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Fig. 1.  The construction of TS-35A bottom trawl net.



FEAEARERR R T 2 SR ETRESRED < B 7T

oy

Z
>
:d"-;'-‘-( -~ |
TEE i -
S2ELNIT ~ ~as = e ~
ooy A -

Fig. 2. Lay out the bottom trawl.

Jﬂ IR IR

e ——— e —— A

Fig. 3.  Otier board, trawl net above the bottom.

-— > A
\-—_% — o -— S~ =
5000

Fig. 4.  Otter board touch the bottom, transient shock vibration occurred.



100 BERE > MR

T+F, sinwt

TytF; sinw

Fo
Y
Do X
N
To+F, sinwt /
. \
Fig. 5.  Schematic diagram to show the force balance of
otter board. \ Fo(1-e™)
t
HUMEREFERE  BABERIEKTZZ
FHIE - #8RAIE X Mz rE Higan Fig. 6 He X
B ATS » Y AL SR - Fig. 7. Impulse function F(t), F, the maximum of F (t).
BRINEAR -
X Tot+Fy sinwt Figure 7 o> Fy ZR/IMRIEHEITE - ROTRIEZ Fo
N B Fo K e
128 a TMRIEBE KAHEASETE -
o BB RS m - X —He2 fRE RS T
X J{ meX + KX +F, (1-e™) + D) = F, sinwt  HARIAEM:
"""" 8 =¥
X(0)=-D,/K m, : HNE =
l X (0)=0 K BEPEREL
t>0
F(t)+D(t) L ARTR
My X + KX=-F, (1-e™) = D) + F, sin@wt ——0)
Fig. 6. Free body diagram of otter board 1-D HEDW=D, BHEH% > m, X +KX =+F, sinot 2
vibration. e
X=A, coswnt + B;sin@nt + ———F—Z'——Z
Figure 6 11 To=-KX SSEIES RIS BT | my lwn® -7
BIEXHIELL) » F, sinot BASRBAAERTZ2 K Sinwt A
JHEE) - DO SHBRA T Z 2 ) (SRR one 5 KCEA/ | mo K 4KX —_D, 8PS
1) - KR AR ZE AR I R 2R 2 PR T F() mo

1) AR RSN 2 E R X=A, coswnt + B, sinwnt - DO /K ---mermmmmennen (B)



SRR BT i BT RE SR ED < 7T 101

mo X +KX =—F,(1—e™) Zfif 55

X=A cosw nt + BI sinwnt -
1

-l

- & e (©)

[t +(a/ wn')]

1 F I BRI A )2 )

Fo
X (t)=A, coswnt + B, sinwnt- = -
e 4 Dy F\ .
@t T K T ey e
3
t20

FREEE 0 —on B B2 IRENREREST
AR R A [EAE S on FFATRES AR - &
A RE 2 g (ELERTREER)  Nwn>w) @

HHREAARIEE FTT:
A1=— & [1' - ! - - F
K [1+(a%/ @’ )] My’ —*) on
F d F,w
B,= 0 —_— 1% e 4
T e W7o o T

(2) iz (3) = - HAREA, - B AN (4)
= Q) AWEEAT:

F F
Xo= - o[- .
U= ¢ U e o s
S Flo Jsinwnt - Fo
, . he Lo
[‘l+(a/&)nz)] |T1(,((1)T127(z)z)éz) K
al F
o e P
[1+(a¥ @n?)] K mfer'-er)
SIN @1 =mmmmmmmmmmm e {5) t>0

(7)) FHHIRTZ A IE R AT %

140 Figure 8 - FfHZE MM B B - HERER
A =R - BT R S R R EE # - P
Mg A vV FIAmZEENELE - ] V TR
i FR{E T HE) - 53— Im TR ME UG o MESIATEHIEY
Tl P2 MERAZES T H Fig. 8 1%

o B T=P/2sin6 - [NIRDEHATRZALEME/ > 6d
FIERIEE - 59% > thRREREmia et AETHE
R BN o HERTIETZE0E— AT IR
BERE 0 HORN T ERRABH R - A FER
HBREUR > IRCERPRRC R o 20 R AT B
W B JieE -

2 - AERHIT I E BRI I B R kAR R S el
% (BNt s R NS 2t - (B DR HEETER)
7 25 1 PR R AR R R RS S 3 o R E K o
ZIESIEHE > (HEANZMRER (1,500 Kg) 5L
FLERAR L2 A -

3~ % TR ERN - R R AR AT
BB HL R B R Bk - MEARWI RS IRF RCERARERTE - A6 b
BIRHIR MR AR ~ AL - JEUE LR PR 2 AR
W W

(=) MEtRR R 5k )T To FIRESERAEERD T 2
R

SR - fERARTRE A E RTT - FrE(E
FARIEREEIRTE - HIK SIS & - MR ERA
55 TR RIS FRAR R B 2 5 07 > il Pode 23

A

J=T/To=exp J. Y CRyin g-ER) ¢

do sin’¢+PR)cos ¢

" J'Q/) (P/R)sin ¢ -(F/R)
¢o

sin’ ¢ +(P/R)cos ¢ d¢
0=(RS/Ty) = d¢
¢ sin’¢ +(P/R)cos ¢

S=Ti(62-61)/RI1=T2(52-61)/R 2

Hop T fRER ISR iR

To : HEIRER R R -

¢ HRER S ER A

bo * MR BA Gl A (TEER ¢ o= 0) »

S HARE HIRERE iR -

R FATERATR 2 i BEE 7 (i [a) i SAIRE) -

R=1/2 p CondV? » Con B 1.5 ¢

Al - RS HIS B2 TR ¢ HEH Pode Z&fH]
EH S=1,000 KEEZ To K ¢g e



102 B

B
‘H [ox
2

" PR

B R

19854E2F26H 16:03 » #F3hEEA4LPETE Pukaki
FERLAKER 498 mo [RESIKIRE ZIEFEEESE
AT O m BAZRATHZEE 1,000 m o JEMZ R FST.2
m/sec » HAMCRFE ERTRMAN R IITEIIER 59,000
N BRI - 40 Fig. 9 AT > <O Z BRI © &Y
IR MRS =0 Z BRI RIBH AR E)E - N2k
JIGERENE T 2 f e - R S | RERTARIRE) - /F O
E 30 BIEAHRALZIRE > B 30 BRARAFR
BHRAZIRE) - e K ER:

E: sRpEAEE > HOAES 2.06 x 10" N/mi

KsEAI Ar R 2 BB & 7 DY4= 7 /4

(0.0254m)*=5.06s:10"n1

I Bl Ff (1,000 m)

ARBE AR 17 2 B - EREZERL 1,000 m -
PRS2 K {EE51.04x 10° N/m » BIE~<Z 10.6 Md
ZATER 1,000 m o BT E T m o

B (5) Az D, HEMIETR: 4,500 Kgf=44,100
N F,=1,450 Kgf=14,210 N » m, =1,500 Kgm » F,=765
Kgf=7,500 N - B (5) X ZE15E(EAN Fig. 10 ZHER
Fiir o HELEAIESEREY) &

Fig. 8.

ER

- PR R R “rﬂ*}i)ﬁ'z%ﬂm%fzﬁ*
WIS - HEARAT S 2 TR TR JT AR FD=F(1-
e™) Fo £t ERIR - HARAIIE ’fé@@ﬁ@,&ﬂkﬁ

=P/2siné

Schematic diagram to show the arrangement of gauge to measure the tension of warp.

Fo & R/NFIME ELAIE « 1R ~ IRBEZEEAR > 2
AR I TS35A METEIKIRE < Pukaki FEHC
E% » HEMRIIEETS 14,210 N> f£ Change
plateau 2 Fo (BRI 15,320 N » EEEEEAT
‘*’ﬁjﬁ (RENHERAEZR  (EEANE @M

ZER . BARE BRI SEE L R B AN



HuAERGLE AL ER AT i B T e IR B < W 5 103

F&2 F, JEYE 78,400 N DL E) > a {HIMKRESZ
EOFEE a A RES a B/ AE—F) a {E
0 3.0 - BLERO TR fEEFAIRASE - 35 a K FOO) PR
FE Foe

= FERER IR - AR 5) ETECIR
TEEEAE S A - R KRR AN ERES: - TTHE

MR NAN-2 =T 7 B T VN IV
/B’ij}j‘ji AR RGEES 7 misec P& 1.2 m >
Fi fl55S 7,500 N o [RL » 7RSI EUA A E 7o Bz
MK CHESRE TR - B ZIREH
REERSFEE b KL EH A EMRR
ANC o ARG R FERE < B 32 HAE E o e

RAREEIEHIRINE FES) - R $nPr2. 2D BRSWEREI S 10 FLLE (CIHEFRF RIS 6
SEEMR) B F sinet FIREAR > AL EIERRAT REZRFREE 10 ZSIEHE » FEE T REEGH A
Werf - B IRENE A FERIRED . T IE R R T - LR 6 BE) -
1x10° |- -
"’ H
’ f | ri |
~ 6x10" | .“HW ) i h" .\]\H. .
g W%J W”WMWWMMWWH mwu WWMMMW
3 t |
Z 6x10°F: § % JM“ Wp a” '“ﬁ 1 uﬂ zm
= . vt .‘ ". ..
2
g ax10° - o .
g BAG TR
4 T A A
2x10 [ T
! | | | [ | L l |
-20 -10 0 10 20 30 40 50 60 70 80
Time (sec)
Fig. 9.  Tension of warp in transient shock vibration.
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A Study on Warp Vibration of Towing a Trawl Net in Regular Wave

Abstract

For successful towing a trawl net, one of the problem is to insure the spreading of the otter board, therefore, it
is necessary to consider the behavior of the warp vibration while in operation. The warp, when the otter board
attach the bottom, the vibration of warp become trainsent vibration, the stress in the warp may be three times of
usually steady state, and the warp may be broken according the roughness of the bottom. Several distinct factors
may contribute to the tension of warp. First of the factor is the drag of the warp and trawl net, the second factor is
the weight of the warp and trawl| net, the third is the geometry of the bottom.

This paper developed a brief therotic compurgation to analysis the dynamic behavior of towing warp system.
And the therotic result were compare to the full scale experiment result by the R/V Hai-Kung in 1984, we found

both two results are quite agreement.

Key words : Trawler, Warps shock vibration, Accident harm in trawling
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