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Operation Mechanism Analysis and Parameter Optimization of
Garlic Root Floating Cutting Device

YU Zhaoyang'? HU Zhichao> YANG Ke® PENG Baoliang” ZHANG Yanhua’ YANG Mingjin'

(1. College of Engineering and Technology, Southwest University, Chongqing 400715, China
2. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: The research on mechanized root cutting of garlic at home and abroad is still in the exploratory
and experimental stage. Two key issues that remain unresolved in mechanized root cutting of garlic are
low root cutting rate and high bulb bruise rate. In order to further study the operation mechanism and
optimization design of garlic root floating cutting device, the theoretical study on the mechanical
properties of root floating cutting process was carried out. The dynamics equations of bulb collision during
root cutting were derived, and the relative velocity of bulb collision was the key motion parameter that
affected the collision damage. The principle of root sliding cutting operation was analyzed, and the cause
of root group cutting resistance was analyzed by establishing mechanical models of blade cutting
resistance. The process of bulb collision, root group disturbance and fracture was analyzed by high-speed
photography. The mathematical models were established to predict bruise rate and root cutting rate. The
effects of various factors on bruise rate and root cutting rate were analyzed and the comprehensive
optimization of various factors was carried out. The bruise rate was 2. 78 % and the root cutting rate was
93.17% under the optimal parameters of root floating cutting device with feed speed of 1 m/s, rotational
speed of the cutter of 2 600 r/min, cutter angle of 33°, and spiral grating pitch of 28 mm. The research
results can provide references for the research and mechanism design of garlic root cutting technique used
in garlic combine harvester.
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Fig. 1 Structure diagram of root floating cutting device
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Fig.2  Structure diagram of garlic root cutting test bench
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Fig.3 Schematics of bulb collision during root cutting
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Fig.4 Schematic of root slide cut
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Fig.5 Forces analysis of blade at cutting moment
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Fig.7 High speed images of root cutting process
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Tab.2 Experiment design and results
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15 L5 2600 35 300 3.30 9164 0.05X, +2.61 x10 "X, X, —25.7X} - 0. 01X;
16 1.30 2 600 26 30 5.21  86.85
17 130 2300 26 20 437 84.13 (16)
18 1. 15 2300 26 30 3.67 88.92 3.3.4 iﬁ%ﬁ%ﬁxﬁ%ﬁﬂ@%u@ﬁ*ﬁ
19 115 2300 35 40 3.83  88.36 B i
20 100 2300 35 30 299 91.38 WA 3 g N7 18 AR L 48 AR B T K 2 AR
A LIS 23002630 35S 8834 A AR PEIOG M AR AR T G 3 N %, R
22 1.00 2300 17 30 3.25  90.05
atlab % {4 22 48 b I R B DY 4
130 2300 % 0 538 8587 HI Matlab %K 4 2 il Rl & X} 48 A5 0 N 59 DY 48 b)) A
2 115 2300 35 20 3.31  87.76 B R 8.9 Fir A, S SN B R 4 AT 45 R
25 0LIS 2000070 399 62 g b B O B, P 40
26 1.30 2300 35 30 4.96  84.57 {56
M{ERsEINS
27 115 2300 17 20 3.33 86.75
28 1.15 2300 26 30 3.23  89.36 FH &L 8 AT, ey i o R A v L MEBE BT P A AL B sk
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Tab.3 Variance analysis of response surface model
i Hisg bR
T i i F 2 i i F 2
K1 7 16. 350 14 13.95 <0.000 1 200. 81 14 35.65 <0.000 1
X, 10. 620 1 126. 91 <0.000 1 128. 05 1 318.23 <0.000 1
X, 0.033 1 0. 40 0. 537 50.92 1 126. 55 <0.000 1
X, 0. 690 1 8.20 0.0125 3.74 1 9.30 0. 008 7
X, 3.420 1 40. 91 <0.000 1 2.75 1 6.82 0.0205
XX, 6.40 x 1073 1 0.076 0.7862 0.18 1 0. 46 0.508 9
X, X, 0.011 1 0.13 0.722 1 0.17 1 0. 42 0.5285
X, X, 0.048 1 0.58 0.459 6 0.01 1 0.03 0.8770
X, X, 0. 053 1 0.63 0.4399 1.99 1 4.94 0.043 2
X, X, 0. 027 1 0.33 0.5775 0. 88 1 2.20 0.1605
XX, 0. 450 1 5.36 0. 036 2 0.12 1 0.30 0.589°8
X 0. 580 1 6. 96 0.0195 2.08 1 5.16 0.039 4
X2 0.089 1 1.06 0.320 1 0.97 1 2.41 0.1427
X2 0.019 1 0.23 0.6383 8.07 1 20. 06 0.000 5
X 0. 570 1 6. 84 0. 020 4 0.62 1 1.53 0.2363
5 2 1.17 14 5.63 14
£ 4035 0.92 10 1. 49 0.3724 4.94 10 2.86 0.1617
B2 0.25 4 0.69 4
A 17.52 28 206. 45 28
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Fig.8 Four dimensional slice diagram of bruise rate

with feed speed, cutter angle and spiral grating pitch
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Fig.9 Four dimensional slice diagram of root cutting rate

with feed speed, rotational speed of cutter and cutter angle
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