIEHIEREL
Ay ¢ FREIRAE O KR TR
I : REITHADED BB F TOEM
d: ¥57¢b
D(z¢) : FRBEFEAEOE (o THAEOBEIERE D)
RT3, *Tzc : HRE T A v kD x FAB IO 2 FRAEN
(Fig.2 £])
By, Pz (RS A v R OTHEIA BIC BT 2B FED
G T e FABIC zfAo v — (Fig2 &
L))
i, 9(—d, 1) BIV £(z6, 1) BHORTHERFE
bl, KRFOEER I OKFEHEEEZ chth 1(z,
£),6(z,1) LT5L, RANTELTZENTE S,

7(z,t) ="7y-e" - sin(—wt-+€y) (4)

£z, t)=",-e" cos(—wt+e) (5)
BIO

7(z, 1) =—wn,-e*e . cos(—wt+ey) (6)

£(z,t)=wn,y-e*? - sin(— ot +¢;) (7

T Ty Mo, 0,80,k WRENRT R, BORE, R, &
HERIOEEERL, ¥ ziZKEZ0EL, EAH
wIE LT HAEMEEEEROEBEAEHE»ZE b T (2
=zg—d+lg)e
2.3 HREBETAOEHHEKX
BB 71 1%, Figb WR$T X5, NEKIHEL
BEFJOHERE M; BIUEERUERT L 1A
#ERLTEXLD, ZDX5EFAiE, &P Walton
& Polachek® 10X » TRE i, Lk oxtEic
FAIRTW2EFMETH B, T, HEARL B
LD RVERITRTHEIN TS E LT, FBEADEE)
HET O X o T BBEAEDOENZRDTD
{o %7, Fig3 WWRT XL, FELAHOHERLSE
x5E, BAJOEHHERNIRRNTEL bR D (fH#
ABR),
[My+ Apysin?q ;4 Agy cos® 7] &y
+[Ayy—Anyl-Zysinfycos Py=Fgy;  (8)
[ M+ Apjcos?T s+ Agj sin?p;]- 2y
+[Ayy—Any]-&;sin 75 cos 7;=F (9)
(j=2,3,--N)
I E, E BEWENER O ARSIV 25|
DINFEEE, Any, Ary 1, TR OERIT AR XOBRS
MO MERY RS, ¥ Fig3wRT X5 1, BA 5
WS Ty, Ty BIOVEHOKFER 6 »EH LT
WEREEREZ AL, BRICERT 2 ARSI 2z
TRADNT] Fupy Foy 3RO X 513w %,
Fypy=Tjcos Tj—T;_1 €08 T j-1—fazj (10)
Fpj=Tysin vy—Ty_;sin Ty_1—fazy—38;  (11)
ERB, Saop Loy BRBS 1 v ORT B0 ERE

Z
|
|
Cint ,‘
)
{Gs
/M
r < 1
! Yi=50rjar YD)
| 3]
X
0

Fig.3 Two dimentional model of lumped mass
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Table 1 Principal particulars of moored body
( ) indicates non-moored condition

Diameter D 32 cm

Draft d 30 cm(24.4% cm)

Freeboad df 11.2 ¢m(16.8 cm)

Weight W 19.6 Kg

KG 10.6 cm

GM 6.53 cm

Radius of 17.2 cm
Gyration

Natural Period
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PITCH 1.3 sec(1.83 sec)
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~ Photo.1 Model of the moored body

Photo. 2 Motion measuring equipment
and moored body
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