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Experimental study on mechanical properties of
garlic-stem for harvesting manipulator

ZHU Xin-hua, ZHAO Zhou, GUO Wen-chuan
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China)

Abstract To provide basic data for designing harvesting manipulator, tensile and compression tests on different parts
of garlic-stem,and tensile tests for whole garlic-stem were conducted on ripe garlic-stem. The results showed that the
tensile stress increased almost linearly with strain at the initial tensile stage, presenting the characteristics of elastic
materials. After the strain reached to certain values, the tensile stress increased slowly with the increase of strain,
presenting the characteristics of elastic-plastic materials. From top to root of the garlic-stem, the maximum tensile stress
decreased monotonously, the maximum compression force almost decreased gradually, the elastic property gradually
decreased, and the compression deformation gradually decreased at same compressive force. When the tensile speed
was 20 mm/min.90% garlic-stems broke at the root part,with the maximum tensile stress of (1.2+0.1) MPa and the
maximum strain of 0. 15+ 0.04. The best part for clipping the garlic-stems is above the middle part,and the clip load
should be less than 4.1 N/mm. Logarithmic functions and polynomial functions can be used to express the relationship
between tensile stress and strain,and compressive force and compression deformation, respectively.

garlic-stem; stretch; compression; mechanical properties; manipulator
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Table 1 The statistic diameter and moisture content of different garlic-stem parts
A H A2 /mm T S Y

Segment Diameter Wet basis moisture content

% 1 Bt () Segment 1(Top) 4.4340.52 87.641.1

5 2 Bt Segment 2 4.9840. 67 89.3+0.7

5 3 Bt Segment 3 5.5840. 66 89.9+0.6

% 4 Bt Segment 4 6.0240. 44 89.3£0.6

55 5 Bt CHR#B) Segment 5(Bottom) 6. 38740.43 89.441.2
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Fig. 1 Stress-strain curve of different garlic-stem parts
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Table 2 Maximum tensile stress and maximum uniformly distributed load of different garlic-stem parts
% I KALRE 1/ MPa B R A A/ (N/mm)
Segment Maximum tensile stress Maximum uniformly distributed load
1 Bt (T5i#B) Segment 1(Top) 2.4+0.3 4.6+0.3
% 2 Bt Segment 2 1.940.3 4.3+0.2
% 3 Bt Segment 3 1.5+0.1 3.940.2
% 4 Bt Segment 4 1.34+0.1 3.7+0.5
55 BE(HRE) Segment 5(Bottom) 1.0+0.1 3.840.4
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Fig. 2 Force-deformation curve of different

parts for one garlic-stem
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Table 3 Regression constants and coefficients of determination of

Equation (5) for different garlic-stem parts

#R A Segment Bo B B Bs R*
51 B (TH) Segment 1(Top) 21.06 —55.22 38.93 5.01 0.999 8
% 2 Bt Segment 2 38.55 —141. 68 137.86  —17.90 0.999 9
% 3 Bt Segment 3 14. 29 —77. 64 92.26 —11.40 0.999 8
% 4 Bt Segment 4 32.10 —111.16 131.61  —20.66 0.999 7
%5 B (M) Segment 5(Bottom) 85. 61 —248. 84 256.11  —52.99 0.999 8
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Stress-strain curve of whole garlic-stem at different speeds

RO E BB 4

PN o SRR e BIR AR B AR RAXRE R

R >>0.999 0, AREFMHEETROMYUE X iaaranas UG REL

4 HREAANMEETRHEA-EEXEZX(O)NUNERBRRERY
Table 4 Regression constants and coefficients of determination of

Equation (6) at different stretch speeds

LA 3 )% / (mm/min) ,
ag a, a; as R
Tensile speed
10 1.452 0.069 —0.082 —0.009 0.999 8
20 1.471 —0.076 —0. 149 —0.016 0.999 8
30 1.477 —0.166 —0.198 —0.022 0.999 7

6 = a, +a lne + a, (Ine)* + a; (Ine)*®

(6)

2.4.2 HEAMRIFEAPKBLER
e 5 7R AR TR A2 R 18 S5 KB R 7 N e K N
ARG AE R . W] UL BE G R R OR AR AR
thhr“jﬁnfjtrj SE IR . YR AN (]
B 7 22 7 45 B A W7 24 1 ME R AN [R] . iz ik Oy
10 mm/min I}, 3R 227620 3.4.5 Ml 1 B BB 24,
VBT SR ABE 3R AR YW/ 43 50 Sk 440633061206 il
1100, UL B UL 52 22 e 8 5 e vh i R AR Wi 2. 44
i R 20 mm/min B, 7655 5 FIEE 3 B B0 T

24 ER 55 90 Y0 10 %6, Uk B I IR a5 2 1) W 2
F TR AR A AR, AR BB W 2L e K T rp
e ML HE Y 30 mm/min B, W& R AR
1.4 F 5 B, Wi 448543 51k 50 % .30 %6 F1 20 %% . ik
I TU P B 75 2 T 24

PN T A AW s s TR v T D
514520 mm/min B B B 2l HURR 2 B Y o A
R IZH BE N BR A2 0 B KAL) (1. 2420, 1)
MPa, f KW 28 0. 1540, 04, LB} 75 22 = MAR

R5 ERFENRMHRE SXHNAMRKEE

Table 5 Tensile fracture probability, maximum tensile stress and maximum strain of whole garlic-stem

o7 e 5 g/ 2% /%5 Fracture probability KPR J1/MPa T KR AR
(mm/min) 1B 2 By 3 B 4 By 5 By Maximum Maximum
Tensile speed Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 tensile stress strain
10 11 0 44 33 12 1.0£0.2 0.1340.03
20 0 0 10 0 90 1.24+0.1 0.1540. 04
30 50 0 0 30 20 1.340.2 0.1940. 04
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