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Large Deviation Algorithm of Huge Ship Fluid Solid Coupling Delormation in Random Sea Wave Condition

CHEN Zhao

ZHANG She-sheng LI Yuguang
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Abstract It is of practical significance to study the long time deformation of large ship with carrier grade, In random

sea state conditions.according to the wave and the hull of the fluid solid coupling interaction. the mathematical model of

large deviation algorithm of the large ship deformation was built, The large deviation numerical principles of large ship

deformation and absolute deformation were given, The ship deformation large deviation optimization algorithm and an

example of caleulation were shown., Our theory and results are useful for research on ship fatigue injury.

Keywords Ship, Deformation, Large deviation, Time series

1 5l&®

ERRIET 8 LT = 5 %5060 X B A
SEETEy KNEONERENEFESERFT VUM
EMEFUMTEERTMTEE WESHBRAILEL S
s HRIESEAERXKLREREMNIZEREEZ
— EMARMEREERE LR

SRR S i E TR B & A9 K B A5 A0 7% B 38 S 8009
B AN FEARTHASFWEEE HEHELUNKEHR
Res MRTEHRRFRERMBOEHMWMEY TET KER
BRTEM M hRydE iRy MRATH/ESNNEFRNE BRTHE
HARGZSMETENBERASHENEy HRERR
B OERSMAEZEOGEEMAERAER SFEREFRIE
B EMERRRI—EHEN BEEEEBEFT VN
EXHRREREEERLLERTRAMR

AXEFBAGBEERE LT AEBHEERER P
FrEARERAEE TXE, TREAREE RS HMMA
ERARMEMTHEMER 8, TREABASERS Y
AREMMERENFTRE B TEHERENTNR, % 5
THHBMAEREAREZREEE S, PHXHE &, T
ARHERENEARENITE BREEEX

o BRARZETE K R 2 (518 A9 3R
RSB RRMME TSR ERRSENTE 06N

ANEZEEFRAAMFERESTIME 51139005 HB

TRy HMNEE ERA, MENREEREy —
W(h)jﬁ{wk}%*ﬂﬁﬂﬁ\ﬁﬁﬁﬁ@%ﬂﬁiﬁﬂlﬂﬂﬁ
Ko TEA ] B —w,+Ww,+-+w, HAREE

Fn=Pii—"}wﬁ (1)

MMSEE &
lim l—lngF(i}w] = lim Llﬂgpn =— I(w)
i— = M M i—=ea M

0 S

P(i—"}w} mgp ) (2)

RN FEHERERT  HBE S ;= #&
BA, [(oIEEX HHOSEESDN F A HE
BALEFEY WEREER WHAMEL ) REES NG
SEREEFEEMNXR NEEERLENHSEELX Hin
hiEEER AXMRERATEITERMEARE EIBFR
miEES IR E

E5=(w?+m)jbﬁﬁ|ﬁl!ﬂ“ﬂ(g)ﬁmgﬁ

lim l—lﬂgP(EE G)y= lim elogP, = —1I({w) (3)
H— e H i g—mea
%
E=L,F__,=P(iEG)
H "

HAREER 0 Ko H—RAEH FTEEX
BN B, ARETABEBZE p4~0) ., &

B ®logos— B BIBWIRRA iﬁmﬁﬁﬂﬁﬂ{ﬁﬂﬁ_E-mﬂilichemhm@qm com; B E(1955— B B #E EEMRAEHHIE
'H'E,E—mail; 5he5hengz@qq+{:C}m;iqgﬁfl'ﬁﬁ?—} A ﬁi,ﬁﬁ, iimﬁﬁmﬁl&i—l’ﬁ,]ﬂ—mail;I,iyuguang@qqﬁ:-:}mfﬁmﬁg}n

e B) =



borel TERBEN—BR|MENE , cx & p— ——0 B,
Bpoy BERTKSHBUE BSHFEERM 4,
x+[g'+ﬁm)ﬁﬂﬁf¢:

(W I(%x)TFT o,

DI ) B TFESEN H o 0 B Fiim I(w,) >

I(w) g
(HPE—FH ;| T, (<P x PRRE,

(H Mx PE—BARE B fm P, (F)<—inf I(w);

g— — =i = F

)X x FE—BFEG T lim P,(G)>=—inf [(w),

MH p poo BEABEEE RAEREY [ 5, Nt
Fﬂﬁﬂ*ﬁ%ﬂiﬁ'l [( s )2 B3R B W SR 32 iR 80 Bl 5
) TEWERMRERERY p, TEEERRANEE
BAmER R0 BEE |
EBE, WREZTEEy SMY ASHHNEIEER
5 ﬁ:ﬁ?ﬂl P. H‘E“F __ET,L ﬂﬁﬁ;ﬁip ﬁﬂﬁﬁﬁMqﬁ_

" k=1

E(eyABRE N [P, )i %Eiﬁ%ﬁﬂﬂﬁﬁ%ﬁi&

I(2e) =supl fro—logM(8) |, xER (4)

mEEEE 59IEREL L,

Wit BEMNTREy WY AHHHEIEER
5| Sk p REAREEE AFEEER 0

lim Llf:ngP,c, = — J{w)

ik, EMMEREy BAREESSH o1,

BHEMT WEREH

b
fr;m::=% (5)

ik 3 FRMEERE y, BRAFEESTH N0,
B EMI WEEHRN

I(m)=“‘%{£

ity EMMERE w, BABEIH , —plo—
w).i=1,2,--- N, BHEMRY ,EHRARZEES p P
B MiEERHN

I(u]—TEan[&m—lﬂg(ZE ip) v ER (H)
IFFTLAIJL%EJIZ‘FE%EL’EH{]IEﬂFFﬁﬁﬁ EHEHT

BREHAREHHNREAAR LERE A
s KAEBHREBAEHEDHE

B (. IEMEN=BLE  HOAREBREORE
HEEEL o, HE— A EFEUNLER LHEA
MFRMELSHOZAMETE WE | iR TENA
RN SN N SRS H AR RMAR RS TREDS
2

B, RS LSRN, W5 W
i i A £ = Plxyyyz) HI L 3% :"l:"{.:rqﬂfw?.;

3.1 Mmiksh
RERENE ARGEEY ,ZHAE

Ag=10 (7)

HRESE, () WEFTFERE D2,

(o BMEABERE e
(gjﬂﬁﬁﬂﬂiﬂ!m’##

2+ Kep=0,2=0

]?51{:{:‘+]§_Eijf{-595]fi%hr—hq:m
B HEE ERE LHMMEES

O =PwRE.J.HHﬂfP}dS (8)
B KTKNEE RABR  HRENBEONEE
L HEBREE, FENAE
3 9 N

RIERENLNER ARFBEEDFR

2 u 2w

PoE = He. TGAw o7 = He,+GAw,

32
£ 37

:HE‘I +GAwT oL (9)

e—u, T U; T, GZL H—i

2425 1—24
Hoh o AREEE ANDHERY AREEE

AR o

s vew) | == Cug .-ft.rg:ug]

':Em s tn ) limo =0 v yun’)

NRENG ERERKE KNEROEANSD ¢ B
CHREERENERNY 0.

BFEEMNZEMERM WESERESEMFIIZ =
min MR, —, Bl MEEAERS ARAARES 5
AHEENN EBFHEE,, HSEE FRERTLA
HKE ANEM,

B, ERERSEDLAGEEAEEMENELEN
:ﬂfrﬁﬁﬁfﬁEﬁﬁﬂﬁ"&&ﬁ-ﬁwﬂﬁ{tmﬁﬁﬁﬁ:
Fw Fw
f'arz = 7oz —bwt f(x,0)
Jwlz,i=0y=0, TLL=D—g (10)
duwl{xr=0,1) dwlxr=L,t)
{ az = R =
=,
m

| 5 .'
pon =p+ 51" =Glpom s =L —pg+pug 51/ pom

a

b= pog “T“'S ,Hl—EIHw,f(I,I)—p1+HlblH(KI wt)

1 hEEES

w TREINTIE

EBERREMOTORERN ERENEEMHBEE
AT % FHSHBMERMNDERBTS A

z 1
(Fw_ 2 Fw o, D

Atk 3t
o odwla,t=0) . dwlx=0.¢)
,E:TL-{_I:I_D)_'D% .Eh" _D:- 3_]'_‘ _D'r
dwl(x—L,t)y__
=0
L at

(11)
« Bl



Hep  HREZE  AMMEEINENESSE
wien DRMEREY | IBK . REREER
5 BEEHESE CHRY,

= Do ()1— cos FE 1L
m—’zjﬁﬂ;, ([ 1—cos ijh+gm (12)
AR,

2/L |

0 I_L fy(ysT)sin de}ramq;,(i—r) dr,
0

2 2 2

ﬂ#dﬁ%ﬂﬁﬁﬂﬂ%ﬂﬁym%ﬁoﬁﬁﬂﬂmTﬁ
MEEIBRE

FOO D+ 2" () — P, (058) +bg (1) =0

Sr(n=

, (13)
£(0)=0,g"(0)=0
B f(z,0)=p + Hpsin(Kz—ct)
Reb ks BHBH [ BBE EHRAY,
g=—¢c Z[*‘-’IHC Cagpt )= Cp Cent) T qae S, (et ) —
Qi S (cuﬂ]——ﬂ (p1]+H15 Ceust ) (14)

B

(s (2) =ﬂi|:1—ms( at) |

_cos(at) ~cos(a—glt—1 , cos(atqii—1
Ce (ge) 5 L pp— + o 1+
sin(at) -sinla—gq) ¢, sin(a+g)¢
2a [ a—gq + atg |
__ cos(at) -sin(a—glt _ sin(a+g)t sin( at )
Se (g2) 2a [ a—gq atg 1+ Za
1—cos(g—a)t , 1 —cos(gtalt
|: o i + E::'.-+q :|
a=vb
B ffe R
w=Hgu(z:t0)—S-[1—cos(an) ]
u(:r:t:mﬁZ%Sf(r)[l—msk—“:ﬂ— % Sk
k=0 L k=0 L
S¢ Cowt) (15)
I
SE =g Clget V—gu Clat Vg SCget ) — g St
S;}, = n C '::E_.I';,i} — i EE Cgustt ) +q;,g Sg(q;,f,) — 3 Sg(mﬂ

cosCat) ~cosla—glt—1 | coslatgrt—1
C, (gt) = 5 L pp + atq 1+
sin(at) -sinfla—q)t , sinla-+q)t
2a [ a—g T a+q |
S, (gt) _ __ coslat) sm(u,—q)t_snniu+q)£]+alniuﬂ

2a a1 a+g 2a

1—cos(g—alt , 1—cos(gtalt
| g—a + a+q |
Cl{x)=cos(z),S(x)=sin{x) ,a=b

2K, cos{KL—Fkn)—1 1
‘fﬂel_ﬁ“ LK —EE 2 wz_qE
EKL sintKL—FEx) w
"L o —gx
EK}: sin{l KIL—kn)
ez — LK —Fr ol —q
H-“F,Hl,K,mﬁﬁﬁ,mmiﬁﬁﬂﬁi&ﬁﬁ'ﬁn E s E —

« R e

ez —

N ERAOKIE o METHE HMANERE, 4, BEH
EMRE 9% 7K,
EHMMKI wnt;Y1j=1,2,+, N, (16)
ﬂrm?mEPNﬁ
uF=?ﬁHﬂdIJﬁm]—Eﬁ]—1ﬁﬂuﬂ] (17)

- BHEERARESETERE

RELESHMNITELN XERBAEENTESRY

(HE—BEHS EFENENESHERA, . B
fTEMERITEHBERE s=5(,).

(2 B RE T SRS H.H=[25(w) Aw |"* !H':F Acos A
REmE MHIK

() TEBK ) MBM g )28 g In

x,
(1 B35 HR [ 9 2

-Er.l=£|‘.lj :J'=]- !2:'" :ﬂ“ﬁﬁ*mﬁiﬁ
TS DB

2= 3 H, sin( K,z — aw;t)

(EJEIHﬂ'l‘EJ:::k,sﬁHiﬂEﬂHEEE Wy E‘I
1

() AFITEIE RHEREw, MBESTH 5,

(HATRARHBHEHM

) 1 Bef 8] &

M@=ﬂ#u=§ﬁ@;

B HBEAH

() BERMBUTER ;. R KED

(U RERBERE ARG HEERBERE

HEMESHETERMELNERRX BEEEL
ARRERER LEAMLKITEER

LESBRIMEARERN,

£ B SERR W A9 S A iR R B

¥
Ao R 3B e S R

¥
@EEMENS K BRRETERIE

¥
RIBEMETEHK, MEE

Y
4R A A 030 0L L A A SR S AR A 5 S B 1) R 5

v
AGEHEERHEEEENBRES®

v
HEBEH

¥
ARRBUAER (o HBAE

v
UE#SBEE AR HEESEFHIE

EBBIERT I8 ,— g WEEEREY

I(x. y)=[yz—logM(3)]= }r:r—lng[zeﬁijb;.] (18)
Hi  ASH j';'EE ﬁiﬂﬁi‘[ﬁﬂ{]iﬁﬁﬁ

[1]%&' IH{]EM?EE[&,{,]’}, m?‘}]{ﬁ},_
BHEH

OB g, BEF =R — o h WF 1= I,

},ﬁ,ﬁ%ﬁ 5.



W I, y+iys TEFHBRER B4

) F =y hep, BT BHBAER s —
(x). 7 M Y h——>>h/2 ﬁ?ﬂfﬁ(ﬂ .

OB pr=y—p By = p W v~ HTR
(2).,

s METEARELHITE

EXR—ERES EW 000 PUERBREEE M
B o iR F A MATLAB FHIE B M IR HR H KR &
BE WME 3 AR W A,=0.1,,=0.1,0.2,-,100, KHH
MMEREESHUE  Fim B, EHRE AR
B HETH KRS EZMEYA X RE LK R AR A (E
B BEHLE AR AN R S TR AT AN
Rt RBEHLA

¥
L E ‘-l'_.-! - s _'.
mlm%

B, HSMEEEAHZEL

-2 -15 -l] E}I.E ] ]:'] .l 15 s
B, BEZHEESSE

cEHARME MMAEEE BHEAM EEER
F—1EE SEFESET B8TEFAH EEEEE
:.F[)ﬂ

B RIE SRR L AEEF LR ERARERN

Vi = iﬂnsinﬂfﬂ: —wat;) yj=1,2,++,N,
Hb@EMERAENTEZER AE1E H XA H RN
B &5 A

EH w (et s )—F—El—tﬂbim )]

mmmmﬁ HEHBIME, MBAE,, &R
ENBAXEZEAN p A% RAAZANTHHEIH B
BUSSIEANS HEHTHEENAE p, MEMNES
FEH, EAEMATHE SHHAE EitET SHD

B, —1:.=0.02:p=0. 03,
HETH &, AKHE MEE—BAE EX e

MENETT ETRMEKAER FERN o HBERE
ERKEEMTR 8K I8 AT 4 5] E AR R AL
% & IR

HERYE FEHAE , BRUBES )= S

o, HOSTE AT AR AL 77 5% R 300 2 0 S M 0 22
8 5 i

0z

"'\-
T A / 1
M i
1 .-".

{x)

os

L

|
[S B
b

s 1

s WEMEH [k HER

7 MRHEEAXNEXRREITS

HFEESIERMHARRSTHENENETX &1
BTHERENENKSEE BTHENEE TERE
SAEHETHEAR WHEEMERBIFS

HEMLERE F3IEM5IE 51183

SIE EMz, M, BEER (W, RHRIL F
SHMBENEE W\ H | W) o BRERE FoHREE
NEE

SIE , EMHERREIRI ) =HIL RF5HE
PENZEE MERBXER BRI |y, )| BREEX B4
AR ZESE

EHE ; RMEMEEMER ) BEIL [F5%H A

BUEE 35S p B, 1 &), | BRESHp £B

B8 ) =peH) AERE M p \#HRARERE BF
EEAHM

I(_t'ii:supl:f? —logM(#®) ] ,2€R

WE BA Eﬂ:ﬁ“ﬁﬂﬂ'ﬁﬂ‘ﬂﬁ]ﬁﬁ]ﬁm“] =MW [
EILZE 4%mA p BLEESIEAA 43 {EE R
(wi(z) | BRI AHHHENLEE WBAREEFE

BAM, -1 5| RES% p XBFEBEH )=

Ece?= ) ABRE M, p HEXRRERE BREFEH

I(x)=sup[d, —logM(® |, xER

T JER

BEEEE SHiL - H#Eit

ity E My EBERAZELESHHE p PIE
U i AF) E T2 £ 3ot {55 A 8] R ) O R R BOh

I(_tJ—mdx[E" —log(M(#) ],z ER

UERA EE:.F LW, ERRAREESHNHE  FEE U
ﬂiﬁﬁiﬁﬁﬁnﬁin

ity B My, EERARBDEENHE p PRE,
MHERENENREIAZREHNOMRE , =10, .. 0
AR AR AL B R E AT B RFIEREB A

'p)].xER
(F¥HE gg W)
v B2

N
[(zx)=max[ r—log( _i'}.f S Ltln,
LY i=1

ge F



[3] Swift R A, Batill S M. Application of neural networks to pre-
liminary structural design | C | // Proceedings of the AIAA/
ASME/ASCE/AHS/ASC 32nd Structures, Structural Dyna-
mics and Materials Conference. 1991 ,335-343

[4] Lancaster P.Salkauskas K. Surfaces generated by moving least
squares methods | ] |, Mathematies of computation, 1981, 37
(155):141-158

[5] Liu G By Gu ¥ T. An introduction to meshfree methods and

their programming| M|, Springer Nether Lands, 2005;1-479
(6] =f%H BEER BER BUBRD-RAEFIEWEEMIER

[7]

[8]

[9]

[10]

(1. TREFF® 2005,22(5),833-838
Yuan Z B.Nie ¥ F.Jie O Y, Adaptive moving least square ap—
proximations and its application[ C] // Aip Conference Procee-

dings, 2010,976-981
FHE NE £E S EFRLOIEBIRI - RREED

Tl MEARRERK 2013.43¢1),85-88

M EREAERAREPHERRBENFS o) AL &
ZBIKF on05

KHE BE HMERESERBRENERIH )| it

FFM| 2003,2003),313-319

(J:E% 63 FJ-.‘J
H#it, & WMy, EERAREAESHHE p FEE,
MHZEEZASESHEEAMN BXTF —gWR BEpw=

—w ) =P(W=w)=p,i=—N,—2,—1,0,1,2, -, WA
B 5 75 46 XL ) R SRR AR A

I{x)= Teagc[ﬁr —log( -i-%éle‘”r 2i)].x€R

HEENE o thAOBIE T+ LA A 2 1 X £ B A R
EEHATE, BETH EEEHNTAFLS _ M4
MR, BHEME N T, M EERRRELA Y
oy B EEERMEAGE—E SEFHELE BETE
HIHEKREOURER HPEEAYEETE BEES
94 K733 BE IR

i

b r

I(x)

k2

il

0 i e S i
0 2 4 i B 10

H, MREEEETENBRIIEZESN

ERE REAREZER AXHETAREMOT R
AR BETAESAARETEEE BXNRRHEN
R IR R P B NS R AT BT S OR 5 AR B
HEER BTSN I B AR AL B AR AL
MM TR AL

BEXHAR AREEESHERERY [,y X
AREW [ WERL HETYHTHE g OEELN
£ [ H o MEBLARS NFEHTR AL EHEH
BEM)N REESRGSTREEAERNER KIEE
MR LMEEEA RRGERER AXMREHT
T AR AN A R R STIRGLE AR A
Ak REEER R TREETRENE

5 & X W

[1] LiZhixiong,Yan Xin-ping.Li Qin,et al, Model reference robust
control for marine propulsion systems with model uncertainty
caused by hull deformation[ ] |, Journal of Marine Science and

Technology,2013,21(4) : 400-409

[4]

[5]

6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

REHTE EEE NEH $ ANRMERRGSRERAHD
FHAGE ] BMMAE 2013,17(4),439-449

Roemen R.Grevink ], An advanced approach to the design of

shaftlines and bearing arrangements for fast ferries | ] |, Wartsila
Technical Journal ,2009,32(1):47-53

FREKEN TRl EB & BREFENMKEFREMNETRE
frSE ), HEABZE 2015,42(2) .20-32

Li Zhixiong.Yan Xinping. Tain Zhe.et al, Blind vibration com-
ponent separation and nonlinear feature extraction applied to the
nonstationary vibration signals for the gearbox multi-fault diag-
nosis[J]. Measurement , Elsevier,2012,46(1) ,259-271

Li ¥,Zhang C 5, Wu R. Ruin estimates of diffusion models un-
der constant interest rate[ ] |. Chinese Jouxnal of Applied Prob-
baility and Statisties,2003,1901) :79-84

Ruan Xiang-kui, Yang Ping, Yan Xin-ping.et al. Study on Hull
Deformation at Supports of Propulsion Shaft of a Large Contai-
ner Ship[ C]// The 4th International Conference on Frontiers of
Manufacturing and Design Science (ICFMD 2013). HongKong .
2013

Dong Cong-lin, Yuan Chengqing, Liu Zheng-lin, et al. Marine
Propulsion Systern Reliability Research Based on Fault Tree
Analysis[ ] |. Advanced Shipping and Ocean Engineering, 2013,
2(1).2733

Chen Xin, Li Meng-yu, Zhang She-sheng, A Parallel Algorithm
of Non-Linear Fluid-Solid Coupling Problem for Hydrofoil [J].
Journal of Algorithms & Computational Technology, 2014, 8
(3):249-266

EER iﬁ%ﬂ.ﬂ!ﬂﬁﬁiﬁuj_ WIPBREFRER 1957( L
1 9-£3

(Gao Fu-ging.Ren Jiz—gang. Large deviations for stochastic flows
and their applications[ ] ]. Science in China Series A, 2001, 44;
1016-1033

Schulten P. The Interaction between diesel engine, ship and pro-
peller during maneuvering [ D], Netherlands; Technische Uni-
versiteit Delft, 2005

Chen Xin. Zhou Xin-cong, Zhang She-sheng, et al. A numerical
fluid-solid coupling model for the dynamics of ships in atrocious
sea conditions [ ] |, Journal of Algorithms & Computational
Technology,2015,9(2):163-175

EkE Th E#E $+ SQL ﬁﬁﬁﬂﬁ;ﬂﬁﬂiﬁfﬁuj' T E

MF 2015,42(10),202-207



