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Fig. 1 The actual trawl sketch
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Tab.1 Orthogonal factor level table

R IR K & experimental factor
T WEKEmM T K E/m 1001 5 1

test n0. hody length lower wing length T-meshes of side pannel

1 10.9 7.8 48
2 10.9 10.0 60
3 10.9 12.0 72
4 13.0 7.8 60
5 13.0 10.0 72
6 13.0 12.0 48
7 14.9 7.8 72
8 14.9 10.0 48
9 14.9 12.0 60
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Tab. 2 Thevalue of investigate factors under horizontal expansion L=10 m

S test no. BH 73/kN resistance HEFE RS energy consumption coefficient flig e BB L/R

V=1.54 V=1.80 V=1.54 V=1.80 V=1.54 V=1.80
1 10.25 13.17 1.295 1.883 0.976 0.759
2 11.67 15.29 1.155 1.777 0.857 0.654
3 12.45 16.22 1.013 1.549 0.803 0.617
4 10.86 14.16 1.319 2.006 0.921 0.706
5 11.98 15.55 1.076 1.657 0.835 0.643
6 12.91 16.40 1.110 1.673 0.775 0.610
7 10.88 13.92 1.470 2.076 0919 0.718
8 13.19 17.06 1.193 1.741 0.758 0.586
9 13.33 17.36 1.215 1.920 0.750 0.576

#R 3 KEH K L/S=0.45 BT Z RIS AL REZHE

Tab. 3 Thevalue of investigate factors under horizontal expansion L/S=0.45

e BH 71/kN resistance HEFER KL energy consumption coefficient st BIRE/BL S L/R
1\ 5w test no.
V=1.54 V=1.80 V=1.54 V=1.80 Vy=1.54 V=1.80
1 9.79 12.57 1.173 1.755 0.853 0.664
2 11.98 15.88 1.279 1.970 0.868 0.655
3 14.59 18.79 1.062 1.541 0.857 0.665
4 10.45 13.53 1.195 1.752 0.799 0.617
5 12.29 16.18 1.166 1.761 0.846 0.643
6 13.62 17.51 1.119 1.652 0.918 0.714
7 10.50 13.63 1.205 1.789 0.798 0.613
8 12.62 16.29 1.063 1.572 0.824 0.638
9 14.51 18.86 1.315 1.985 0.861 0.663

JE(B) R T B H MR [H K (P<0.05), W B4 (A)Fl
W 5 B (C) S M AN 1 35 (P>0.05), 4518 Z K R
J1 B9 KN 43 ) . A3>A2>A1, B3>B2>Bl,
C2>C1>C3.,

MK K AR L/5=0.45, Ha3 N 1.54 m/s
B, 3 Pt PR 28 X BH 7 9 52wk B R 265 i g 3
(P=0.017), A.C &AW E(P>0.05), = HFEF
WIRT A B, AL C, £ Z /KT B i /NI
430 A3>A2=A1, B3>B2>B1, C3>C2>Cl1 . #i
R 1.80 m/s B, 3 MR R 19 B & M S Hi R 1.54 m/s
WAHIE], b B R B3 (P=0.011), A, CHEAR
F(P>0.05), —HMEXIN)FFE A B>A>C, %MK
KK B 0 RN 43 51 & . A3>A1>A2,
B3>B2>Bl1, C3>C2>Cl.,
232 WEERRBHAESHT KTV KR
Rt A L=10 m, #E3 4 1.54 m/s B, 3 Rl 5e

IR 25 X6 BB A 2 000 52 e 34 Rt 25 (P>0.05), —
HHEINKIGF N B, A, C, & HEAKFETHEFE
B KN4 A3>A2>A1, B1>B2>B3,
C2>C1>C3, #isH 1.80 m/s B}, B K% i3
(P<0.05), A, C HEAREEP>0.05), =& HEF
WIBFH B, C. A, #£HZEKFTFREFEREIK
N 3 W) 0 A3>A2>Al, BI>B2>B3, C2>
C3>Cl,

MK K AR L/S=0.45, a3 N 1.54 m/s
B, 3 Fhial e PR 2% BEFE 2R LAY 52 3 A i 3
(P>0.05), —HMEFNRMFHC. A, B, FHEK
TR BEAE R BB K/ANIT 73 5 & A3>A1>A2,
B1>B2>B3, C2>C3>C1, ¥k 1.80 m/s B, 3 F
HZ NS EESHEE N 1.54 m/s BHAETE], 20
% (P>0.05), =# M EFRIFEN C. A, B,
25 R 7K BB HE 2R B0 /NI 43 ) J2: A3>
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FERBUE WA B3 . R as LRI MM K E R 3
Fofr it g PR 2R o — 5% o L P BB ) B R
K Wl A REFE R EUEAK, HACEY 3K L=10 m i L/R
BRI, R L/ C=0.31 NIRRT % F
TR IR 6 THRHE ™5 Lw/C, HAE N
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34 FHFHEWBEE

AL 2 Fhi FAE L X L, T 2250 Bt
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S 3 UK
[1] Huang X C. Practical Trawl Fishing Gear and Fishing
Method[M]. Beijing: China Agriculture Press, 1984:

304-307. [EHE. JHEM R EEM]. Jbat: hREK
A H kL, 1984: 304-307.]

[2] Ji X H. Discussing double rig shrimp trawl test and its opera-
tion principle[J]. Marine Fisheries, 1988, 10(2): 55—60. [Z*
B, AR IR SRR B D). L,
1988, 10(2): 55-60.]

[3] Ji X H. Modified of double rig trawler and fishing opera-
tions[J]. Fishery Machinery Equipment, 1988, 15(2): 29-32.
[(ZE RN, A PR Y A AR RV B AE [T, kAL
WAL ES, 1988, 15(2): 29-32.]

[4] Shao H D. Design characteristics of new type double rig
trawler[J]. Jiangsu Ship, 2005, 22(5): 14—16. [BPILFR. Hifl
P AT 20 e I T TR A I]. TEIRARAA, 2005, 22(5):
14-16.]

[5] Broadhurst M K, Sterling D J, Millar R B. Short vs long
penaeid trawls: Effects of side taper on engineering and
catching performances[J]. Fish Res, 2012, 134-136: 73-81.

[6] WangM Y, Xiang Y J, Xu B S, et al. Fundamental research
on trawl design-[C]//China’s Aquatic Fishing Academic Re-
search Papers. Suzhou: Suzhou University Press, 1997:
176-188. [EMIZ, WULH, sk, 45 R ue i
SRR TE— 1 [Cl/rh EAK = 85 A AR TE 2 . 95
Iz TR R A R, 1997: 176-188.]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

Feng C L, Huang H L, Zhou A Z, et al. Performance optimi-
zation of a trawl for Antarctic krill[J]. Journal of Fishery Sci-
ences of China, 2012, 19(4): 662-670. [, #utszE, &
F 8, GF. MBI A PEREIL AL TI]. P EK R
“#,2012, 19(4): 662—670.]

Feng C L, Huang H L, Chen X Z. Significance analysis on
the main parameters of single boat mid-water trawl[J]. Ma-
rine Fisheries, 2009, 29(1): 8—12. {35, #itss, BKREE.
FZAEA S HO SRR B R M B 1 M T ).
i, 2007, 29(1): 8-12.]

Zhou A Z, Zhang Y, Xu G D, et al. Single ship towing four
net-type double rig shrimp trawl model testing[J]. Marine
Fisheries, 2014, 36(4): 364-371. [JFZL, K&, WEHE,
S5, AL 4 TR SO AR G R RLRIR[T]. e
Ak, 2014, 36(4): 364-371.]

SC/T4011—1995 Trawl model test method[S]. Beijing:
Standards Press of China, 1998: 92—101. [SC/T 4011—1995
Ho PR K 300 R (S]. dbat: W EIbRE RitkE, 1998:
92-101.]

Kumazawa T S, Hu F X, Fuma S, et al. Model test of trawl
gear with a net-mouth opening device based on modified
Tauti’s law[J]. Nippon Suisan Gakkaishi, 2009, 75(5):
793-801. [ABIRZRAE, WIRHE, AHOE. MBI AR
O ILAREE 2 W) 1T 72 b o — ) LR ORISR,
H A K FEER €5k, 2009, 75(5): 793-801.]

SC/T 4014—1997 Preparation of Trawl Model[S]. Beijing:
Standards Press of China, 1998: 115—118. [SC/T4014—1997
i o) AR A i [S] dbat: h EARAE S MA, 1998:
115-118.]

WuY H, YuYF, Lin H, et al. A discussion on the principles
of trawl model testing in towing tank[C]//China’s Aquatic
Fishing Academic Research Papers. Suzhou: Suzhou Uni-
versity Press, 1997: 27-36. [{LLIAE, ARG, M, 55 4
PO A AL 1 T 1) R AT 58 [/ L K = i 5 2 AR
WS M TR E R, 1997: 27-36.]

Lee J H. Fundamental studies on the net-shape of the drag
net[J]. Bulletin of the Faculty of Fisheries, Hokkaido Uni-
versity, 1983, 34(4): 323-333. [ZEZRER. JEE LADIRIZ B
I 2 FEBETIE ). I R K E BRI T AR, 1983,
34(4): 323-333.]

Yamasaki A, Fukuda S, Tojima T. Height of trawl net in
towing of the Danish seine[J].
Center Study, 1994(17): 10-17. [ILIEE, &M%, Figk.
JE A AP DM S [I]. AHERN LI 2 7 —
FEIRE, 1994(17): 10-17.]

Zhang X, Yu Y F, Xu B S, et al. Experimental research of

Kyoto Prefectural Ocean



55 3 3] J 7 15 BT IR A 7 VA 0 DY SR R 254 2 B e 647

single-bottom trawl in west Africa[J]. Marine Fisheries, 2007, [18] Wang Y J, Wan R, Zhang X, et al. Effects of wing size on

29(2): 159-165. [k, BREWE, R, 4. vHAREER the performance of a large mesh bottom trawl[J]. Journal of

W HE P BRI 55 -1(0). W EEL, 2007, 29(2): 159- Fishery Sciences of China, 2015, 22(2): 332-339. [F ki,

165.] TIE, SR, S TR X RGP RE 4 5
[17] Wan R, Hou E H. Effect of the construction at wing tips of [71. " EIKF=RRE, 2015, 22(2): 332-339.]

trawl on its performance[J]. Transactions of Oceanology and [19] Xu L X. Fishing Gear Theory and Design[M]. Beijing: China

Limnology, 1992(3): 60—63. [J1 7%, {=IEHE. il M #lis Agriculture Press, 2004. [VFHIHE. o B I8 5t M]. Jb

FXHAERERI M), TRAEBITH A, 1992(3): 60-63.] HU R EALO R, 2004.]

Optimization of the structural parametersfor four-panel shrimp trawl
nets based on orthogonal experimental design

ZHOU Aizhong, ZHANG Xun, ZHANG Yu, WANG Lumin

Key Laboratory of East China Sea and Oceanic Fishery Resources Exploitation and Utilization, Ministry of Agriculture;
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: This study concerns the Chinese distant-water shrimp-trawl fishery effort which uses four-panel trawl
nets with the specification 40.3 m x (20.8-16.2) m. Based on the Lo(3*) orthogonal array, the orthogonal experi-
ment of three factors [body length (L), lower wing lengh (L,,) and meshes of side pannel] in each level was de-
signed to optimization three structural parameters of L,/C, L,,/C and Ws/Wy, by analyzing the effect of three ex-
perimental factors changing on the level of test resistance of the net, the coefficient of energy consumption, and
the coefficient of L/R. The results showed that the resistance of the net was primarily affected by Ly, Ly, and W
in a descending sequence. The coefficient of energy consumption was primarily affected by Ws, Ly, L, in a de-
scending sequence when L/S=0.45; but when L=10 m, L,, was the main influencing factor and the main influencing
factor of the coefficient of L/R. The Ly/C of this type of net should be slightly smaller than used in small-mesh
bottom trawls, but in a larger range (0.26—0.38) the change did not show a significant impact on the hydrodynamic
performance of the nets. The best level of the experiment was when L,,/C=0.31, and L,, was the most significant
factor among the three factors. And the best level of the experiment was when Wg/Wy=0.19, and Wy only needed to
meet the height of the net mouth when trawling for shrimp, and given a priority to expand the horizontal distance
of the net, was not concerned with the structural parameter of Ws/Wy,.
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