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Parameter optimization of automatic grading and monomeric
delivery device of litchi

LI Jiawei, CHEN Yan, WANG Jiasheng, LIU Weiwei, ZENG Zeqin, ZOU Xiangjun
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To develop an automatic grading machine of litchi. [Method] An automatic
monomeric delivery device was designed and a delivery experiment was performed. The influences of different
working and structural parameters on the stuck frequency and cavity rate of litchi were analyzed. Regression and
combined models were established. Influencing factors were optimized comprehensively. [Result] Both stuck
frequency and cavity rate increased with the rotation speed of big turnable, the cycle length of small turnable
and the feeding volume increasing. Both stuck frequency and cavity rate increased firstly and then decreased
with the number of holes of big turnable increasing. The cavity rate also increased with the offset coefficient of
amplitude of small turnable increasing. The major factor influencing the stuck frequency and cavity rate was the
feeding volume, followed by the rotation speed of big turnable, then the offset coefficient of amplitude of small
turnable. The optimial parameter combination from the combined regression model was better than those from
the orthogonal experiment and the independent regression model. The optimial parameters of the delivery device
were as follows: the rotation speed of big turnable was 7.35 r-min”', the rotation amplitude of small turnable was

14.30 r-min"', the cycle length of small turnable was 16.93 s, the offset coefficient of amplitude of small turnable
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was 0.33, the rotation motion of small turnable changed linearly, the feeding volume was 1.31 kg and the

number of holes of big turnable was 10. Based on this combination, the stuck frequency was 0 and the cavity

rate was 6%. [Conclusion] The results can provide references for the designation of automatic grading and

monomeric delivery device of litchi.

Key words: litchi; automatic grading; monomeric delivery device; parameter optimization; stuck frequency; cavity

rate
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Fig.1 The structure of double turnable monomeric delivery device of litchi
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Table 1 Factors and levels of single factor test
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Fig.2 Conveyer table of monomeric delivery device of
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Fig. 3 The influence of the test factors on stuck frequency and cavity rate
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Table 3 Orthogonal test results and range analysis

o HR" R &Y
A B C D E F G /&4 %
1 1 1 1 1 1 1 1 0 8.38
2 1 2 3 3 1 2 1 0.33 2.88
3 3 2 1 2 3 1 3 0.67 2.75
4 3 1 2 3 3 3 3 1.33 44.42
5 1 1 2 1 3 2 2 0 13.30
6 2 1 2 2 3 1 1 0.33 0
7 2 2 3 1 1 1 3 0 8.33
8 2 3 1 3 2 1 2 0 20.00
9 2 2 1 1 3 2 1 0.67 25.00
10 1 3 1 2 2 2 3 0 8.33
11 1 2 2 3 2 1 3 0.33 5.58
12 1 1 3 1 2 3 3 1.00 33.33
13 3 1 1 3 1 2 2 0.50 25.00
14 2 3 3 3 3 3 1 1.67 100.00
15 2 1 1 2 1 3 3 1.33 19.42
16 1 3 2 2 1 3 1 0.67 16.63
17 3 2 2 2 2 2 1 0.67 20.88
18 2 1 3 2 2 2 2 0.33 13.30
19 1 3 3 2 3 1 2 0 6.70
20 3 3 1 1 2 3 1 1.00 16.63
21 3 3 2 1 1 1 2 0.67 13.30
22 2 2 2 1 2 3 2 0.33 16.70
23 3 2 3 2 1 3 2 2.33 43.30
24 3 3 3 1 3 2 3 0.33 13.92
25 2 3 2 3 1 2 3 0.33 38.92
26 1 2 1 3 3 3 2 0.67 23.30
27 3 1 3 3 2 1 1 0.33 4.13
RRIE K, 1.00 1.72 1.61 1.33 2.05 0.78 1.89
K, 1.66 2.00 1.55 2.11 1.33 1.05 1.61
K, 2.61 1.53 2.10 1.83 1.89 3.44 1.77
WRZE(R) 1.61 0.44 0.55 0.78 0.72 2.67 0.28
EIE Y% K, 39.48 5376 49.60  49.63 58.71 23.06  64.83
K, 80.56  49.57  56.57 4377 4629 53.84 5830
K, 6144  78.14 7529  88.07 7646 10457 5833

WZER)  41.08 28.57 25.69 4431 30.17 81.52 6.53
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Table 4 Setting and assigning of virtual variables
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Table 5 Experimental results of parameter optimization
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