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Design and Experiment of Garlic Bolt Picking Machine
Based on Artificial Extraction Principle

GENG Lingxin' LU Fuyun' ZHANG Lijuan’® LI Yang' WANG Hengyi'

(1. College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China
2. College of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: In view of the problem of low mechanization of garlic bolts harvesting in China, a garlic bolt
picking machine was designed based on the traditional manual picking principle, which completed the
process of scratching the stem of garlic plants and clipping the garlic bolt from the bottom through the
scratch of stem and clip garlic bolt device, and completed the process of pulling out and transporting
garlic bolt through the garlic bolt extraction device. According to the physical characteristic parameters of
garlic bolt and garlic plant, the structure design of key components was carried out. Through theoretical
analysis, the relationship between the forward speed of the machine and the speed of key components was
determined. ANSYS simulation analysis of the garlic bolt clamping process of silicone rubber sheet was
carried out to determine the garlic bolt clamping gap of 2 mm. Needle chain gap, drum speed and gripper
closure start angle were selected as the test factors, successful garlic bolt pulling rate, garlic bolt pulling
damage rate and leaf retention rate were selected as the test indexes, the ternary quadratic orthogonal
rotation combined test was carried out. The results showed that when the needle chain gap was 3. 92 mm,
the drum speed was 48. 32 r/min and the gripper closure starting angle was 78. 53°, the successful garlic
bolt pulling rate, garlic bolt pulling damage rate and leaf retention rate were 89.10% , 20.55% and
77.34% , respectively.

Key words: garlic bolt picking machine; needle chain; clamp; mechanical gripper

0 3= FRIAEZE E R A Y AR
- AR 55 P I 2P, A 2 I i 2 0] 2 1) o e A
o AR BB R L AR MRS A RN T H R, KR A

Wk H . 2021 =07 =23 & H #]. 2021 - 08 —20

EE&WE: ERAAFFEILET A (52005163)

EEB N IS (1972—) , B fI W 4, EEAFEAYBA WIS, E-mail : genglingxin@ 163. com
BEMEE: KRR (1970—) L, @l 082, 325 AR ARl HLAR 56 B 47 R BF 5%, E-mail : hkdzlj@ 163. com



116 £~k

1R S S ¢

2021 4

R e iod 72 HE A S LU AL " DR A A R A g
T DRI 78 2 2R 478 o M Uk g o A 3 R R AR R
M AR A SR A, R i T A R B A
P R L RAF LB, TS LN TR 3, AN BEWE 2 55
B RHR I R R R

T A S ke N A
wr A VIBRAIL 38 0o YD B3R oot 160 150 73 o A R Al 2E Rt
M Ao DTk BRAR BE v AU 22, (R R 224 O R
0 0 B e AL 5, N AT 2 R 2 ORI AR T P B R D
JEATAE B T — MR LB, 3 B s e R
@R R R IR SR N W S e SN (E
o JE AT ADAMS B 56 75 22 W3R AL Y OC B HIL AL ik
RO BT A5 3 TG IZ B B8, A e
We AR 30Tk 22 ) AN [R) B 62 R AT T B0 A TR 4 U, 75
BT A RIS vt 2 E 7R 52 1) 5 R 2 AT B BEHLBRCR
Y e T R 0 B 2 OGBS R, Dy B2 R A AL T
(TR A T SR B . AR AR A R R 2R 0 i
HREPE HEAT RS, SR K (0 B8 23 M7 st 22 L A 5 1
5 hn A KR N EOE A IR I SC AR L1 T A
KSR T3oh B A — L85 T r 2L R AW LB 1Y
LB SN S F NS R 1 P
IF S — Plps 2L R AWML N T Hh &+ 2p i 2

A 5T 3 TN TR A e 42 1 BB, 3 — b
ELRAMAL , AL AR 25 Je Z2 A B R 24 B, T 58
IR s AR AR A 25 e W e A2 R 7 BE A HH RIS B 25
PRV o AR ik A2 R R AL R 1) ) B R P 2 2, 3
S R B MRCREAE B A S5 M AT i sl i B S
ST, B S LA R S B R 1 G AR 5 0
o AR A e AL R AT ANSYS {5 5 A, i E il
e ZEE Bt . AR AL th i S A &, il
I 1] 3 462 560 IE AL 4% 14 ] 4

1 EHEHNEITERE

R AR AL S AERT AN 1 R, FE R =
e B E R AR B A, R 2 B E AL
IyOR AR T R VR EE AR et MRk B A SR AT
TE TR IR A T AR R R RS

BLAR 10 2 70 8 g ok PR T B A AL, AL L i Al
e oRs 2 g A 2 2 v e e ) RloRE 3 0 3 AR
— A BT AE RS, (LA 1) AT RS B 5 — %3 o HE 1
B A 1) 45 1 32 ) ) 25 e R A — X Al B BE AR
— X e £ B 1) K 5 5 — B T O — X 1A R R sl ) A%
PR SAT, SEFR fT ) BE &% o LA AR, Kastl pkAE
O3 7R g B IR BEACHT B BE A% 00 18] BR R, 700 9 5T
FLAE IR Al BT BE S R T R R Oy R B
T BE 2K 09 18] J5 B Bl S8 RS R R A RR A AR 31 v 19

RNZEAEE o FER 28 AR, KOst AR AR 5] = 5%
(95| AR e Hk M 1 3 T WA I o AT 2% o
A — A e S8 IR A R A 3 25 DO L T —
WK B el o TR B AR R AR T,
TEVR (7 BT 77 VA 5 o st 22 Je AR SORS , B VR 7 e 8 —
FE AETR TR (0 5 7 Sk TP s BE AN T o 2 1 V5 1) 4
LR, 58 MR AL B RAR AL
0 8 7 6 5

Bl R ML R B
Fig. 1  Schematic of garlic bolt picking machine
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Fig.2 Schematic of artificial picking garlic bolt
Lo 208 3. bR

a WIZEid R b FLEDE R o MR



11

BRA 8T 45 s T N T 22 U3 A0 75 28 R UL BT 5 i 117

BT B0, A Ot e e 1 R A e B2 A T SR
LR H R HLBC B OIR BEOR ARk SR AR I
R, 2 OB R GE A WOR LA ML AR HE |, BT 1
B EZHARSHIE 1 PR,
F1 HFEXRBIEIERARSH
Tab.1 Main technical parameters of garlic bolt

picking machine
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Fig.3  Schematic of scratch stem and clip garlic bolt

clipping device
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Fig.4 Schematic of dimensions of key parts of
stem scratch and clip garlic bolt device
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Tab.3 Scheme and results of experiment

Gt X, X, X3 W% oy /%y /%
1 1 1 1 82 24 74
2 1 1 -1 78 20 72
3 1 -1 1 80 28 72
4 1 -1 -1 76 16 84
5 -1 1 1 94 32 70
6 -1 1 -1 84 30 60
7 -1 -1 1 92 22 76
8 -1 -1 -1 76 16 70
9 1. 682 0 0 82 16 84
10 -1.682 0 0 90 32 66
11 0 1. 682 0 86 26 66
12 0 -1.682 0 76 20 74
13 0 0 1.682 90 24 84
14 0 0 -1.682 78 16 64
15 0 0 0 90 18 80
16 0 0 0 92 20 76
17 0 0 0 90 12 72
18 0 0 0 88 20 78
19 0 0 0 86 24 70
20 0 0 0 84 18 76
21 0 0 0 88 22 72
22 0 0 0 86 20 74
23 0 0 0 90 14 78

x4 HESW
Tab.4 Analysis result of variance

% IR AER 5| WEB i H y, B A6y,
KW OF Id F P F jd

B 13.20 <0.0001** 4.74 0.0060* 4.52 0.0073**
X, 25.64 0.00027" 9.11 0.0099 ™" 14.41 0.0022 "
X, 12.90 0.0033** 6.99 0.0202™ 7.08 0.0196""
X 39.86 <0.0001"" 8.44 0.0123™ 7.15 0.0191"
XX, 0.83 0.3776 5.92 0.0302" 0.28 0.6059
X, Xy 7.51 0.0168* 0.66 0.4320 5.25 0.0393*
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X3 21.26 0.0005™" 3.90 0.0699° 3.70 0.0766"
X3 7.79 0.0153* 0.58 0.4593 0.27 0.6128
K4 0.58 0.7185 0.66 0.6641 2.17 0.1583
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Fig. 11

Response surfaces of interaction effect on each index
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