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Effects of extrusion on mechanical damage and
mechanical parameters of litchi

CHEN Yan?, XIANG He-ping*?, TAN Jian-hao'?, ZOU Xiang-jun'*", HUANG Guo-gang™?, LI Bo'?

(1.College of Engineering, South China Agricultural University, Guangzhou 510642, China; 2. Key Laboratory of Key
Technology on Agricultural Machine and Equipment, Ministry of Education, Guangzhou 510642, China)

Abstract: In order to investigate the damage rule of litchi by extrusion in harvesting, storing and transporting, we have
studied the effects of extrusion conditions on mechanical damage and mechanical parameters of litchi by using the
possible factors causing extrusion damage as test factors(including compression ratio, extrusion material, extrusion
direction and extrusion speed) , and by loading and unloading orthogonal tests. The results show that the factors which
have significant effects on the extrusion mechanical damage of litchi are compression ratio, extrusion direction, extrusion
material and extrusion speed in turn. The average ratio of mechanical damage of litchi raised by 3.03% as the
compression ratio increased by 1%. When the extrusion material is the rubber, the ratio of mechanical damage of litchi is
the lowest. The extrusion direction is the most significant factor for litchi’s elasticity while compression ratio is the most
significant for the other mechanical parameters; and the litchi’s elasticity in the horizontal direction is greater than in the
vertical direction. When the compression ratio increases, the elasticity decreases and the other mechanical parameters
raise . The determinant coefficient of the relation equation between the extrusion mechanical damage and the mechanical
parameters of litchi is 0.913, and the most relavant mechanical parameters to the extrusion mechanical damage of litchi
are the peak pressure and elasticity level. The research can provide theory evidences for the derogation design and
development of litchi operation equipments.
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Table 1 Setting and assignment for virtual variables
D, D, o 0, 5.45%
0 1 0 1 1.21% @
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Table 2 Mechanical parameters and mechanical damage of
litchi’s extrusion . . . o
PN UM Ugm) xRN % 2.2 RIEEARIN RN FH IR
7.43 6.06 343 0.65 461 26.36 SPSS
3.74 2.68 116 0.72 2.29 15.45 3

1

2

3 5.32 431 210 0.69 3.23 22.73
4 17.08 2574 1481 0.68 5.15 37.27
5 9.19 12.05 593 0.69 2.79 29.09
6 1555 23.02 1442 0.59 4.79 39.09
7 28.78 56.71 32.00 0.68 5.93 52.73
8 2539 50.76 30.88 0.62 5.20 51.82
9 25.03 50.39 29.59 0.66 5.03 50.91
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Table 3 Variance analysis of mechanical parameters of litchi’s extrusion

Frnax U Up r K
F 29.410 18.460 10.910 3.130 63.870
P 0.000 0.000 0.000 0.049 0.000
F 3.390 1.850 5.450 23.160 17.260
P 0.039 0.163 0.006 0.000 0.000
F 6.900 8.070 7.140 0.040 2.920
P 0.002 0.001 0.001 0.959 0.060
F 522.230 757.810 534.790 5.870 80.060
P 0.000 0.000 0.000 0.004 0.000

2
4
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Table 4 Regression equations of mechanical parameters
R F P

F =—6.86+2.09C +0.07v-2.47D, +2.52D, -1.270, 0.918 187.030 0.000

U, =-26.95+4.83C +0.14v-3.60D, +4.08D, 0.911 218.280 0.000

U, =-15.71+2.86C+0.10v+3.40D, — 2.910, —1.850, 0.882 158.746 0.000

r=0.69-0.01C -0.02D, —0.03D, +0.07Q, 0.484 15.650 0.000

K =2.45+0.20C +0.13v-0.88D, +0.92D, —0.800, 0.797 65.890 0.000
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