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A Three-Dimensional Lumped Mass Method for the Dynamic Analysis of Mooring Lines

by Toshio Nakajima, Member Seizo Motora, Member

Masataka Fujino, Member

Summary

Appearance of recent complicated mooring lines demands the development of new method,
which is able to be applied for the analysis of dynamic behavior of various types of mooring
lines including the deep sea mooring line. In this paper, two-dimensional lumped mass
method which was originally developed by Walton and Polachek(1959) have been extended to
the three-dimensional method. The present paper also shows the alternative method which
is able to include elastic deformation without lengthy procedure of computer simulation.
The time histories of dynamic tensions of three-dimensional problem as well as the motions
of the line are obtained by the present methods and are compared with the experimental

records with excellent agreement.

1 #

—fRIc, %< ORBERBHEREWIRERM LML T
¥y, REFRIALOBERCL > TR ZEDT
EhndDEnoTnb, —7, BHEEEWOEEA W
BHRIAChlc > THBERFEINDL Z 5L, L&
% WHEEHEOBVIREBL s b OBREFRIIRBO
T, REOFHIHBENORLEEEETHS, LrLE
26, FORKME, RYRH T, FREIBHD DL
BRRBRBWTHEE IS 2 238K, Lok, FEY
DERD DI Invo BOETIE, WSO BEZL:
X VRECB. T EACD Y, FRERECI, B
HRLED I VEELRES A VOBIMRERI L
OOBHBH T LR ZREBTETE RV BT
OHHE, RET A vOBRBIEE LT, AR
SEMEMENBLTE Y, FO—2THAERRETF NV
T XBHETIE, HLOBEVIYRRIAT VD, FH
Bik, BRREFMVCID 2RILHB[EL I DCIBED
2H0IL, WS OMLDEBLBRET A VORKTEEL
T, ZTOFEPEERLTE L, KR TIE, EbZ

* fE R BRI T3 CBR) IR BE 2T

** RIGBABERE

ok UK TR

i

% SRILMARCILR SR, EREN OB RHE 2T
D DTZ ZRIBNT B,

2 RETA ONMREDORE

SRR S 1 vOBMENEZTHEY-T, ¥R
TEARE 7 1 v OFIPRE, AN IEBRDMES
IOKBERBOBEIY RO DEND D, &, HFETA
v N-1 AOBEA»ORY, BAMEEENRVEY
ARTHEEND LEMUT S, Figl kx0T, £E0E
RIDEREY 6;&L, BN Ty T HEO X5

R
7
P(Xp.YpZp)
Xy

Y,

AR

Fig.1 Coordinate system for three-dimensional
lumped mass method



BEREFARIBHRE T4 Vo 3RTBIAIEHTES 193

ETBHE, BRICBTHIEER IOCKEFROHE:
Rk, KO X5 (eiil, 6i=Tsinyy &%),

J
Tj-sinn:kgl(?k (@)

Tj‘COSTj=T1C05T1 (.7:1’2: Ay N) (2)

2R T KA EED.

R 7 1 vt slack I f, TR ERIVECE
SHEWE Onre® 12 i—1 UTOLDOFRT) 2 ¥nm
ELTRRICEET S, 3T, EOA P OME (ap

Yp2p) BEZDIhB E T2 L, BREHERELTKRR
Y 1oF (P

=

lysiny;=
1 | CgSINYy=2p (4>

EIJCOSH:\/JC;Z’-H/}‘; (5)

TR, I 354 vo/ORERIC ANk BoE AR
EETHD, RE7 1 vORER Y v 7RE IO
REBCARTVEOTOEIY EhEh A E 1 &
T5E, L BRARTELDRD,
L=I(1+Ty/E-A) (6)

(1) R&E (4D R (2) RE (5) RxMAEs
LR EYRET 1 v OBREEYRDD 2R3 TE S,
Kz, Ty & 6 O 2ETHRBELAELRT > TRD,
(3) R, (6) KxAVIIE, FELAMOBENRIVE
NG0B —7, EROBERI OME (%5952 1%
RALDEIHETE %,

J
xJ“:kZ Ipcosyp-cosX
=1
J .
yjH:klekcosrk'sz 7)

j . .
zm:kZl lpsinyg (G=.2,--,N-1)

712, X=tan™'(xp/yp)o

BBRREI A D X5, FRIC Y v =7 124
CHEOFETIE, TOEI X EOMBOBAER 6
Chnk, ¥, MAEHRECNLTCIRBRLBEYER
JEide ¥i, FRET1ORICELTL BhO%XA
DHELTHRE, BEREE 6 wmBETH, F4858
KA ECHS X 5 7aBA413, XM 5) RRLX 5 1EH
TRHREGEREEL DDEN DB, —7F, REFAV
ZESETIHEL 2EORYI A VOERY ALY
LD, BAOEDLES TWBEEARIY j=N o
BEXMDO 1.5 &5,

3 KES 403 RTAHHER
&, B SMERCEET B BAYEL Bo FET A
YIEMBBIINL, HERCEPLTMES L 5L,

Fig.2 Coordinate system for the lumped
mass j

FEEENT, E#fE TS, Fig2 s\ C, BE D3
RITEBHHBRAIRRNTELZ LIRS (FEAZR),

Iy Iy Iy | [&7] [Fay
Jiy Jes Jss || U5 |=| Fyy (8)
K,; K,; Ky Zy F,y

(j=2,8,-+, N)

Fyj=Tjsine;— Ty ysinaj_1+fazy
Fyy=TsinBy—Tj-ysinByy +fay; } (9)
Fey=Tysinyy—Tyysin sy +fuz;— 0y
E,
Iiy=M;+ Apjcos? @;+ Asysin® @y
I“=(A”—Awhmﬁﬁmdﬂ=ju)|
Iyy=(Asy— Angp)sin?ysin@; (=K, ;)
]”=MJ+AMcoszﬁj—l—A”sin'“’[?j o
Jas=(Ayy—Apy)sinBysing (=K, J
Kyy=M;+Apjcos? P+ A;ysin2yy
ERrp, £, 854 WEEIO, 2,y X0z AN
HE, My, Apy, Ay 3 ThZh, BRI OBE, BHF
¥ XOERGTAMAMERTHS, —H, BES A vic
b0 x, 9,2 HEBRY fazs favp Ffazy TBEH
FaE XOEEF AR fang, fary TEHLT Z ENT
&% O THERITAS LOERTEDORIRE 28 4 5 h
& BARBBTRDLIADE (FEAZR),
fazy=—(sinB;-cosOy-cospy+sindy-sin ) fany
+(cos B3-cos0;) fues
Sayy=C(cos By-cos@y) fans+ (sin By) faz
Sazy=—(sinBy-sinf ;- cosp;—cos;-sin ) funy
+(COSEJ'Sin51)fdtj
an
2T, ay=(ay+a;-)/2, E;=(B;+BJ—1)/2: =1y
+71-0/2 TH Y, Fih, anBhr; OER, £FEIR
DX 35icd (¢ kowTix Fig 13 218,



194 BREMFLRNE H154 5

sinay=(x;,1—25) /15
cos ay=+ (23:1— 2%+ (W — YD1,

sinBy;=(y51— Y/l

cosBy=v (251 —x D+ (2501~ 2%/l az
sin 7= (25:1—25)/1;
cos 75=v (x31— 2 D2+ Ws— YD
Z T,
L=V @2+ Win— Y2+ @ie1—25)2
(13)

4 REFAEHOXEHER
HLVEOEE

REB7 1 vOEFHHBER (8)R) %, ThZhDl)
FOMEETRDLLED L 31T5 ((HEAZR
E3=(R;T;—P;T;_+ Uy 4t?
§5=(0;Ty— H;Ty_,+ V| At
E;=(S;Ty— QT+ Wj)/ Az
(]‘:2, 3’ ey N)
—7F, BRES A VRO ERE LB ED RS
BRIKRTELORS,
(®y—23-12+ (Y~ Y-+ (23—
(J‘:Z’ 3, ooy
2T, | BRUEREITHEA,
PERTHHBIRD X515,
(5= 2512+ (Y3~ Y;5-1)2+ (25— 25-1)?

—12(1 + 5 g) N+1) (16

4.1 RBIF7AOBUEERLEVEAORE
(METHOD D)

RS A VORUERERELLWES, 54 voEds
FETHHERL, (OREBIV (15) RTHBDOTE
IR I Vo —HINRER, EHAREFIETS
TER XS TEMTELTHRANTYPL, REF1 VDM
VDX ERELEWEFTOWTIE, Walton & Polachek
DFAL TR EZFAR (ADR) 2FIBT %,

(6T

zj—x)2=i2
N+1) (19
RS 1 VoML

(j=2) 31 R

$h=(sTH1—25% s} 1)/ At? an
St=(siH—si /(248 18
T, n3RHEAT » TRRL, KRHEY L, REXR

% At LT BER, t=n-dt Lk, S, X595 25
#ERL, Q0 Rx A7) REBPEARCTRAL B,

aftt=2xj—af '+ R}-Tf—P}-Tf+ U}
Y =2yt — gyt 1404 T}—HP TP+ V] 19
2jH=227—2;7'+ S} T3 — Q) - Tj + W}
(j=2’ 3’ eey N)
4, Walton HIzft- T, RRCTRT X 5 7BI 97
ZE2Bo
¢1H1_._[(xﬂ+1_x7t+1)2+(y’n+1 n+1)2

+ (27 =27t —I2])2

=05 (T, Ty, T
(j=2,3,-, N+1)  (20)
DR, WREHLY OF=0 Lirsd, —T5, ®HNITT
% @D Kok owiE T LN RIER 477 ©
FELTEDLL, QO RET—-5—-BHTAHE C2D R
DX>5iB,
p=T"+ AT}
o+ 07+

5 ?2 Asz+ale_Ale

D

@n+1 @nﬂ +

oon+
+ J
aT,

-AT}+(Higher Order Terms)

(22)
ERA, ~XThZhoBOH—EUELE%RT %0
2T, & Ty, BH TP etpfe &35 &,
(22) RPDOFHROFIEWTE, KA EH I,
Ent v AT} ,— Fi+ AT+ G AT =— @

(j=2,8,-,N+1)  (23)
Ficil,
_F72L+1 Ggﬂ
Egﬂ _I';"gﬂ c’g-i-l 0
Envi _Fnn Gnt
0. . -
t ER —FA’/L:ZL\
ATr __('5rzz+1
{AT;:I —(T)gﬂ-l
X AT&‘J= — P+t (20
L"Tf"v —5&‘1%J
ZZT,
¢n+1_[an+1__xn+l)2+(y'n+1__ygl+%>2
+(zﬂ+l__zn+l)2 12]/2 (25)
B =2ay— 2} Ry T Py T+ 0
i
Fn+1 n n—1 n Jn_on. T wn (26)
%3 :221_11 +83- 15— Q) T+ W
(j=2,8,-+, N+1)
x7C, _
~ adn+1 N B
By =aTi =P}, (& —-251D)
j-2
+HRE (G — G+ Q7%_ (B —21E])
FGLH_—_ ?J——CP"—{—R D@3 =%
%5,
I 0L -7
+ Q%+ S%_ D@ —27tD
Hn+1
G’;ﬂ:a’fgn =R F}D
+On(yn+1_g?+})+s (z"l+)_zn+l)
(j=2,8, -, N+1)
@n



BEREFARCYBHRE T A v 0 3KRITEHNENE 195

4.2 FESA-ORUEERTIEA0ORE =URH(TiN, TINL, TP
(METHOD II) (j=2,3, - N+1) (29)
RE 7 1 vOROEEERTHIHEGTOWTL, Bic 2 22) REFKE, @9 R&e7—75—EHL, 4T
RIGRFEZ DWW TXRR 6) IKRL T 5 &R D THBH DY, BRGNP IE L TRAEE S (71711,_ o K, TPt
= o Ak Houbolt I FIH L TKhARE B0 =TH4 AT T H3),

x-{;_fl:g 2x" 1+—x? . EYL+1 AT?’L+1 F7I+l AT’VL+1+G'VL+] ATVZ+1

=—F+ (j=2,3,-, N+1) (30

+ (R TP — PUAL TR U 2,

n+1—

5 B
Y=g i 2y gy

+(075+1.T}Z+1 H}’L+1 Tjn +V¥l+l)/2

7§+1__g_z73_zzj—1+5173-2

+<S'jl+l . T}1+1_ QGL+1, T‘;ﬂ:‘l_‘_ W7"11+1)/2
(j=2,3,, N)

(28)
SN = - n+
3C, COXLFERBCEER T ¥EX B, varection Dyteireetiin ™ paivection
YNl — N+l pn+1y2 n+ n+1 1 . .
Fiti=(xf -2t +(J —yiD? NI I ) Sbieens 1Y)
N+l ome1ng_ je n NE SV o Ha) 0iseosies 1
+(Z =z D i 1. +T +1/E A)? x( 5} v(5) 0.0 2(5) 0.6436185 2 5003570
X( e} 4 Y(6) 0.0 2( 6) 0.9949104 T 2.7633509
i , , e G
Table 1 Principal particulars of chain A 9) 7leoisies Y 9) 000 10 8) 2levesise T(9) 51363702
(E m l 1) A(10) 8.4193993 ¥(10) 0.0 2(10) 2.9399992 T(10) ==---meen
xample
Fig.3 Static configuration of mooring chain
WEIGHT PER LENGTH (Example 1)
(IN WATER) W, 0.1938 ke/m T
(IN AIR) W 0.222 Ke/M X

A

1KG

Equiv, DIAMETER Dc 5.99 MM

TOTAL LENGTH L 9.1 M /\/\

PRE-TENSIONS AT UPPER END T
(x-DIREC.)  Tyo .539 K6 /\/\/
(v-DIREC,) T 0 K6

™~

~
5]

Yo
(z-DIREC.) T 841 K6
540 kG

1K

N HON

PRE-TENSION AT ANKER TA
Pos1TIONS OF UPPER END

(x-DIREC.) X 8.42 M _
(Y-DIREC,) Y: 0.0 M T= 1.2 SEC. T= 2.9 SEC.
(z-DIREC.) Z, 3.00 M

Fig.4 Experimental record of dynamic tensions

(kgs) o —l ' u/;\o o —_ gi\unzm]) °0

W . i D N W X.v n.c : Ex;wmm X

7 ’ 30 5 5 25
LN 1. SN ;7

|

/ /{ | 20 Y
,,«/

=
]
N

P /
AN i

4

SR
j
B

1 D= vl
M
~ T —~_ M— T ]
5.0 60  (seq) 10 11 12 13
(sec)

Fig.5 Comparisons of dynamic tensions obtained by method I and method II



196 HEEMFLHRTE B4 5

0
3.0 4.0 5.0 6.0

TIME SEC.

0 -
3.0 4.0 5.0 60

Tine SEC

Fig.6 Dynamic tensions with elastic deformation (Method II) (Amplitude of
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Fig. 14 Correction of weight for the lumped
mass close to the bottom
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Fig. 15 Illustration of the lumped mass close
to the bottom
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