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Fundamental Studies on the Phenomena of Sticks in Gill-netting (V)

The friction force on sticking in mesh

Katsuaki Nasaimoro

Abstract

The mesh selectivity can be influenced by the elasticity of the thread of
the nets and a type of fish-body, the friction coefficient of thread against fish-
body surface. The author examined and measured the friction coefficient between
the gkin of the fish and the thread of the net, and estimated the friction force in the
case of the fish stuck in the mesh.

In the experiment, Atka mackerel, Rainbow trout and ten kinds of net (Nylon
6 monofilament, Nylon 6 spun yarn etc.) were used. The experimental results
obtained were as follows: The friction coefficient was constant, having no
concern with the diameter of the thread, the radius of the curvature of fish body
and the contacting length of thread, but this coefficient was affected by the con-
ditions of fish (living or dead) and kind of net thread.

In living Rainbow trout, value of the kinetic friction coefficient of Nylon 6
monofilament and Nylon 6 spun yarn were 0.26 and 0.29 respectively.

The friction force (¥,,) in the case of the fish stuck in the mesh was obtained
theoretically from the following formulae,

F,=2nuT

where, T'; tension of the legs of the mesh in which the fish was stuck -
p; friction coefficient

When the value of u was decided in the experiment, and 7' was measured
from the elongation of the mesh perimeter under the sticking condition, the frie-
tion force could be estimated by the formulae. For example; about Chum salmon
(weight 2.5 kg), the values of F,, which were calculated in this way on the two
kinds of net (Nylon 6 spun yarn, Nylon 6 monofilament) were about 0.72 and 0.63
times of weight of fish-body respectively, and these values decreased with elapsed
time (cf. Fig. 7). The constrictive force may be estimated by the relation
between this force (F,) and the swimming power of the fish. The force was
calculated as 2.8 times of body-weight in Nylon 6 spun yarn and it was about 3.1
times in Nylon 6 monofilament.
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Fig. 1. Explanation of the relation between the sectional form of the fish-body and
the tension of the leg of mesh in which the fish was stuck
Ry, Rp; radius of the curvature of fish body surface in the sectional form

T ; tension of the leg of a mesh in which the fish was stuck
a ; half breadth of the fish
b ; half height of the fish

6;, 8,3 touched angle of thread of net
f s pressure force on the fish body
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Table 1. Thread of net used for experiment

No. A kind of thread Diameter of thread
T N on e monesiament) 0.5
z (Pylfg lregoggf?&gent) 0.67
3 (Nyl(ﬁlm(iir:;ui/gyam) 0.95
4 (Nyl%xrln gasI;)gr{ljzra.m) 0.68
5 (Nyl%IIln iéasri)fél;r’am) 0.74
6 (Nyl%;n gasrin?:{z;a.m) >1'07
7 _Cremona 3/12 0.64

(Polyvinyl alcohl spun yarn)
8 (Polyviny?la(.)lgo?l{lsspun yarn) 1.20
° (Polysﬁgﬁgy%npsgu/ésyam) 1.25
10 (Polyl;zggr;p% syarn) 0.92

—_—tF

4 B
Fig. 2. Schematic illsutration of the apparatus to measure a friction coefficient

N : thread of the net
F : fish body

W : weight

T : {riction force

#R% Fig. 4 iTFT, AORH LOMREEDN 2.5, 4.0, 6.8cm & BILL, B4 E AEREOEM
B IVHEBEIMCAE - TH 1.5~2.0 512/ 355, BRI/ M E (450g/cm LI T) TirAkoka
SOEMR ICKBIN IO THERN EAEE OBRII—EBIR/ZA LB, RAVHETIRL
DOEBR» 5 R INEHNEZTTH, REDOLFhOBEBASIiDEELLND, LOBEEHEH
BEOBFR2HE-T 2T hOBARE & v ¥ FHADEE & O BIBEERREZ RO RS Table 2 i
BT 2VEFETITURBATIIRIUHE 0.60 1272303, 7 4ar 727 X BRIT COMELIZS
DTN HE 0.32 iL/x 512,
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Fig. 3. Relation between the force of kinetic friction and the pressure force of net-
thread (Nylon 6 spun yarn) on the skin of fish (died Atka mackerel), [about the various
diameter of the thread]

Open circle : 0.65 mm diameter of thread
Solid circle : 0.70 mm diameter of thread
Open triangle: 1.07 mm diameter of thread
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"Fig. 4. Relation between the force of kinetic friction and the pressure force of net-
thread (Nylon 6 spun yarn) on the skin of fish (died Akta mackerel), [about the various
radius of the curvature of fish-body]

Open circle : 2.5cm radius of fish-body
Solid circle : 4.6 cm radius of fish-body
Open triangle: 6.8 cm radius of fish-body
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Table 2. The values of friction coefficient between the various
net-threads, and the skin of fish (dead Atka mackerel)

No. A kind of thread Value of the kinetic friction coefficient
Amiran 0.60
2 Nylon monofilament 0.32
3 Cremona 0.60
300
w0
=~ 200+
5
5 1004
.
1] T 1 1) T T 1
100 200 300 400 500 600 700

Pressure force (g)

Fig. 5. Relation between the friction froce and the pressure force of net-thread
(Nylon 6 monofilament) on the skin of fish (living Rainbow trout) in the directions
of fish body

Open cricle ; kinetic friction when the thread was moved from head to tail,
Solid cricle ; kinetic friction when the thread was moved from tail to head,
Open triangle; static friction when the thread was moved from head to tail,
Solid triangle; static friction when the thread was moved from tail to head

3009

g

1004

Friction force (g)
[o]

100 200 300 400 500 600 700
Pressure force (g}
Fig 6. Relation between the friction force and the pressure force of net-thread (Nylon
6 spun yarn) on the skin of fish (living Rainbow trout) in the directions of fish body

Open cricle ; kinetic friction when the thread was moved from head to tail,
Solid cricle ; kinetic friction when the thread was moved from tail to head,
Open triangle; static friction when the thread was moved from head to tail,
Solid trinalge; static friction when the thread was moved from tail to head
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FUFZ2ThF 40 4L o lATIREIPCEBRON S HOBRROFT v —a L PB—F/hI
I oTVNBLE R IREOHEMTORICE -, TELZ 8D EBbN 3, T, BEEREOER
Ry P RATRDIEL H FEFICONSI L oT b, CHIZARGREERIC Y - TRIRABERE
BIOEERERE OB S D e ELOND, IO LLLABRIIKEZERZVIENT
#Ih3, DEOKE, AOEEINUAAEET 3RNCER T 2 ARRRE O BEREEI R UM%
OEETR—EC/ZHEADER, BENEOK2I (ADBHEME) Tl TES LV 0L HN
Hik 3,

Table 3. The values of friction coefficient between the various net-threads and
the skin of fish (living Rainbow trout)

From head to tail From tail to head
No. A kind of thread ‘ Kinetic friction | Static friction | Kinetic friction| Static friction
| Coefficient Coefficient Coefficient Coefficient

1 Amiran 0.29 0.34 0.30 0.34

2 Nylon monofilament 0.26 0.30 0.25

3 Pylen 0.23 - 0.28

4 Cremona 0.39 0.48

5 Span P. P 0.39 0.48

6 Tetron 0.38 0.47

7 Uron T 0.31 0.38 0.39

" &t

BRSO EREIZAED, FBY BSHELTWA XI5 CHGED /3BELHEINS, 1,
v AEAR S TERRER2RET 3 C W HEILDT, 8) REAV oy (FEK 2.5ke)
BT IS5V, FAuL Sy AECRBELT, BECEEIh TV BORERNZRETS L, B
ETIREEDK 0.63 1%, BETIIMOT2MEE 2, WHL LBHRERMEICHE > T Fig. 7 iR &
5B LU TITY, BT 100g Bigic s 3 dDE Bbhs, (ORERNIZOHRIE T
ADEIT AT EPHEL B LER2HETAHE LTHAL, REXHEBERTIHELTELANS.
AEOBEEEAR SED, BHD i LUSHEED 3~4 BEELEEIN S, BELUIERCI
COERA L BB CAEREEL TO3RERS, (AL BHFEHEIEo T3 8D EFE
LT, COBDLONARHETZE, 740277 ABROBED 296, 731 7 ETEINGE
D23 BT VBEBEEALVHIMEREL LT3, COLLBZPBRCABBERINTHZD
RECLThOAILL B D EHEEINS,

—%, FEHBECSEERML TH 5 LIE3 2 Tid BFEE RO - TSHEEABED
CHLOBEIRELET AL LTERT 3 CEDHEINS, 2Ty udy (kK 56.6cm) b3l
B A (160mm) O THRESI N 3ROH LIRS & BEBHRAORGRE BT, BUROBERD 2
HWELIZDH Fig. 8 TH 5, BIEEENIH LIS & i@k d 2 @ln e i~ 4. OBk
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Fig. 7. Changes of friction force with elapsed time after the fish stuck in the mesh

Brokenline: Nylon 6 spun yarn (Amiran)
Solid line : Nylon 6 monofilament 6 (Nylon)
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Fig. 8. Changes of friction force with the depth in which the fish (Chum salmon®body
length 56.6 cm) is stuck

Borkenline: Nylon 6 spun yarn (Amiran)
Solid line : Nylon 6 monofilament (Nylon)
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PHOCTRAESHILILS I CREBEEBZI s TRPULILEERIR > 4 v 72" 2§ETit 3.6kg-cm, 7
T UATIZ 4lkg-em L723, COEMHOZIIRL B EAH B THIBHENRAU TH-THE
RBEDOD INTVE LS ICREBERNRES T 3L EMBHREINS, TUDLRERBEID b
KEohErRET I ERIZ, 2, BEBXRERINTH 3BRORERIOKE SRAKDER
AR OB O PWHREELT A —EREEALNDY, ChZUH6 TRERRLED 3T EHH
SR D CHICRRERE O S RAT S L ET D B,

= E 2]

FIREORIERICIER 7 2 R AR OBEBRARE 2 BBk » ¥ A, =Y v 2EREBVN
EL, BERAOHER2T/ o1z, FIERSR, BREEEIEAOEEICE > TR THRY, RO
HE, BEFEOK:RS, WAOEME IR —BICZ sz, #DEsHEII REMEDO D
AL FEATIRRELZL5THIY, ABMICI IR LERLNEDEBDbN3, =2 < XFEAD
BIEEBRIREKIZ 7 3 5 UMEAR TR 0.30, F AL TS XEATIZ 0.26, BEERIREGL BTETIZ 0.34,
BETIE 0.30 L2 ol. REOEBEBFE2HMNE UTEARBEOWE % T, EERREE p &7
i, BERCERT 2R Fy LEBRHOBRIZRRND L 5its 5,

Fm =2 Tu T
AE 25kg D u B 7 i SO, FA4uL TS AEREBHEL, AESBERIEEINTV 3D
BERNPRETIL, WPETREEDN 0.63 %, HETIK 0.72 T/ b BERERME & b
ERPUTIT CEDHEIND, CORBEERNZABOEBHE LTERTIEEZALONS, BiT
CORIMERT AL N2 BETEE, 71 5 METREEDOHN 2845, F4ul 575 @TiL
REDK 2.9 fEiTe 3,
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