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Design and Test of Longitudinal Axial Flow High and Low Roller
Type Fresh Corn Flexible Peeling Device

CHEN Shun' YI Kechuan'?® ZHANG Xinwei'®> JIANG Chunxia' WANG Qingging' HUANG Xin'
(1. College of Mechanical Engineering, Anhui Science and Technology University, Fengyang 233100, China
2. Anhui Provincial Maize Breeding Engineering Technology Research Center, Fengyang 233100, China)

Abstract; Aiming at the problems of low mechanical efficiency and high peeling damage rate of peeling
equipment in the harvesting process of fresh corn in China, based on the analysis of the structural
characteristics of the existing peeling device, a flexible peeling device with the combination of “flexible
segmented roller type + spiral adjusting frame” and rubber frequency vibration plate matching was
designed. According to the physical characteristics of fresh corn, the peeling process of fresh corn was
analyzed mechanically and kinematically, the main factors affecting the peeling performance were
determined, and the structural design and parameter analysis of the peeling device was carried out.
ANSYS Workbench/LS —DYDA module was used to simulate the peeling process of fresh corn ear, and a
peeling prototype was fabricated according to the theoretical analysis and simulation results, and the
peeling test was carried out. In order to obtain the best test material for the prototype, a single-factor test
was conducted with cob length, ear diameter and ear water content as test factors, and ears with length of
260 ~280 mm, diameter of 64 ~66 mm, and water content of 66. 5% ~69% were determined as samples
for the orthogonal test material of the peeling machine. Design-Expert software was used to design a three-
factor, three-level orthogonal test, with peeling roller speed, peeling roller inclination angle and vibrating

plate vibration frequency as test factors, and bract peeling rate and grain breaking rate as test indicators.
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The results showed that the impact on bract peeling rate and grain breaking rate from large to small were

peeling roller speed, peeling roller inclination angle, frequency vibration plate; the optimal combination

of parameters; peeling roller speed of 478. 72 r/min, peeling roller inclination angle of 8. 05°, vibrating

plate vibration frequency of 259. 20 times/min, at this time, the bract peeling rate was 92.41% , and the

grain breaking rate was 1.47% . Under this condition, the verification test was carried out according to

the actual working conditions, and the bract peeling rate and grain breaking rate were 91.75% and

1.55% , respectively, which were basically consistent with the parameter optimization and met the

requirements of fresh corn peeling. The research result can provide technical support for the optimal

design and selection of fresh corn peeling equipment.

Key words: fresh corn; flexible peeling device; combined high and low rollers; computer simulation
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Fig. 1 Triaxial dimensional diagram of fresh maize
plants and ears
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Tab.1 Fresh corn ear size measurement results

mm
ZH FHEH R MH fi/IME
K pr 266. 3 294.0 227.0
H*E 65.3 68.2 59.6
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Fig.2 Mechanical properties test of fresh corn ear
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Tab.2 Measurement results of mechanical

properties of fresh corn ear

Fr A 1) E X FHE KR /ME
17 %4 41/N 46. 68 68. 62 26. 82

Y hifh PUhiss i/ MPa 8.52 10. 45 4.89
Wiz fe /) 0.27056  0.46456  0.158 40

W24 3 /N 13. 88 25.13 5.49
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Fig.3 Three-dimensional structure of fresh corn
peeling machine
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Tab.3 Main technical parameters of fresh corn ear

peeling machine

ZH Bl
SMERSF (K x 58 x 5)/(mm xmm xmm) 1750 x555 x 1970
LA kg 115
T B 4 L WL E Ty e/ kW 4
I s AT FB ML 2R/ kW 0.38
FI R/ (romin ") 0 ~500
PR SHAR IR EH AR/ (WK -min ™) 0 ~270
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Fig.4 Analysis of forces on peeling process of fruit ear
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Tab.4 Constitutive model of materials and its specific

parameters
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Y e
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Tab.5 Parameters of structure and assembly
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Tab.6 Three simulation test conditions
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Fig.9 Effective strain maps of ear force on peeling roller
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Tab.7 Factors and levels of single factor experiment

K ks
K JiF /mm H A /mm TR %
1 220 ~240 60 ~ 62 61.5~64.0
2 240 ~260 62 ~ 64 64.0 ~66. 5
3 260 ~ 280 64 ~ 66 66.5 ~69.0
4 280 ~300 66 ~ 68 69.0~71.5
5 300 ~320 68 ~70 71.5~74.0
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Fig. 12 Results of single factor experiment
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Tab.8 Factors and levels of peeling test

%=
ity I B 4R A P e A A A I S AR 2 AR
%,/ (remin~") %,/ (%) x5/ (W -min ")
-1 400 5 250
0 450 7 260
1 500 9 270
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WG VE X B IR T o b, 2R kAT 17 S, ik 9
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Tab.9 Experimental design and results

5 G5 Ak Y, /% Y,/ %
X, X, X,
1 -1 0 1 87.59 1.87
2 0 0 0 93.54 1. 46
3 0 0 0 91.56 1.38
4 1 0 1 89. 06 2.03
5 0 1 1 86. 59 1.69
6 0 0 0 94. 02 1.42
7 0 -1 -1 92.34 1.92
8 -1 -1 0 86. 98 1.57
9 0 0 0 93.28 1.21
10 1 0 0 90. 01 1.76
11 0 0 0 93. 89 1.33
12 0 1 0 88.79 1.53
13 -1 1 0 87.98 1.67
14 1 -1 0 91.21 2.13
15 0 -1 1 90. 06 1.97
16 -1 0 -1 86.78 1.63
17 1 0 -1 92.59 1.98
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Fig. 14 Effects of factor interactions on grain breaking rate
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Fig. 15 Validation test of fresh corn ear peeling
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Tab.12 Experimental results of verification %

A ELIERE =S ERLAE 15 5
1 92.32 1.58
2 90. 97 1.56
3 91.96 1.51
4 { 91.75 1.55
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