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Fish body transportation direction
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b. Vertical view
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1. Frame 2. Servo motor 1 3.Reducer 4. Casters 5. Upper support plate
6.Servo drives 1 7.Double-sided toothed synchronous belt 8. Lower support
plate 9. Guide slide 10. Roller 11. Synchronous belt 12. Servo motor 2
13.Servodrives 2 14.Screw rod 15.Movable bezel 16.Dual roller extrusion
device 17.Transporting device
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Fig.1 Structural schematic diagram of text device for freshwater
fishes' abdomen and back orientation
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1. Tension synchronous wheel 2. Proactive synchronous wheel 3. Driven
synchronous wheel 4. Double-sided toothed synchronous belt 5. Roller
6.Servo motor 7.Lower support plate
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Fig.2 Adjustment schematic diagram of dual roller drive system

and roller gap
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Note: H, is the distance between the center of the fish body back and the
horizontal plane, mm;H, is the distance between the center of the fish body
abdomen and the horizontal plane, mm; O is the centroid at the cross-
section of the fish body; € is the angle between the cross-sectional diameter
of the fish body and the horizontal plane, rad; C is the center point of the
abdomen of the fish body; D is the center point of the back of the fish body.
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Fig.3 Schematic diagram of fish body abdomen cross-section
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a. Force analysis of fish body in direction of abdominal cross-section
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b. Force analysis of fish body in horizontal direction
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Note: B and E are the center of the dual roller; C is the center point of the
abdomen of the fish body; D is the center point of the back of the fish
body; H is the diameter at the cross-section of the abdomen of the fish
body, mm; % is the gap between the rollers, mm; R is the diameter of the
pair of rollers, mm; « is the contact angle between the belly and the back of
the fish body and the dual roller, rad; O is the center of mass at the cross-
section of the abdomen of the fish body; N, is the normal force of the
dualroller on the back of the fish body, N; N, is the normal force of the
dualroller on the belly of the fish body, N; F,, is the tangential friction
force when the fish body back slides in the radial direction of the dual
roller, N; F, is the tangential friction when the fish body abdomen slides in
the radial direction of the dual roller, N; G is the weight of the fish body, N;
F, is the supporting force of the bottom of the fish body, N;f, is the axial
friction force when the back of the fish body slides along the axial direction
of the dual roller, N; £, is axial friction force when the abdomen of the fish
body sliding along the dual roller, N; d, is the arm of force f, mm; d, is the
arm of force f,, mm; dy is the arm of forces N,cosa and F,sina, mm; d, is
the arm of the forces N,cosa and F,,sina, mm; M is the torque of the fish
body, N-m.
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Fig.4 Force analysis of fish body
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Note: L is the length of the fish body, mm; ¥ is the width of the fish body,
mm; S is the thickness of the fish body, mm.
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Fig.5 Measurement schematic diagram of fish body size
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Table 1 Measurement results of fish body weight and size
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Table 2 Factors and levels of single factor tests
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Table 3  Effects of roller shape on abdomen and back orientation

of fish body
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Fig.6  Effect of roller gap on abdomen and back orientation of
fish body
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Fig.7 Effect of fish body transport speed on abdomen and back

orientation of fish body
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Fig.8 Effect of roller rotation rate on abdomen and back
orientation of fish body
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Table 4 Factors and levels of orthogonal test
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Level Roller gap Fish body transport Roller rotat%on
A/mm speed B/(m-s™) rate C/(r-min™")
1 40 0.2 10
2 50 0.4 30
3 60 0.6 50
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Table 5 Orthogonal test results
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g WEFacors IR
Orientation ] .
1;3” 25 success rate Otrllenta}t;on
0. ime T'/s
4B C oGy, ;
1 1 1 1 1 80.00 2.16
2 1 2 2 2 86.67 0.95
3 1 3 3 3 100 0.64
4 2 1 2 3 100 1.17
5 2 2 3 1 100 0.60
6 2 3 1 2 100 1.16
7 3 1 32 100 1.08
8 3 2 1 1 100 1.19
9 3 3 2 3 93.33 0.78
ky 88.90 93.33 93.33
HE T ) R k, 100 95.56 93.33
Orientation
success rate ky 97.78 97.78 100
R 11.10 4.44 6.67
k, 1.25 147 1.50
JERBIEL 008 091 097
Orientation
time ky 1.02 0.86 0.77
R 027 0.61 0.73
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Design and test of orientation device for freshwater fishes' abdomen
and back

Wan Peng'?, Huang Jun?, Tan Hequn'?, Zhu Ming*?, Zhao Junwei’

(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: Fish feeding is a key link to the pre-processing of fishes, as the recent increase in the reproductive output
offreshwater fishes. At present,mechanical processingis widely used in the pre-processingof freshwater fishes. However, most
fish pre-treatment equipment is lacking of the specific device to automatically position the fish body when fish feeding, rather
than manually feeding. The current manual feeding is restricting the industrial development of the pre-treatment processing for
freshwater fishes due to its high labor intensity and low efficiency when fish feeding. To realize the automatic feeding of
freshwater, this present study aimed to design a sort of mechanical orientation device for pre-treatment processing equipment
when fish feeding. A typical bulk freshwater fish, Carassius auratus,was selected as research objects. This selection is because
Carassiusaur atushas approximately wedge-shape abdomen in the cross-sectional fish body, where exhibit certain mechanical
characteristics when the fish's abdomen and back were squeezed at the same time. Asuitable method was then proposed for the
orientation of the freshwaterfish'sabdomen and back, as well the related mechanism was analyzed. A test device was finally
designed and manufactured for the orientationof the freshwater fish'sabdomen and back. The systematic experiments were
carried out on the test device for the freshwater fish'sabdomen and back when fish feeding. The orientation success rate and
orientation time were recoded during the test,to be used as the evaluation index of each test. The main parameters of the test
device were optimized, and the optimal values were also determined to locatethe freshwater fish'sabdomen and back. The
main working parameters of the test device were set as the roller shape, roller gap, fish bodytransport speed and the roller
rotation rate. First, singlefactor tests were utilized to investigate the effects of these parameters on the abdomen and back
orientation of the fish body. Then, an orthogonal test was performed to systematically explore the specific factors on the
position operation of the fish body. The results of the orthogonal test showed that the combination among various factors in the
optimal level was: the gap of the roller was 50mm, the rotation rate of the roller was 50 r/min, and the transport speed of the
fishbody was 0.6 m/s.Under this optimal level combination, the orientation success rate was 100%, orientation time was 0.55
second, indicating that the working state of the test device for freshwater fishes'abdomen and back was reached the optimal
state. The related results on the abdomen and back orientation of freshwater fishes can provide insightful theoretical basis and
sound technical reference for the development of orientation equipment for feeding in freshwater fish processing.

Keywords: agriculture machinery; design; freshwater fishes pre-treatment; abdomen and back orientation; test device;
orientation time; orientation success rate



