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A: FEME Main view; B: JFLIE Top view; 1. Y] HLHL Cutting motor; 2. F 3l # Master pulley ; 3. A gli#f7 #& Driven pulley; 4. Hi 4 [T Fish
outlet; 5. H14% Frame; 6. [k fa#it Fish presser; 7. Jk f g X 24 Presser bolts; 8. 5 5 % Tensioning pulley ; 9. i JEBi#§ High pressure nozzles;
10. #47] J14%: Cutting blades; 11. % # Conveyor belt; 12. X} 48 JiK )& Counter roller base ; 13. FR{ £k Limiting block; 14. V5 /K I #E 5B 4F Sewage
collection component; 15. ¥ a4 Fish support; 16. 2 8% Main wheel; 17. 3¢ %85 #1144 Clamping adjustment mechanism ; 18. iy i% 7 7
5 HL#4 Belt tensioning adjustment mechanism; 19. $i7 i #i & Tension spring; 20. 3¢ E ML) % [& {4 Clamping mechanism fasteners; 21. £ 5%
Crossbeam; 22. fi {5 )34 Fish body cutting parts; 23. {4 3 #L Drive motor.
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Fig.1 Schematic diagram of the structure of the Hypophthalmichthys moritrix fish body cutting device
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Tablel Technical parameters of Hypophthalmichthys

moritrix fish body cutting device

I H Ttems {§ Value
RS /mm Overall size 11807201 180
HiE U/ V Rated voltage 380
HiE D3 /kW Overall power 1.12
HRE R /Hz Rated frequency 50
A4t /(8 /min) Productivity 8.0

VEHI D, TS 34 AR LD T s Sk i 4l sl sl )i (19
iy AR 2 252 7 5 1) G K, R 2T U ke A AR T
o
1.2 KEMHRIT

B AT AR IR RO 1 R 7 Sk AR 2 o R
VU532 — S TE A RHIE (18] 2) , e 120 FEBEREAS, X £
PRI RS AR AR AR o A 0, 45 R
K2R o HET B SRR BT e 18 Uk £ 1A 1)
PE TR, (A AR LA | AT KR AL
Ha) AR IR TR A
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1.4+ Body length; 2. 14 Body height; 3. 1458 Body width.
B2 SHEBRSESERER
Fig.2 Schematic diagram of body size characteristics
of Hypophthalmichthys moritrix
®2 BHEBESHY
Table 2 Hypophthalmichthys moritrix body

type parameter table

- /M R HE
5 H Ttems . .

Minimum Maximum Average
MK /mm Body length 462.3 513.6 496.2
#3%5 /mm Body height 139.5 153.9 148.9
1 9% /mm Body width 63.5 68.1 65.7
PR JF /g Body weight 1235.9 1693.4 1527.1

TR BN R, NI, 5 ZEOR S (0 (A Bk LR -
e A TR Aok S n e it v o A A 28 3k B2 (181 3)
5

1. $E R Fish support; 2. i Fish; 3. i Fish presser; 4. F 4%
Main wheel; 5. i 1 1 Fish outlet pulley; 6. 4k ¥ 4 1% 3l 14 Bevel
gear components; 7. f& s HL L Drive motor; 8. §iii%4 Conveyor belt.

B3 afEmEiugEirEE
Fig.3 Schematic diagram of the structure of fish
body conveying mechanism
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1 2 3 4 5 6 1

1,4. 715 = 1% B Triangular connectors with teeth; 2. 32 % #L
) E[E 1 Clamping mechanism fasteners; 3. FRAZUZ44 Limit bolt;
5. PLH 33 Tension spring; 6. Je 354 5% 4l Pressure roller shaft; 7. J¢
F54# Pressure roller.
4 BEFZEATIMEERER
Fig.4 Schematic diagram of the structure of the fish
body clamping adjustment mechanism
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1. #2F1. Screw ; 2. J] 4% % Blade shaft; 3. §ffi 7k Bearing housing; 4. F+
[ 3 B Lifting slider; 5. 2208 Nut; 6. i 7k Bearing; 7. 14 J] #% Cut-
ting blade.
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Fig.5 Schematic diagram of the structure of the fish
body cutting adjustment part
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Fig.6 Schematic diagram of the structure and
dimensions of the cutting disk
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AL RS 2% B Compression test set; B. i 46 55 434 Schematic of the distribution of detection points on Hypophthalmichthys mori-
triz; C. A5 A0 PR FE 453888 Schematic diagram of the fish body compression test for the Hypophthalmichthys moritrix.
E7 afkEHIRTEE
Fig.7 Schematic diagram of fish body compression test
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I

—Ka il 255 Detection point 5
— K5 256 Detection point 6
— K0l 147 Detection point 7

JEE K2
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Vi #/mm Displacement i #/mm Displacement i F/mm Displacement
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Fig.8 Detection point pressure-displacement curve
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H: {0 (A& AK JE 5 K A4k Maximum body thickness of the fish body;
h: T J& 541 7% B (8] I The static distance between the two clamping
sticks; a: 15 I F5 4R 942 Ml £f LA A F R0 N9 2 £f1 The contact
angle between fish and gripping stick and is the angle between F and
N3 Ny Ny 73 59 A 9 B 6 35 4R X £ 70 M A0 A 00 19 %5 ) /6 ) The
tangential frictional forces experienced by the left and right sides of
the fish body when sliding radially along the clamping roller; F,, F:
S LA ZE A A I e B e A AR 1 3 Bl I iy D) ] FE 513 The
tangential friction force on the left side and right side of the fish when it
slides along the radial direction of the clamping stick; F : 3 3% {4 it 11
The elastic force of the spring.

B9 RFFWMEIRIZNSMW
Fig.9 Force analysis of clamping and
conveying process
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(9 F7 F e 00K/ N 37 0 455 B Re AR S DD e 1, e st £
PR AN 10 iR o 76 E0 kA o, T 38 fa AR 4R
FH = A= 13 1V T A0 i 4 FH g it 2 -

_ falkt i

A

AL B3R R ) S 15 i (R %R % 77 19 A S RIAHIF] The direc

tion of the knife hovering opposite to or the same as the direction of

fish body transportation, represents; w: JJ %k 1 ] ] ¢ J& Dissecting
speed of the blade; F,,, F o : 73 51k 7 4300 i BT i %o fa (R 55 A0
JiE #9325 1 4 FH 77 The normal force on the back and abdomen of the
fish when the blade is rotated counterclockwise; F;, F,: 435l A 71 4%
0TI e I £ (A SR 0 I T AR 1 0 B I Y BE 4B 7 The
friction force on the back and abdomen of the fish when the blade is
rotated counterclockwise sliding along the radial direction of the
blade; 8, B+ 73 3 b 75 F R 358 351 U1 w52 R UK - J7 1) 4 £ The
angle between the dorsal and abdomen dissecting point position and
the horizontal direction.
B 10 &aEFHVIEZ AN
Fig.10 Force analysis of fish dissection process
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Fig.11 Physical drawing of Hypophthalmichthys
moritrix fish body cutting device
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Table 3 Acceptability scoring criteria for

Hypophthalmichthys moritrix

i H Vo3 bt 1545
Items Scale for evaluation Scores
fa AT it (54)) T ' T D) T T 3.5~5.0
Fish profile T DV B D) OT- 2.0~3.5
quality (5 score) FTT 4 22 Bl DI T A3 <2.0
fRRIIRCR (3 45) ST T R] 6~8 s 2.0~3.0
Fish dissection SN TR 8~10's 1.0~2.0
efficiency (3 score) BRI TR E KT 10 s <1.0
R (24 .
Wlf I}T;Eaﬁ)?agdef) IR £ Lo
shes 1A i 4 0.0

ruptured (1 score)

A4, O AR BE A B FIIUR 3R, 65w,
Pl DT o 4 AR B T, @5 o S DD S8 B A0 A Y

Jit, go
2 ZBRE5H5H

21 BfREINVIEERRXEER

LS 58 8 800 B G s B AR 35 2
I i DI 3kge, 25 A R EE ML 0 BT, 5 57
IR v=0.16 m/s. FTXFJeFrd B A IS
G300 JE SR SRR A T T, LA HF AR W)
B IE IR 2 A R S e F ik i AR ) R R TF R R
R . Y Je RFHR B /N T 20 mm i, £
M 52 e R AE I 13t A, iR A Bl 3 2o e B0 1 Bl
g 5 24 e 3R 5 ) BE R T 60 mm B, 474 9 00 52 SJe 7 41
YER AN ik i b BT W SE 4, Tl 45
TR UH e FR AR A0 R 18] 15 20~60 mm s AE % 52 B ¢
AR R . X RRIYIE B HET AZ D1 A B el A,
T3 A0 1] 23 5 M I T AACR 25 T I T J (] ) R i)
RN M€ OGS L

B 37 A e FEER W 4R TR B 2 80U | 45 & i) U
ST A s V) A L o e R s R R YN
BB — o I, 8 0 ) B S S BRI R R
i, aok PR R 0 A8 A s (A A AR AT Sk R
T AEA O, DR IR ) 2 SR Ay 5 e A fin T )
B DR R I e LR 2R R Y ) A e R
W, & LY J) &8 ) i 3 1 100~1 500
r/min B, 3 AT 2 50 D0 0 TR 5 S R e 2
i 0 A T T S8 S T, U R R 2 i A R 4
Pisg i BIVIBOR . IREARIR R o 27, 456 Bt 5
50, WCEIZN R AR, ) BRI R 115~
155 mm B, GEA% SE I 58 B i D) F (81 12) o

. . T
Ak S A Fish body introduction; B : 45 H} Fish body export.
E12 sEinTHite

Fig.12 Pre-testing of Hypophthalmichthys moritrix
1) JIEE T 1) % AT OVSCR 052 o 15 45
FEH, 24 7 5[] 1) JiE 2 Ik, fe A5 R T 0 DG
JCH B, ORISR G, B 0 0] B2 A2 VRV 3k B
9.15, [] i i % 4 ) i 3 D08 6 R0 0.19 %05 24 )
S 1) T et ik, A 2 8 oK F) O, L T B R %
(R RT3 32 PR E A3 A 8,19, 306 [ e 4% 1y 35 i s B 2
#40.23%
2) 100 v BE X AR DI BCR Y52 . BOE
J1 4 0 %5 33 1 400 r/min, J& R 48 9] 16 8] BE A 30
mm, £ 73 51 B¢ E HU) & B Dy =115,125,135,145,
155 mmy, &) e BE 7R 2 AN P 13 s, € T i
H A% Ty 1) [8] 1] g | X RE2H KP4 T 3 I A IK
B, B KT T e 2 PV B W0y 2%,
X EHEAT IR B 52 e UG
1

1. #14) 7] #% Slicing knife plate; 2. i Hypophthalmichthys moritriz
fish; 3. ¥GfaHT Fish resting plate.
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Fig.13 Cutterhead cutting height test schematic diagram
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Table 4 Results of the one-way test

kR
T TRy e
Acceptabili-
ftems ty evaluation Raic of
fish loss
FJFUJ/&’H;. 9.15 0.19
TIHE e Isotropic rotation
Rotation direction A ERE
of the knife disc Rotate in the 8.19 0.23
opposite direction
115 7.82 0.26
TR I BE /mm 125 8.34 0.22
Blade cutting 135 9.32 0.16
height 145 7.72 0.26
155 6.22 0.29
20 8.30 0.23
e FFAR IR LR/ mm 30 9.18 0.17
Initial distance 40 8.42 0.21
between clamping rods 50 6.94 0.28
60 4.74 0.31
1100 6.54 0.29
DI/ (r/min) 1200 7.18 0.28
Rotating speed 1300 8.46 0.22
of cutter 1400 9.28 0.12
1500 8.68 0.20

J1 4550 Y B oA 135 mm, e 5 58 40 4G 18] BR A
30 mm, F5- 3 il i & # U ) B 1100, 1 200,
130014001 500 r/min, & % JJ £ 5 K5 2% 7 1)
[F] ) Ji e , B2 7KF- R AT 3 R 2 0, B 7K 1Y
A4 Z VPR E AL I E S 2% X T )
SRR . Y ) B 1400 r/min i, F A E] T
St VIRIRCR A2 YEPEAr o 9.28 F U4
RFEN012Y0(FR4) . KL, T B H K2 T8
HTE A, 24 T #5658 R 1100 r/min i, w] 32 4
V4R 6.54, BRIV R 20 0.29% . S5 R WIR,
JIFEHAE 1 300,11 4001 500 r/min B A4 5 45147
ROR , F W] ) 855 R, 390 18 5T A R A, (H R i
PR T SO A 226 3 8 AN DG JE I B 30 1) 5 o 25
TR
22 EXRELER

AP 2RI 45 R R W], e 4 5 Ha ok I ] AH W] 1)
T A EARRCR . X IR (HERA)
FERWIGRBE (R B) I 8 H (R E O 3PN E
BT IE AR i — 2015 A A0 TR R 2= 2
[ A B SR A o BE PR T 42 32 M 0V A o A
I 5 S S Al 1 1 5 DD AR i . JEFE L,
(3" IEACIRI ik (2 5) , ik B 4 S ik 6 Fro .

£5 EXRXBERKER
Table 5 Orthogonal test factor level table

ATJIEERID) R EE/ CIAFHAN UG B/

B/ Lo
K- mm . . mm Initial distance
. (r/min) Rotating .
Levels Blade cutting between clamping
. speed of cutter
height rods
1 125 1300 20
2 135 1400 30
3 145 1500 40
23 ARARBER

P2 6 T 0, X A (A TR i AR B K/ - B
(B ) > A (T BV ) > C(Je R iR R ) |
R R Z ARG : AB,C, BN E8E ] 8
U0 B2 S 135 mm e B 0] B 4 20 mm ., J] #E17)
BEW A 1400 r/min Bsf, XA TR R R AER)

FRIE IE A0 45 R, B 30 R BEREA, BB T 8%
U1 BE 135 mm, J2 R 5 8] B 20 mm ., JJ #
1400 r/min, JF & 55 UE M50 WE N T )5 i A i
IR S5 3 o - f AR DR, SRR 4
PR S0 B B v JL T A R (R 14) o S5 DI
fR A 2 MEVT4 4B N 9.48, DI R 0.11%,
I TR AT A 8.2 & /min.
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Table 6 Orthogonal test analysis results

) s iRt
. R
i . . KA/ %
B C Blank  Acceptability )
Number . Rate of fish
column  evaluation
loss
1 1 1 1 1 8.7 0.17
2 1 2 2 2 9.1 0.13
3 1 3 3 3 8.3 0.21
4 2 1 2 3 9.2 0.14
5 2 2 3 1 9.3 0.12
6 2 3 1 2 8.9 0.19
7 3 1 3 2 8.4 0.21
8 3 2 1 3 9.1 0.15
9 3 3 2 1 8.9 0.19

K, 261 262 269
K, 274 275 264
K, 264 261 266
k, 8.70 873 897
k, 913 9.17 8.80
ky 880 870 8.87
R 043 047 017

TE A BLC A3 T 8 U0 s BE | 70 32 e Fp BRI R 1] B
Note: A, B, and C are the cutter profile height, cutter rotation speed,

and initial spacing of the clamping stick, respectively.

B 14 s dfEIRR
Fig.14  Hypophthalmichthys moritrix fish

body dissection effect
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Design and testing of a pinch-feeding device for dissecting
Hypophthalmichthys moritrix body

WAN Peng"?, GUO Shiyang', LIU Ziying', ZHANG Xiang', LI Ping’

1.College of Engineering/ Ministry of Agriculture and Rural Affairs Key Laboratory
of Aquaculture Facilities Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment in Mid-Lower
Yangtze River, Wuhan 430070, China;
3.Jingzhou Jichuang Electromechanical Technology Co., Ltd. ,Jingzhou 434025, China

Abstract  Hypophthalmichthys moritrix was used to study the key components of a pinch-feeding de-
vice for dissecting freshwater fish body to solve the problems of single-machine operation and low efficiency
of processing in terms of the current device for dissecting freshwater fish body mainly relying on manual
feeding , which cannot meet the requirements for mechanized and automated dissection of fish body.A pinch-
feeding device for dissecting Hypophthalmichthys moritriz body was developed and tested. The pinch-feed-
ing device for dissecting Hypophthalmichthys moritriz body was consisted of a frame, a fish body feeding
component, a fish body pinching component, a fish body dissecting component, and a cleaning component.
The minimum limiting pressure of the fish body was obtained by conducting compression tests on the fish
body.The conditions of satisfying the process of pinching and feeding, and the magnitude of the force exert-
ed on the fish by different rotation directions of the knife discs were studied by analyzing the force in the
process of pinching and dissecting the fish body.A single factor experiment using the acceptability score and
cutting loss rate of Hypophthalmichthys moritrix as evaluation indexes was conducted to study the effect of
factors including the initial spacing of pinching rollers, the height and speed of the cutting disc on dissecting
Hypophthalmichthys moritriz. The results of the orthogonal experiment showed that the factors affecting the
effect of dissecting fish body was in the decreasing order of speed of the cutting disc = height of the cutting
disc > initial spacing of pinching rollers. When the initial spacing of pinching rollers, the height of the cut-
ting disc, and the speed of the cutting disc was 20 mm, 135 mm, and 1 400 r/min, the profile of Hypoph-
thalmichthys moritriz body was smooth and the integrity of the fish meat was high , with the average accept-
ability score of 9.48, the cutting loss rate of 0.11% , and the efficiency of processing up to 8.0 pieces/min.It
will provide a reference for developing the device for dissecting bulk freshwater fish body and designing the
automated pre-treatment processing line for freshwater fish.

Keywords freshwater fish processing; Hypophthalmichthys moritriz; dissecting device ; pinch-feed-
ing
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