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Tab.1 Performance parameters of tension instrument

e SO A7 f/mm e HE T/ (mm - min) 91 /mm BN
type max stroke deviation velocity breadth max pulling force
FL-8612 400 £0.1% 50 ~ 300 250 5000
SEHe Oy s (1) FHA4 8 % AT e H 4 ) i 58 4
PIg g bR W, I 2 il HE B RO PR BN 52 )
s (2)JEh R 6, 4% 4 i i 3 B2 (100 mm/min )
WA R 2, (3) 3l Baa Bl s
HIEAE LR PL I E A >
1.2 $HERTERENET

Zi R, 14/0 S EIE # (L4E 4.5 mm)
Dt R iR R A8 B8 5, I 3. 4 <P IR B 6
(242 4.5 mm) 7y xf B2 . 49 58 4% AR AL B9 44 B
e L, PR B A5 A0 9 RS LA 20 X B Rl Y
iz ] UG B e = e SRR R (&1 2) o

HAHRMA MR S RN
AN HL IR P Ry 4R e SR SR AR AR R R o3 B 4

Bl $#98rEE
Uk s 20 89%hs 3 5405 4. 04 5. 890K 6. 4R 7.
8. gt 9. i 10. 5
Fig. 1
1. eye; 2. shank; 3. back-bend; 4. front-bend; 5. bottom; 6.

Schematic diagram of the hook

point; 7. barb; 8. total length; 9. bite; 10. gape

F2 45 mm WEBHMABEEHS R

Tab.2 Dimensions of the 4. 5 mm diameter ring hook and circle hook mm

WiH LIPS %N ) GIES
back-bend front-bend

items eye shank

R 120 4 N 58
point barb bite gape

(LIRS

total length

[& ¥ 44 circle hook 11 20 20 14
K44 ring hook 10 28 26 20

14 4.5 39 18 58
20 5 36 24 55

(a) (b)

B2 EF#(a)fREs(b) Z4EE
Fig.2 Models of circle hook (a) and ring hook (b)
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Fys R B [RAR R8540 Cr13, % p =
7 750 kg/m’ | PR E =217 GPa,JAM L u =

0.27, 5 his® BE 1 000 MPa, Ji il 5% & 850 MPa'®'
LA RO 1.3 1R A J1 2 650 MPa,

R 4 ) S (AR 4SS TR e 25 4 g 2 R, SR R Y
R A5 75 T AR 5 5 10 5 1 (A 4 2 Al B0 000 4 ) %
P 25 40 AT B SRS 40 R RS (RSP 0.5 mm x
0.5 mm) X4,

25 I ST T 48 R T £ 1 AT BIR G 1) A A5 7Y
(E3),
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JE L5 L, f AR b S S T R B R RS Bl TR I
LR B S R R ) RS i ek AR .
Y T 3 40 J8 22 PR AR, 89 5 W LS8 il Sk LAT B 5% 9
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Fig. 3 Finite element gridding of circle hook (a) and ring hook (b)
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Fig. 4 The selection of the force point of hook

L3 3#WHERIT KR

e 92 56 Hp ST B 5 AR T S A R OT )
BrEc i ANSYS w1 25 ¥y i 73 73 B e v il i
TN AT B SR A SRS AT R ) SR 4 R )
B 20 59 54 19 % SO0 = B AR TR = 1B, A 3K
13 3 Pl e il LA 8 g A B A Bt R g Y
R/NFIAL L, AR H e RO T DL e 2 47 5 B3 73 #r o
Z VB w A G SR 2 i XY\ Z 5

http: // www. scxuebao. cn

0] A TE = B, WAL TE 2 &L v ol 7 44 58 4% 78 Ao
(AL TE R BE e 28 TR A LR e RAZTE i 1 R/
LA, VLR B 5 AL T AR
BT AAKIHRATE R .
8, = X A fie KA TE 4/ $4 5L x 100%
8, =Y Hillfe RALTE &/ x 100%
AR AR R 12% , W 84§ 2k & A
M E™
L4 HHZFHSH
PIE e K b R B AR ) F AT
ST AR CRF 89 88 5 524838 70 45 3808 — &) o
i1 B K 3 0 RN B AR AR T R A2 AT
A (ES) .

i

I

BS $#8ZFhE
Fig. 5 The force diagram of the hook
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JRB G R X TR Bk =0.317,
(2) Sy F,, mTmn

F, =cd (3)

A, e HETENIE(N/m) 5 d R idEAiF% (m)
w v

F, “ed T q (4)

Kb, v S R R (m/s) 5 g g T ) fimk
(m/s*); q WA, FoRtalksh i fii 5amk g E
B HA . A adeny g (ol 1.1

FE 28 294 35 19 KRR 42 46 fa ( Thannus obesus)
B S E 79 ~ 206 cm, 5 #4100 ~
150 cm, HHEEFE Y 9 ~ 138 kg, L & 10
~50 kg'" o T RAVE RE 42 f A AR K Ol 150 em,
s R 50 ke

MR 45 # f0 — i F S 10 ~ 14 m/s, B = i
Ak 20 m/s'

A B ARARA S (2) A1 (4) 15 fa ik hr )
F,; =150 N, 3i$ir Jj F, =450 N,
1.5 $HHmERRiSRiIE

R 52 56 25 SR X LU 1B 4 L B0 460 1 B g 4
A0 5 A5 R B ) 0 B /N I A B 5 B R 2
PR H A EAT AL

LR B ) B S 25 A P Ak T 58 < W A A S
17 HE i B4 B I D A 1% T3 % 48 T R e B3 AL T
K EOE , T2 10% ~20% . i 3
T B w25 A 18 9K i 3R] LA N H A2 0 g B X
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Tab.3 Comparison of ring hook and circle

hook ultimate tension

$7J1/N ultimate tension FIX R 95/ %
B4 HIE#

P &Z/mm ) .
. relative tension
No. diameter

circle hook ring hook difference
1 4.2 600 800 25.00
2 4.35 600 - -
600 850 29. 40
3 4.5
650 - -
4 4.8 - 900 -
800 950 15. 80
5 5.0 850 - -
900 - -
6 5.3 - 1 000 -
7 5.5 - 1 050 -
8 5.8 - 1 100 -
TE R =7 RIR TR 19 B 8 803 T8 4
Notes: “ - " means there is no circle hook or ring hook at this size
2.2 PHHMBERTAMER
B4 56 ) B AL B 6 T T WS N #o07

S IR B 48 I 2 3 650 N Ji5 45 2] i 145 45 51 4
#4.

x4 ERHMEBLERIEL
Tab.4 Comparison of circle hook load results
MPa

Tits I3 5%

action point

A B C D

158 JE 9 e R4 200
max equivalent stress 636 612 605 600

of circle hook

H I, W25 TN R B9 5 77 A g RN D s R e g A
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A7 DX DN A ) ) 9 — L S e Al Sk A il Sk L b
FEAE N JJ 5 A8 2800 T3 2y 620 MPa, /N T 45 5%
N30 e KAB o AR5 BRI 484 A i 4 A il Sk T
X352 B R TR /N o 89 80 I 2 A Az R T
S SZ 5 1 T3, PR 7 53 A AR ARL, [ 4 25 3000
J1E KA N 636. 68 MPa, HAH 8K, X J& B T
BRI ) ) R AE TR B AR —
3, SEBRAE M, o w45 g TR o g B —
[ e s o T I AP = 2 NP s T R 2O RS I N
23739, X 5 2 Sy & 650 NI A TF 4R H 309 P
WIS R (R 4) B Hin . W, BE 8 5EA4
Tl 2 0 BT EOR o R RAEE R 44 J5 25 8] 9 v
O AL, B 343 A 6 3 TS 25N ) fe KARL A5 )
(58] S8 A0 328 ¥ 0 /S, e /IMELAE SR 1T i, o UG AT
L AR AT S b B 4 5 R ok R A, 2 (A

TR R JJ B 86.00%

.\1",

6 ERBNERE NS HE

Fig. 6 Equivalent stress distribution of the circle hook
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Fig.7 Deformation of circle hook under loads

(a) Total deformation, (b) Deformation in X axis, (c¢) Deformation in Y axis, (d) Deformation in Z axis
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J1PRAR B SR 1 o0 i B o £E 850 N Y $7 7
PERIR , R R S5 3000y i BRAE 3001 8 ) 25 [ 9K v
o b Ak, 55 BN JT f K AE A 629. 94 MPa, 5 8
FERTRE VR F L g 30, 5 S IR 2 SR AR, S AR
AL VLT BER o R T 23 A AR 5 BB 4 #4 2K
(O PAEEE L BEE P Y I R (AR S AN TR N
BB R B B AR T XSO LP A 3% e BT
O3 A BB T 25 f R E AT B4 B i A e B Sk AR
Ab AU e/ IMEAE R T S, ph B R A A1 2R
i 2 2 PR OE ) E R, 2 A R )
A% 83.00% ,

8 IRMEAEIZE R J15> 7 B (650 N)
Fig. 8 Equivalent stress distribution
of the ring hook (650 N)

B9 HEANERNANTHE(850 N)
Fig. 9 Equivalent stress distribution
of the ring hook (850 N)

Bl 10 Sy 3R 8 AR TE 2 B ey XY \Z 5 1)
AT = &, I8 B 1 A2 T R AL -5 [E B A AL, 44
5 R B ik BT R B R XK 6
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DRSNS G i E U G i iR NG 2 SIS
5. S5 A I AR T E AR A AE X il
Jr 1

E10 REHBAZHEREE
(a) BAIE,(b) XFHER, (c) Y TR, (d) Z 5k

Fig. 10 Deformation of ring hook under loads

(a) Total deformation, (b) Deformation in X axis, (¢) Deformation in Y axis, (d) Deformation in Z axis
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Tab.5 The data of hook’s deformation

X Hf R Y iRk Z iR R LIS T PN X fihf ok Y iR K
75 I fit /mm A5 I ik /mm 75 it /mm 25 I 4% /mm AT S,/ % L3I SIVAL
max deformation max deformation max deformation max entire max deformation max deformation
in X axis in Y axis in Z axis deformation rate in X axis rate in Y axis
|7 I 44 circle hook 2. 000 0.330 0.072 2.340 11. 10 0.85
I IE 4 ring hook 1.700 0.230 0.001 1.990 7.10 0. 64

e KASTE A Y AR B 1 12% |, B A6 12 4 44 W)
JE PR fE T ER

H A, &R
(G

(1) BB 5 30 TE 8 1 ) 2 1 RE SE AR 1 2 &%
Tl B R ZE LR AR A R 0 £ F T, 2K 52 A1 ) 28 o
B IR TEE XY Bl K AR T % L TR #4431/
3.00% 1 0.21% , i3 W 8 TE 449 1) 58 B O 7, PL7AE
TE BE J1 H Ak

(2) B4 5 3T 49 1 3 252 T K I R 7E 44
BAb 530 7 86.00% (83. 00% |, 41 3k 5 44 il 3% Bz
Ab ' AEAE I ) B de R AR TR B A A B T
HMIUL T 2R 1 80 ) K B4 AR T s X382 2 ) ) AR
JIN DRI S ) R Sk A R B Y R T & O
HE,

(3) 14/0 5 [RJE 54 ] 7K 2Z (1) e KL F1 2k 650
N, D& T 50 kg KR 440 4 T R 77 26 1Y 3 e
J1(450 N, St B 4 R R R, (=
FE SEBR A B VR, T RE AT B R A AR, IR 4
#f0 F5c K AT 3k 138 kg, W B B S & 1250 N,
X HF 4 A G R B L 8 RS, IO B0 A 1 o
ol 5 48 R R 4
2.4 ER#BMEHREK

HAC )G & B T 4 A R T AT
HAMKETF

(1) XFEAR B 25 1047 R i 454 4 LA 1
(B8 9% 8 1 B ARL K O O i A, LR R R
(EFESH AL TEEZ ) N 15% .

(2) 3 48 R B B0 A Y 13 oI il 2%, D5 AT
42 14 mm, B S 16 mm, 5%
9 ik W LA Sk e 0 g HE v

RS B MU 2 B R IR A A O &
FOP AT 14/0 5 B Y 44 2, 28 5 5 A ANSYS
PEIEAT A3 AT L SR it I 1) A5 50 1 an sl 11

AT BR IG5 A Hp AT L

X B £
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B 11 RABHERENER NS E

Fig. 11 Equivalent stress distribution of the circle

hook after optimization

K 5 A B0 I R AE RN J) (Dl 613. 64
MPa, /N T i Ak A 1Y 5 K 5 %00 Ty {H 636. 68
MPa, 336 W] 76 FIRHAE [F] 09 1% 00, 5 R B T T
3.60% . A RICHHTRI IR R T ST LA
AR TR 44 1 25 4 08

WAL G & B T 4y diAb 5 B PEH 14/0 5
B JE 44 (2642 4.5 mm) F1 2544 {51 J5 19 14/0 5
(8] 2 B R A7 i ift 52 0, B 0 52 56 v B 7 R R it 43
S AR 1 T 7R A2 1 B KL B, Br ) A SR
[ SIRH 2 J5 A hn M8, B0 B Oy Fe Jm B2 4E Ja i Hr
JIME(E6) .

F6 MUETE 14/0 ER A S 3T
Tab. 6 The comparison of ultimate tension for the circle
hook 14/0 before and after optimization

hiJy A/N  $iJj B/N

i H B 4%/mm

. . ultimate ultimate
item diameter i .
tension tension
ﬁﬂﬂ? HIJ. X 4.5 650 650
before optimization
ot ﬂﬁf-ﬁ . 4.45 680 720
after optimization
PUEDA /%
XL 2/ % / 4.60 10. 80

relative tension difference
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Mechanical properties of tuna longline hook based
on finite element analysis method

MA Junchi', YUAN Junting', SONG Liming”***"
(1. College of Engineering Science and Technology ,Shanghai Ocean University ,Shanghai 201306, China;
2. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China ;
3. National Distant-water Fisheries Engineering Research Center ,Shanghai Ocean University ,Shanghai 201306, China;
4. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Shanghai Ocean University ,Ministry of Education,
Shanghai 201306, China;

5. Collaboration Innovation Center for National Distant — water Fisheries,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; The stress, strain and deformation after the hook in the stress play a decisive role on the
mechanical properties and structural stability of the hook. The pros and cons of the mechanical properties of
the hook directly affect the capture effectiveness of the target species. It is beneficial to improving the hook
design and material selection to understand the mechanical properties (eg. tension and deformation) of tuna
longline hook. There are some advantages for the circle hooks,such as reducing the sea turtle by catch rate,
high survival rate after capture release,low escaping rate,etc. . There is a trend that circle hook replaces the
ring hook and J hook. The deformation or fracture of hook will make longline fishing invalid. Therefore, the
hook should have enough stiffness and strength when the hook is designed and the material is determined.
Mechanical analyses are carried out on two kinds of typical hooks (ring hook and circle hook) using finite
element analysis method (FEM) by ANSYS. The distribution of equivalent stress, strain and deformation of
hook are obtained, and the possible failure condition and the failure type are also analyzed. Intensity
examination and optimization design are made on hookstructure based on material mechanics theory ,compare
with hook’ s data obtained in the tensile test. Results showed: (1) With the same specifications, ring hook’
stensile strength is higher than that of circle hook by 15. 80% -29.40% ,and the max. deformation rate in X
and Y axis of ring hook is smaller than that of circle hook by 3. 00% and 0.21% respectively; (2) Hook’
s main stress is undertaken by the bend of the hook (83.00% -86.00% ) ,and there is a stress concentration
in the hole of hook eye; (3) Flattening the bends surface ( flattening rate is 15% ) , increasing the hook
circular arc of the bending curvature appropriately ( the radius increased from 14 mm to 16 mm) , connection
of hook eye and shank added with arc transition can avoid stress concentration and enhance the strength of
the hook by 4. 60% -10. 80% . This study suggests that (1) Circle hook is the eco-friendly hook type; (2)
Its tensile strength meets the requirement of the fishing; and (3) It can be used in the longlining.

Key words: longline; hook; mechanical properties; structure optimization; FEM
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