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Figure 1 Schematic diagram of the salt-spreading machine

structure
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Table 1 Technical parameters of the salt-spreading machine
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Figure 2 Schematic diagram of the ham transfer mechanism
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Table 2 Transfer motor parameters
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5% 2 h 713.44 1.78 2000 0.37
%%yl 329.28 1.65 2000 0.34
e il 493.92 3.70 2000 0.78
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Figure 3 Vision inspection mechanism
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Figure 4 Vision inspection segmentation method
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Figure 5 Construction of the circular salt-spreading path
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Figure 6  Construction of the three-marker salt-spreading path
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Table 3 Breakpoint coordinate coefficients

a

a A a e
Cl 0.35 0.10 D1 0.15 0.10
C2 0.40 0.55 D2 0.25 0.45
C3 0.55 0.55 D3 0.35 0.45
C4 0.65 0.45 D4 0.50 0.45
(@5} 0.65 0.10 D5 0.90 0.10

2.3 Bz LHENHIEIT

H sl B3R WL R AL 0 B4y H T AERCR
T B M SE ML AR P R AR 22 . 3R HLA
b AR T BERER 2 1 | SR LA e R
A, NE 7 TR

SE It e R T 2 A AR I — R kAR B R R
G, R HE ML RS SR sh # B R @ it PID 5%
2 s A48 IE PR 3h B4R W 38 B T R R R 3N B
1552 B 1 6 T RS B AE 225 g LA DY 5 24 17 B R 0 I 19

AL TR AT O/ S e R
R PR WL 2 B BERER Sk b o mGER 21
f T AR MURUE AR S, SR AUBOE th 2.y = 34 J7 1 Y
AR AN, AR 21 R AR AL U AR
BEARATIE | 4R BUPLIE SE B TE T RE , (LR Sk 7E = 4R s
(8] AR 3 T mm GE (SLRE R, BE 45 AT A8 10 A3 I I 2l 2894
W% b 5 BE 5 47 #F HEE (0~0. 3 m/s) , LAk B R 26 3% 1H
5] LRI RIOCR

E7 E@:HEREE
Figure 7 Schematic diagram of the salt-spreading mechanism
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Table 4 Salting motor parameters

s iy F,  AHEET, %ﬁng TP,
/N /(N'm) /(r min ") /kW
e 535.08 1.34 2 000 0.28
L#h v 205.80 1.03 2 000 0.22
Tk 329.28 1.65 2 000 0.34
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Figure 8 Salt-spreading effect
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Table 5 Recommended values of the salt-spreading coefficient ¢
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Table 6 Results of production efficiency tests
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Table 7 Test results of the average error rate in salt-spreading

quantity
F5 iR ER K/ TR E R/ %
1 20 7.58
2 20 6.01
3 20 8.68
3 U P-4 7.42
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Design and experimentation of a contour—adaptive
variable—-rate automatic salting machine for ham

ZHENG Tao', MA Xiaozhong®, FAN Mingdong®, SHENG Ke',
ZHOU Yulin®, CHEN Changging®*

(1. Zhejiang Academy of Agricultural Machinery, Jinhua 321000, China; 2. Jinzi Ham Co. , Lid. , Jinhua
321000, China; 3. Jinhua Boyang Technology Co. , Ltd. , Jinhua 321000, China; 4. Jinhua City Key Laboratory
of Agricultural Machinery for Hilly and Mountainous Areas, Jinhua 321000, China)

Abstract: To address the challenges of inconsistent salt content and low production efficiency in traditional Chinese ham
curing processes—issues arising from the reliance on manual expertise and the lack of automated salting equipment—this study
developed an automated three-dimensional profiling and variable-rate salting machine. The system integrates machine vision,
dynamic variable control, and 3D contouring technology while adhering to traditional craftsmanship. The overall structure and
operational principles of the salting machine are elaborated with detailed analysis and design of key components, including the
ham transfer mechanism, vision detection system, and automated salting mechanism. The machine achieves full-process
automation in salt quantity calculation, non-uniform path planning, and adaptive salt spraying, effectively resolving the
instability caused by irregular ham morphology and significant weight variations. A machine vision-based 3D feature
recognition method is proposed, utilizing high-precision cameras to capture morphological characteristics and construct a
“three-pick positions” database for key salting regions. Combined with deep learning algorithms, this method generates
differentiated salting paths that align with the traditional requirement of “more salt at three-pick positions, less salt in
intermuscular areas”. A dynamic weighing-precision salting collaborative system is designed, incorporating gravity sensing
and a graded vibratory feeder controlled via PID algorithms to dynamically adjust vibration amplitude, ensuring salt dispensing
accuracy within =5 g. A three-axis linear-module-driven flexible robotic arm integrates real-time trajectory correction,
achieving 1 mm positioning accuracy for the salting nozzle. Coupled with a variable-aperture nozzle that dynamically adjusts
salting intensity and travel speed (0—0.3 m/s) , the system significantly enhances salt layer uniformity on complex curved
ham surfaces. Experimental results demonstrate that the machine achieves a production rate of 123 hams/hour within a ham
carcass weight range of 6—15 kg, with an average salt application error rate of 7.42% , meeting design requirements in
adaptability and precision. This research realizes full automation of the ham salting process and provides critical technical
support for the standardization and intelligent transformation of traditional meat processing industries.

Keywords: ham; salt-curing; automatic salting machine; profile-adaptive design; variable-rate control; machine vision
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