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a. Structural principle diagram of automatic
Monopterus albus cutting machine
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b. Model diagram of automatic
Monopterus albus cutting machine
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c. The force analysis of head
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1. Motor 2. Bevel gear pair 3. Synchronous belt II 4. Laparotomy clamp wheel 5.
Spring 6. Slide 7. Split knife 8. Split back clamp 9. Spur gear pair 10.
Synchronous belt [ 11. Coupling 12. Frame 13. Speed regulating motor 14.
Synchronous belt 15. Cutter shaft 16. Spring 17. Circular blade 18. Clamping
wheel 19. Bevel gear 20. Output shaft 21. Spur gear 22. Slide 23. Aggregate box
Note: F, is the horizontal component of the clamping wheel force on the fish
body, N; Fyis the vertical component of the clamping wheel force on the fish
body, N; G is fish weight force, N; F;is the tangential component of the cutting
force on the fish, N; F,, is the normal component of the cutting force on the fish,
N; f; is the friction force of the fish body, N; a is the angle between the normal
component force of the knife on the fish and the slide, (°); ¢ is eel head angle,
(°); B is slope angle, (°); n is the tool speed, r'min .
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Fig.1 Structure and principle analysis of the cutting machine
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Note: A is the head of Monopterus albus; B is the body part of Monopterus
albus; C is the tail of Monopterus albus
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Fig.2 Monopterus albus model
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a. Principle of compression test
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b. Compression test
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Note: y, is the lateral compression force of segment B; y, is the forward
compression force of segment B; y; is the compression force of section A.
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Fig.3 Compression test of Monopterus albus
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Note: G is the weight of Monopterus albus, N, F is the supporting force of
inclined surface on Monopterus albus, N; f is the friction force of the inclined
surface on the Monopterus albus, N.
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Fig.4 Test of friction coefficient
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Table 1 Contact parameters
%) Parameters $UH Values
R Stiffness/ (N'm™") 147 000

J13¥6% Force index 22

[HJ& Damping/ (N-s'm™") 200
FIEIRY Penetration depth/m 0.01

Hp EE ¥R 280 Coefficient of static u, 0.07
B EEYE 5 Coefficient of dynamic friction p;, 0.07
HpEEHE 25 Coefficient of static u, 0.64
B EEHE 250 Coefficient of dynamic friction sy, 0.55
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Fig.5 Rigid-flexible coupling model
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Fig.6 The process of Monopterus albus entering the clamping
wheel
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Fig.8 Vibration of the machine
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Fig.9 Effects of speed of clamping wheel on fish transport
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Table 2 Multi-factor experimental design scheme and results
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Fig.11 Influence of slope Angle on fish transport 13 500 1.0x10° 16 1.63 424
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Table 3  Analysis of variance of regression equation
. 5 H , 5y F1i Pt
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1Y Model 0.509 5 9.31 9 0.056 6 1.03 259.87 91.91 <0.000 1 <0.000 1
x 04753 7.45 1 04753 745 2181.76 661.57 <0.000 1 <0.000 1
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Note: P<0.01 (very significant); 0.01<<P< 0.05 (significant); P=0.05 (not significant); x, is the coded value of the speed of the clamping wheel; x, is the coded value of spring
stiffness; x; is the coded value of slope angle.
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Simulation and experiment of Monopterus albus dissecting machine
based on rigid-flexible coupling model

LIU Mingyong® , ZHU Lin' , OUYANG Zhouhuan® , XIANG Xue', LI Ping® , YAN Chunai’

(1. Hubei University of Technology, Hubei Agricultural Machinery Institute, Wuhan 430068, China; 2. Jingzhou Jichuang
Electromechanical Technology Co., Ltd., Jingzhou 434025, China; 3. Intelligent Manufacturing Institute,
Wuhan, Wuchang Institute of Technology 430065, China)

Abstract: Monopterus albus is one of the popular aquatic fish in Asia. Manual processing of eel cannot fully meet the large-
scale production at present, due to the time-consuming, laborious, and low safety. In view of its slender and slimy body, an eel-
cutting machine is required for the consumption of Monopterus albus. In this study, a miniature machine of automatic cutting
was designed for the living Monopterus albus with a sticky surface. The machine consisted of conveying, clamping, and cutting
parts. The double-clamped wheel to roller was used to capture the eel for transportation during cutting. The switch between
laparotomy and back dissection was realized to change the feeding channel. The adaptive mechanism was equipped to meet the
requirements of different sizes of eel cutting. Firstly, the geometry and weight parameters of Monopterus albus were measured
using a straight ruler and precision electronic balance. The tribological parameters on the surface of Monopterus albus were
measured by the inclined plane. The mechanical parameters of Monopterus albus meat were verified by compression test.
Secondly, according to the rigid-flexible coupling principle, the rigid-damping model was equivalent to the contact between the
Monopterus albus body and the clamping wheel and slide. The rigid-flexible coupling model was established by Abaqus and
Adams simulation software. The analysis model was optimized to take the conveying time of the fish body, output speed,
clamping force, and whole machine vibration as the test indexes in single-factor tests, such as the spring stiffness, slope Angle
of the slide, and the speed of the clamping wheel. The results show that the clamping force first increased and then decreased
with the increase of spring stiffness and the vibration amplitude of the whole machine decreased. But there was little influence
on conveying time and output speed. The output time of the fish body decreased with the increase of slope angle, while the
output speed, clamping force, and vibration of the whole machine increased. There was an increase in the conveying time of the
fish body, the output speed, the clamping force, and the vibration of the whole machine, with the increase of the speed of the
clamping wheel. The single- and multi-factor analyses were carried out to obtain the optimal working conditions. Specifically,
the clamping wheel speed was 600 r/min, the spring stiffness was 1 200 N/m, and the slope angle was 16°. Finally, the
processing experiment was performed on the automatic cutting machine for eel. There was consistency in the vibration
amplitude range and the relationship between the three directions of the machine measuring points with the theoretical analysis.
At the same time, the output speed of the fish body output machine was also measured to better agree with the theoretical
analysis. The cutting of the machine under optimal working conditions has fully met the requirements. The correctness of the
theoretical analysis was also verified by the test. The rigid-flexible coupling model can provide a strong reference to research
and develop the subsequent equipment.

Keywords: Monopterus albus; rigid-flexible coupling; multifactor analysis; experiments; dissecting machine; model
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