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Fig.1 Frictional coefficient test device of fish body
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Fig.2 Surface structures of conveyor belts
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Table 1  Structure parameters of conveyor belt
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Hpk . B .
Surface structure Composition Tensile Thickness/mm Stripe
of conveyor belts P strength/(N-mm) thickness/mm
AL 2 240 2 JA IR =100 5 2.0
Lawn stripe
TR gk =150 9 35
— stripe
5= 2 ,
Inverted 3 2 2 2K =220 9 45

triangular stripe
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Table 2 Weight of fish samples g
i fts RN Eh Pl
Cucian  Parabramis pekinensis ~ Grass carp  Hypophthalmichthys molitrix
240.4+18.0 456.3+42.3 942.7+120.5 1078.3+82.5
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Fig.3 Test results of friction coefficients between fish body and conveyor belts surface
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Note: 7, is the maximum speed along scale direction, -V}, is the maximum speed
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Fig.4 Schematic diagram of movement speed change of
fish body and conveyor belt
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Fig.5 Test device of head-to-tail directional transportation for fish
body
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Table 3 Main structural parameters of the test device

T H Item 24 Parameter
Overall dimir:ifgrjl_s\‘/zmxmmxmm 3 000%600~430
Y3k 95 F - Width of conveyor belt/mm 400
fAl R FEALZIZR Power of servo motor/kW 2.6
Al ML Torque of servo motor/(N-m) 10
7 i LAY Lt K P ik

. . 2500
Max rotation rate of servo motor/(r'min’")
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Table 4 Test fresh water weight and fish body size
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i
,Huﬁ; 235.7422.0  258.6+4.2 74.4+5.1 37.840.6
Cucin
{1
Parabramis ~ 449.3+47.7  325.8+3.4 126.0+1.8 38.2+1.4
pekinensis
it 974.7£146.9  469.0+1.8 91.0+5.6 62.5+3.1
Grass carp
F fi
Hypophthalmic 1065.3490.8 473.5+8.6 112.0+3.7 48.8+0.7
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Table 5 Effects of surface structure of conveyor belt on
head-to-tail orientation of fish body
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Fig.6  Effects of fish scale on head-to-tail directional
transportation of fish body
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Fig.8 Effects of amplitude on head-to-tail directional
transportation of fish body
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Table 6 Table of factor and level

KF PRI PRIE
Levels Vibration frequency/Hz Vibration amplitude/mm
1 3 80
2 4 100
3 5 120

3.5.2 #RE55H
T2 IR 6 H YR R /KT gm it 47 XK 25 T 3 2 AR5,
ZEBINR 7 iR

®7 NEHRABEER

Table 7 Results of double factor tests S
%}Eij}iﬂ]%j IS ¥ PR ME 7K F Levels of vibration amplitude
Levels of vibration
frequency ' 1 > 3
1 14.02+0.23 9.66+0.44 6.32+0.48
2 7.09+0.65 4.6+0.41 3.11+£0.21
3 4.57+0.48 3.15+0.27 2.65+0.18

XX R R IR A R AT T = 0, SRR 8
B o

RS HESH
Table 8 Analysis of variances
ijlfes Sqfaz‘z t?lm Flfefio}%n Meair?ZZuare a Pl
S Frequency — 70.666 9 2 353334 16.4673 0.0117
HRME Vibration 31.306 9 2 15.653 4 7.2953  0.046 2
%7 Error 8.5827 4 2.1457
S5 Total 110.556 4 8

H: P<0.01 WHREE, 0.01<P<0.05 HEFE.
Note: P<0.01 is very significant, 0.01<P<0.05 is significant.

HE 8 A%, HRBNAAR ARSI R 50 45 F
B2, RIE\EE 7 LR, ERNIZE S Hz, R3)
PRIE 120 mm 254, A7 il £ £ A Sk B2 5 [ s R B
U, 58 LI ]y 2.65s. oAt ik ek 2 ik 1 76 IR 5 4
K 5Hz, JRWREME 120 mm 2544 FEEAT 3k 5 Al st ik
55, 4 Fh Ay SRR N 1 fAE S YR (D 2.45 s,
EHPIRAET N 343 5.
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Fig.9 Examples of head-to-tail directional transportation process
of fish body
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Horizontal reciprocating vibration method for head-to-tail directional

transportation of fresh water fish
Wan Peng'?, Guo Sangin’, Yang Jun!, Zhao Junwei!, Tan Hequn'?, Zhu Ming*?

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in
Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Head-to-tail directional transportation of freshwater fish is essential to the automatic pre-processing of fish bodies.
However, the current orientation of freshwater fish from the head to tail depends mainly on the manual operation with the high
labor intensity and low mechanization. In this study, the typical bulk freshwater fish was taken as the research object. A novel
reciprocating vibration was utilized to explore the directional transportation of freshwater fish parallel to the head-to-tail axis.
The experimental procedure was: 1)The friction characteristics of fish bodies were determined on the conveyor belts with
different surface structures, thereby analyzing the orientation feasibility of fish bodies from head to tail in the horizontal
direction. 2) A reciprocating vibration system was proposed to realize the head-to-tail directional transportation of fish bodies
with constant orientation with respect to the head-to-tail axis. A test device was designed to verify if the trial-produced
response followed the predefined characteristics. 3) An orthogonal experiment was conducted to clarify the effect of main
factors on directional transportation of freshwater fish from the head to tail. The main factors included the type of conveyor
belt, fish scale, vibration frequency, and amplitude. Four types of freshwater fish were used in the test. The duration for the
directional transportation of fish body was selected as the indicator. The test results show that the directional transport effect of
fish body was the best, when the surface structure of conveyor belt was an inverted triangle structure. The head-to-tail
orientation of fish body was achieved when the surface of fish body was scaled or removed. Specifically, the average time was
2.42 s for the directional transportation of fish bodies with scale, whereas, the average time was 3.39 s for those without scale.
In Crucian carp with scales, when the vibration frequency was 5 Hz and the amplitude was 120 mm, the head-to-tail directional
transportation of fish was achieved, where the duration of directional transportation was 2.65 s. In 4 types of freshwater fish,
when the vibration frequency was 5 Hz and the amplitude was 120 mm, the average time was 2.45 s for directional
transportation of fish with scale, and the average time was 3.43 s for that without scale. The research finding can provide the
theoretical basis and technical reference for the development of freshwater fish bodies in potential orientation equipment.
Keywords: fisheries; processing; aquaculture; head-to-tail orientation; horizontal reciprocating vibration
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