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Abstract: [Objective] To solve the problems of low automation level and high labor intensity in the disemboweling process of the current
meat duck slaughtering and processing technology. [ Methods] With chilled fresh duck carcasses as the research object, an automatic
disemboweling device for chilled fresh duck carcasses was created by simulating the existing manual disemboweling method. A special
disemboweling tool was designed. Mathematical analysis was used to conduct motion analysis and spatial curve fitting of the
disemboweling action of the tool, so as to obtain the characteristic equation and analyze the rationality of the design of the duck carcass
disemboweling tool. In addition, the control logic was established by combining an STM32 microcontroller and a signal processing module,
and the control system was developed. The duck carcass dissmboweling error rate was introduced as an index. Tool rotation speed, hanging

chain traction speed, and duck carcass mass were selected as factors with three levels each. An orthogonal test was designed to optimize the
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parameters of the automatic disemboweling device for chilled fresh duck carcasses, and the influence laws of each factor on the

disemboweling error rate were clarified. [ Results] The proposed automatic disemboweling device for chilled fresh duck carcasses achieves

the optimal disemboweling effect and the lowest disesmboweling error rate of 3.29% for chilled fresh duck carcasses with a mass of 2.3~

2.6 kg under the conditions of a disemboweling tool rotation speed of 10 r/min and a hanging chain traction speed of 0.086 m/s.

[Conclusion] The proposed automatic disemboweling device for chilled fresh duck carcasses can realize the correct limitation and

automatic dissmboweling operation of duck carcasses.

Keywords: chilled fresh duck; carcass disemboweling; automatic disemboweling device; special tool; motion analysis
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Figure 1 Overall structure diagram of automatic
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Figure 2 Flow chart of automatic disemboweling process

for chilled fresh duck carcasses
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Figure 3  Structure diagram of limit mechanism
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Figure 4 Structure diagram of automatic disemboweling
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tool for chilled fresh duck carcasses
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Figure 5 Schematic diagram of movement mechanism of

disemboweling tool
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Figure 6 Characteristic curves of mathematical analysis on motion of disemboweling tool
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Figure 7 Structure diagram of sterilization device for

automatic disemboweling tool
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Figure 9 Schematic diagram of disemboweling position

for chilled fresh duck carcasses
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Table 2 Results of orthogonal experiment

4 4 A B C 01%

1 1 1 1 16.93

2 1 2 2 18.64

3 1 3 3 19.12

4 2 1 2 8.98

5 2 2 3 3.29

6 2 3 1 7.56

7 3 1 3 11.56

8 3 2 1 8.49

9 3 3 2 8.46
hyy 18.23 12.49 10.99
by 6.61 10.13 12.03
by 9.49 11.71 11.32
2% R; 11.62 2.35 1.04

R3 HFEFWER

Table 3 Results of analysis of variance

% A JHmE ¥y FfHE P REM
A 220.02 2 110.01 1033 0.088 AR
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C 1.69 2 0.85  0.08 0923 AF
W2 21.30 2 10.65
BOFJF AR 251.59 8
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Table 4 Results of verification experiment

R 55 i L/mm T/mm H 0/%
1 10.68 421 0 3.07

2 16.27 2.27 0 3.24

3 18.88 2.86 0 3.83

4 12.34 4.06 0 3.27

5 17.62 2.67 0 3.58
Rk 15.16 3.21 0 3.40




F&M | Vol.42, No.5

20 G 7] B 10 r/min HESE A 5] 0.086 m/s 1 iR
AR 1.8~2.2 kg,
5 &

B BEAT A R S 43 B0 T i T R FR Y 3h 4k K P
G 57 25 B A [l 0, 3 FHUAR T . B sh il A4 5y
B 5 S 8T8 B — F v e 05 IR 7k B 8 R e . L
TF I 2 05 T B 152 25 58 43 BIAE Ry 52 B AR AL B
D LI R A 5| R RS A AT AR S =R L Ry
K B IE SIS, I R ENS A R [ BT R S
BT, SRR, BT HE v GRS Ok B gh T ke ) B
g SAURT FF 158 22 R 0 R A R R, LR R R R B T
WS, ] A S5 1) 5 ) D) A 6 AN o 53 A0, 24 T B A R
10 r/min 5% 42 5 33 B 4 0.086 m/s B, FF 42 %% B X} i
DXCIA] g 1.8~2.2 kg 1Y ¥ ff 19 JIA) 4% FF bt 15 22 R A A, 7R
3.29%. ZEIE, %S BUA AT B R 25 R A5 A X R
FE R ZEBN T Sk T B ROCR AR B MO T K R T 4
K ORAL  3E— 25 (1 8 S 5 JI k1 2 OF PR 6 e R ek VS
Ak AL

5% 30k

[1] KA, R RZ . 2024 4F 7K & 77l 5 AR R R i i 0], vh &
ek, 2025, 61(3): 383-387.
HOU S S, LIU L Z. 2024 waterfowl industry and technology
development report[J]. Chinese Journal of Animal Science,
2025, 61(3): 383-387.

[2] 5K ¥, sk &, R — B ZE B S T T R LAY
CN202321905993.8[P]. 2024-01-30.
ZHANG H B, ZHANG L, WU H Y. A kind of disemboweling
mechanism  for  poultry
CN202321905993.8[P]. 2024-01-30.

[BIVEDR, R E 2%, R, % . — R Z &4 #H A b JF i 36 8
CN202110074167.2[P]. 2022-04-22.
WANG Y, WU Y X, XU Y, et al. An automatic disemboweling
device for poultry segmentation: CN202110074167.2[P]. 2022-
04-22.

[4] ¥R, Ewar, M Ms, 55 . K& A 3T e 5 800 BF 5T Bk
T D). 402 5 1 S LK, 2016, 34(1): 64-66.
JIANG J Q, WANG L H, YE J P, et al. Research and application

slaughtering and  processing:

of apparatus for opening
Packaging and Food Machinery, 2016, 34(1): 64-66.

[5] 3 A il B 0L A 8 T 44 R T e L4 A R e 2 (D). i
Dl ARl R, 2022: 9-17.

TU B S. Research on intelligent pig carcass cutting robot

the body cavity of poultry[J].

system based on vision[D]. Wuhan: Huazhong Agricultural

EESEH AHBRGAHFREEERTERBIN

University, 2022: 9-17.

[6] Z= stk EA A, Bk, A5 T HL A8 AL 58 AL 25 2 20 1Y

AR H 3 E k0], & & 5 PLM, 2020, 36(6): 125-132.
LI Z Q, WANG S C, ZHAO S D, et al. The calculation methods
of goat trunk's segmentation trajectory based on machine vision
and machine learning[J]. Food & Machinery, 2020, 36(6):
125-132.

[71XU W D, HE Y C, L1 J H, et al. Robotization and intelligent
digital systems in the meat cutting industry: from the perspectives
of robotic cutting, perception, and digital development[J].
Trends in Food Science & Technology, 2023, 135: 234-251.

[8] Hr A N B ILFNE Al A RT3 . 75 & P92 B R ML R W9 A

NY/T 3962—2021[S]. b5t H [Eflk il fieat, 2021.
Ministry of Agriculture and Rural Affairs of the People's
Republic of China. Code of practice for livestock and poultry
meat fabrication—Duck meat: NY/T 3962—2021[S]. Beijing:
China Agriculture Press, 2021.

[97 sk 3% & . 7 28 & Bk U 4> 2 LT 5 4 B 0. £ S LA,
2024, 40(6): 83-89.

ZHANG Y F. Design and analysis of a new type of fresh peach
slitting machine[J]. Food & Machinery, 2024, 40(6): 83-89.

[10] 7= FSF . — Rt hr ALAZ O ST HLAL B 1] 52 4 43 (7). R BLAE
WF5E, 2024, 46(2): 265-268.

LU L P. Reliability analysis of a tractor core actuator[J].
Journal of Agricultural Mechanization Research, 2024, 46(2):
265-268.

(U] R Je . MUBK B 3T F M [M]. 6 M. L BT fh 2% Tl i R4t
2016: 4-25.

CHENG D X. Hand book of machine design[M]. 6th ed.
Beijing: Chemical Industry Press, 2016: 4-25.

[12] BZE, B8, X A, 55 . kT 20 1% S ) 20 SR 4 A W 5 L gt

W B RS I AN 15 T 5 5 (3], A0k BB 2% Az, 2025, 56(2):
305-313.
HU J, FENG C, LIU C X, et al. Design and testing of sprayer
nozzle performance testing instrument[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2025, 56(2):
305-313.

[13] PMJ GROUP B V. Method to eviscerate poultry, a pre-
evisceration device, an evisceration system, and a collector
device: US202017616945[P]. 2023-01-03.

[14] Tt A, X RCHE, W1, 26 . & 0T ik B B B4 Gk 2 Mt
AL 5L (1] ROl TR 41, 2019, 35(23): 312-318.

WANG J N, LIU M J, HU Z C, et al. Optimization and
experiment on key parameters of dehuller for dried mung beans
[J]. Transactions of the Chinese Society of Agricultural

Engineering, 2019, 35(23): 312-318.

113



