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Verification of the catenary-application to the warp of a trawl
considering the weight of the gear

Satoru Inoue! T, Akira Tada? and Kimiaki Nagamatsu?

Abstract : Many methods have been used to determine the shape approximation of the warp of a trawl.
The catenary approximation is one of them. Therefore, in the previous paper, we verified the catenary-
application to the warp of a towed net under various conditions using a circulating water tank. However
it was carried out under a simple condition, that is, not considering the weight of the gear. Therefore
in this paper, we verified the catenary-application incorporating the weight of the gear to the warp of a
trawl net. We used a cord weighted with lead weights and a cone net as the actual warp and a towed
net as before. We newly attached lead weights to simulate the weight of the gear to the cone net. In
the tank, we took photographs of the cord in the flow, changing the lead weights, the length and the
weight of the cord and the velocity of the flow. From the photographs we measured the depth of the
net. We also calculated the depth by the rectified catenary and compared it against the measured depth.
Furthermore in a shipboard trial, we calculated the depth by the rectified catenary and compared it
against the measured depth of an actual trawl. In both tank and on-board assessments, the variance
between the measured depth and the calculated depth was small. Therefore it is considered that the
current verification of the rectified catenary-application to the warp of a trawl is appropriate.

Key words : catenary, catenary-application, warp, trawl, circulating water tank.

b3 YEa2— Y b E5EBhro70,

il

I DRI L

WO AEAIC BT, RO B KRR T E
KBS RET H 72O BT RERPERORS A
LUENRD L. G H, FICRMEOKRENZ L SHEOMLR
BHWSNTVEY, T, REOKERLHTEKERED
ZHORMBERENFHE SIUE, FEFICHEHEEZ SN
o INLOFHITEMEOBKEMS Z L1MAR 5%
Vo RHIROBIREBINIZIER A WD R HERHV LR
TWBHRTY, H5F) =B EO—212h 5N 5,
7272, BB A~OA T ) =BT A @BEOWET
i, A7) IR BB EE R TWE T Enn, O

TEE LY L EE MBS ETH - 725, $72, £
NoE0L FEMEACTMRTH ), WAL LEHT
DORFEH TN T Loz e w2 5%, Eink v
PR CIRAED T — ¥ SR E R BEREFFON, SHEHREN
Lo —, KIEEBIIIY & OMENSEZ 515 A8
SHRENEHT, WHWARIGEOREREZ A RE
LIENTHETH L, ThbL, BEFE~OLTF) —H
A IC BT, ERORERTCOEREITIMIC,
T, K TOEREZIT) L IIEEHREEZONDL, £2
THAE, BIRAKMEEHWAZ EIZED, SFSFE05M
TOKGEAELZIT, RER~OH 75 —Him#H 0%

20104F 8 H31H 5 fF. Received August 31, 2010.

1 IKERFR A e PR %) (Department of Fisheries Science and Technology, National Fisheries University)
2 KERFRSHECEE SR 34 (Graduate, Department of Fisheries Science and Technology, National Fisheries University)

KR

i BRI Y E55k4e (Corresponding author) : sinoue@fish-u.ac.jp



156 L, ZH,

BB 2, ZoREPLOMEISELEZY . LALE
OWETIE, HEOEEPESEESINTELT, Mz
coh T —HEREHOMIEERTH - 70 EREO#
ETIE, WA v I —FR—=Fe ot RoEEI D% H
SPRMROBRICEEERIZTEEZ NS, £2T

AENE, 770 —HEICHEEREZ N AHIEEZITV,

LR OE R B L2 GEa0r 75 ) —HiHEH O
MREEERAZATH I, ERO bo—W#ET— 5 Lol
BIZE-T, XhFERAROSVD T —BHEHOAR
MERF LEZOTENRS ZWET 2,

H 77 ) — R & R RHIR

(1) HF7F)—OEERK

Fig HWOR$TZTEL, M) T v—%Kofz 2 51,1
THABEE, MIERICL->TI, I %85 HEHNICE
TI 5N, Z20LEOMBOTBIKRE 77 F ) — ML W
Jo MBIZBWT, HIHO—FLK AN S R EOER
DHEP (x,y) 1CW7ebShbEE% b 272—200 [#
Gl %EZb, bbb, HMALHEPIZBITAERNEZEN
ENT,, TE$ 5L, MAPIEHS 2701, To, T, APD
HIwS W ZoMOBRMESDER) O=2T, 0
ZINREEROTND, ZLTHEORTEMT S L
BRMICET, T2 8MIC25 Sh-BEEOR, T
bbb, BFF)—oRE LR EQRIESNLEY,

a X X . X
S:E(e”—eﬂ):asmha— (1)
a
y*E(e“—e”):acosh— (2)
xI
T0

Fig. 1. A coordinate axis in the case of a piece of flexible
rope which is supported at two points: I and II.
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Fig. 2. Application of catenary to the warp of a trawl.
The dashed line which shows the sea bottom is
different from the abscissa in Fig. 1. W stands
for the weight of the gear.
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Fig. 3. Relationship between 7T, and G in the case of
the cord shows a straight line. 7o : drag force
on the cone net. G=W+wS/2 (W : weight of the
lead, w : weight per unit length of the cord)
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Fig. 4. Photographing of the position of the lead cord
end by a digital camera.
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Fig. 5. Weights which are attached to the cone net (in
the case of W4).
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WHBEA~D T T F) —BlEm#EH 159

Kikhe) &ERIB LRI TTH L, TNEN,
a— Nk (8], 82) La—-FHEfESL-)ER (wl,
w2, w3) BlC, $EEmE 4Bk (W1, W2, W3, W4)
WAL S EHERTH Do FMAH 2 A8 FHRE 2 HEsiC
a8y PLTW2, IPOBEHIE hn=h AR LTV 5,
FPE & BRI T U = A OBEMBRFTICT T Y b
ENdo FHIEITRLAMOATICENENOFIEE L
FUED L OFE (C/M) %Rd . FElME L FHEMEHFHE
CETHIUEC/MIZL LY, BEIZ0%E %D,

Fig. 7128V, SITIEMAR = DERMNFIEIZTE v
FENTBY, MBEDHEDEI/NS W EEZIRL TV D,
F7, C/MOMEDRT T L, FEMEL ) FHEESD T
PN EWEHE 5 TWD, —J7, S2TISLZIRT
Oy MIEADIEE2 &N M7z FI2, Wa/hEWiGaE
(W1, W2) CTlEamryIcsiliE & ) sHEEas k& b L
BoTwh, LAL, WAKEWES (W3, W4) T,
S1E FEBIChAn=h DEMFITIZ T Oy PENTEH, W
HOMOEI/NE V. TOLHIZT— FEDENIZG LT
C/MOEIZZEDE U2hS, 202 LIdHidR (MEEE
AEBLEVEES) OMBELERZLEO—DOTH L, 72
72, GRIOFEBRIIBWT, FlfELBEE=ELEE L 20
I FCORMEME Z BT IUE, BRLIHC/MOEIL
IASRELIANTEY (FEMHIC L > TIRC/M=042L
), MAEEREE LY T ) —RHEMIEE, &oc/
MOEAL022TH ), FERHEIZHEAG L TWH EEZ LN
b

—J5, BRI & &> CREZE (- F) omlrhic
T BHIEERITo T, FifRICER L8, E
HESZI— FOEEWEMICMZ TWDZ b, K
W& Ba—FOREBRAPL VLD LHEN L7270 TH
bo SHIZET, MAPIUIK T B MIEFHRE D HME R 720
TENIMWMIEFAZAB LD o2 h b Th b, Bhh
2, RPN THRMIEIIRO LI IZEZONE, Thb
B, WIHCRLZZE91, i Ea— FeEfieinL
I— FIZE CRAKENFoR2ZEZ B0 THE, FoDTIR
SFUE a—-FoE=RERASELTERHL |, AU
JIBST Fold IR E o |yt s & L<ER T 5%, #2°C
‘w—Fu/S" BRI S oa—- FoERELE L
“To+Fo" &7 ARIUEOIIL L L CTHITZ B %29 .
CDEHDITLTRPNITH T BHIEZIT o 72kER, HEIC
S22 KD o 720 FIEHITIEFig TIORTTEL, w
TEDOC/MOfEIE, 105, 111, 113 LR REDHZ -

T2ON, ML T DHIEEITo72H & TlX, #heh
0990, 102, 1.05& 1IZEWlIZZ o7, Thiz, I—F
DEEVPEVGLETRPNOZENEANT LD EE 2
bhb,

WAICEAE W TR L2 KEOE GHEKIER) &
REBRTHE L7KEOME (EfE A, & %Fig 7&Kk
I L 72 A Fig 8 TH b FRIZB T, SIO—HE

OKEAK) Tldhu=h OEHEIZTT Yy FENRTW
B, FEALOHBEIIBVTER»SORELHRLTS
Oy hENTwb, I—=FITLICRTYH, C/MOHEIXLS
~15L &RIITIE 325 5 ENT LR & VRIS
%o Twh, FilZa— FRADOIEIZB WX, a—FK

(RHERRE) PREVEEI2IE, LHEROEMELIIRY
T, BOLDOEMRTOBBHERY £~ 2,

(3) HEABRERR EDIE
MAEETEB LAY T T —Himd A, )k
HERFROFEMTH 5P (EFE# b >~ $52,703ton)
OHRE N O VEBEERE ORI ET o VT —%
FR204E 8 A, 457 KALHEIC BT 2 HERR T, iR
FE45/ v MICBWCTHRMIKI8 N &, v & — K — FIK
PI7h >, vy —F—FER22M Y, RERHELES
L7y EE2kgTH o700 COF—F EHIBDOS 7+
) —FHEICN IO S &,

PR V=457 vk

ARBL  To = WHEIRGL/ 2 +F v ¥ —F— FIKIT =661~

CfAER  W=22k

- REEAE S YD ERE  w=23ke/m
Elbo BB, FROBHToOHERIIBNT, EBRO#E
¥TIE2ERORMPRICE o THRHMLTVREZ ERS, 1R
DORMRNZ A O3 2250 LTEEL
72

PLEDOEFIBWT, RAFRE60m S L U1,000m 2B
VB S N7 OKER,

- 600m 235\ T1520m

- 1,000m (2 V> T271.3m
THo72,

W, MEERWERMERME SN FERwt v
TR L > TRO w13

- 600m 2B \v>T59kg/m

- 1,000m 2 BV T45kg/m
LY, InHoirsh T ) —EPEEICL D ERL



160 L, ZH, i

100 ¢
[$1=075m, wi=10g/m S2=150m, wi =10 g/m
80 O W = 6| O
0o w=12
® W3=21
60| .
- W= 27| S
40 ¢
C/M=0.91 I C/M=1.05
204
0
~ [ [52=150 m, w2 =15 ¢/m |
£ 51=075m, w2=15g/m -
[&]
o 8ot i O
S
[i4]
= 60t L %
S . °
© () @
8 4o} I
E . e
3 G!M=D.EI?| C/M=1.11 |
w© 20t X
O
0
100
S2=150 m, w3 =20 g/m |
|| S1=075m, w3=20g/m S
80t L D.
@]
] o e
EI]' L o
O
40 | L
crm=c~.93| | C/M=1.13 |
204 L
0 20 40 60 80 1000 20 40 60 80 100

Measured Value hm (cm)

Fig. 7. Relationship between the measured value (/w) by taking a photograph and the calculated value (%.) by rectified
catenary of the depth for the two lengths of the lead cord (S1, S2) and the weight per unit length of the cord (w1
~w?3) for each cord considering the weight of the gear (W1~W4). The straight line shows zm = k..
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