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Design and Test of Floating Clamping Device for
Garlic Combine Harvester
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Abstract; In order to improve the success rate of conveying and reduce the damage rate of bulb, a
floating clamping and conveying device was designed. According to the operation requirements of garlic
combine harvester, multiple floating wheels were staggered in the working area and the chain tightness
were adjustable, which met the needs of stable clamping. The rheological digital model of garlic stem was
established, and the relationship between the key operation parameters on the clamping force of conveying
device, conveying loss and bulb damage was analyzed. Taking the elastic coefficient of floating wheel,
chain conveying speed and floating wheel spacing as test factors and the success rate and damage rate as
test indicators, the test data were analyzed by Design-Expert software and the 3D response surface
diagram was generated. The text results showed that when the elastic coefficient of floating wheel, chain
conveying speed and floating wheel spacing were 2 N/mm, 520 mm/s and 83 mm, the performance of the
device was the best, and the success rate and damage rate were 97.42% and 1.36% . The optimization
results were verified by tests, and the verification results were basically consistent with the optimization
results. The research results could provide a technical reference for further exploring the technology of
garlic combine harvester and floating clamping conveyor.

Key words: garlic combine harvester; floating type; clamping conveyor;rheological model
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Fig. 1  Structural diagrams of floating clamping device
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Fig.2  Structure diagram of floating clamping mechanism
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Fig.3 Analysis of garlic plant movement and force
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Tab.1 Fitting results of parameters of stem creep model

#k oy ky/ ky/ cy/ cy/
Fy/N (Nemm™) (Nemm™') (Nesemm™') (N-esemm™")
3 4.2 36. 8 147.7 1048.0
5 4.6 48.0 190. 5 1174.0
7 3.9 49.4 190. 8 1120.0

- 4.2 44.7 176.3 1114.0
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Fig.8 Creep fitting curves of garlic stalk
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Tab.2 Coding of test factors
H %

giry  TREhEEEME R AL I 2l 8 ] BE B 2% H 3%
xl/(N-mm") X,/ mm x3/(mm-s’])

-1 1 70 500

0 3 85 1 000

1 5 100 1500

SR AL S B A7 O, A 3 5K FH BE AL A2 B 100 5515
TEBE 85 MUMHOH: 1 F AR A R I AR A, KO R 2
SR A R TR SRR A Je R i Ji Sy
2% I 80 ~280 mm 4b, ¥R I A 120 mm , & 41 i K &
25 W IR B A5 R BCE 4 E .

4.4 RBRERSSHMKL

R S B A b B3R, X6V sl e 2R 4L TR iR &
A R AT I M, I R 5 R
3 PR, X X, X R G (E

3 RBRARSLR

Tab.3 Test scheme and results

D IE R Y,/ DGR Y,/

F5 X, X, X, % %
1 0 1 -1 95. 83 0.39
2 1 0 -1 99. 26 2.87
3 0 0 0 97. 58 2.79
4 0 0 0 97. 45 2.18
5 -1 0 1 95.94 1.86
6 0 -1 -1 98. 56 2.31
7 0 0 0 97. 48 2.92
8 0 1 1 97.83 2.93
9 1 -1 0 99.17 3.74
10 -1 -1 0 95. 82 1.47
1 1 0 1 99. 64 4.25
12 I 1 0 98. 42 3.18
13 -1 0 -1 95. 26 0.38
14 0 0 0 97.55 2.95
15 0 -1 1 97.28 2.17
16 0 0 0 97. 69 2.46
17 -1 1 0 94.36 0.73

X R BRI AT T Zon et LRSIy 25 4%
Mr, &5 Rk 4 iR,

XF Y, B R 43 A AT AL, #E P < 0. 05 KT
XXX XX, XX XX XS MR R E,
X X, RBE 0% Y, BG4 Bl 50, 76 P <
0.05 KF I X, X, X, X, X, X3 X2 (A S %, H
R o B RN 5 % B B 1 3 R R
3 BIBRAN A I Il 5

Y, =97.55 + 1. 89X, —0.55X, +0.22X, +0. 18X X, +
0.82X,X, —0.23X; -0.38X; +0.20X;  (21)
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Tab.4 Variance analysis

W AR  AESRIE SFIr R ¥ior F P
R 35.17 3.91 452,32 <0.000 1
X, 28.54 28.54  3303.4  <0.0001
X, 2.41 2.41 278.84  <0.000 1
X, 0. 40 0. 40 45.84  0.0003
X, X, 0.13 0.13 14.59  0.0065
X, X, 0.02 0.02 2.60 0.1506
\ X, X, 2.69 2.69 311.32  <0.000 1
BIE Y, X2 0.22 0.22 25.50  0.0015
X3 0. 60 0. 60 69.91  <0.0001
X2 0.17 0.17 20.23  0.0028
i 0. 060 0. 009
1) 0.025 0. 009 0.94 0.498 6
R 2% 0. 035 0. 009
S 35.23
R 18. 67 2.07 30.83  <0.000 1
X, 11.52 11.52 171.17  <0.000 1
X, 0.76 0.76 11.24  0.0122
X, 3.46 3.46 51.39  0.0002
X, X, 0. 008 0. 008 0.043  0.7388
X, X, 0. 003 0. 003 0.037  0.8526
X, X, 1. 80 1. 80 0.12 0.001 3
o X3 0.0001  0.0001  0.001  0.969 6
Bfi T, X2 0. 62 0.62 9.27 0.018 7
X2 0. 44 0. 44 6.61 0.0370
B2 0.47 0. 067
XD 0. 032 0.011 0.097  0.9574
R 0.44 0.11
B 19. 14

Y, =2.66 +1.20X, —-0.31X, +0. 66X, +
0.67X,X, —0.38X; - 0. 32X; (22)
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Response surface of interaction of various factors
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