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Comparison on Mechanical Simulation and Performance Testing
for Adaptive Litchi Pitting

CHEN Zhen PENG Zhikang XU Fengying LI Changyou JIANG Zhuo LUO Juchuan

(Key Laboratory of Key Technology on Agricultural Machine and Equipment, Minisiry of Education,
South China Agricultural University, Guangzhou 510642, China)

Abstract. Pitting is an essential step for producing litchi lantern flesh, while the variable pit size poses a
challenge for efficient and successful mechanical pitting. To solve this problem, an adaptive pitting tool
and mechanism was designed by measuring the physical properties of litchi fruit, and the spatiotemporal
changes of equivalent stress and cutting stress during the pitting process of litchi at three different
rotational speeds were investigated, based on the LS — DYNA dynamic simulation and bench tests.
Furthermore, it quantified and compared the success rates and pulp loss rates of adaptive pitting for litchi
fruit with variable pit sizes at different rotational speeds, and evaluated the overall pitting performance.
Lychee fruit and kernel sphericity coefficients of 0.95 and 0.74 were obtained, and their three-
dimensional radial dimensions showed normal distributions. The simulation results indicated the effects of
rotational speed on the distribution of effective stress and the extreme values of cutting stress in litchi fruit
was consistent with the bench test results. As rotational speed increased, both the maximum equivalent
stress and maximum cutting stress in the litchi were decreased, leading to improved success rates for
adaptive pitting of litchi with variable pit size. Among the three tested rotation speeds (feed with speeds
of 100 mm/min and 20 mm depth ), pitting at 292 r/min demonstrated the best overall pitting
performance, with a 100% success rate and a pulp loss rate of 22.4% , respectively. The revealed
adaptive pitting mechanism were significant for developing high-quality and efficient pitting devices for
stone fruits, including but not limited to litchi.

Key words: litchi fruit; pitting; variable pit size; adaptive; LS — DYNA dynamic simulation
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Tab.1 Physical parameters testing of litchi fruit

i
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Fig. 1  Size distribution of litchi pit diameters
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Fig.2 Adaptive matching status of pitting tool with

litchi fruits at different pit diameters
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Fig.3 Adaptive mechanism structure diagrams
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Fig.5 Mechanical interactions between pitting tool

and litchi pulp and pit during pitting process
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Tab.2 Parameter settings for simulation experiment

and bench cutting stress test
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Tab.3 Parameter settings for litchi fruit pitting

simulation model
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Fig. 6 Equivalent stress contour of each component

structure of litchi during pitting process
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diameters for litchi fruit at three different rotational speeds

2.4 FERRBER

i 6 Al Bl 2 25 A% ok A I 8] 358, 2 A R
B PR At R AR N ) R R /N o A%
B B SR R0 AR R TR A R AL X DA . 2E
J1°6 s, EARZTIUIA G, BORA, e Be #4510 DX 30 45 4%
IO 3 DX/ 5 SR PR 7 b s 85 90 DX 3 % o oS DX B B T



508 A A ML OB ¢ W 2025 4
o1 — 292 v/min RN WE B/ . K%AR 15,03 mm 7
o 008 I R 5 4% T T 95 R I B R AN 1 R TR
5 om 14,69 mm 25 0% A

g 0041

¥ ool 3 AEABERSITR

3 i T R S B
0 3 6 9 121518 2124 0 3 6 9 12151821 24
fif il /s Fisf 5/
P8 A i HR 2 A% 4 L2 A ) S5 28 g
Fig.8 Equivalent stress of each component structure

of litchi during pitting process
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Tab.4 Pitting parameter settings of random

group experiment for litchi fruit

R/ RGBT BORORBU BUMER KRR

el

(remin~") /g H/g H/g H/g
YL1 0 17. 84 29.56 1.28 3.49
YL2 95 16. 52 29. 86 1.25 3.51
YL3 292 16.26 26.83 1.50 3.69
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Fig. 10  Cutting stress during pitting process at different speeds for litchi fruits with two pit diameters
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Tab.5 Comparison of maximum equivalent stress from

simulation and maximum cutting stress from bench test
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Tab.6 Comparison of adaptive grading pitting performance for litchi fruits at different speeds
ETRE ST g R g AR /mm YRR g W34 3/ % ERNINIE/ % RABMKE/ %
YLI 2.0 2.0=+0.1 14.4 £0.4 24.6 £2.2 8.3 0 17.0 £6.7
YL2 2.0 1.8+£0.2 13.8 £0.4 24.1 1.7 33.3 100 23.3+£6.8
YL3 2.0 1.7 +0.1 13.9+£0.5 21.3+1.2 36. 1 100 22.5+£2.0
YL1 3.0 2.6+0.1 15.6 £0.3 22.9+0.9 72.2 0 8.7+2.2
YL2 3.0 2.3+0.1 14.9 £0.2 24.5 £2.5 47.2 96.3 28.1+16.8
YL3 3.0 2.2+0.1 14.8+0.3 21.3 1.4 61.1 100 23.2£0.5
YL1 4.0 3.3+0.1 16.9 £0. 1 26.5+2.4 19.4 0 7.8 +1.3
YL2 4.0 3.3+0.2 17.0 £0.7 25.3+1.6 19.4 88.9 26.3 £20.0
YL3 4.0 3.7 15.5° 23.2° 2.8 100 * 13.3°
YL1 HH 2.6+0.5 15.7+1.0 23.7+3.4 69. 4 0 9.3+5.1
YL2 B 2.3+0.6 14.9+1.3 23.7+3.0 66. 7 94. 4 27.5+17.0
YL3 H{E 2.1+0.4 14.5+1.0 21.5£2.7 80. 6 100 22.4 £5.3
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Tab.7 Comprehensive comparison of adaptive

grading pitting performance at different speeds

CRUME RORE RBRIIR/%  RAK BB

" /e /e PRI R BB TR/% RIS
YLI1 1.28 3.49 0 0 0 90.7 27.2
YL2  1.25 3.51 94. 4 100 100 72.5 88.4
YL3  1.50 3.69 100 100 100 77.6 93.3
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