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DEVELOPMENT OF SHIP HEAVE AND PITCH
MOTIONS EVALUATION PROGRAM AND
APPLICATION IN SHIP HULL FORM OPTIMIZATION

ABSTRACT

Ship hydrodynamic performance evaluation is an important part in
ship hull form optimization, and rapid and accurate evaluation method is
an important topic in the field of ship hull form optimization. For the hull
form optimization with the aim of seakeeping, a set of seakeeping
evaluation program which can rapidly calculate ship motions of each
degree of freedom in waves is the basis of ship hull form optimization. At
present, although ship motion calculation method based on viscous flow
theory can accurately evaluate the motions of ship, the calculation time is
long and a lot of calculation resources are needed, which leads to the long
optimization period of ship hull form and the low fault tolerance of ship
hull deformation. Therefore, the methods based on potential flow theory,
which can realize fast calculation, is very suitable for ship hull form
optimization, and the strip method , whose development is relatively
mature, can further reduce the calculation time and obtain satisfactory
evaluation results.

Based on the strip theory, this paper develops a set of C-language
program for calculating the heave and pitch motions of a ship in a regular
wave at a certain speed. In the calculation of the hydrodynamic
coefficients of the two-dimensional sections of the ship, the added mass
and the damping coefficient of each section of unit length are obtained by
using the Tasai graphics, which are based on the Lewis section method.
According to the principle and formula of the strip method, the
hydrodynamic coefficients of heave, pitch and their coupling motions and
the wave force (moment) of the ship are solved. When they are substituted
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in the differential equation group of heave and pitch motions, the special
solutions are solved, which can obtain the heave and pitching motion
amplitude response of the ship under a certain wave condition.

In order to verify the effectiveness of the program in this paper, the
numerical ship model Wigley and the standard ship model Series60 are
calculated by the program, and the hydrodynamic coefficients of heave,
pitch and their coupled motions, the wave force and moment at each
encounter frequency are solved. By comparing the results with the
experiment values, it is proved that the program can calculate heave and
pitch motions rapidly and effectively, which can be further applied to ship
hull form optimization. Then, a ship hull form optimization design with the
aim of reducing heave motion is applied to the standard ship model KCS.
Ship hull is deformed by translation method, and a series of sample ships
are obtained. Then the heave amplitude of each sample ship is obtained by
self-designed program, and a Kriging approximation model is established.
The optimal ship form is solved by the genetic method, and the optimized
ship form is verified by using the naoe-FOAM-SJTU solver based on the
viscous flow theory. The results show that this optimization design reduces
the heave motion amplitude of the KCS in the wave, and proves that the
program can be applied to ship hull form optimization.

KEY WORDS: Strip method, Seakeeping, Lewis section, Tasai graphics,
Ship hull foam optimization
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AR, AT RGFEASR, KR B A (A PR R 2 1a] R 3R, AT DA o R
s

D(x,y,z,1) = Re[ p(x,y,2)e ™ | (2.1

WIS BRI, BRSO, FEHB O, (k=1~6) LEZHH O,

R il

7
D(x,y,z,0)= ) @, (x,y,2,1) (2.2)
i=0
6
P(x,9,2) = 9yt 0,0+, (2.3)
i=1

Hrb, o, Ron AR ZEZIRIE.
WRIEAASIAITRE, B RE—Brals 1, HATE -pzg T, MIFTARLE — Kz )k
73

p(x,y,z,1) ——p——Re [zpa)(gooJrZU @+ p;)e ""} (2.4)

YR 77 p IR R AR S, B0, Ta] LAAS 24 B 52 iR AR 3 7
BN 35

6
F, =[] pn.ds = Re[(foﬁZT,-ku, +f7k>e-’a’f} (2.5)
Sy i=1
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H, ﬁ)kzipa)J.J‘goonkds?'ﬂf\ﬁﬂL?EiEl"Jjj (D

SII

for = ipa)ﬂqom,{ds NGRS 1 CGED;

SI[

Jkﬂmﬂ%mw%%%MﬁﬁﬁﬁjQEEE@NW@kﬁW%%%ﬁ

(FED.
XA 71 D AT IR 53
Re(T,v,e™") = pRe(iwe v, H @nds)=—1j A, —1.B, (2.6)
SII
4, = p|[[Re(p,)nds (2.7
Sy
B, = pa)” Im(o,)n,ds (2.8)

SII

BRI R AR AL, FL A e ER O AR BRI R L, L 2R
WA, MR, 5 AR MR B At R AR AL B, R e AR AL
K71 GE f)a, MR szitksh s GE) mTBLRIE .

F, =Re[ (f;, +f7k)e_ia”:|—z6:(ﬁjAk/ +1,B,) (k=1~6) (2.9
HHEMZEE%%J”\WEZ*?ﬁ‘fﬁ“@@%%ﬁ%};,
‘Zf':nj (j=1~6), %:—% (2.10)
e )1 GED - f, ATHRER N 5 o, RIS o, RIRIE
for =ipa)g§0k %ds (2.11)

FRARER 2 2WAS A GED Ab, e 2g 0 GRD KRR, BIMAZER A
i -pzg Bl (NFEE—B T, 28 W KL BT, §IImRIEAR:

F = pgVk—pgd,, (n,—nsx, )k (2.12)
1
x, =— || xdxd (2.13)
o,

Horb, Y ONBHHEOHEKAER: wp AKE T A, FIKERIHITHAR .
SR B AT RIE N

M =-pg(n,z;,¥ +1,Ly,)i— pg(nsz,¥ +n5L — A, 1,%,) j (2.14)
o,
z, =émzdv o Ly =[x, dx dx, (2.15)
14 wp
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R, 7R % HEAR P LT (B, WA 1 G = (0,0,-mg) > m Jofl

hpiE, B O EIC AR, =(0,0,2,), HE 5§ SN

M
/

(g x1;)x G =(mgz.n,, mgz1ns,0) (2.16)

PR PRI, e 2R A 3 oA Is M AL R i e 1t as 3 U7 AR 2
(m+ A )T + By, + Ay + By + (mz g+ Aj5)1js + Byt

=Re[(fy, + fr)e ]
Ay 7y + By, + (m+ Ay )i + Bty + Cygtpy A7 + Bystps + Cisps

=Re[(f; + f73)e_ia”]
(mzg + A5 )7, + Bsy1)y + AsyTy + Bspy + Coypy + (L + A 55)7]s + Bast)s + Cosis

= Rel(fos + frs)e™] (2.17)
(m+ Ay )17, + Byl + (Ayy —mz )1, + Byy1, + AT + Byl

=Re[(fi, + f7)e "]
(A, —mz )i, + Bun, +U,, + A1, + Bun, + Cun (L + Ay )1 + B,

= Re[(fy, + f74)e_im]
Ag 11y + Byt + (I + Ag iy + Byt + (I + Agg i + Bistl

=Re[(fys + fr5)e "]

i,

C33 = pgAwp
Cs=Cy=—pg deXdy
wp

(2.18)
Qm=pgv@3—aﬂ+pgﬂy%wb
wp

Css = pgV(zy;—z5)+pg J‘J.x “dxdy
wp

R TRA N LIy AW, B =AM TR LRG0, T 0y

INFE n, =B HEREED; Ja =M TR AT DORIER G n, « BiREn, B =
NEHERIZEE.

22 ETFE&MBHREBILHYIAE

TSI AR A S T ) A 2 = 4R JE Bl R AL, i L SR A 44 J Bl P4

SHARGEAT A IEAE S TR, R, B AT )R IS TR A SR T AT RE I [
123, VIAIETCH R =4EA WU a8 )8, R 2 SRR 2% T g —
HE A (K Sh A7 R FRRIAT, iR S B AR SE R B T S
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2.2.1 YIRZERNERRLE

B, VIRETR B AR ABR A — RINMEUE -

(1) AHRAREDE, MO AIIAE, Mii R i Ak g B =4 H e &
T x U5 TR B ANTE I IN R AR TS, AT ARILE A AR T AL K 4R
SRACRAIL X $ 1 =4 3715

(2) FEAAATEA K &, BRI A KA

(3) ANt E BRI

2.2.2 ANBHEREBINER

BONAANE N U » NIHBEBENC, » IS BRI E AN g, BARKIEEL
Nk PARMEN @, WIEIR:

w,=0-Ukcosu (2.19)
LFERHILRATAT N, EEMp=n, EEERIY:
2
o, =atY? (2.20)
g
NS HBEARAR Y -
¢ =¢, cos(kxcos u+kysin u—aw,t) (2.21)

2.2.3 BRIXAEENATE

FH AT ST, M RAATE R R mT DU S S B P iE sl 2, HoT BAAr A4
I3 A AN A R ARG S AR, s sh i AR ARG
WHFPRE, B AT . BREAEE. mUAER, AFEMAE
RIZFIEPHG, T B WA 0] LS 2R A CE IR 2 3 9 ) i 1112 30 7 1%
H, aissh TFEAHA:

mijy = [ f.(x.0)dx

(2.22)
J i ==[ 6. (x0)dx

BRIz sh TR 4N
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mij, = [, £, (x.)dx
Ty = [ Mg (x,t)dx (2.23)

J 1, = .[fo)’ (x,t)dx
Hob, Uy s S AORMMAR R oy BB £ G B L () 4

W RAE AR B K PR AR BRI ST £ (x,0) KK TP B E 98 M NRIE S
f(x,t) Xt Gx BHFHE

224 BETIFBES T

B — ) A BE B AR E O G MAFIBE S N x, B TELRPREL T, MR
BAERAEIRAD, B HBEAT, WARY) R SCFHEEZ 2. 28] N 857
SPIHAAR R yOz , F: 5 0 8 Ox B 5 VIR NS s o B 5 O KPR A% A 2 1) 57 7% 73
FHE R () Fw(t) , VI 5k 55 O ek B AL RS 12N 0(x) -

IS =B, U (R~ A 7 A FE n] 261K
v=n,+(m,—0Gn,)

W =1], — X7]; (2.24)
0=n,

¥ =1, + (xrj — 0Grp,) ~Un,

W =13, — xnis +U, (2.25)
0 =1,

2.2.5 RRAYI A B EGE A

X TR AT IAERE, BT HUE AR, HE BRI A FEEE
WEFEE A, B, SRR PIRIEAN:
O (x,y,z,t) =[-Ux + D (x,y,2)]+ D, (X, ,2,t) (2.26)
H, Ou(x,y,2) AEFERINF, BELLZIEAT; O, (x,y,z,0) AAEE T H,
AR CHPIAF RS O, « RSN O, ENB O, .
RIB AR, MR FAE— ks E 7
p(x’yazet):_pgz_paa;?:ps+pR+pW+pD (227)
Hr, ps =—pgz XM T ARIZ I 51 & KA & 7187281k 5
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d
17——ﬂ5@ r 278 TR i 5 B4R S 5775
d
pw=ﬁt;®wﬁﬁk%ﬁ%ﬂﬁmﬁﬁﬁﬁ:
d
Po =—ﬂz@ p s T M ARAEAE SR I G B R 7 o

P KB 7T p WA ARSI KR F 5t ¢ AT ), A8 T 1S B4 Tz
T 2 1 7 B PR T M A B E R AT IRAR AT f, (e, 0) TR ELRUAA ST £ (e, 1) A SRR
77 f(x,0) X Gx BHHIAE M, -

j“ LpQ&ﬂ——Lp&

/= jp—dl——J pdy (2.28)

Ip@w——@+0G}—ﬁlJ' [ydy + (z + OG)dz]

B AT, WAETT £, Ce,t) F0 £ (x,0) BLRE M 55 77 p AR AT

CLIT DY BRIy KRR, RIBIR T £« B8 TT £~ GRAE 0 1, RIS BGRTT £,

N PR 2 RN R S AT o AT
P AR T IR e K BN T 5 KRB E BN B, IR IR BN S KX G il
RIRFHE RN S, » BRI —4EKEh ) R B . G MR m, . B N5

om, BRI R m, G REN,  BGHEE RN,  MIEILB REN, ,
B MERR IR AR A 1B N, B SRR I e REGR A JTE N1,
(D #KIEIE T £,
MR T R E R RS w B S AL RS o i, FioK RIS DL KBk [B1 & )56
N:

Jor =0
fis : fSZ = IC(_ng)dy = _pr(ns_xns) (2-29)

— 1
Myg = (pgrO)vdy+(z+0G)dz] = ~pg (B "+ 5,1,

(2) %1,
B AT B I T ERR A S KB R B IRAFAE— E SR AR, AT LK RE
T g S e D) A R T S kKB RBEROR
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Sz :_i m, + .nz jw}

e dt i lw, (2.30)
M,, _4 (ml +Nyl ]v+( il jm}
dr| io, io
My :mRo_O_G'fRY
(3) WIRFETHT £,
m%ﬁ%ﬁﬁ%,%@K%%%T%A%%%%:
(DW(X,)/, Z,t) _l éx ekz i(@,t+kxcos f—kysin f) (231)
NI 14
_pgéve —pgé/ ekz i(w,t+kxcos f—kysin ) (232)
ﬁk%ﬁﬁﬁﬁﬁﬂﬁ%ﬂﬁCF“ CIRYEEE:I V3 cE o 7 WA F
Jwr :__[CdeZ
i3 Foz = [ pwely (2.33)
M, :pr[ydy+(z+%)dz]
(4) B4 1,

N TERGEH T RIE R, éﬁ*‘nﬂli_‘é’l'f(xojﬂ’ﬁ%?ﬂz?ﬁﬁi%ﬁ 1R E %

s RN [ S B i o u, « u, R, Sed 7T DA ek i S 5 1 FE A
IR ]
d N
foy = E_(my + iwejuy}
d| N.)-
1 fDZ_E_( : za)]u} (2.34)

d NI\ _
mDO:E mylm+ia) u,

MpG=Mpo _O_G'fm
Horp, WEKFREEu, b, T=T/2, EirHEAELEZTu i, T=1", 77

U%Eﬁﬁﬂ?ﬂii&iﬁiﬁ’]]ﬂziﬁfﬁﬁ’]/\ﬁf’ﬁﬂ% SAE KT BLN BB, 0T — i
T R LA A A 5 T T I 7K o B TRA TR A R KT R i 523k P T ik
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ei(wetJrkxcosﬁ) , ]_w — T*
_ (2.35)
T/2

— . - kT
u,=iwg,sinf-e" -

T . ei(a)‘,t+kxcosﬂ)

ﬂ

i, =iwl, e =

2.2.6 MRAAESCRPEM P HTE

R ERY) A BRI AR AR S AR RGN RIE 30 T RE (2.22) A [R1IZ 3]
JifgE (223) th, BHTEEI, [BINRRIESMD TR RS 5 R bR i
ek
(m+ A3 )17, + Byt + Cistpy T 43575 + Bystps + Cighys
=F,.coswt+ F,;sinw,t
Ass1y + Bty + Cigty + (L, + Ass )15 + Bt + Castys
=F,.cosw,t+ F,;sinw,t

Bz s iy T R A AR 2O

(m+ Ay )1j, + Byytl, + Coptty + Ayyd1, + Byt + Gy,

(2.36)

+ Ay Tjs + Boytls + Coglly = Fy o cOso g + F, g sinw
Aptly + Bom, + Comy + (4 + A0, + By, +Coun, (2.37)
+Alls + Byglls + Cyglls = Fyccos o g + Fygsinaw g .

ATy + B, + Cony + Agy 11, + By, + Con,

+(Ly3 + Agg)1j + Bty + Asnpg = Fy.coswf+ F gsinw f
P T A% S 3 B S AR AALE R S N R 123l RIHA A A 1ml il o g R R
M RBERIE, B R 2R IA A BLS I SCHk[101].

Ay, = J‘Lmz(x)dx—%NZ“ (2.38)
B, =J.LNZ(x)dx+UmZ“ (2.39)
Y U v U .
A = —L m_(x)xdx — a)—ezL N_(x)dx + a)—ezxaNz - Emz (2.40)
U2
B = —JLNZ (x)xdx+UILmz(x)dx —~Ux,m!——N (24D
a)(.’
U U a
A, = —L m_(x)xdx + w—ez L N, (x)dx +60—€2 x,N; (2.42)
B, = —IL N (x)xdx — UJ.L m_(x)dx —Ux,m; (2.43)
2 2
A= L m, (x)xdx — %J‘L m_ (x)dx — %xszu + g_zxamza (2.44)
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2

By, JN (x)xzdx+—.f N_(x)dx +Ux’m; +Z—x N’ (2.45)

He, m (x) N, (x) 5 %U%T%ﬁuﬁﬁxE’Jﬂ“ﬁ-‘i‘;ﬁﬂﬁﬁ’]ﬁ@Bﬁﬂﬂff’iiﬁﬁﬂ)ﬁ
REG x,, ml N RRRERE— NI AN E . 55— H 5
Jn s & A BHJE R HL

2pg_|. (kx oS 1) onwekz cos(kysin 11)dy }lx

+a)_[ [N (x)— Udm (x)} +8 n(kxcos,u)dx
cos dx cos
Fy | e.=C, x . (2.46)

sin 5 . SIn
-® I m_(x)e (kx cos p)dx
L cos

Uw _, COS
+——e ™ " (kx, cos 1)
1) sin

e

—2pgf (kx COS 11)X Uobekz cos(kysin w)dy }a’x

+a)j {N( )— Udmd)fx)} d (S::;(kxcosy)dx

cos s 47 COS
L &y =C, X1t _[ m_(x)xe . (kxcos p)dx (2.47)
sin L sin

- COS
—%L N_(x)e™™ " (kxcos p)dx
o, sin

COS
“U9 N et % G, cos )
CO sin

Hrb, g, Me,, 0 RFRMATERNRGR 71 F, NS y JHIEAR /150 F, 5 EGR AL
il

{F&;ﬂacong (2.48)

Fy=F;sing,

{1§czfgcong
Fy=F,sine,

(2.49)
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23 ZHIKOHRHITE

D) R B8 T S AR AE KT8 3z B e N ) St e T SR 4 8% AN A T )
KB T 2% H TR LA IF H N 32 7 v 35 B IR A iE AR A AR
A SR B0 2 B T 77 V202 — Fh 2 S8R ER Ry, 107 VA RE 6t S 71 E
PR A A e R BT AFAE I — SR R 3, IF H T R 25 2 R e R e, Hoat
ST LRI A/ MR 2, BRI ERE 18 A VR APl v AR IR R 2 3l 1Y
T
2.3.1 ZHELESTIO)RE

YRR S )R ) R — T BR A AR AR, AR K T RO T R Bk 1B B
TP A B, X R O8RS

Z JERAR IR G IFEN 0 - YRGS B FERGS X, (0) ~ 3835 X, (0) « BifE X, ()
=MERIED), EHEREAN:

X,()=Xe" =X e (2.50)
Hor, XN BRESINIEE, o MEEIMMRL, X FR SR,
S0 3 P TR 8 T 265 A
X () =ioX (1) (2.51)
X (=-0"X,(t) (2.52)
BRI S T LS ALk = R B AT 3
3 3
D(x,y,0) = p(x,y)e” = e"“”Z}in 0, (x, )= ZIX (D9, (x,)  (253)
J= J=

@, (x, y) W] KR R R B B SR 1 A OE s B S LR IR A A 45

SRS L A € R AR RS TR (L] R KA (B] . HHEKRMFK
PELF] W0 ZAF [S] DA Sz 7 55 58 26 AR [R] -
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[L];(iﬁizjq)j _0, Vit
ox~ Oy
[B]:Vep, =0, TR IKIRAE &

[F]Z(%—V](D_/ZO, PRy =0 (2.54)

(512, =n, BT ACE

[R]: lim (aﬁiikj @, =0, FZfilHx = +oo

X
e, v=o'/ g,

3L OR R E A E AR R R AT DA B @, (o, ) i AT LA SR iR B S 4 3h 4
DO(x, y,1).
232 ZHIRHFRIANZ R R

LR IRFFVE SRR IR I 0 — e TS 3 D(ox, p, 1) 43 A8 A 54
DO (x, y,t) 1 DD (x, v, ) Rl L EMELAE (2.54), AT 4L 1] .

OV i L HBAEAE[B] « BRI S AE [F] LA AL 7 % REA PR S R 2%
PFIRY, P LA S5 AR AR A5 9 DA% A A ke S o

O i L HB A [B] 1 FI T 46 1 [ F] LA B AE 8 77 1 A9 25 1 e o 4% 1
(R, i BEHCHL R 0775 REAE AR R 40 B AR B, X T 0 1 75 b A7 (4 A8
.

B, BHEESO =0 +0P, FEH LW ZMS] .

233 ZEREIERATHREN

B z i R IR R C ST x MR SR R AR DB i
GRS, R R AR, KL & ST I R BB S AR, I B A SR
5 14 T R ZE s BT L PR AT R 805 A2 4 R T 3K

-28-



SFOnds0y

intin i N 2 e A e

z=f({) = ianlg‘”“ (2.55)

Hop, a,  NSEEM, HS¥z=x+iy; {=x+iy=ré’, 0<O0<r.

0.\ ) 0.

o
-

B 2-1 #lmay bk AL

Fig.2-1 Conformal transformation of cross-section

STy BORER, )RR (A A B T DA S
z=f()=) a, & (2.56)
n=0

FiF 8 Lewis #0218 R AL IR ECN=S, M n=2, 4%M =a,: IR
FERT, R H RSN B8, ATRIAAT
ZIM=f()IM=¢(+al +al” (2.57)
T F IR = S AR e R Bk & T b (S O Z ST S B
BB, ZHITRIG AR T « KRN D BRI TR A ot E A 2 i
EAGIES (T
M=b/(+a,+a,)

N

__ 2 grp—2
m{ (b+T)+J<b+T) +8(7b ﬂA)}MM 259)

a=0b-T)/2M
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MRS R
234 FRFBHPKAE

MR EL A A bR R SR ARAR R FE e a3, RS RE L] 25, B 4R i
W7 RER MO A BRI 3K

j(ﬂ(r,9)=0 0<0<n) (2.59)

ZITRERR R AE AT
@, (r,0)=r"(4, cosm@+B, sinmf), m=12,3--- (2,60
H R A [P S B 5t Eikia SR R ok &, 15 2Rk bR B 2

ii+kr dz
00 d¢
dz

dg

](ﬂ(r 0)=0 (0=0,7) (2.61)

M
/
+

_ i (n—Da, »" cos n@‘ o0

6=0,7 n=0

—Z (n—"Da, ", 0
n=0

Il
S

(2.62)

—i -D'(mn—Da, r",0=nx

PR [B] AR T #8526 [R] A& 91, Al R aiean R
o(r,0)=0 (r > x) (2.63)
X F AR, IR W) A ] PLRIE A
@it (1,0) = w—kibn_l Sm(:fn#)e (2.64)
N T AE FIRFEARRF R S B R, RS

-1
bn-lz_n nlan 01 “°m:1927”' (265)

m+n

B JERII R T y BORAR, AR

n=0

cos m+10 > 2n—1 sin(m+2n)@
iy (r,0) =————— ( ) +kza2n1 (,Mn ) (2.66)

m+2n r

n=
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2 m AL WS R AR T y BB FRA, AR .

cos2mbl | & 2n—1 sin2m+2n-1)0
r,0)= +kY a,
¢2m( ) 2m ; 2n-1 27’11 + 2]’1 _1 7"2m+2n_1 (267)
e Lewis B, Bl n=2, FIRFEAMEFEHEN.
cos 2mé -1 sm(2m-1)0
¢2m( 0) - +ka—1 ( 2m—1 )
P 2m—1 r
1 sin@m+1)0 3 sin2m+3) (268
+ka1 2m+1 +ka3 2m+3
2m+1 r 2m+3 r

2.3.5 FRHRIMEE B FRIZK
PR 3 L 35 1) 5E B Rk T LSRR N
o(x,y)=(p, +j%)[¢co(xay) +j¢so(st7)]

+Hp, + Ja) [0 (x5, )+ o, (x, )] (2.69)

+Z (pm+1 + qu+1 )§0m+1 (X, y)

m=1

Heft, [@006 )+ jo,(x,0) | F1 e, (x, )+ o, (x, )] 4 Sler i B 72 7 s Ak
S R 5 A VR AR AR T IR E S @, (X, ) 9 b /N S A5 H 1 A 3

(Dys + 74,0 941 2 B
RURI AR S RN -

. 0 eiKz . s
Oy, :_PVJ‘ dk + jrme (2.70)
OK_V
AT FIA RS R R ECN:
R TN T . T
oty =—(@,Hiy,) =——1iv PVI dx+ jre 271
ox z VK=V
S S 5 R G
-Ky
=000 = PVI €T COSKY s e oosvy (2

K—V
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, x Te " sinkx o
0 = Qi Py =———+v| PV [ ————dx— jme " sinvx | (2.73)
x4y L K=V

T MR T 5C Ty BREAR, 5 (A s Un] DL — 2B fl 4L

(%, 1) =(p, + ja) [0, )+ jO, D]+ D (Pass + 8ot )Pomet (5 V) (2.74)

m=1

Hor, 1=0,1 53Rt (E5) RN (BGARERED .

B RIR G IR S f5 e RIB A, I &5 [R], ERT LA — DR
B E REL RERGERTSCANE, RABUAZ AT RS 2KE kA, R
Y& - 4EK B 77 Z KU RE S AT LASRAS A 51 1o 1) BRI B A RELJE 22 5

2.3.6 Tasai [BiE

HH A BRI AR RR P IR I2 8, HONRE My TR (2.36)
DLA AR K B 2R IA R (2.38) ~ (2.45), BT —4e/KaE0 1 250+, AxFE
Bk B e KRB &, HAS23 Tasai FH Ursell 1157, R F]H
Lewis | [H L HL 7 — M 44 i ) 2835 K 80 ) R 5 IR T Tasai B

FR 4 Tasai FI3E, — 230 83 e KRBT LR IE N

272
Nz(x):&gx)
Hrr, ZZ (X)=C, [ z, FomAE x REFTH T 55 32 A U 8 5 K AR 3 3% 32 3h IR 2
bo 45T ) 3% BE e R B DLRIE A

(2.75)

() = B ) 276)

o, C(x) FRTEFIUOK SN 1R B 243 EL R P90 T O TR L KR 35
ZH A (x) F1 C(x) #5077 LB Tasai &1 #4575,

Tasai I35 RG24 UG LA, 40 BRI SRV B R 8 AL () R C(x) , T (AR
SHH LR RN SH H, F o o

_ _B)
H,(x)= ) (2.77
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BN A TR AT S
S(x)
o(x)= 2.78
(x) BT (2.78)
PR A B TE IR A T AR
@ T(x
& (x)=— (x) (2.79)
R B SHI BT A
H,(x)=02~2.0 (2.80)
o(x)=0.5~1.0 (2.81)
E(x)=025~2.0 (2.82)

SCHR[36]7H BT EBLH Tasai ERERRHE US4 H, 73708 2/3+ 1.0. 1.25. 1.5, 2.0
i, TEARE o TR A, (x) #1 C(x) (55 F &, Al 28; SCRR[100]
i BT 2 FL Tasai BIGHE £, 2051089 025, 0.5+ 1.0« 1.5, 2.0 I, EARFE H, T
bl E A A1 C 5 o AL ILL, A ORI —MEREEA, 15 A
C (BB

(1) HsE R o 18, 764K P EIET 5 — VR E A BN R H, (A1 E, R
REf A, A C AR {55 5

(2) WS R H, 8, HARF H, AR A A C T8 U, 55
L o (R H, IR &, X A, A C (I 4 5

(3) BB &, (AT 58 = Vi, /9 BIRmH L =S50 4, f
C .

WisE A A C R, RNAR (2.75) Fl (2.76), (5] 785 1 HHLE &

HORp s, AEARRIAGROK S 7 R BERIE I, R DS AR TR G . A8 K
M EIZBINKs 11 25

2.4 REINGE

REFE QR BRI . H e AR BOIR B shdt AT ik, dhimgr
AT AR H R U] A ik S AR BRIz 3, ARV IR SR AR
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BOAE FH 2R NS AR S . IR Ie sl fE . IR YDA iz 370 #r L

TS BT, RAAFBINIIAE BOR T2 sh A Gy TR, JEX Az s 7
TP RBM B . SRS ER T 4R KA ) R, RV AR
BLnt, & EA AR ALK V) KB 2B AR YRR R, 4
G2 W 22BN IRAABILA. 73 R IR AR LR G 3708
HRiEA . BJaNE T Tasai BIERIRIE, & &AM TT %,
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E=F MABNREINITEIERF S

3.1 EFRIE

AL FRAEE A 3.1 fros.

S NFIRZ AL,
T 0 T AR A SR

l

H By B - i AUE A
XA EUE AT HEF

l
o B R 2 4
B().T().S()
!
T BT IR B ()
FITLARSHA, (), o)

|
Xt Tasai EEHTI6{E
THE &SI KET 71 2L
N,(x),m,(x)

J
o B [ R JIF,
Gey B HERE IR 1S

!
REEGAER L
BB TR
l
it AR LU i o
S 35 A HE T W

K 3-1 &35 9% E5)HEEFRAER

Fig.3-1 The flowchart of the evaluation program of heaving and pitching motions
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ACH TGS KIRE AR R E 2l DU PR 7 B 75 1 32 25 A\ S B R R
oo MEATRLE, FEFP & Yo X & RO T AT TF 5, 19 2135 B 1) T 1) 7K 26 98
B(x) « Wz/K T (x) AR S(x) , BE— 5852 2 MR RS S, (%)
MRS EH, (x) « o(x) o M =IRFEFAGREVE, X Tasai EEZEATHR{E T,
U FRA A, () A0 Cx) AT A 30 T 2160 A 5 (o) OBELJE
BN (x) o HSABEEITERKE) I RE, BB MRS AR AR 5K
NIIFE A By, BRBTZ IR IR ) Fy FiGe y BEsE kIR 158 Fs SR
EE AW NCIb eI AT 2 W N8 X 7 A e ENINE S ) 7 Wl v i G R
Qoo IRERMETTREA, A e - e B AR A2 e VeI R, 13 BIPN R sk or T FE 4l
RIRFiE, 58 ) 45 213 5 AN RE A2 2 1 A3 1 [

3.2 Tasai BligHH{E
3.2.1 F@ETKITE

BRI A7 B x (RT3 5 040 2N — VN BUE A, T AR ) T i
FRYE, BUNEIE Y > 0 AN N ARG A (X, ,,2,) , Hdi=1,2,- N,
BRI N AR 2 8 z ARt T HE e, T 8K UL By, 2 <0,
PRI BEE 2, 2 2, 2 -+ 2 z, FIHAME S HEP 2 )5, FIEK T iK AT BLH R 2
R

B(x):2max{y1,y2,---,y,v} (3.1
T(X)Z—ZN (32)

PR P TR AR R UL AR 70 5 V2 10 3K it
S() =2 (5, + 2.z - 2,) (3.3)

3.2.2 ZRMERIRERE

REF7H Tasai &I R 5 V38 HOT w5 AT B e 8 S B0 = KRR Sk RV
IR ERE, BRI R E A St O H 5 TAETHE L B SEHL.
SRS AR 10 R A5 5 1 = Ok 2 T B () S8 AP S ARKIE 1T 5 B8 2
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S (%) 7 B S 5 R E T R L 26 X 18] [, B] b0 5 4 (o, 07,)
W a=x, <x, < <x, =b, XETEMBERY S(X) =y, WATE L=
£ i P (x) :

(» B(x)=y=0,1,--,n);

) B y—srm =2 mist s, Wi,

P.(x)=a,+ax+a,x’+a,x’ ,xe[x_,x] (3.4)

3) B, P'(x), B'() gxpmla.b] s,
TRAH =S FER R E R R, B
P'(x)=M, (i=0,1,---,n) (3.5)
EFIXIE [x,x ] BRI = ke mRms P (x) = P, (x), it

X—X. X—X.
—+ M, — XE[XI., x,] (3.6)
— X, X —X,_

1)31'” (x) = Mi—l

X

ELLBAT IR 7y, TS 2

i-1

(x, —x)’ (x—x.,)
P.(x)=M_, & +M, 6 —+A(x-x_)+B (37
Hep, ho=x—x_ , WEEEXE L, () =y, B((x)=y, RANEKX, 77
HECER
yv.—y., h
A=-"—=_—t(M-M
: n o M—M.) (3.8)
1 2
Bi =Via _gMHhi (3.9)
WRAEES KM H
P/(x —0)=P, '(x +0) (3.10)

H (3.7) TR

' -y, h .
P3i (xi_o):%—i_gtMi—l _?l i

1

(3.1
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' Yin — Vi hi+ hi+
1)3i+1(xi+0): 1hl, + 61Mi_ 31Mi+1 (3.12)

KU (311 F1 (3.12) AR (3.10), FEHE A LIS F):
WM, +2(h+h )M+ M, =62 2 ;y Sy (33

i+1 i
BRI RN A RBREAE, P (x,)=0, P (x)=0, FrHpsmEs

BHAER, M =0, M =0, MaT RS H n -1 KRB M M, .M, | 1
AMITRRA, TR E =X AR, AT DA AT R AT BUE SR AR

[ 2(h, +h,) h 0 0 M, ]
ho 2h+h) ke 0 M,
h, 2(hy+h) - 0 M,
L O O O ot 2(hn—2 + hnfl )_ _Mnfl _
R
h, h,
Vi~ Vs M=™W (3.14)
h, h,
=0 Y= Vs Vs,
h, h,
yn_yn—l _yn—l_yn—Z
L hn—l hn—2 .

3.2.3 JEEAKEIREF1EE
RerRedl (3.14) Hk Ax = b, RIELA =X R EOEFE A 3:47 LU )

A=LU (3.15)
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Lli,i—1]=Ali,i—1]/ Ali—-1,i—=1],i=2,3,--,n
Li,i]=1,i=1,2,-,n

Uli,i]= A[i,i]1- A[i —1,i]- L[i,i ~1],i=2,3,--,n G16)
Uli,i+1]=Uli,i+1],i=1,2,-,n-1

UTL1]= A[1,1]

0[5 J7 PR AL LA e

Ux=L"b (3.17)
M4 _E2C, X b FE R AT S
b[i]=bB[i1-b[i —1]-L[i,i—=1],i=2,3,,n (3.18)
T (317 E=MUTREH, ME G — AT AT RAR E, wiE PR
M M - M:
(3.19)

x[n]=b[n]/Ul[n,n]
x[i]=[)-Uli,i+1]-x[i+1])/U[i,i] ,i=n—-1,n-2,---,1

KRG M, M, M, RN (3.7 Hr, fHRT15 3 = J0R: SR 4 bR 2L

3.2.4 Tasai BlifiH{ELER

WRAR RN 10735, SR AR AR, R BG5S R, 1F Tasai i
(A — 2k 2k B TREA A (x, ), BLE =10, H =10 &% A %TFo
s — 2 R, FEAS S 3-1 s,

% 3-1 Tasai Bl s &Af A& (& =1.0, H,=1.0)
Table 3-1 Sample points of Tasai graphic (&, =1.0, H,=1.0)

1 2 3 4 5 6 7 8 9

0.472 0.501 0.534 0.576 0.613 0.663 0.694 0.722 0.748
1.06 1.03 1.01 0.98 0.948 0.903 0.871 0.847 0.814

10 11 12 13 14 15 16 17 18

0.774 0.803 0.844 0.860 0.889 0.925 0.946 0.962 0.982
0.788 0.749 0.702 0.675 0.634 0.581 0.542 0.513 0.474

aF mald

WA REAS S, AR RS, A T RE AR 45 A AT ek, W&, = 1.0
R AL ORI, SHRURE RS, ST, W 31 B

-39 -



SFOnds0y

intin i N 2 e A e

MEI RT3 E pR A SR B S DR — 2L W AN B — 2B .

e%],ﬂ ;Iflﬂ
L8 16 H,=2.0
H,=2.10
’ H, =15 ‘
1.4 o \ 14r¢ 1
" © H, =125 1
I 2 o \"\].5\ 1.2+ T
| '\T\ N L H, =10 ]
1. ™~ o~ : "'\L‘],}‘g?\ \ 1t _
ot NN "\‘ ] _
0. 8 \ilﬁ“\\ a 08 Hy=2/3 :
- T\ \\\‘ | |
0.6 = wf:f N 06) _
- \

R . _
0.4 "\.\ 04t -
H=02 ' H,=02 ‘
0.2 s R v

4]
) 0 . 1 . 1 L L . L L . 1
63 TE 0E 07T TE DY L0 G o 07 08 09 |
a) Tasai 4. B i% b) Tasai A_ [ i #5185 3

B 3-2 Tasai B 3% 5 346488 4 8 &t L B (£,=1.0)

Fig.3-2 Comparison between Tasai graph and its interpolation function curves

3.3 NEIEEHM S HFIEKE
3.3.1 MRRKEh D RBOK AR

FERI ] Tasai BITEAS BIMTA S AR T K30 71 R B2 e 7 2t — 2D S
PRI G M R GRS 258 B R B ST B E R . et or
BETEARRRAL, W TN L BT IR, S Rm AR E A Y, (1=12,---,n),
MBI y, ((=1,2,---,n) , Hn EIHECE, BE RN E R
Xy Rx,, o XM E Y, MY, BER0, WEEHZILNEAD:

- 40 -



SFOnds0y

intin i N 2 e A e

1 n
RS NCESIENEES
i=0

S R R 2L BUP KON Ax, W ER AKX ATSS -

Ax n
[ yax= 5 20+ 5.)

MR . g AR & 183N 17K 3h 1 R EERIE R i 3
(1) M A4,

_ U o _~xom(x)tm (x,,) U
A33_J-Lmz(x)dx_w_ezNz _; > Ax_a)_ezN(xn)
(2) TG e RHL B;,
B, = L N_(x)dx+Um." = Zn: N. ()N, (x”l)Ax +Um,_(x,)

i=0 2
(3) HEEMIT & Ass

U? U .U
A = L m_(x)xdx — — Lmz (x)dx — ijNz = m;
U’Ax &
WZ [m, (x,)+tm,_(x;,,)]

=0

Ax
B 2 Z[mz(xi)xi2+mz(xi+1)xi2+l]_
i=0

U
—?[xjNZ (x,)-Ux,m_(x,)]

e

(4) HIERHLJE R E B,

U? U’
_ 2 2 a a
B, _JLNZ(x)x a’er—a)2 LNZ(x)dearamz + p” X,V

e

Ax & UAx &
= TZ[Nz(xi)xiz—i_Nz (xi+1)xi2+l]+ 2—22[Nz(xi)+Nz(xi+l)]
i=0 e =0
U2
+Ux,m, (x,)+ —75N.(%)

e

(5) GG IIEMINPTE A,
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U U a UZ a
A35 :—JLmZ(X)de_ Q)ZJLNZ(X)dx-i_ zxaNz - 2mZ
Ax <& UAx &
= __Z [mz (‘xi)‘x[ tm, (‘x[+1)‘xi+l] - —22 [Nz (‘x[)+Nz (xi+1)] (3.26)
23 20,5
U
+ 2 [‘xn Nz (xn) - Umz (x” )]
(6) TG IR E REL B,
U2
Biy ==, N.Copwdx +U [ m, (x)dx—Usm! = —N!

=SSN G N )+ S e ()] (327
i=0 i=0

2
U
2
e

(7D YRG5 I & A,

U
2
a)e

N.(x,)

A, = —L m_(x)xdx +

2 Yat 'z

I Nz(x)dx+ix N?
L a)e
UAx 3

= _& Z[mz (x)x,tm_ (x,,)x,, ]+ — Z [NV (x)+N_(x,,)] (3.28)
2 i=0 2(06 i=0

YoN(x,)

2
e

(8) TEFMEIPIEILE R B,
By, = —J.L N_(x)xdx—-U JL m_(x)dx —Ux,m;

+

= S INL G AN (5, ), = D () )] (329)
_anmz(xn)
3.3.2 BURMEI N (BB) kg

30 (2.46) A1 (2.47) 25 1R JIANPR T 1A B IE5Z AT AR 5% 58 70 5 R IR e
ZIE R AR, R URRIPERTT OB SROREEZ L, KA ZF R
T [ R B AR AT AR 0

R BAIR A 28 o VAR 73 BEAT THSE R AN, 45 BIIR 7 152 A A2 5258
I S PRIEE L -

-4D -



SFOnds0y

AT K L AR 3

e cos pyze(n) - (k, c0s )yze(,.)

n-1 i+1

£i=2pg Z 2 Ax (3.30)
i=1
o, 28 yze(x,) KiEN:
n-l1 ,= kziq
Yoe(x )= Ze % cos(ky, sm,u)+2e cos(ky,.,, s1n,u) (331)
i=1

, i SIn
V.00 = () [ (e cos )
_ n-1 CcoS 1
fi=Fo), . —Ax (3.32)

P , 4 Sin 2
| V.0 =Um () [ (e cos )
COoS

)

Hof, Mo (x) FIEH:
! dmz ('xi) _m, (xi+1) —m, ('xi—l )

m_ (x;)= (3.33)
dx Xivg ~ Xy
_Wﬁnh o Sin
wa M (xi)e COS( ; COS )+m, (xi+1 )e oS (kxm COS 11)
fi=a), . Ax (3.34)
i=1
1222 % e cos ) (3.35)
, sin
IR T RIA N
COS
E,Smepg=§a><(ﬁ+f2+ﬂ+ﬁ) (3.36)

Sy Bl E IR 3R] UAE F [ RE R Vi T AR B, X BT KA
3.3.3 YAEEEhiE{E N B K 7

RPN RO, ARLE RN N mE sl o T RE 2 (2.36) I
A COAFR], RIBROI FREARTE, FATA G 2025 FEH R XN -

{773 =1, COS(@,t + &, ) =1, cosw,t —n, Sin @t

. (3.37)
15 =M;, cos(@,t + &, ) =15, COSW,t — 1, Sin @,

AR AR IEIRN o, N S MRz sl . g, n,, A, 735
NFEGIEANBEMAREIZEN R &, A &5, D RINTEG MG 5 BHRIAAL. X
eV MR IZ B il RIE R F 15 21
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!

n, =-1n,0,sMot—1n, 0, cosant

, (3.38)
ns =—1.0,C08O,L—1],,0,COSM,L
N, =-n,0 cosmt+n, o’ sinat

) : . (339
N, =-N,0 cosat+n, o sinwt

85 R 12 sh R R A 0 SRR R BT oy 7 FE R, RTUMAR 2T 7,
My s N5 A1 BV TT— IR T FE4
[Cyy — @ (m+ A ), — @B, +(Cy — 0, 41, — 0,87, = F,
~o, B, +[0, (m+ 4,) - CyIn, —0,Bn;, + (0, 4, = Ci)n,, = F
(Cyy = A, — 0B, +[Cy — 0, (1, + 4, — @, By, = Fy,
~0, By, + (@, 4, = Cn,, — o, By, +[0, (1, + A) - CIn,, = F;

VPR FT CFED MR AR e AN R 7R A g AT R A, (] SR A5 5 A1
PEiE g E N, / & Mng 1, -

XTI — IR TR, R ENTIE AT KRR, SIS EA2EIET 0
IR AMERS s BRigis SFAd i 4 45 FOAMAE T RN, R eR B UE gk . Xt
TVUTC— IR T FEA R AE, Gauss 5 FIGTH ZVEFIERE, 5 THWAESEI, AT
RIS PEAL AR 7K A Gauss 1 3= JGTH 955 260 5 FR Al dE A7 SR il

B FTCTH BRI R A S AR R AR 3T 5 kDI e, 58 kA B4l i KT
Ra, ERNFE LR, Boka, IIEREINTESE DT ER T, A5
PRI eiE AT e . Gi=k iy, MJERE R4 .

ST n et TR Ax=b, EhREYIER TR
a,|#0 (3.41)

(3.40)

‘a ‘::nnax
pk

k<i<n
ST R [A,B] (0 p o K BIAT HITE R EHE AT I
{ay<k+1) = aij(k) — mikalq(k>’ (i,j =k+ 1’...,,1)

(k1) _ g (k) (k)
lﬁ _'l% nqwzﬁ

ReiH oo 4 RAF A R EOEFE R, BEAT RIS 2L RE 2 N i -

(3.42)
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AT R A A 1
x =b"/a ™
n n nn

x, = (" - Z ai;(i)xj)/aii(i):i: n—1,---,1 (3.43)

j=i+l

3.4 KENGE

ABEHREIN TAE LS MR RER, 28570 Tasai BIE R EMAN FZ
B3 T3 RE SRR AR B 7 1k AR R PP SEBLEEAT 4, £ Tasai KT8 {E
B, B SRR BUERR 0 AT R AR S BN TH 5, SR A R = R Sk
JRERESARAE TR, MRTBEENE R R 1, B2 E R AL 55K Tasai B
Bs G NSO, BATIRIETHE . RS sl TR RS, B S
BUAAR Y T3 R I NAK 3N 71 R BORPBERIBN 71 D, 2RJE R Gauss 51 326l
FARRIBN B B 0 T7 R T R VY g — IR G M7 RE AL, 15 2 e & (X132 3 R (v
N o
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BT ARRRERNK P EIE T

4.1 Wigley RREVIEIFITE

4.1.1 Wigley fEASHR TREE

Wigley MR —AECA MR, A T AU 38 SR E T, A SCE SR A
Wigley M RS A SO A (VPR RE P B AT 30 E . MV 10 2 RUBE MR B 2 5 n 3% 4-1

Frs, BAEWE 4-1 s

% 4-1 Wigley A8 %! 69 £ R B R A%k
Table 4-1 Main dimensions and parameters of Wigley

T H v AL HfH
LK Lpp m 3.0
Ll B m 0.3
nz 7K T m 0.1875
Ji e &4 Cs — 0.56
G I VA v m? 0.0945
O B Xg m 0.17
AR K, m? 0.75

B 4-1 Wigley A5# T &
Fig.4-1 Wigley model

&

W1 T Wigley AR5 rpR I T AR, Ge O 0 %% 8 ASdlim, Hh 17 Bl
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AT, HmEEIRG N 0.15 2K, K 4-2 Fiw.

B 4-2 Wigley K T A & H
Fig.4-2 the sections of Wigley under waterline

WERATE Fr=0.3 Wi FIOyRATAT, EEBEIRANZEMERINGE, PIRR ARG H
265 F 528", R 0.2sT RE N LEEHTHE, AT SREK
ALY N 2.28m £ 9.12m.

4.1.2 Wigley SIEKI N RBGTE

¥ Wigley & #IHAUE RSN txt ORI, 5 S8R B RE e kAT U8 s e BONTHE
F, MIMHRKET &5 R RAR AOER S48, S5 R 4-2 fos.
& 4-2 Wigley A5 K & F &3] @ 75 4k 5 5

Table 4-2 Shape parameters of each section under waterline of Wigley

IFE x  HIEEA S

5 (m) () HiH#aMo HImARBH, PRALS
01 -1.20 0.0135 0.6666 0.2874 0.5849
02 -1.05 0.0191 0.6667 0.4075 0.5849
03 -0.90 0.0240 0.6666 0.5119 0.5849
04 -0.75 0.0281 0.6666 0.5997 0.5849
05 -0.60 0.0315 0.6666 0.6715 0.5849
06 -0.45 0.0341 06665 0.7277 0.5849
07 -0.30 0.0360 0.6665 0.7676 0.5849
08 -0.15 0.0371 0.6664 0.7917 0.5849
09 0.00 0.0375 0.6664 0.7995 0.5849
10 0.15 0.0371 0.6664 0.7917 0.5849
11 0.30 0.0360 0.6665 0.7676 0.5849
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242 (48)
wpps Ot HIERS msee  WmRNH, woRRNE

12 0.45 0.0341 0.6665 0.7277 0.5849

13 0.60 0.0315 0.6666 0.6715 0.5849

14 0.75 0.0281 0.6666 0.5997 0.5849

15 0.90 0.0240 0.6666 0.5119 0.5849

16 1.05 0.0191 0.6666 0.4075 0.5849

17 1.20 0.0135 0.6666 0.2874 0.5849

TEAS B SR S 805, 1817 Tasai_Spline()PREL, SRR A5 B T A Fe{E R 50
AFIC, VLKA SRS m (x)FIN, (x), ZERINE 4-3 Pros.

% 4-3 Wigley &3 @ K3 71 &4
Table 4-3 Hydrodynamic coefficients of each section of Wigley

N YT E x _ N e TR T R
HE/FS (m) R4, RHC m, (kg) N_(kg-s/m)
01 -1.20 0.2387 0.4222 1.974 33.204
02 -1.05 0.3204 0.4712 4.428 59.831
03 -0.90 0.3901 0.5086 7.545 88.679
04 -0.75 0.4471 0.5345 10.882 116.487
05 -0.60 0.4923 0.5508 14.060 141.247
06 -0.45 0.5267 0.5602 16.792 161.673
07 -0.30 0.5506 0.5654 18.854 176.647
08 -0.15 0.5648 0.5680 20.150 185.892
09 0.00 0.5694 0.5688 20.580 188.928
10 0.15 0.5648 0.5680 20.150 185.896
11 0.30 0.5506 0.5654 18.854 176.673
12 0.45 0.5267 0.5602 16.792 161.692
13 0.60 0.4924 0.5508 14.059 141.285
14 0.75 0.4471 0.5345 10.881 116.519
15 0.90 0.3902 0.5086 7.544 88.728
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%43 (%)
N . Y\ BB x _ - MR e R
16 1.05 0.3205 0.4710 4.426 59.874
17 1.20 0.2388 0.4220 1.973 33.220

4.1.3 Wigley NBEFNKINRBETE

1921 Wigley #&-#l i 1) 4K 30 1 28U, THESANBARSER T AGANRE A
AR L HAM GRS 258G Horb, IR R TR A R WK 4-4 P

% 4-4 Wigley A6 3E 5) M w S &
Table 4-4 Added mass of longitudinal motions of Wigley

- EHBEIN PR EE . .
NP 2% H }/Hj, 3 A8 = IR B q
WRAE BN 37 N s e O A BN 5

- -1 =. 2
w(s") @,(s ") & A4, (kg) A (kg-m) A, (kg-m) A5 (kg-m”)

2.6 3.721 54.233 -36.377 24.242 23.090
2.8 4.100 51.810 -30.679 19.962 20.827
3.0 4.493 49.050 -26.071 16.492 18.723
3.2 4.898 46.207 -22.057 13.450 16.856
34 5.317 43.669 -18.319 10.588 15.383
3.6 5.749 41.754 -14.807 7.878 14.408
3.8 6.195 40.534 -11.630 5421 13.897
4.0 6.654 39.965 -8.857 3.283 13.765
4.2 7.126 39.838 -6.519 1.496 13.846
4.4 7.611 39.758 -4.612 1.223 13.884
4.6 8.109 39.647 -3.082 1.531 13.816
4.8 8.621 39.718 -1.869 1.188 13.760
5.0 9.146 40.290 -0.921 1.022 13.904
5.2 9.685 41.506 -0.189 1.002 14.344

MRYE EREGR, R @R A 12 30 1 I bt B EEAT IR AL, 2l #5i83)
B R R E ISR AR 2, 5IE E . BT IRILER Y A, = 4E
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WEERATH L, WK 4-3 froc. A aBAER K S) 11 2 B0 T R kAL A
A (4.1) 1 (4.2) B

a..
_ Y
TpvLm 0i=3 0 j=3
b /\E'j’ m[: 1 l 5 I/lj= 1 j (41)
By =g V8
w=w+\L/g (4.2)

B 1B B I & BT He 4 SRR
(1) g N 4, HAERSUR I 5 e (2 A T RS 2 45 2R 4
A8, AERRIRN 5B € WE, HER=YETTEANS 2,

1

0.2
D2 0.15 .
08 'm.J.!
07 |
0.6
Q;"?’ 05
04
03}
021 -0
0.1 -0.25
0 : . ¢ . : -0.3 2 : L =
1.5 2 25 3 35 4 4.5 5 55 1.5 2 2.5 3 35 4 4.5 5 55 6
wE we
a) & BB W R = b) & %A A WAL IE ) e i &
a)Added mass of heaving b)Added mass of heaving coupled with pitching
025 T T T T T T T T 0.1
02
015} \
i i 0.05 *3
. OLF -
< < |4 A i .
0.05
5l
0
-0.05
0.1 ‘ : L ‘ : L ‘ ‘ -0.05 : : ‘ : : :
1.5 2 25 3 3.5 4 4.5 5 55 6 1.5 2 2.5 3 35 4 4.5 5 5.5 6
we we
OB E £ FH B H W R DUFEZEF M=
¢)Added mass of pitching coupled with heaving d)Added mass of pitching

B 4-3 Wigley (Fr=0.3)2\ %) i& 3 [t 7u Jji & 2& R 3T 1k
Fig.4-3 Comparison of added mass of longitudinal motions of Wigley (Fr=0.3)
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(2) FEGEEGHREMINEE A, R SR EA A Rz, SR
BHTAR R, REBDRN, RESEILEMEEAZ, BT =43RI,

(3) PRSI Z IR 4, P RERBAR S IBEMAZEAK, 1154
Ry R SR IR, BB =GRS R B LA

(4) PREMTINT R Ass T REUR SuliRERFF — 8L =R I8k —
BL O UHAEOR ISR =4 H I AR

Zi Pk, ASCH BRI S s bR B A % S R
SR G, BRI =4EH e, (HR T AT SR O v 1R B n o
{6, ATLMONIZBh ) R BEAT 5 SR8 3 (K 3R

RS K Bz s e R R R 4-5 o

% 4-5 Wigley A &3iZ 5 [ 7 4k
Table 4-5 Damping coefficient of longitudinal motions of Wigley

EZMER  ®GEAEN  HREEeE AEERRE

YR VR 4T 32 ‘ﬁ‘%}ﬁj>< - ye e N
s BRE . p U mmeRM BEER% B,

] i

(s @(s) (kg-s/m) B (kg-s)  By(kg's)  (kgs-m)
2.6 3.721 298.431 90.623 -102.626 108.488
2.8 4.100 309.669 85.726 -98.825 107.190
3.0 4.493 320.655 80.212 -94.698 106.669
32 4.898 328.245 74.581 -90.501 105.248
34 5.317 328.728 69.614 -86.675 101.262
3.6 5.749 320.599 65.944 -83.603 94.193
3.8 6.195 305.413 63.708 -81.400 84.827
4.0 6.654 285.294 62.794 -80.043 74.069
4.2 7.126 262.685 62.735 -79.320 62.826
4.4 7.611 239.993 62.678 -78.804 51.875
4.6 8.109 218.151 62.441 -78.429 41.568
4.8 8.621 197.499 62.459 -78.449 32.178
5.0 9.146 178.53 63.407 -79.233 24.089
5.2 9.685 161.612 65.590 -80.918 17.422

s ERER, B EIRMEIZ e REGEAT IERIRAE,  IF2 %1
JE RBBEE PR 2k, RIS E . =4ESR0T 5 DU LLRIE 0 A ik
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NFEERE V) VEG R BEAT X EE, W 4-3 Fos. SR FE -
(1) 5P e R B, HAEMBURIN 5 EAHZROR, MPRILIESE H 4
M2, EEFEHN, SRRETEYE, HELENT =480,

(2) GG HREILE RE B, AT B SIRBEBOY 2 AR5

e 45 RANZBOR, R AT =4ESR7 % BL RIS

(3) PG EZILERE B, Wt RERBARS KB EE NN, BES

PRICEA S, (HRART = 48071

(4) HPREFLJE REL B o THH A RAEARSUN BOR I H =, AL R A Bk 35

SRR, THEOR EERRIC R, BT = 4ESA R

2

1.8F
1.6
1.4

12(.-"

0.5

04+

03

Qgé 1k ngq 0.2 f\:_:\\ A
08r e
A
061 0.1F
041
0
02r
0 : g ' : -0.1 *
LS 2 2.5 3 35 4 4.5 5 55 1.5 2 2.5 3 35 4 45 5 5
We We
ET € e o s= = €
a)EFHBZAIAR R K b) & G AR MILE AR R K
a) Damping coefficient of heaving. b) Damping coefficient
of heaving coupled with pitching.
0.1
0.1
0.05
0 0.08 - ik
0.05
o1 0.06 N
- ¢ A i S
ay 015 ) 1 D:;g 0.04
02 &
A
0.25 0.02 =
03
ol
-0.35
0.4 -0.02

s 2 25 3 35 4 45 5
We

C)MIEAR S £ HIBE AR FHL

c¢)Damping coefficient

55

of pitching coupled with heaving.

B 4-4 Wigley(Fr=0.3)s\ ) iZ 3 [AL & % £ 45 R 3tk
Fig.4-4 Comparison of damping coefficient of longitudinal motions of Wigley(Fr=0.3)

1.5 2 25 3 35 4 45 5 5.5
We

I E R F &K
d) Damping coefficient of pitching
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ZR P, HASCH FEIFR R R S e RS RE S S W I EHEA
W)Er, BIRNKGRES e REA R, ERIINEAELET, WA E st
BREEE, ATLMANIZ By T R BEAT 5 SR8 3 (KSR

4.1.4 Wigley \EIBETIK R

HI - F T K B 70 R0 TR MR BT 2 N R BAR 1 A L Se y Blie e (R 71
HEPORIEE R LA, THREERK 4-6 Pros.

% 4-6 Wigley # ik 71 (4E)
Table 4-6 Wave force and moment of Wigley

BRI F 1) BRI F 1)

ﬁﬁ:’ﬁf ﬁﬁ) ;/%‘I/ME{EH@FE R

/¢, (N/m) F,/¢,(N)
2.6 9.118 4543.18 1339.28
2.8 7.862 4263.68 1468.57
3.0 6.849 3960.63 1588.29
3.2 6.019 3632.30 1693.63
34 5.332 3305.87 1777.92
3.6 4756 2859.95 1832.73
3.8 4.269 2448.02 1849.70
4.0 3.852 2016.81 1821.96
4.2 3.494 1636.33 1746.27
4.4 3.184 1318.78 1624.69
4.6 2913 1047.99 1459.15
4.8 2.675 889.64 1249.92
5.0 2.466 525.75 997.71
5.2 2.280 428.98 709.71

iR 77 D BYBGR IR RO AT R BRI AL, TR 2 5040

{F;/gA :Fs/cngA
F;/é/A :Fs/kcxé/A

ZHIBOR 71 D BETEEIRAG AR AR AL R I 2, Wi 4-5 flros . X bEaf Rk

(4.3)
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W, BAR AT ABGR 73 A B A A 5 IR IR R — 8L fERAREUE B AE—
SERZE, FEBIRIJHITHELS, KE AN = 4E AR B ARILVERF, HZEEAKR,
FETHEPGR RS, 5HEAR AR IR AR BN, AR R T,
HERETHAMTE, AT LA T R AT IZ 3K A

F3/Cs504

FS/kCSSZA

0.8

0.7

0.6

0.5

0.4

03}

T T T T

TR i
HERUER IR
L Edad

a) A1k & G R
a) Vertical wave force of Wigley

35

0.8

0.7

0.5

03

A 50 E

2 == BT IR ik
4 - S YRR R

mand & /11 e 45

A/L
b) ABIRLE y Bk A JE F,
b) Wave moment around y-axis of Wigley
B 4-5 Wigley(Fr=0.3)# ik 7 (48) £ Rttt
Fig.4-5 Comparison of Wave force and moment of Wigley(Fr=0.3)
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BEFAKS AR BRI GE) B, HEAN RN BB 7
b, SRABRER, 135 Wigley 16 Fr=0.3 I B 25 3% A\ 232 3 (R @ 00 L, / &, A0
N1, THEERME 47 Fi.

% 4-7 Wigley & % W\4% 15 3 @M &
Table 4-7 Heaving and pitching amplitude response of Wigley

BIRATZE WK i 5 178 L 1) 17 YNIR MR R0 L

o(sh) A(m) /¢, ns/ ¢, (m")
2.6 9.118 0.7906 0.5116
2.8 7.862 0.9247 0.6135
3.0 6.849 1.0696 0.7860
32 6.019 1.2101 0.9958
34 5.332 1.3019 1.3634
3.6 4.756 1.6628 2.3255
3.8 4.269 2.3385 2.2801
4.0 3.852 2.6069 1.6421
4.2 3.494 1.8353 1.0546
4.4 3.184 0.8973 0.6053
4.6 2.913 0.4817 0.5335
4.8 2.675 0.3913 0.5772
5.0 2.466 0.2795 0.4950
5.2 2.280 0.2225 0.5236

Rk AR ITC R R BE R AL I i 2k, JF 5ileE . =4E38 iy ikt
TR, B 4-6 B Xt L4 AR

(1) HASCH 905 BVFARE 74 3518 30 1 T A R B AR LI (i I K
Ha @S S e RORRF— 8. AR = 4ESIm B ik, EPIRER
HNUERH TR ) Wigley ABRAE A RIBGR 261 F (13 i sl e, X A k4,
AR BT RB B PP RE P R UL, R A2 T R 2RI

(2) ARSCEHRE T E AR N 45 RBEARBAAIE /D, FFE, 5l
ZERAEH RSB, EHRMER AR IR ZE, ARABHEN, BT
Sai R, MAEHARBARE I NN . SEGIESME, TR B
TR, FE L& AL R .
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a) Amplitude of heaving of Wigley
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251 4
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b) WIFEF) @A
b) Amplitude of pitching of Wigley
B 4-6 Wigley(Fr=0.3) & % 4\ 4% iz 7 g {a %t b
Fig.4-6 Comparison of heaving and pitching amplitude of Wigley(Fr=0.3)
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4.2 Series 60 ARBYIGUEITE
4.2.1 Series60 FRESH AT RIKE

N B RAEA SO R RE P U SRR BOR FR A As sh (A 2, A SCR
Series 60 MEAREATHE—DIRUE. MY T RE RS HNEE 4-8 o, BRI

K 4-7 i

% 4-8 Series 60 A54E . R E B AH
Table 4-8 Main dimensions and parameters of Series 60

i H e LA il
LA K Lerp m 2.258
L B m 0.322

"z 7K T m 0.129

Ti T R H Cs — 0.7
HEZK A v m? 0.0657
HO X m 0.129
IR K, m 0.5645

B 4-7 Series 60 fEAL T &
Fig.4-7 Series 60 model

FERS A H RS T S 25 3 11 AR, 0T (e 0.1 K, 4] 4-8 s .
P T S 20 A 0 2 R R A0 T A T PR T A, ok B 380 79 A T )35
[0 Z 50N /2 Tasai B THREER,  [RICAE AT 4 08 V1 550 K 5 5 79 A3 T 2
25, BAR DLBUE R WA 2RI T 1 50, DRt 21 AN R R vE U0 b AT 5

Series 60 FARAE & R o DL Fr=0.2 fRI3E BE IR AT AT, JIRATR ALV
7 3.0s"F] 6.0s", G 0.2sT BEE N LHGATIHR, L 16 AL, X N IE B
Ry 4.5 2 12.08™, X MR KABIERE 1.71m 2] 6.84m.
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B 4-8 Series 60 A5 K T 21 K = & A
Fig.4-8 Sections of Series 60 under waterline

4.2.2 Series60 EEKFNHEITELER

¥ Series60 M AUH S5 N txt SCRYH, FEF OO IR RAKE T
BT TR SRS HL, 45 Rk 4-9 PR, Ko R S 40 LLBIR IR A 457
SN 6.65s HIHLL G HASE].

% 4-9 Series 60 ABAE K & T &5 @ 54K S 4k
Table 4-9 Shape parameters of each section under waterline of Series60

IFE x  HIEEA S

I PP (m) () Hiisx%o HHAEH, BIRAKS,
01 -1.11 0.0063 0.7883 0.2402 0.5823
02 -1.01 0.0100 0.8011 0.3754 0.5822
03 -0.91 0.0148 0.8042 0.5522 0.5822
04 -0.81 0.0199 0.8213 0.7289 0.5822
05 -0.71 0.0252 0.8466 0.8931 0.5822
06 -0.61 0.0299 0.8678 1.1035 0.5822
07 -0.51 0.0339 0.9021 1.1299 0.5822
08 -0.41 0.0370 0.9297 1.1960 0.5822
09 -0.31 0.0387 0.9489 1.2243 0.5822
10 -0.21 0.0393 0.9521 1.2393 0.5822
11 -0.11 0.0400 0.9643 1.2467 0.5822
12 -0.01 0.0395 0.9521 1.2464 0.5822
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%49 (%)
s Ot HIERS  ymsee WmRNH, WoRRNE
13 0.09 0.0388 0.9387 1.2433 0.5822
14 0.19 0.0380 0.9225 1.2391 0.5822
15 0.29 0.0368 0.8975 1.2330 0.5822
16 0.39 0.0339 0.8403 1.2104 0.5822
17 0.49 0.0306 0.7825 1.1752 0.5822
18 0.59 0.0263 0.7203 1.0974 0.5822
19 0.69 0.0211 0.6469 0.9805 0.5822
20 0.79 0.0154 0.5715 0.8095 0.5822
21 0.89 0.0096 0.4837 0.5960 0.5822

SRS REHH ZHU5, 1847 Tasai Spline() BRI, SRR &R T B4 E R 3L
ARC, YUKKEN I REm () RN (x), FFE, COIRIRIRN 457, X BB
FN 6.65s" MW AN, HHELRWNE 4-10 AR,

% 4-10 Series 60 %3 @ K3 /) & $ (@, = 6.655")
Table 4-10 Hydrodynamic coefficients of each section of Series 60 (@, = 6.65s™ )

N I E x _ . e TR TE AL R
HE/FS (m) R4, 2HC m_(kg) N_(kg-s/m)
01 -1.11 0.1938 0.4954 0.766 12.577
02 -1.01 0.2738 0.5396 2.038 25.106
03 -0.91 0.3770 0.5762 4.707 47.587
04 -0.81 0.4692 0.6143 8.746 73.736
05 -0.71 0.5415 0.6451 13.789 98.199
06 -0.61 0.5953 0.6691 19.196 118.685
07 -0.51 0.6149 0.7035 24.064 126.638
08 -0.41 0.6248 0.7344 28.147 130.745
09 -0.31 0.6186 0.7704 30.945 128.165
10 -0.21 0.6226 0.7762 31.940 129.795
11 -0.11 0.6166 0.7957 33.136 127.327
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% 4-10 (%)

N YT E x o= - NPT E e R
HITH 75 (m FHA, RHC m. (ke) N.(kg-s/m)
12 -0.01 0.6259 0.7753 32.269 131.139
13 0.09 0.6374 0.7469 30.932 136.066
14 0.19 0.6517 0.7195 29.595 142.220
15 0.29 0.6648 0.6937 28.256 148.007
16 0.39 0.6994 0.6558 25.745 163.828
17 0.49 0.7155 0.6215 22.996 171.416
18 0.59 0.7091 0.5943 19.174 168.400
19 0.69 0.6743 0.5824 15.002 152.260
20 0.79 0.6003 0.5862 10.293 120.692
21 0.89 0.4779 0.5716 5.440 76.475

4.2.3 Series60 YAEEFNKEN N EREITE

531 Series60 KL & AT —4E/K3) 1 25U, WRIEY)EEE, HEAR
[G] PR T AR AR REAR T 3 RN HE L HA G KB 1 2%, Hp, s HE 4
RN 4-10 Aros.

% 4-11 Series 60 #\ 1) iZ 5 [ 40 it &
Table 4-11 Added mass of longitudinal motions of Series 60

o o EGREHN PEEEE - o
VRN % EREpiES SEAE = 20 P [ i
BRI EIER B ALY FHIER MR B B In o =

- -1 =L 2
a)(sl) @,(s") E"433(kg) A35(kgm) A53(kgm) Ass(kgm )

3.0 4.493 53.513 -24.300 26.713 19.981
3.2 4.898 51.752 -18.544 21.441 18.136
3.4 5.317 49.897 -14.244 17.604 16.578
3.6 5.749 48.130 -10.873 14.614 15.296
3.8 6.195 46.747 -8.137 12.075 14.328
4.0 6.654 46.098 -5.902 9.752 13.727
4.2 7.126 46.281 -4.136 7.626 13.455
4.4 7.611 47.265 -2.810 5.713 13.455
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FEHMEN RS E SR I B

VR VR A T 18 A % v B I o = 53 =
weig WA BEMIR s e e

o(s") w, (s HAyke) Ay (kg-m) A, (kg-m) A (kg-m?)
4.6 8.109 48.895 -1.872 4.028 13.656
4.8 8.621 50.838 -1.245 2.599 13.959
5.0 9.146 52.585 -0.824 1.462 14.238
5.2 9.685 53.995 -0.543 0.572 14.467
5.4 10.236 55.210 -0.342 -0.148 14.679
5.6 10.801 56.479 -0.251 -0.776 14.923
5.8 11.379 58.042 -0.269 -1.342 15.240
6.0 11.971 59.893 -0.378 -1.883 15.624

AR FRER, WG MPRE LA A2 B 2347 TR Ak, 24
HEEEEMRAR 2R, I 5 R = e Bam i A BT b, i 4-9 s

Series60 B HE V7 AN FE e AR5 B o &= 1% bl g SRR

(1) TG MINBTE 4,, WASCHH R A R B E S SR E RT3, %
AR T HTHREE RN TR ge g R, fEh @ AeRE I T 5 E dE R,
FEARIRSFA NG AR T = 4E 8 R 07 1

(2) G REE IR I I & A, BT LS RS Wigley AL AT 506 L&
RFAL, SRR 5SS RABKNWE, KR AN =gEHmTk: s
PRI R, w22 WS, A2 SN, AR P I TSR R S A R U —
B, REEZERAOLT =485m0

(3) PREMBERGIINPTE A, WIHESE RS 4, It R RESBMR, £
AN, THES R, SRIEGRKRE, FERT =408 m 0% 4
AR, HEBAE N2 BN, R E ST, AR PR S R SR E RN
—5, AT R — B S

(4) HIEMINBTE A (1 H ke 7 TH A5 R A N #S5 B (A ) &
i, AR, RN 2R T SRR R,

[F) I 2% 1& Wigley FHBLAN Series60 s i) v 55005 EL 45 R, A SC H ik 7 1155 4 4,
F A AE SR N AR 5 W BAA W) & B, R ZEIIE VP EI o T 4,5 F1 A
(¥ 45 RAEARAR I 5 B0 25 AR ZZ AR, AERAE s A 5 Bl 45 R By —
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N S N et BRI 7 1 S s Y < S b 7]
B, W RMRNIZ B3 77 FEREAT J5 SRS B R KA .
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12 » 0.05
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a)Added mass of heaving b)Added mass of heaving coupled with pitching
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0.15 SoACER 0.07 o
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0.1 : 0.06
;2 0.05 g;&m %
)
G | 0.04 N A A
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-0.1 0.02
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OMIEAE L £ F B H W R E
c)Added mass of pitching coupled with heaving

d) I 2 5 Ao J =
d)Added mass of pitching

B 4-9 Series 60(Fr=0.2) %A 15 15 3 I 40 Ji & 45 AT bk
Fig.4-9 Comparison of added mass of longitudinal motions of Series 60(Fr=0.2)

H R 7 T E SR AR R 3 5 AN K R & e R a8 R sk 4-11 Fhos

% 4-12 Series60 4\ 32 ) [ 2 & 4
Table 4-12 Damping coefficient of longitudinal motions of Series60

" EHABR EHESH  YEEemE HRIHERK

R B - AR %

BRI lzk(f wB,  RWEERN GEERN B,
. S

o) (kg-sim)  Bis(kgss)  By(kgss)  (kgs-m)
3.0 4.493 360.865 -18.162 -10.293 155.210
3.2 4.898 342.701 -18.205 -13.276 143.540
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% 4-12 (%)

EZMER  REMEH  NEssE NEHEE R

T T RE HC R
v BRI p  mmERE sMERE B,

- -1
(s") @(5) (kg-s/m)  Bis(kg-s) By (kg's)  (kgs-m)
34 5.317 328.447 -19.136 -16.814 134.918
3.6 5.749 314.984 -20.052 -25.109 127.645
3.8 6.195 299.320 -20.784 -33.511 120.343
4.0 6.654 279.370 -21.237 -42.156 112.110
4.2 7.126 256.028 -22.273 -49.097 103.106
4.4 7.611 230.974 -25.116 -56.850 93.740
4.6 8.109 205.977 -26.693 -63.222 84.443
4.8 8.621 182.762 -27.849 -70.250 75.648
5.0 9.146 162.691 -29.672 -75.109 67.716
5.2 9.685 145.525 -32.416 -79.857 60.663
54 10.236 130.563 -33.559 -82.423 54.421
5.6 10.801 117.322 -34.984 -85.489 48.996
5.8 11.379 105.615 -38.602 -89.483 44.390
6.0 11.971 95.551 -39.897 -94.389 40.517

21 Series60 Miiie 3 v AR e HoAR 532 30 B To AL BEL B 22 Bl 1 38 A
ZACHI 2 F S E . —4EHamai R T, Wil 4-10 P

3 T

02
25 A B
- AR i
2 - 0 A L
815 s TR s Lo
m m A A
A
I 0.2
0.5
0 - ‘ 0.4 : : :
1 2 3 4 5 6 7 I 2 3 4 5 6 7
wE we
a)EFHZ AR R R b)EH 1S U ZF LR F 5L
a) Damping coefficient of heaving. b) Damping coefficient

of heaving coupled with pitching.
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c¢)Damping coefficient d) Damping coefficient of pitching

of pitching coupled with heaving.

A 4-10 Series60(Fr=0.2) 4\ )32 5 [, & # 45 R 3tk
Fig.4-10 Comparison of damping coefficient of longitudinal motions of Series60(Fr=0.2)

Series60 MALIE M\ RE S AR G BHLJE RENT L 45 SRR
(1) G HERE B, AP AR 5RO — 2, i 5
RIS R & RAF, FEERNT=4807%, (BAERAIN o1 5 RANIC T 50 45
B KRR T =4 Rm T
(2) TG G NG FLJE R B o WM iR T R 45 R 5 e A7 AL —
ZE5, MBCRU, —Z4EBmBIR TR
(3) WPPEAEE Y P8 R B, WA SR P iH .45 R B 3 5150 4L
B AR NT I E, MR, =4ETTEm sl RE R oK, ERGE b,
TP, ARICERIT =487
(4)Series60 MELIHAREFHJE R% B, B H TR T iHE 4 RS Wigley MK B |,
TSl RAG DR, 3 AR BO I B s 7B S A6 5 SRAIK,
W TEWAR T Z4ER 07 B ZEAR, 15T 2 IE A 2 5 2501 H
[F) I 2% & Wigley SR Series60 MR i THELNS LEEE IR, AL HWAE it 5 B,
FEEANE T AR 5 I E BN — 8, RER/N. A, A M A THESS
REANFEIE T H5REA —EZR, BBEERAKR, ATUANBSIHT TE
BT JG SLIs B R -
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4.2.4 Series60 BT EHK R

I3

ALK A28

W
&
4]

4

HI - HITH I K30 ) R 8, THEL Series60 MR BTS2 A A1 R J A K S8 y Ml e

HIBOR AR S POREER E, THEAIR K 4-12 P,

& 4-13 Series60 ik 71 ()
Table 4-13 Wave force and moment of Series60
PRI B \?Ez‘ﬁij £ Ml ?\&?‘Ejiﬁ £ M
o(s") A(m) PR AR PR AR
F, /¢, (N/m) Fi /¢, (N)
3.0 6.849 4158.37 2164.80
3.2 6.019 3825.34 2283.16
3.4 5.332 3457.19 2386.85
3.6 4.756 3055.49 2466.88
3.8 4.269 2622.06 2514.18
4.0 3.852 2159.47 2519.76
4.2 3.494 1674.63 2476.72
4.4 3.184 1180.21 2379.65
4.6 2913 702.12 2225.32
4.8 2.675 339.28 2014.00
5.0 2.466 440.74 1750.66
5.2 2.280 773.35 1442.30
5.4 2.114 1078.83 1098.02
5.6 1.966 1314.95 730.45
5.8 1.832 1467.15 362.82
6.0 1.712 1523.94 166.53

TE15 2 Series60 MRELTE UL IRNR NG . PBE LHM S 123 1K3N T &
UL IR TT, S8y BIBGR IR S, RANTEG AR G123 T FE 4,
SKRAAR T FEREfR, {F15 3 Series60 AR LE Fr=0.2 i [¥) 3 32 AN RE 12 Bl (1718 A5 e 3
n /& Mg 1 & ARCREFPIHRSE RN 4-13 Fis.
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% 4-14 Series60 £ 35 W 4% & 7)) ha Aot &
Table 4-14 Heaving and pitching amplitude response of Series60

IR AR WK T 35 W A SRR 160

w(s™) A(m) /¢, ns /¢, (m")
3.0 6.849 0.6530 1.3057
3.2 6.019 0.4777 1.5674
34 5.332 0.4868 1.8457
3.6 4.756 0.7356 2.1961
3.8 4.269 0.9997 2.5093
4.0 3.852 1.1928 2.7940
4.2 3.494 1.2362 3.0072
4.4 3.184 1.2425 3.0354
4.6 2913 1.0080 2.4963
4.8 2.675 0.7735 1.8726
5.0 2.466 0.3371 1.4124
5.2 2.280 0.2067 1.0290
5.4 2.114 0.1901 0.7066
5.6 1.966 0.1770 0.4393
5.8 1.832 0.1574 0.3710
6.0 1.712 0.1335 0.3524

¥ Series60 MIALAE Fr=0.2 I K2 3 AR iz N TH R 45 RIC R IAL, 2l b
TRRACE KA 2k, I 5REME . SRS L, Wk 4-11 Fior.
Xf b 25 AR B

(1) X THEGIEIMREW N n, /&, AICHMWET TR S R 55 EE R
BREBREF 8, BT RS ES SRR A E— e R, (HED
REf% [ Il Series60 MEBLLEE IR H ) M S NG 1IN, F&/FTHE 4
BARISAE NN, EMXT KN 1.5 ZAR, IR 45 RS0 o .

(2) XFIIRIZINRAEN N 7, [k, AL HIMFET I SRS ER 5
WAEARST, ERKER, RGN, S5R8HE. SRR TETHEERER
U, , R T =401 AR, HRESERSRBEE ez, BARRR
WAE AR, THER AN = 4E AR T
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1.8 b
16l A G |
0 -- =R
14k g A ER i
12+ .
gL :
<
08 8
06F A
04r B
02 -
() 1 1 1
0.5 1 1.5 2 2.5
AL
a) Series60 (Fr=0.2) &% iz s)ta{a
a) Amplitude of heaving of Series60 (Fr=0.2)
2
1.8+ 1
1.6 1
1.4+ .
12 b
"
SERES 1
g v 3
08F A li\g(iiﬂi‘ ) u
—= AR
06+ AR EER .
04r b
02F 1
0 el I I I
0.5 1 1.5 2 2.5

ML
b) Series60 (Fr=0.2) #\i%ia ) a{a

b) Amplitude of pitching of Series60 (Fr=0.2)
B 4-11 Series60 (Fr=0.2) £ 3% W4 i3 ha{ixf 1k
Fig.4-11 Comparison of heaving and pitching amplitude of Series60 (Fr=0.2)

4.3 KENG

AT H S UL Wigley Mt REHATTHEL, SRIGUEA SCREFP 1A 20k, 5 17
AMREEIT, BCEAFRBRIL 14 D TOEAT R, 45815 3] Wigley f£75 L0 T
TV R SR G2 KRB R BaR 71 GED) LR TR 5 I35 12 2 i (E i L
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I8 b KRR KB 737K B 7 R B & 8T, Bss M Bss. Bss BURI A
A—ERZE: BARIBORBAA WK, TRIR IRV & BT e iR E R A
HERWEY S, HrhEGEETT RS R WA, PREL R

SR JE U Series60 MEBLHEAT AL, dEHL 21 BT, WE 16 N TH. 1HE
RGP R KNI RE Asse Assy Bss TERERBUN B RKIRZE,
Bis FESR BRI BRI B oK, HAR/KEN ) R B Rif: EGieshitHERE
R EW & BRI, (HPRRIZh I THE 45 AR B GR A W K

RIEH IR THR AR, A SO i AR 2 4 R A 5 i) &
B EA I = AE AR T, R SIIEEAME BTN, BRI EKE) ) 280
THE B H TR, P A] DUy #ERf T AT RH I A m] 32 3 .
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FHE KCS MEEHIFE MBI

22 5 VU E Wigley M Series60 PGSR 77 46 IE, ANFE P 58 il — 25 MY
NI BN PPAL AN 75 22 3~5 B, v DA St s A A g A T PEAS T B, & T AR A
AT BRI A T IEE KCS briEfi A, DR REE s ahiR{Eh B s, &5tk
ITINRIS BN PPASL S5 SR 5IE, R PRERN AT TE, A l— RVIFEARN,
FIFHASC E G e W RE AR AT VAL 5 a RSV E T F00, 3 2ImA L
RIS

51 MUHMREILRAKE

KCS (KRISO Container Ship) 72 & [E i 15 A TAERTE 70 AT e - B B2 2%
FaRE, DR APRUERIRL 2 T IHR K S 1 B 5IE o A SO 1) KCS M
JARESH K H SCHR[101]. KCS MR = B 5-1 Fros, 32 R0 A AL 240
®5-1 s

% 5-1 KCS #4542 & R B A S
Table 5-1 Main dimensions and parameters of KCS

i H % LA il
HEL K Lpp m 6.070
R B m 0.850
nz 7K T m 0.285
Ji e &4 Cs — 0.651
G /YA v m? 0.9571
L B X m 0.378
AR K, m 1.5175

A 5-1 KCS 1w & B
Fig.5-1 KCS model
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FEVRREACTT [V 23 MBI TR, HI T (A BS  0.2428m, W] 5-2 fis. B35
AT i 2 1 R A A5 T TSR P T T AR R /N, ANV A2 Tasai BIRE(11 B2EK, A
WAE AT R (A T R P AR T 5 25, BAR DEEAR o i Rk AT o 5, DRt
321 ANHITEAE Y B AT o

KCS MARAE 28 L3 o DL Fr=0.261 FIRTEOEIRATAT, fEN IS sh il i+ 5
H, PRIRAIF ARG 2,257 21 3,957, [EFEN 0.1s7 80 0.2 B —N Tt 47it
B, 14T S RCEE AR ATEEY 3.2 2] 7.0sT, XM EIRIE K AL
JEEA 4.1m F] 12.7m.

B 5-2 KCS AR T A =% A
Fig.5-2 the sections of KCS under waterline

5.2 KCS Y\aEahit&E
5.2.1 KCS #lmksh hEHIHE
¥ KCS AR -3 AUE S B txt X, BRI E KL T %

HIH AR SIEIRZH, SR I 5-2 s, RS HUE LIRS )y 357,
BN 4.85s™ BTG L NEITHEAFE]

& 5-2 KCS #B#2K & T &4 @ 15 R A4k
Table 5-2 Shape parameters of each section under waterline of KCS

ArfiEx  FIEmER S

5 Rl A% o R H, BRAES,

(m) (m?)
01 -1.4264 0.1421 0.5993 1.4907 0.6756
02 -1.1836 0.1715 0.7230 1.4907 0.6756
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% 52 (%)

s Ot HIERS  ymsee WmRNH, WoRRNE
03 -0.9408 0.1933 0.8152 1.4907 0.6756
04 -0.6980 0.2084 0.8786 1.4907 0.6756
05 -0.4552 0.2194 0.9250 1.4907 0.6756
06 -0.2124 0.2273 0.9585 1.4907 0.6756
07 0.0303 0.2269 0.9569 1.4907 0.6756
08 0.2731 0.2282 0.9623 1.4907 0.6756
09 0.5159 0.2309 0.9737 1.4907 0.6756
10 0.7587 0.2267 0.9559 1.4907 0.6756
11 1.0015 0.2278 0.9606 1.4907 0.6756
12 1.2443 0.2139 0.9021 1.4907 0.6756
13 1.4871 0.2109 0.8897 1.4901 0.6756
14 1.7299 0.1934 0.8296 1.4653 0.6756
15 1.9727 0.1741 0.7858 1.3926 0.6756
16 2.2155 0.1486 0.7423 1.2583 0.6756
17 2.4583 0.1126 0.6693 1.0571 0.6756
18 2.7011 0.0853 0.6725 0.7977 0.6756
19 2.9439 0.0550 0.6753 0.5123 0.6756
20 3.1867 0.0319 0.7514 0.2673 0.6756
21 3.4295 0.0228 0.6432 0.2230 0.6756

SIS MR 2405, 1817 Tasai_Spline()BR%L,  SRAR &85 T 14 46 {H 5 4L

ARC, YUKKE IR m () RN (x), FEFE, COIRIRFRN 37, X R iE
FKNA8SsT IHN NG, TR RINE 5-3 Ain.

% 5-3KCS &3l@K#5 ) £ # (0w, =4.855")
Table 5-3 Hydrodynamic coefficients of each section of KCS (@, = 48557

S A VER S
m, (kg) N, (kg-s/m)

Wi E x

I PP (m)

FHA 2 C

01 -1.4264 1.0710 0.6904 196.469 993.143
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*5-3 (%)
N YT E x o= - NPT E e R
s a=s (m FHA, RHC m. (ke) N.(kg-s/m)
02 -1.1836 0.9836 0.6479 184.389 837.698
03 -0.9408 0.8993 0.6532 185.896 700.317
04 -0.6980 0.8375 0.6873 195.586 607.259
05 -0.4552 0.7904 0.7275 207.032 541.023
06 -0.2124 0.7491 0.7676 218.449 485.857
07 0.0303 0.7515 0.7651 217.751 489.028
08 0.2731 0.7433 0.7737 220.191 478.412
09 0.5159 0.7369 0.7874 224.078 470.187
10 0.7587 0.7530 0.7647 217.649 490.962
11 1.0015 0.7460 0.7719 219.673 481.876
12 1.2443 0.8137 0.7061 200.953 573.352
13 1.4871 0.8260 0.6957 197.831 590.696
14 1.7299 0.8746 0.6576 180.808 662.382
15 1.9727 0.8795 0.6327 157.131 669.803
16 2.2155 0.8397 0.6008 121.832 610.520
17 2.4583 0.7701 0.5600 80.129 513.553
18 2.7011 0.6185 0.5403 44.035 331.252
19 2.9439 0.4268 0.4736 15.921 157.692
20 3.1867 0.2331 0.4253 3.893 47.061
21 3.4295 0.2141 0.3378 2.150 39.683

5.2.2 KCS AR\ EIE kel 1R

33 KCS MBS 1) — 48K 3 11 2805, MRV EEEE, THEAE B
TRATR N AR T35 AR e R Ak sh 1 & %0 Horh, B st 5 as SR
% 5-4 B
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% 5-4 KCS A #2540 Jjt &
Table 5-4 Added mass of longitudinal motions of KCS

o . FYEHN YRS E - o
VAR % EREpiES 3% B = 20 P [ i
BRAR EIER B ALY FHIER MR B B In o =

- -1 =R 2
a)(sl) @,(s") E"433(kg) A35(kgl’l’l) A53(kgm) Ass(kgm )

2.2 3.194 971.036 -1117.760 459.424 1904.95
2.4 3.583 924.249 -889.800 277.006 1730.78
2.6 3.988 879.029 -724.856 157.700 1578.05
2.8 4.410 848.830 -601.988 62.774 1463.85
2.9 4.627 843.110 -554.817 18.202 1425.84
3.0 4.848 844.085 -516.859 -25.222 1400.56
3.1 5.073 851.598 -487.637 -67.682 1387.40
3.2 5.302 865.011 -466.367 -109.031 1385.13
3.3 5.536 883.059 -451.853 -148.708 1391.74
3.4 5.773 903.686 -442.382 -185.635 1404.10
3.5 6.015 923.933 -435.640 -218.148 1417.89
3.6 6.261 941.913 -429.920 -245.420 1430.33
3.8 6.765 971.641 -420.078 -286.538 1451.27
3.9 7.023 984.360 -415.972 -301.863 140.52

H R 7 UH SR A9 IR 3 2 AN S HRR 5 FELJE R B R R 5-5 Fowo

% 5-5 KCS A miE5) [ & 4
Table 5-5 Damping coefficient of longitudinal motions of KCS

EEMER  EEHEHEAN  HREEeE AEERRE

TR }Fﬁ}< ‘ﬁ'%ﬁﬁ\}& - s S ¥
s WBIRE e U mmRM BEERN By,

- -1
(s") @(s) (kg-s/m) Bis(kg-s) B (kg-s) (kg-s-m)
2.2 3.194 3998.94 387.89 -3540.20 9385.71
2.4 3.583 3722.16 392.80 -3343.29 8601.84
2.6 3.988 3487.76 393.99 -3157.36 8008.12
2.8 4410 3211.57 455.59 -2972.07 7399.25
2.9 4.627 3047.42 520.66 -2883.06 7060.99

3.0 4.848 2870.48 606.74 -2800.08 6704.97
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EZMER  |EHHEAEN  HREEeE AEEEBRE

g B EGMEIN  AEAAT
s BEIE T p  mR RN HERY B,

- -1
(s @(5) (kg-s/m) By (kg-s) By (kg:s) (kg-s-m)
3.1 5.073 2685.16 711.01 -2725.32 6336.68
3.2 5.302 2496.18 829.55 -2660.08 5962.36
33 5.536 2308.42 957.18 -2604.49 5588.76
34 5.773 2126.75 1087.18 -2556.96 5222.88
3.5 6.015 1955.82 1211.21 -2513.90 4871.63
3.6 6.261 1797.71 1324.46 -2472.54 4538.98
3.8 6.765 1519.34 1520.11 -2395.74 3935.58
3.9 7.023 1399.33 1604.47 -2362.25 3669.31

5.2.3 KCS Y\[a1izEh3k i
FH A5 T 7K 30 71 R 5 1THE KCS MV T2 9N R 3 IR 1 BL K 58 y il e % i1 %
IR 1A SR IEAE A EUAE, TS SRR 5-6 Fiaw.

% 5-6 KCS sk ik /1 (48)
Table 5-6 Wave force and moment of KCS

PR 1 Fy PR J15E FS 1)

%ﬁﬁf ,ﬁﬁ) WORMEETR IR

F, /¢, (N/m) Fi /¢, (N)
2.2 12.735 30712.80 30184.83
24 10.701 27913.51 34683.42
2.6 9.118 24551.58 39402.15
2.8 7.862 21137.33 40617.00
2.9 7.329 20022.59 41148.61
3.0 6.849 17970.44 40177.82
3.1 6.414 17210.89 38282.18
3.2 6.019 15813.67 36262.62
3.3 5.660 15200.27 34247.28
3.4 5.332 13795.02 32386.35
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* 5-6 (%)

. BRI F 1 BARJIHE F )

BRI e AR Es PIRIIE s
o(s") A (m) DRI M AL M [ DRI M AL M [
F, /¢, (N/m) F /¢ (N)

3.5 5.032 13036.57 29810.66

3.6 4.756 11379.21 27566.71

3.8 4.269 9726.93 22193.90

3.9 4.052 9324.18 19127.40

TEAF 5 KCS MBAE SRR T A3, IR XA Bz 2l i K3h /) R A
KEEFPEIRTT, Gty BBARIIRG, RARGAER B M TR, K
R T R, 5] KCS AREE/E Fr=0.261 IS ({335 MY\ RR IS B IR 0 R n, / &,
Ming /¢, BHREFPIHHARWRE ST P,

% 5-TKCS & % 945 3 hadh e iz
Table 5-7 Heaving and pitching amplitude response of KCS

BRI WK T 5 8 AL 70 L I\ H M A ) )3

(s A(m) /¢, 775/4//1(””_1)
2.2 12.735 0.7262 0.3726
2.4 10.701 0.7591 0.4731
2.6 9.118 0.8245 0.6002
2.8 7.862 0.9605 0.7267
2.9 7.329 1.0166 0.8208
3.0 6.849 1.0611 0.9234
3.1 6.414 1.0464 1.0193
3.2 6.019 0.8762 0.9784
33 5.660 0.7452 0.8205
34 5.332 0.6120 0.6345
3.5 5.032 0.4625 0.4693
3.6 4.756 0.3595 0.3334
3.8 4.269 0.2482 0.1292

39 4.052 0.2015 0.0502
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¥ KCS MARAE Fr=0.261 I 1) 5 FI B2 32 3 (1715 45 FTE R AL, 22151 BE T8
R KA i 2k, I 5 RIE e, Wl 5-3 . Xtbhgh R

(1) AT HEEG s N, /&, ASCHMAET TR S R 5 IR5 S5 R
BBEH R, ERKERN, HREBOARE R, BB, HE
BRI /N o AE T PRIRAGIR K Y 1.371, BRIk 8.321m I, HH5E ik
EWE L, MARZEN 4.3%, FIEZ GRIMRRAA T, BOEHEKN
8.321m I [ T HLEEAT A/ INYE AE B2 V5 38 i o H bR AR IS 72

(2) XFHABREHRET N,/ kS, AL ERET IS R aAES 5K
WAEASE, PRKEER, THEEBABRRRAEmRA, MER KRN, HEE
SR BT, SERKEKE, Bt ER SR AR EEKA
8.321m &b, THEEEE/NTIRME, AHXHRZEN 8.56%.

LA DUE H, X T KCS My, KN 8.321m B LA K, TGk R IEGIE3)
R REIZE), HEMESREAESECAVIE, Bal PLDOZ Tod T ~— 2 1
RRAL BT

A e{E
= E g

05 ! 15 2 25
A/L

a) KCS (Fr=0.261) #£%izs)ta{d
a) Amplitude of heaving of KCS (Fr=0.261)
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A R5H

== H LY

Ns/k{y
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051

0.5 1 1.5 2 2.5

AL
b) KCS (Fr=0.261) #\i%Ziz 5 hg{t

b) Amplitude of pitching of KCS (Fr=0.261)
A 5-3 KCS (Fr=0.261) # % 4\3% & #) & a1k
Fig.5-3 Comparison of heaving and pitching amplitude of KCS (Fr=0.261)

5.3 KCS ESZ st igit
53.1 BEfRERBRAREM

(1) HbreR%k

A RIS HE AT LB Y, KCS MERBAEARRHIAAE 1 3 2 18], AEAAMI TR 85015
EAE T RS BARAS,  [F It 2 M AR o TS B R BR T DL SRR A ST KR 7
X KCS ISPl 45 50, M KoN 8.321m i, 27 1HE 1 8 sh g {E
g R GRS 25 WA BT, PRI B TR A T AT AR B et

AR T T A : KCS MR LA Fr=0.261 FIMTEIEIRAUAT T3 KN
8.321m, YK 0.149m ML AR o Pl B AR AE I 00 T M ) 223538 3
MaE SN HARERECN:

F=n,/n (5.1

X, n, AR BUAEZ L0 T MRS IS SR, n, AERRIAGAEZ 00 R 1
M Ia BN, AP TH S TS R AR 5 12 SR E W N, / & N 0.8975. HoHp ¢
4 0.07466m. A BERY MY EE 5538 BTRAE 17, 9 0.0652me ARALAL BT T 50248 W,
% 5-8,
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& 5-8 KCS A5 R R AL X3+ T
Table 5-8 Work condition of KCS ship hull form optimization design

i H pe s LA ol
K A m 8.321

g H, m 1.149
BN ¢ m 0.0745
(LR Fr — 0.261
R T 9 i M3 m 0.0669
BRI S 355 A% 1 [ Ny !¢ - 0.8975
2 AR L, m 6.070
L B m 0.850

nz 7K T m 0.285

HEZK A \Y m? 0.9571
AR TR Sy m? 6.699

(2) LR

TERVRLARH R AR, O 1 B LA B 5 SEBR A IO AL, 75 B
R M LIRS Ao AU B I A AR PR NIRAE I EUE Lops By T LRFEAR
A, KB LE0.5%, AR R AR (LR 7E+0.5%..
5.3.2 BRI E

A VAR AR e 75 2R P A2 1% (Shifting Method), PRSI & —Fh i A R
MIZHAEETT . B RIRE R AR R R AR 22, R s, &
SSOME AR R B T T AR M 2, P S R TV A T AT — I IS,
13 BN AR e 5 BT I Y 4R

N TSR R THEEAT P42 5 T LAAS BDELL A AR AU 2R, A PR
EHIN g:
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0.5
Q, [O.S(l—cosZ;z % )} , x<x<a,
o, =X
0.5
&= —a{O.S(l—cos27r 1% )} , a, <x<x, (5.2)
o) =X,
0, elsewhere

b, x Ao, AR IR X SRR A AL B, o WARTERERKIREE, o, AR
X3 N AN B EI T I AL E . s B ] 5-4 Brs .

PRE RS RS, KRR, RS AT IR, BT U
RABEAT RYE H AR, i T AR T B AHIZ S P A R Pt 2 2 T U0 Fr B
PR e A I A E AT AR Ve L A AR AR I, S PP AL S5 RA RO, Rl
IRICAC BT R P RS IR BEAT i A L 2 A 4

M TR e MNEERARTE, BSH X X, REFAZE, 2250108 0 F1 1, HKiE
FEZHMA S mi AL B S HOVA RNk 2 &, BUE Y B SN
[-0.04:0.04] .

x, C(3 X
1 - - o,
';r ‘i.uI
I ~,
I
J
i/
f
/
f
/
f
r" ) a
e ! i N i —
I | ~{ 0 &
ﬁ ;” k) L] f aﬂ
/
/
!
£
/
."‘l
/ ol
A P £
rd o o
0t , =
0 0.5 1
X

B 5-4 “FA% k& B
Fig.5-4 Principle of shifting method
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ARUeAE LA R T 7 OLHS (Optimal Latin Hypercube Sampling) 5615
THITVAAE AR B VO N X 20 MREAS i, ARPEAR E ¢ RARMAFH) 20 MAEANTAY,
FRH ARSI 5 WG AN RS S PSR, X% 20 SRR AT 15, 1931 20
ASEAR R AL T T I EE G i SRR N . 85 RANEE 5-9 Por.

® 5-9 BABAGFHER
Table 5-9 Calculation result of sample ships

s [args'as Wit E P IR E ERiTE
«, a, /¢ F
01 -0.0172 0.0146 0.9154 102.0%
02 0.0202 0.0015 0.8432 93.9%
03 -0.0248 0.0008 0.873 97.3%
04 0.0346 0.0176 0.9627 107.3%
05 0.0011 0.0291 0.8932 99.5%
06 0.0286 0.0077 0.8312 92.6%
07 -0.0380 0.0178 0.9238 102.9%
08 -0.0208 -0.0124 0.9072 101.1%
09 0.0057 -0.0299 0.9512 106.0%
10 -0.0382 -0.0398 0.9208 102.6%
11 0.0205 0.0129 0.9291 103.5%
12 0.0014 -0.0132 0.8938 99.6%
13 -0.0077 0.0151 0.8829 98.4%
14 0.0031 -0.0235 0.9129 101.7%
15 -0.0172 0.0311 0.9038 100.7%
16 -0.0177 0.0143 0.9437 105.1%
17 -0.0033 0.0280 0.9183 102.3%
18 -0.0098 -0.0095 0.8936 99.6%
19 0.0167 0.0021 0.8539 95.1%
20 -0.0101 -0.0103 0.9214 102.7%

AR T T AR B 328 B (E 2 18] 1Y Kriging SR . f)a, R $H
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Frd RAAL LB AL 5 GA (Genetic Algorithm) SRS BN AGAY, BE Rk
SR 5-10 FioR.

k% 5-10 BEE XA ALKTE

Table 5-10 Basic parameters of genetic algorithm

RS i X GRS PRI
40 0.2 0.8 0.2 100
5.4 U4 R R InE

54.1 iLER

IRAREGE S 100 kI, AR B ik Bl ME, Wit E o Ma, BO%
WS, DU R S BTt N R T A B H A eR B A R A AR A AL RN aR

5-11 Fizwe
511 R £
Table 5-11 Optimal solution
6ll aZ 773 /g F A% Swet
0.0286 0.0077 0.8312 92.6% 0.416% 0.312%
0.06
— Ak
— — B
0.02
0.00
—-0.02
-0.04
—-0.10 0.10

B 5-5 fAtAs 5 AR AR K

Fig.5-5 Comparison of hull form lines between initial and optimal design
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Fig.5-6 Comparison of heaving and pitching between initial and optimal hull of KCS(Fr=0.261)
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a) Time domain curves of heave motion
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Fig.5-7 Comparison of heave and pitch motions between original and optimal design
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SR BIRRFF 1% 20 MAEARTEAT VAL, 19 32 5 1s ShlR e e N . 7E2E 5 IR E 5
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