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A b strac t : In th is Pa pe r , r o pe s
are

111‘x le led as an infi ni te ly fl e x ible
, str ai gh t l-(邓姆 e le llle n t ,

an d the
n
the w ho le lon gl in e 15 able to be

re g ard e d a s
an

a ssen lblin g of the
r o
pe

ele llle nt s e o lllle c ting
e ac h Oth er at the ir e

nd
s b y a

fri e ti o ul ess hin g e
.

A g r o u P o f n O lllin e ar b asie

s im u ltane
o u s e q u a tio n s

de
seri bin g the

eq u ilibrium
sta te of 10 n g lin e s

are de duc
e d

,

ba s
ed

o n a fi
毗

e leme nt lb rn lulati
o n

.

N e w to n
-

R a
Ph

so n m e thod 15 em Plo yed to g e t
the

1l llllleri eal sol uti on du
e to th e n

on
一

lin e

an ty
.

R llt ller ,

the loadi ng an d sh a pe ite ra tiv e Proc ed ure
are

u se〔1 to 1 11《xl e l the
c o t甲ling re lati on

shiP be tw ee
n

the lo n g line
Slla pe an d hy 山

门

仪妙
n

am ie lb l℃e s 叨 le re su lts su g g e ste d tha
t th is

m e thod ha s e x ee llent g lob al c
on

v e rg enc
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pe
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O
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1 In tn )d Lle tio n

T llere a l℃ c o n c em s ab o u t th e d isla n l w a te r

fi sh eri e s w ith th e de elin e o f th e m a州n e fi sheri e s

re so u rc e s o
ffs h o re an d in sho re due to

over-
fi shin g

.

Th
e tu n a fi she ry 15 o n e o f the

ho t to Pie s an d b ee 0 Ille s

an im po
lt a llt Part

o f th e w o ri d pe lag ie fi she ri e s sin e e

tu n a s an d tu n a 一

lik e spe eie s , c a tlg ht

姗
n ly 饰 d istan t

w ate
r lo n g lin e s an d Pu rse sein es ,

hav e hi gh me at

q u ality an d re m ark ab le e e o n o m y V al u e , e sPec ial ly in

Jap an e s e sa si而 m 田火e t
.

Th
n a s to ek s hav e be e n fo u n d

in th e Pa eifi e ,

A tlan tie
,

an d 玩d ian O e ean s an d th e

to ta l yield o f its fo u r m ai n sPe eies has be e n

m a in tain ed a t th e le v el o f ab o u t 4 面llio n to lls a ye ar

in tne re e e n t year s ll]
.

孔
n a fi sh e卿 o r e 址n a s

tarte
d in

198 7 an d a c 】l iev ed re m a r kab le Pro g re ss
.

By th e year

o f 11蒸熟)
,

th e to ta l fi shin g Pro du
etio n o f tu n a had

e x eee de d 2 0 ) 洲) to n s an d m o re th an 2 00 lo n g lin e rs

are
in o伴ra tio n in th e th l℃e oc ean s o f th e w o rld [ 2 ]

.

LO
n g lin e ,

as a type o f the e ffi eien t e o n v e n ti o nal

fi shin g g ear
,

ha s be e n w ide ly u sed in eo n lm erc ial tu n a

fi shery bec au s e o f th e silllPlie ity in its de sig n ,

c o n stru c tio n an d o pe rat io n an d o f th e low in ve stllle n t

e o st as we ll a s th e lo w ene rg y e
on

su lllpti on
.

A tu n a

lo n g lin e e o n sis ts o f m a in lin e ,

b r a lleh
一

lin e s ,

h o
ok

s ,

b u o y lin e s an d b u o ys
.

In o rd e r to c ap tu re fl sh w ith

s
ati

s

fac
tio n ,

tlle h o o k s 11a v e to re ac h th e w ate
r de Pth

w he re tu n as liv e o r

are
sw i
mrn in g d u ri n g fi shin g

op
e
rat io n by adj

u stin g th e g ear e
on fi g u rat io n an d

e o

rre
e tly se ttin g th e g e ar

.

卫lere fo re
,

it 15 v ery

illlPo rt an t to de v elop
a t以)1 o f Pre d ic tin g the de Pth th a t

th e h o o ks Po s sib ly re ac h du ri n g fi sh in g o pe rat io n
.

S o

far
,

th e

ten
sio n an d sh ape o f lo n g lin e s ha v e

n o t b een so lve d th e o re tie al ly b e eau se o f its

c

om Ple x ity
.

Ge
n e rally

,

th e se tt in g de Pth o f th e hoo k s

15 e stillla ted by a ss

~
n g th at th e d istan

e e o f m ai n lin e

b e t

ween the
t
wo

n eigh bori
n g b u

oy
s m a in ta in s

u n ehan g e ab le an d th at tlle 1ll a ln line fo rm
s a c

ate
n 田洲

面ri n g
卿rat io n [3 一 6〕

.

玩 actd
itio n ,

山e pre d ietio n o f

lo n g lin e be hav ior c an als o be do
n e by fl u m e tan k

te stin g
and

fi eld e
却

eh

men
t[ 7

,

8 蟾
.

In th is Pape l, ,

the lo ng lin e 15 c o n side re d as a

fl e x ib le ro Pe sys telll an d a

me th od b as ed o n a fi n ite

e le me
n t fi〕n llu lati on 15 u s ed to an al yz e th e te n sio n an d

sh ape o f th e lo n g lin e
.

丁h e ai m o f th is stu d y 15 to fi n d

a m o re ec o n

omi
e al a lld Prac tieal too l to

reP
lac e the

m od
el te s t an d fi eld e

xP
e n lllen t

,

wh ieh are Iab o ri o u s ,

t lllle 一c o n s u
而

n g a lld e x pe llsiv e ,

fo r
op tim iz in g lo n g

-

line de sign a lld e o n s tl刀 c tion
.
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,
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,
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.

D
,

in tere s ted i, 1
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me ri e a l m 浏
e l for p 阳d ie tin g the fi shln g o pe

l’a ti o n sta tu s o f tu n a lo n g line
s
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乓
一g一9自只

小一司

2 Ma th e lllatie a l lllo de l

2
.

1 Mod
elin g o f th e ro pe

Th
e lo n g lin e 15 a re g ular fi shin g g e ar that 15

m ain ly e o lllPo s ed o f ro Pe s an d ho
ok

s
.

Th
e ro Pe s can

b e

mo de led by a s eri e s o f s
tra ight d ise re te ro pe

e lem e n ts (Fig
.

1
,

here aft e r re fe rre d to a s ro Pe elem e n t

o r e lem e n t)[ ()
一 12 豆

, c o n n ec te d e aeh o 山 e r a t th eir en d s

by n o n 一

fri e tio n al hin g e s
.

If e ac h e n d o f the eleme
n t 15

e a lled a s a n o d e ,

th e w h o le s tru etu re ean b e re g a r〔led
a s an a ss em b lin g o f th e e lem e n ts art ie u lat ed at the ir

n o d e s
.

ro pe e lem e n ts e o m Pri sin g it w ill in c u r

re la tiv e d isPlac e m e n t fro m an y in itial

d e fo rme
d sta te (Fig

.

1 )
.

Ac
e o rd in g to

hyPo th e se s ,

th e to ta l Po te n tial e n erg y

d is c re te syste m e an be e x pre ss ed as L11 一 l:, {

sig n ifi c an t

S ta tC to a

th e a bo v e

}1 fo r th e

对之

D
! +

月乓{乓(Di )一 与
)
}

-

b uo y

一

兰,

w触re F
。

15 the eq u iva le n t n o d a l lo ad in g o n th e i
一

th

n
od

e ,

D
‘

15 th e d isPlac em e n t o f the i
一
th n o d e ,

7公15

the ax ial fo rc e o f the g
一

th e le m e n t
,

L尸) 15 the in itial

le n g th o f th e g
一

th e lem
e n t

,

L ; 15 th e len gth o f the g
-

th e lem
e n t aft e r d elbrn lati on

,

A g 15 c ro s s 一s e c tio n

are
a

o f此 g
一

th e l

eme
n t

,

E 15 th e Y o u n g
’ 5 m od

u lu s o f

th e m a te rlal
,

f 15 th e
no d al de g r e e o f fi℃ e〔10 111 ,

an d m

15 th e to tal n u n lb e r o f th e o llle n t
.

T 】le te n ll in

{ Lg (D 、)一 乓
。
} Eg

u at ion (l ) .en re se n ts th e elas tic

e lo n g ati
o n o f th e g

一

th elem
e n t

: 、e to te n sile fo rc e s o r

fi n ite d isPlac e

me
n ts o f th e 。 。

me
n ts du ri n g larg

e

de fo n lla tio n ,

an d can be e x Plie z Lly w ritte
n as

L
了

(D
:

) 一 L泊 = 丫X ( u )2 + Y (
:

)2 + Z (二 )2 一
妇召\ .

￡ / 一 妇g() 一 V / 1 \ “ / 丁
1 \ ‘ / 丁 。 、 洲 z 一

Fi g
.

1 M
o v

emen
t of

a Stra l

ght ro pe
elem en t

X
,

Y an d 2 are g lob al eoo 记in at es syst e m
.

u
,
勺 若u l(1 田 d en o te the

n团al d iSP lac e n le llts of the
e l

eme
n t in th e di rec tio n o f th e

X
,

Y an d Z
一

ax e s
,

re spe c tiv ely
.

Th
e sub sc ri Pts i

an d J in dicate th e two
end s of th e elem en t

2
.

2 B asi
e hypo these s

In o rd e r to sin 1Plify th e m a tllem ati eal
mo de l

,

th e

fo llow in g as s u lllPtio n s fo r th e
Ph ysic al eh

arac
te n stie o f

th e ro Pe s
ho

u ld b e m 胡e [ 9
,

10」:

(l)T lle ten sio n o n ly ac ts in the d ire eti o n o f the
ax is o f ele llle n t an d k e ePs c o n s

tan
t ac ro s s th e e n tire

e ro s s一 sec ti o n a n d al o n g the
ele llle n t len g th ;

(2 )Th
e ro pe 15 c o

mP
lete ly fl e x ib le an d e as ily

be n t w ith ou t re sista llc e ;

(3 )丁b e ro pe 15 e las tie an d iso tro p ic
,

an d the
rel at ion

shi P be 七刀ee n

the te n sion an d stra ln fo llow
s

H oo k e ’ 5 law ;

(4 )Tb
e re lati v e disPlac ern e n ts

are
e qu al for al l

Po in ts o n th e ero ss一

sec tion
o f th e elellle n t

,

an d tlle

c ro s s 一sec tio nal are
a rellla ln s e o n s

tan
t duri ng

d efo n lla tio n
.

2
.

3 Bas ie e q u a ti
ons

V几le n a lo n g lin e 15 se t in a u n ifo rm
eu

rre
n t

,

th e

了端
十 玲+ Z名 (2 )

w hCre

X 。 = 戈一 X
‘ ,

Y0 = 芍一 矶
,

Z 。 = 乙
一 z

,

(3 )

X (“ ) == (尤 一 X ) + f“
,

一 “
:

) ,

I t 刃 ) = L l
‘
一 I ‘

) 十 又刃
‘一 认 ) 之 吸4 )

艺 气功 ) = 又乙, 一 乙 i ) + L玛 一 切i )
J

田 ld X
,

Y an d 2 are th e n o (la l e o 。戏lin a tes o f th e

e le n le n t in th e di l’e c tio n o f the X
,

Y an d Z
一

ax e s in a

glob al fr 出11e o f re fe re n e e
.

卫le X an d Z
一

ax e s Po in t to

th e e u

rre
n t an d w ate l, d ePth re spe c ti ve ly

,

the y
一

ax is 15

v e rt ic a l to b o th th e X an d Z
一

既es
.

A s sh〔,w ll in

Fi g
.

1
,

th e v
ari ab le s u , : an d 田 de n o te th e n

od al

d isPlac e

me
n ts o f th e el

eme
n t in the di re eti o n o f th e

X
,

Y an d Z
一

ax es ,

re spe c tive ly Th
e s ub s c

riP ts 1 an d

了 in d ieate the tw
o e n d s o f th e elem en t

.

Eq
u at io n s(2 -

4 ) de s eri be th e stra in
一

d isP lac
eme

nt re lati
o n shiP fo r the

ele llle n ts
.

Fo
r th e Ptlrp o se o f de te lnU

n in g th e e
qu ilibriUm

sta te o f th e in s

tab le ro pe syste m
,

th e Pri n c iPle o f

而
1lllll

um po te n
tia l en erg 少

.

15 a PPlied
.

户‘e o rd in g to

th e p ri nc iPle
,

the to tal Po ten ti al ene rg y be c

om es an

ab s o lu te 而
n in 1Lllll

wh en th e system 15 u n d er
eq u ilibri um

e
on di tio n ,

1
.

e
. ,

a 11/ 胡
i = 0 an d a fl/

己几 = o
·

Th
e n

the fo llow in g bas ie eq l〕ati o n s fo r
thi

s

sy ste lll c an be o b ta in e(l:
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石万己石舀而石3名乡

(1 1 )

(12 )

CC

(5 )

{乓(D
‘

) 一 与
, } 2

,

⋯⋯ m
.

(6)

w here C z,丈) 15 the eoe m c ien t o f dr a g w he n th e a x is o f

th e elem
e n t 15 ve rt ic al to the e u

rre
n t

,

污 15 the

de fi e ete d a n g le
,

an d 夕 15 th e in c lin ed a n g le o f the

ele m e n t
, a s sh o w n in Fi g

.

2
.

Th
e hyd ro d yn

am ie fo rc e

e o e ffi eie n ts u s u al ly deP e n d o n R eyn o ld s n u m be r
R’.

e ale u la le d w ith tlle lw in e d ia lllete r
.

B e eau s e the R 尸 15

w ithin th e

ran g e o f 6 x 102 to 2 x 10 ‘ in this stu d y
,

Ie t

the C I) () e qu al 1
.

3〔1“」
.

门lee||||||||eewelJ|l||FI
.

⋯
凡

厂

⋯
|!!11||L沁

一

沁⋯
必
一

沁

C U r r e n t

-
~ 一- )

Fig
.

2 Se he ll la tie di a gr am
o f l飞期犯 po

sitio n re la tlv e t()

山e CU I丁e n

己一5 th e de flec ted an g le
,

明d

臼 15 th e 一n el一n at 一on an g ]e o f the elem e n t

2
.

5 S o lU tio n

5 in ee th e sim u ltan
e o u s

Eq
u a tio n s (5

,

6 ) are

hig hly n o n lin e a r ,

Ne w to n 一

R aP hso n m e山 o d !卜 I:, w a s

ad op te d to fi n d the n u m eri ea l so lu tio n o f the Pro blem

sicl3)al
‘

hin th is Pap e r
.

A s a re s u lt
,

th e lin e
ari

z ed

eq u a tio n e an b e e x Pre s se d a s :

l
、

f|
es川川

一一

T 汁f
l

(D 二
,

T 二)
= 0

T 汁儿(耳
,

T 公)
= 0

舜影
阴

艺尸令肩+十胡胡
矛l朋毓一aD小白月

小自刘

T lle elem e n ts in th e c o effi c ie n t m atrix in

Eq
u a tio n (5 ) d e n o te th e d ire c t io n c o sin e s o f the g

一
th

elem e n t a
fte

r d efo rm
a tio n w ith re sPe c t to

the X
,

Y

a n d Z
一 a x is

,

re sPe e tiv ely
.

Eq
u a tio n (6 ) g iv e s th e

re la tio n shiP b etw e e n e le m e n t te n sio n an d n o d a l

d isPlac e

me
n t

,

C o n se〔lue n tly
,

the no n line ar 鞠
u ati o n s

(5
,

6 ) elear ly e o n s titu te the bas ie si
mu

ltan e o u s

eq u at io n s fo r (j
.

+ m ) de g re e s o f fi℃e d o n l w ith

u n kn o w n s o f n o d al d isPlac em e n t D i an d ele llle n t

te n s io n
孔 fo r the s ta tic re s

因
n se o f th e lo n g lin e s

·

2
.

4 Sha
Pe 刁

epe nd en t hy d r o d ylla n u e lo a d in g

In
Eq

u at io n (5 )
,

th e e x te rn a l fo rc e (F ) ac tin g

o n th e e lem e n ts in e lu de s th o se re su ltin g t、℃111 gra v ity

(w eig h t a n d b u o ya n c y)
,

hyd ro dy
n

am ie lo ad in g an d

o the r k in d s o f e x te rn a l ac tio n
.

Sin e e the

hyd ro d yn am ie lo ad in g e o n tain in g lift ( R * )
,

d ra g

( R , ,

) a n d t
ran

sve rse fo rc e ( R H ) are sh aP e -

d ePe n d e n t
,

it 15 d iffi e u lt to b e eal e u late d

th e o re tie ally
.

W lle n n e g le c tin g th e hyd r。
勿

n

am ie

in te rac tio n an d in te rfe re n c e b e tw e e n lhe e le llle n ts
,

th at

15
,

it se em ed a s if th e e lem e n ts in th e w llo le s tll lc tu re

syste m are in d epe nd
e n t o f eac h o the r in a e u

rre
n t

fi eld
,

th e hyd ro d yn

am ic fo rc e s ac ti n g o n e ac h ro Pe

elem e n t e an be e stim a ted 勿 th e fo llo w in g

fo rm
u la s [ l」〕

.

=

合
。C D
血俨

=

省
: C乙dL 俨

誉备物
: 十

冬豁
耳

·

杨
(”:

,

了公)

飞l87了
、了

l
I)lR斤

R H =

w h ere R z ) ,

尸Cl ldl. 俨
IJg曰

R : an d R zl

are th e hyd n 对yn

~
c

a n d t
ran

sve rse fo rc e ac tin g o n

re spe e tiv ely
.

d 15 th e e ro ss 一 se etio n al

e lem e n t
,

L 15 th e elem e n t le n g th
,

th e

(9 )

山妞g
,

lift

e le llle n ts
,

d ia lllete r o f th e

F 15 th e re lat iv e

ve loc ity o f the fl o w
, a n d 户 15 the fl u id de n sity

.

Th
e

hyd ro〔lyn

am ic lift
,

drag an d t
ran

sve rse fo rc e

e oe ffi e ie n ts (C z
‘

,

C” a n d C , , ) fo r ro pe s

are g iv e n by

the Miya Z ak i m o由一14
.

C ,少 = c , , (,

(l 一 s in Z 夕e o sZ占) (10 )

w here th e (D :
,

聪) an d (△D :
,

△耳) d e n o te the

s o lu tio n an d th e c o

rre
e tio n

ob ta in ed in the r 一

th steP o f

the iterat io n
.

Th
e re fo re

,

it 15 e e
fta in tha t th e s o lu tio n

in th e (
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FFF in d the in e r
翩
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el 15 sh o w n in Fi g

.

4
.

Th
e

m o de l w a s Plac ed in a u n ifo rm
e u

rre
n t an d th e e n d s o f
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摘要
:

·

种基于有限元原理的非线性混合法被用 于预测捕捞作业中的金枪鱼延绳钓的形状 与张力
,

为渔具设

计提供理沦方法
,

并以期在设计阶段能替代传统的水槽模型试验
,

为实际渔业生产作业调整提供有益的技术

参数
(

构成延绳钓渔具的绳索可 以被一系列绝对柔软的被称为绳索要素的单元所模拟
,

因此
,

整个延绳钓渔

具可以被看作为一系列绳索要素在其两端点通过无摩擦铰接连接而成的集合体 根据最小位能原理
,

可 以导

出描述系统平衡状态的非线性基本平衡方程式
。

利用 N ewt on
一

R aP hs on 方法
,

通过一 系列的负荷 一 形状迭代法

求解基本平衡方程式
,

可 以获得海流作用下延绳钓渔具作业时的形状和张力分布的数值解
。

简化模型 的回流

水槽试验验证表明
,

本方法具有较好的计算精度和解的收束性与稳定性
。
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