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on(s) = 11 (T’ ) (2.4.11)

ggoo
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(2410)000 @], OOOOOOOODOOOOCDOOOOOOR-[e;0 000000000
0000000000 D0DU00U000OOdO n-[a)O

n-la] = n-([a]. +[a];) = n-[a].

= —ky (W])* = =k, (Vo —v, —w x7)° (2.4.12)

goodoogoboooboobooboouobooboooboo
oP

I —kp (Vo —v, —wxr)+n-(a,+wxr)

+n-wXx(wxr)+n - 2wx (Vop—v, —w xXr) (2.4.13)

gooo

242 0000000000
(1) 00000000

(2413)00000000000000000000000000 200000000
a,,w 0000000000000 0C0O00O0OD0ODOOODOOOO0000000000000
0000000000000 00000000C0000000000000000000
0000000000000000000000000000000(24.13)000000
0000000000000 D000O0000000000000000000

000000000000 00000000000000 Fig2200000000000
00-XYZO0OODOOOOOOOOOO w=wi+wj+wk000000000000
0o—2yz00000000000mO000000000 @ = ot + oyd + a0k 0000
00000 f=fui+/fj+fk0000000000000000

ma, = mv, = m[v,] +w x mv, = f (2.4.14)

U00O0e—-2yz000000000

Moy = Moz + Vorwy — Voywsz) = fo
Moy = m(@oy + Vo — Uozwx) = fy (2.4.15)
Moy = M(Voz + Voywy — Vogwy) = [z

OboooobooO00oooO00DbOO0o0O0DOO0O00000DD000 H=Ha+Hyy+HEDO
oo0oooooooooDo0o0D M=Ma+My+MEOOOD

H=[H+wxH=M (2.4.16)

oo oboboboobuoubtbe—eyz000000O00OO0O

Hy + Hw, — Hyw., = M,
H,+ Hyw, — Hw, = M, (2.4.17)
H.+ Hyw, — Hyw, = M,

oo obodb  HOUUUOUUOUDwl o—2yzx 0 0oooooboono r

Ixx Ixy Ixz
I=| I, I, I, (2.4.18)
sz Izy Izz
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goobobb0 H=lIwUOOOGOooO

Hls ngj Ixy Ixz wl’
Hy y=| L I, I, w, (2.4.19)
HZ sz Izy IZZ <'uZ

OO0O0C0c0O000D 24100000000 COO0OO0DOOCODOOODOD
I

Lipwy 4+ (L — Lyy)wyw. +  Lpy(@y — wzww)
+ sz(wz + wxwy) + Iyz(wz ) = M,
Iyywy + (Ixx - Izz)wzwx + Iyz(wz wxwy)
. 2.4.20
boLyG o)+ Lole?-w?) = M, (2.4.20)
Izzwz ‘|’ (Iyy - Iww)wxwy ‘|’ Izw(wx - wywz)
+ L@y +wewe)  + ;- WZ) = M,

Loy(w
gooogooboboooboooobooooobobboobobuooboobobobDuoobo
gooooooboon

goobodoobooooooob MmO

fm 0 0 0 0 0 7
0 m 0 O 0 0
0 0 m O 0 0
= 2.4.21
M 0 0 0 [l Iy I ( )
0 0 0 Iy I, I
L 0 0 0 sz Izy IZZ J

00000000000000a0000000 @, = auwi+ ayj+a.k 0000000
w=lw]twxw=|w=witw +ek00000000000000000

a = (Aopt + Aoy + ok, Wpt +wyg + w2 k) (2.4.22)

o000l eaedd00O00ooooooooooooooan
ODO000Q00 (2422)000000000000000D0ODOOODODOODODODO
(Goms oy Gozy Wry iy, w,) 0000
0000000000000 0000000 f=fiitfyjtfk 000000 M =
Ma+Myy+MEOOODDOOODOODOODO

= (fei 4 fyd + [, Myid Myj+ M.k) (2.4.23)

OO0000000C0COO0OOO0O0ODO (24.15),(24200000000000000000C0O
HREN

m 0 0 0 0 0 T Uop

0 m 0 0 0 0 oy

0 0 m O 0 0 Ao

0 0 0 Lo Iy L. || @

L 0 0 0 I Izy 1. J W,

; . (2.4.24)

0 Ty
. 0 _
(Ls — Tyy)wyws — Lyywswy + Lpwpwy + Iyz(wz —w?) - M,
(Lpe — L.z )wowy — Lypwpwy + Lywyw, + L (w? —w?) M,
(Iyy — Lo )wrwy — Lpwyw, + [yawowy + Ly(w? — wZ) M,
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O00000C000000000D0D00 o—2yz0000000C000OC0OOODODO (24.24)
gooob200 0000

Ma+B=F (2.4.25)

gooo

(2) 00DO0O0DOOOO

000000000000000000000000000000 FOOOOOOOODO
00000 f;=fui+ fri+ f-k000000000000 My = Mpi+ Mgj+ Mgk
0000000000 é00000000000000000 £,00000000000
M;00000 60000000000

fle;pn% (2.4.26)

M; = / pnxXrds (2.4.27)
Ss

0000000 n=neitng+nk00000000000000000 r=aityj+zk0
0000000000000 0000000000000000000000 f; = fi+
frd+ fi-k 000000 My=Msi+ Myj+ Mk 00000000000000

Ff:(ffxl+ffy]‘|’ffzkv fo7f+Mfy]+Mfzk) (2428)
O0000000000o00o0ooio0otd»n0nxryr O0OOOGO

N=(n,nxr)

= (npt + nyg + nk, (nyz —n.y)t + (nz — ng2)g + (npy — nya)k) (2.4.29)
O000000000000000D (24.26)(2427)00000000D0COOOCOCODO
Fy :/ p Nds (2.4.30)
Ss

OO00000p0 (234) 000 p=—-@—-Z4const. 0O0O0D0O0O0D0O0O0ODODO const.=0
dooooooao

I}:iéf—é—Z)Nds (2.4.31)

gobobobooooooboobooobooobobbobooobbobb Py ODOODOO OO0
godbobooboobooooooo

F:FﬁJQ:Ap@—Zuwu+m (2.4.32)

gooo
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(3) 0OoOOO

gobbooooobbooboobooobooboboboooooboobobbobOoooo
00000000000 o0oDO0o0Ofd 43y 0oooOoDOO0oOooooooooooogooo
2000000000000 o0bobo0obobo0ob0ooboooobon
q=—ky (Vo —v,—w x7r)?
+n-wXx(wxr)+n - 2wx (Vé—v, —w XxX7) (2.4.33)

gboooboboboz200b0b0bi0«ebgbobobobboo NODOD
n-(a,+twxr)=n-a,+w-(nxr)=N- -« (2.4.34)

00000 OoooooooOo (e413)DO0000OO

8_45
on

0000000000000 e (2425000

=N-a+yq (2.4.35)

a=M"1(F-53) (2.4.36)

000000000 FO (2432)0000000000D0DC0ODO0OO (24350000000

8—¢:NM‘1 {/ (—@—Z)Nds—l—Fg—ﬂ}—l—q
on Ss

=N M™! / —® Nds (2.4.37)
Ss

+N M {/S —ZNds—|—Fg—ﬂ}—|—q

000043 DO0O0O0O0OO0OOCOODOOOOOOOOOODOOOOOOODOOOO
gogo

Q=N M {/ _Z Nds + F, — ﬁ} +q (2.4.38)
Ss
000000000
0P _ N ! / ¢ Nds+Q (2.4.39)
on S

0000(2439)00000000C0000O00O0O0 00000000 O®/OnO0D00O00O0O
gobobdooboobobodouoootbotbobboo bbb oboUoboOobo
goddooboboouobuoooobtooobbooobboobbbuoobbooooo
godbooobooboobobboouobbooobooooubboboobooooboo
O0000000C00O00D(2439)000000000C0OOCOOOOODOOCODOOOO
godboobobbooobbooo

243 U00OOLOOOOOUOOOObLDOOOoUoOoO

gooobobdoouooouobuoobtoooboobboobbUobbuobbuooboo
godbboouoboouobuoooobtooboboubbreg24a0000boboobon
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gooobbobbo0oobobobobboobo0obUUg s ODbO0OD Q,UD00O0OO0DOO
Jo0ooodoboobobuobuooooooDooobD xkbO0O0O0 ¢,e, 0D 0ODODODDODODO
(245) 00000000 Q. 0000000000O0DOOODOOOOO

0P,
on

gooodooboo N, OOO @, U000 obuobuobboouoooo
gobdouobogoooobooouobtoooobboobbooobboobuoouboo
goboobooobooon

=N, -a+q (2.4.40)

Ff:Z/ PNHdSIZ/ pe(=@p — Z) N uds (2.4.41)
k=1 Shs r=1 Sks
gooodooooooooooooooooooooooooooooood
Ma+B=Y [ pd-0.—7) Nuds+F, (2.4.42)
k=1 Sks

JooooodvDOO00ODp, 0000DODO0DOO0DOODLDUODLDUODOODOODLOO QOO0
gooobobgooo

0000O(442)00000 (2440)000000C00000COO0OO0OODOOODOOO
goooboooooon

oP v
N, M H/ —®,. N.d
o pyn !

+ N, M {Zp”/s ~Z N.ds+F, - ﬁ} + . (2.4.43)
k=1 Ks

godbobooobtogobtooobooobuooboobuouoobooo

244 U0O0OOOO

ooodo0o0oo0o0ooD0ooooDUOoOo0oO0oOoOoboDooooOooUD (234000
godbdooobboooobogoguoobooobobooobboobbbooouUoub oo
000000000 @234)000p=const.=0 000000000 00O0C0O0OO

b=—7 (2.4.44)

gooooon

25 U0OoOoooobooooooood

gooboboobobdoooobuoouoobuooooboooob23obooboboo
0VieA£A00000DO0O0O0DOD0O0DODO0OO0OOD0OO0OODOO0OODO0OOOODOOODOOOOOOOO
gooooooooboodooooootboboobboooboobobo0oUobobo
godboooobooobobbobuoobtoooboooo
Vi¢4A0000000D0D000D0O0O00O0OD(233)00000200000000000
godbdoobboooobotoouooboooobobotooobboDbobooobboo
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Oo0000000O000o0o0 (233)0000010000Q0O0Q0O0UoOoooUoDOO
Viogp/ot) =00 000000000000240000000000000000000
0000000/ 00 000000D0DDODODOO00O0OO0ODUODODODDODODOODODODOD
000000000000/t 0000000000000 0O0ODO0ODODOO0ODOO0O0O0OD
Oo0o0obboobobobuooeoobboboboob

¢
¢ =

$,000000000000000000000000000¢00000000
(2.4.35),(24.39),(2444)0 0 0000000000000000000000000000
000 (2435)00 (25.1)000

- _(w) (2.5.1)

a(bt_ !
000000 0o0oo0n 0
!l R 2
¢ =q-5- (2(V¢)) (2.5.3)
00000000000000000 (24.39)00 (25.1)000
3¢t_ d /1 9
O N M <¢t——V¢))Nds+Q—a—n<§(V¢)) (2.5.4)

oo boobboobbobobuoobuoobuoobbooboo

/ _ 1 0 1
Q' =N M /S —§(v¢)2 Nds+Q — Em <§(v¢)2)

=N M! {/S (—Z - %(w)?) Nds+ F, — ﬁ} +q (2.5.5)
0D000000000O0o0oaQ
%(it =N M / —¢¢ Nds + Q' (2.5.6)

00000000000000000000 (2444),(25.1)000

o=@ — %(Vcb)2 =—-7- %(V(/ﬁ)z (2.5.7)

0000

000000000000000000000000 ¢,0000000000000
000000000 0(25.1)00 (2.4.40),(24.43),(2444) 00 0000000000000
oooooo

=N, -a+d. (2.5.8)

googobooooogn

8¢m€ _ -1 - /
= NeM {; . /S —(meﬁds} + Q. (2.5.9)

r_ -1 g B _1 2 _ /
Q.= N,M {;pﬁ /S ( 7 = 5(Vor) )Nﬁds—l—Fg ﬁ} +q, (2.5.10)
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0ooooo0 )
brt = =7 = 5(Vx)* (2.5.11)

gooooon

25000 0000Db000000 o000 DbUODDUODLDUOUOUODODDOO,UODUODO
gooobotouooououuebobbbbD Db UL D0 O0DDLOOOO
J0oooobDob0ob0ob0oooobobobbdooob oo oo UoUg oo™
goboooobobooooobobooooDooD bbb oobobboooo
Jo0obob0ob0obO0oooboogbDAIODbDOO

2.6 0O U

gooboobobdooobuoouooooooobboobboobbuoobDoUoUuUb oo
godboooogogobooobtooobboobbooboobbuooobooub oo
goboobobbooobooo

l.dbooooobooboooboooboobboobooboobooobbobbon

ggg

2. 000o0ooboobb0o0bo0bb oo bbOoobbooobbooooo

goboobuogoooooon

. 00ob0o0bo0bo0boboboobooDoobbo oo boboobo

gooboogogoooboouobboobooobooboobooboobuobbuobbo
godooobooon

4. 0000000000000 Oouobooobooo
.0Joboboobobo0boobuoouoooob bbb oo boubbo O
6. 00 000000ODOO0ODbOO00ObOU0bODODO0bOU0Ob0bOD0bLO OO 0OUDbDObDOOD ¢,0

goooboouobooboobbobboobooboouoboooboobo o

ot
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3 0 Jooooouoddogoo

3.1 0O 0O

g20bdgoobdoouobooobotoooobbooobbooboooDbuoooboo
gobooboboobbobobouobouoboooobbo sgbboobooboUob o
godoboobouoboobtoobtbooobobbobooboboobobobDboob b

goooboooobbdooooobtouoooob bbb bboooUobbobo
oo spgbobooobuooboobooodoobouoboobooboobuoubooo
gobooboobouobooboogbooon

g3bgbooooboobobouoooboobboobobbooboobobobououob o
MELOOUOOODOGOUOUDO400000 -00b00b0bOooo

3.2 JOO0boooboobobdobobobobod
321 0000000000

Fig.210 000000 S, 00000000005, 00000000005,00000
0000sS00000000Q00000000000000O0000O00000000

gooboboboboob0oboooobobUD oD OUDUODO ODDODODOO
O00¢U0O¢, 00DDODODODO0DOODOOOOOO30000001/RO0ODDODODOD

Q) oP) | 2 1 1 -
_ 9 _ P
on
0000000000P,QUO00000RP,Q 00 PQINIDNDNKQ) U0 QOO
Ddddooooood CavchyUOODODODODODODO2000000 mROODOOOOOO
99(P)

C(Q){ 25(99)) }:/S{ 25(7;)) }%lnR(P,Q)—lnR(P, Q) aﬁf{‘m ds (3.2.2)
on

ggoo

0000002000003 00000000000D00000¢00ODO0O (3.21)0
O0000000oo@s22)y00oooOoooDOoog sSoMOO0O0O S, k=1,2,...,M
godboboboobtoobbooboobuouououoouoobo

(Q)H(Q) = é/sk {¢(P)% (R(Pl’ Q)) — R(Pl’ o) a%(:)} ds (3.2.3)

ggoo
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gobodoboooobuoboboobobuooboboobooobobuooouob b oo
goboobdooobuoobtoooboobbodboobbuooooouobbooooo
gogoooboboooobouoouootboboobobobuooooboubobo
gooobdooobboouoboboobbooooobbooobbDbobbouoboboo
gooooog P(Collocationalpoints)ﬂDDDDDDDDDDDDDDDDDDDDDDD
gooobooboboobodootbooboboooboooooboobooboobLon
googdoooboobooobbooob bbb boooub oo
gogoboboogogoogobtboouooooboobuoobouoobuoobooo

gobooobbdoobobuoouoooubooobtboooboobbboobooboboo
gooboobobobobobuoobuoooboooo

goooon M
goooooooooo Mg
gooooboboon k
goooooo P
gooooooo N
goooobooon Ng
gooooboboon vor g
gooboobooon n
godboooobooboobboobboon l

goodoboboobobtoobotbobobobooboboUobobDUouob oo
gobobooboobooobuoboooboob oo o kObDOobU jLO0O0
gooobobooy=40000000MUO0ODOODNODOOM=NUODOOUOODO
DDDDDDDDDDDDDDDDDDDDDDDDDDEDDDDDDDDDDDDD
0000000000 AS, 000000000000 O00DB0DOO0O0DBD0OO0O000 (3.23)0
goobdoooooboboobtboobobobboobobobbooboboboobobo

00
¢ = P)
; i) (3.2.4)
¢nj

|
QD ©-

goooobooo

ﬁA
R(P;, F;)
goooeuooono ]ADZ'DDDDDDDDD(B.Q.B)DD

N N
cigi =y Hijpj— Y Gijbn; (3.2.6)
j=1 j=1
oo Hy; - 0000 H;00O0DO0ODO0ODO0O0ODO0OOOoooo
N N
Y Hijoj =) Gijon; (3.2.7)
j=1 j=1
gooooao
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bobooboobboobdoobUoouooDbUoDbooboobooboobOon
gogbdguoobobuoouootoouoobtooobbooobboobbbooouUoub oo
godoobooobodooooboouoooobbooobboobbbuoobbobboo
godbooobooobuoouoboouobotoobooboobbbuooobuooobbo
gobooobobobooobobbooobobboooogboboDobo DD o kOO
gd,b0ooboboooboob oo MmO NOODOODOODO
godoobobooboobooobboobbooboo

J 1 - J 1 .
‘/Sk ¢(P)3- (7]%(7379)) ds = Zwua—n (71%(]3 Pu)) ASEd(Pre)

L 09(P) L 1 0b( Pry) (3.2.8)

s, R(P,Q) 0On

[
||M
S

=3

00000000 P, 0 k00000000 /(0000000w, 00000000000
gooooooopoOoOoooooDOo(@DbDOoO0o0oOoooooDOoOoooooDoooD oo
go0oOoooco0O)oooOo0oooopoobobobCbOOOoDOoOD

Jd 1
ke Wt (R(PZ',PM)) Sk
1

ASy

(3.2.9)

Gike = Wkt— == =
R(P;, Py)

0000 @28)000C0O0oDO0o0oooD s, 00ooon

‘/Sk </5(77)6% (@) s = Zn:hikﬂb(f)kz)

=1

ds = ;
s, R(P.Q) on ;g“ an

gobooboogotbooobbobbobbuoobuoobbooo

¢ = (b))
bre = ¢(Fue) (3.2.11)
Gppe = 0P(Pry)/On

0000000 (3210000 (3.23)000000 Q0000 000000000000
0000000000000

M n M n
cidi =Y > e — DY GikeOnki (3.2.12)

k=1/=1 k=1/=1

gooooao

gdodoooooooodooooooooooooooooooooooooon
gdddoooododooooooooooouooooooooooooooooon
0000004000000 00«/00D000D0KDODOODODOODO¢YODODOODOOO
go0ooo0opDO0odoOo0oO0obDOoOo0ooooboOoOo ;0000000 O0B212)0D000

20



dMOOobOoboooboo-00b0020000000000D0OULDODO0ODO0ODOD O

Hij = hin
ki=jy
3.2.13
Gij =Y girt ( )

ki=j

0O00@3212)000000NDODDODODOOODOODO
N N
citi =y Hijoj— Y Gijbn; (3.2.14)
j=1 j=1
dooouodg Hy;, - 0000 Hy0oooooooooooon
N N
S Hijbj =Y Gijon; (3.2.15)
j=1 j=1

000O000(3.214), (3215 0000000000000 (326),(327)00000000

0000(3215000000
i ] {¢} _ {¢} (3:2.16)

0000 |[H||G|0ONDNDOOODDODOOOOOOO00000 (3216)0000
000000 ¢000000000000000 ¢00000000000000000
000000000000000000 H,;,G,0000000000000000000
0000000000000 000000(256000000000000000000
0000000000 (256 00000000(3.216)0000000000000000
0000000000000000 (256 0000000000000

G

3.22 OJUO0O0Oooooooo

3210000000250 000000000000000O0(RS6)0000000000DO
ooO0Og s, 0M, 0000 S,k=1,2,....M;,00000R256)000000000000
gooooogoooon

094(Q)
on

M,
~ N(Q) M™! Z/S _6(P) N(P)ds + Q"(Q) (3.2.17)
k=1 kK

OO0O00000 N@Q),NP)OOOOGO S, D0 QUOoOoOopPOOOOOODOODODODO
00000OMmMOD0000000D000000D0ODOO0QE(Q)OR,3) 0000000000
0000000 (253)000000C0000COD0O0O0OODOOODOOOOOOO

M
' _ 1N 1 2 s
Q@) = N@ M 3 [ (~2(P) - 5(VOP)) NPX

£ N(Q M (F, - B) g 5 (Vo))

(3.2.18)

gooo

21



god32100000000000000000000OO
/S f(P) N(P)dszzwkgf(Pkg) N(PM)ASk (3.2.19)
k =1
ODO00O00C00ODO00000O0 fo@21m)00000O0 f=-¢,0000(3.218)0000

00 f=-2z-4(Ve)!000DO
0000000000 $,00000000 S4,k=1,2,...,M;00000000000

M,
[ sy Ny = 3 [ ) NP

= 3> wpf(Pu) N(Pr)ASy (3.2.20)
k=1/¢=1
M: n A
= Zzeuf(Pu)
k=1/¢=1
00000000 ey O
exr = wir N(Prr)AS) (3.2.21)

goo0oboobob0ob0ob0oUob0obob0obU0oUUbUbUbUobDUOoUbDUOkEO
gobobobooboobbooobuoobuoouobooo

ej =) eu (3.2.22)
1=kt
0000000(322000000
SN R
/S J(P) N(P)ds = e; f(F;) (3.2.23)
| j=s1
Ng nodes

0000000 /00 f(P)000e, 0000000000000 j(j=%,..,sy)00
000000000000000(3223)000000

/ J(PYNPys=| e | {f} (3.2.24)
Ss

oo0ooooon [e]mﬁmNSDDDDDDDD
(3223)00 fO -4, 00000 (3217)0000000 QOO0 200000000

8(/55(7?) = —N(£) M7 EN% ejo( )+ Q'(P) (3.2.25)
000000
Aij = N(P) M7 e (3.2.26)
000000000 A 5
8(%7(7?) = ZN: Aijdii + Q; (3.2.27)

J=s1
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gooo

0000000 (3223)00 f0 —Z—-4(Ve)?000D0D0 (3.218)00 000 0(3.2.26) 0
0ooooo0o

SN 1
Qi Aij (=2i = 5(Ve;)*
];sl ]< T2 ]) (3.2.28)

0 (1
+ NiMT(F =) +ai— o <§(V¢i)2)

gooogoobobooobooouoboboobobooo bbb ouoobDoboo
o000 0000O000ODLDDyUD0000D0ODLDO0DLODUOUUODUODUOODDeDUDODODOD
gobooooboboobooooouUt bbb DD bobobboUooo
gobooooboobooobooogooooboobobbobobouoooobobbobo
gooooobdoooboboooobbobooobboboboobboobbbuooboboo
goooboooobodooboooboobobobooouboooboLoooboOoDbo
agd

0 /1 J 0? d¢ 0 [0
o <§(V¢)2)) = —k(Vo) + a—i (_87(5) + G_f% (8_?) (3.2.29)

00000000 (00000000000000000A20000(3.229)000000
0000000000000000000000000000000000000000
00000000000 (3229)0000000000000000000000000
ooo

(32260000000

:[N][Nﬂq[ e | (3.2.30)
0000322000000

SRR

D[]DD[]V]DANSDGD[][AA]DGD(H]D[e]D(ﬂ]A@D[][A]D<Mﬂ]A%D
0000000

A

3.23 OUOUonooog

ODO0000D0D0O0O0@G216)00000000DO ¢, 000

Rl e

OO0000000D0O00@G23)00000oo0o0ooooogoooooooooooooo
gooooboon

G
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O0000000D0O000000DO0000D000000 ¢,¢mO0000(3.232)00
gooooboon

(3.2.33)

0000000 [H|,|G|ONONDOODOODODOO [Hy|,[G,;|0000000
00 |Hy»|,[G» |0 NsONsOOOODDOOODOOOODO0O000 0(3233)
00 (3231)000000

H11 ‘ H12 ¢t G11 G12 ¢tn
H21 ‘ H22 # G21 G22 _A(ﬁ; + Ql
G11 _G12A ¢tn
= (3.2.34)
G21 _GQQA (f’;
G..Q’
_I_
G..Q’
dodoouoooooooooo
H11 ‘ H12 + G12A ¢t G11 ‘ G12 ¢tn
= (3.2.35)
H21 ‘ H22 + GQQA (ﬁ; G21 ‘ G22 Q/

gooo
0000000000000 00DO000G232) 00000000000 (3.233)00
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Table 5.1: Valid measuring time of the experiment

Wave Length | Wave Period | Valid measuring time
A(m) T (sec) T, (sec) | T,/ Ty
1.0 0.801 59.25 73.97
2.0 1.132 41.90 37.01
3.0 1.387 34.21 24.66
4.0 1.601 29.62 18.50
5.0 1.790 26.50 14.80
6.0 1.961 24.19 12.34
7.0 2.118 22.40 10.58
8.0 2.265 20.95 9.249
9.0 2.402 19.75 8.222

Table 5.2: Principal dimensions of the midship section body

‘ Item ‘ M-K-§S system ‘ Nondimensional value ‘
Breadth B 0.740 m 1.00
Depth D 0.415 m 0.568
Length L 0.997 m 1.347
Draft d 0.250 m 0.338
Displacement w 184.3 kg 0.337
Center of inertia KG 0.220 m 0.297
Radius of inertia Ry 0.266 m 0.359
Metacenter height GM 0.083 m 0.112
Natural period of heave Ty 141 sec 5.12
Natural period of roll T, 1.78  sec 6.46

Principal dimensions are nondimensionalized using breadth of body ( B = 0.74m ),
density of water ( p = 1000kg/m?> ) and gravitational acceleration ( g = 9.8m/s? ).

Table 5.3: Principal dimensions of the bow section body

| Item | M-K-§S system | Nondimensional value |
Breadth B 0.600 m 1.00
Breadth at W.L. Bwr. 0.304 m 0.507
Depth D 0.532 m 0.883
Length L 0.997 m 1.347
Draft d 0.370 m 0.617
Displacement w 48.55 kg 0.135
Center of inertia KG 0.242 m 0.403
Radius of inertia Ry 0.193 m 0.322
Metacenter height GM 0.032 m 0.053
Natural period of heave Ty 1.07  sec 4.32
Natural period of roll T, 2.66 sec 10.8

Principal dimensions are nondimensionalized using breadth of body ( B = 0.60m ),
density of water ( p = 1000kg/m?> ) and gravitational acceleration ( g = 9.8m/s? ).
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Table 5.4: Principal dimensions of the measuring equipment

Swaying carriage | Weight 5875 g
Measuring span +40 cm
Heaving rod Weight 453 g
Measuring span +20 cm
Gimbal Weight 525 g
Measuring angle +30°
Load cell Weight 137 g
Capacity 15 kgf
Mooring system | Balance weight 500 g
Spring constant  51.07 N/m

Table C.1: Effect of smoothing spline to higher order waves

n | kmas ke | 9(kmas) g(k) g(2k) g(3k)
10 | 3142 | 18.14 0.10 | 0.98581061 | 0.81281116 | 0.46170525
20 | 62.83 | 36.28 0.10 | 0.99910121 | 0.98581061 | 0.93208133
30 | 94.25 | 54.42 0.10 | 0.99982233 | 0.99716487 | 0.98581061
40 | 125.66 | 72.56 0.10 | 0.99994378 | 0.99910121 | 0.99546641
50 | 157.08 | 90.70 0.10 | 0.99997697 | 0.99963166 | 0.99813806
60 | 188.50 | 108.84 0.10 | 0.99998889 | 0.99982233 | 0.99910121
70 | 219.91 | 126.98 0.10 | 0.99999401 | 0.99990409 | 0.99951465
80 | 251.33 | 145.12 0.10 | 0.99999649 | 0.99994378 | 0.99971544

(A=1, k=2m)
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ment (Midship section body)
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Fig.5.11: Comparison of body motions and hydrodynamic forces between simulation and experi-
ment (Midship section body)
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Fig.5.12: Comparison of body motions and hydrodynamic forces between simulation and experi-

ment (Midship section body)
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Fig.5.14: Simulated step response of the moored midship section body in still water
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Fig.5.15: Simulated slow drift motion of the midship section body in a regular wave
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Fig.5.16: Simulated slow drift motion of the midship section body oscillated by an external force
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Fig.5.19: Comparison of body motions between simulation and experiment (Bow section body)
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Fig.5.21: Simulated parametric motions of the bow section body
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Fig.5.25: Criteria of parametric and harmonic regions given by experiment
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Fig.5.26: Reference frame of the Mathieu type simultaneous equation of heave and roll motions
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Fig.5.27: Variation of displacement and metacentric height v.s. draft (Bow section model)
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Fig.5.28: Stable and unstable regions of Mathieu equation
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Fig.5.29: Criteria of parametric and harmonic regions given by the Mathieu type model equation
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Fig.5.30: Criteria of parametric and harmonic regions given by the nonlinear simulation
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Fig.5.31: Criteria of parametric and harmonic regions. Comparison among experiment, the non-
linear simulation and the Mathieu type model equation
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Fig.A.1: Local polar coordinate

Fig.B.1: Euler angles
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Fig.C.1: Collocation points generated on the bow section body
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Fig.C.2: Mesh function and its integral
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Fig.C.3: Gain of the smoothing spline as a function of k.
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Fig.C.4: Smoothing splines applied to a sinusoidal function
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Numerical Simulation of Plunging Breaker
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Fig.C.5: Simulated profile of a plunging wave
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Fig.D.1: Incident wave and the reflected wave inside a wave basin

127



