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A Fundamental Study for Developing a Garlic Harvester(I)

Physical Properties of Live Garlic at the Harvesting Season —
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ABSTRACT

In this study, the physical properties of live garlic at the harvesting season were measured and analyzed as a
fundamental study for developing a garlic harvester. A universal testing machine and a machine vision system were
used to obtain mechanical and morphological properties of live garlic, respectively. The moisture content of live
garlic at the harvesting season was 50% higher than that of dried garlic. The root of live garlic elongated greatly
with respect to the applied tensile force. The relationship between the projected area and the weight of a bulb of

live garlic was linear. Such a feature would be applied to develop an effective garlic harvester or garlic quality
grader. Other useful physical properties of live garlic at the harvesting season were represented in the study.
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Fig. 1 Three types of knives used in cutting
experiment. (Cutting angle ;: A. 90°, B.
45°, C. 15°).
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Table 1 The moisture content (%, w.b.) of live garlic at the harvesting season
Portion of live garlic Stalk Whole Bulb Root
Average (std). (%, w.b.) 88.0 (2.53) 72.0 (2.31) 55.0 (7.67)
Table 2 The compressive strength of whole bulbs of live garlic
Area Equiv. Max. Compressive Allowable Bio.
Compression direction Diameter compressive distance stress Elasticity
(mm) force (N) (mm) (N/cm?) (N/cm?)
Ave 48.00 211.82 12.10 11.23 48.69
Vertical ( 0°)
Std 6.25 89.42 497 3.08 15.99
Ave 51.00 195.00 5.15 9.81 97.09
Horizontal (90°)
Std 6.77 52.27 1.09 2.86 26.10
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Table 3 The tensile strength of stalks of live garlic

Area Equiv. Max. Elongation Allowable . ..
. . . . Bio. Elasticity
Tensile strength Diameter tensile at max. tensile stress (N/cm?)
(mm) force (N) force (mm) (N/cm?)
Ave 5.65 26.00 7.19 109.33 1,515.34
Sud 0.92 7.28 1.99 42,63 363.34

Table 4 The tensile strength of root of live garlic

Area Equiv. Max. Elongation Allowable . .
. . R . Bio. Elasticity
Tensile strength Diameter tensile at max. tensile stress (N/cm?)
(mm) force (N) force (mm) (N/cm?)
Ave 15.57 49.02 1.74 26.43 45.73
Std 3.17 16.77 5.99 9.34 17.26
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Table 5 The cutting strength of the stalk and root of live garlic at cutting angle of 90° and one-

side holding of cutting

. ) . Cutting energy
Area Equiv. Max. Knife travel at | Cutting ) .
Cutting strength : Portion of . . . at unit equiv.
. . Diameter cutting max. cutting Energy
live garlic diameter
(mm) force (N) force (mm) (N - cm)
(N - cm/mm)
Ave 7.84 58.52 6.01 24.02 3.05
Stalk
Std 1.13 1591 124 6.36 0.62
Ave 8.58 3147 6.89 11.21 1.29
Root
Std 1.02 3.54 0.60 293 0.20

Table 6 The cutting strength of the stalk and root of live garlic

side holding for cutting.

at cutting angle of 45° and one-

Area Equiv. Max. Knife travel at Cutting Cutting energy at
Cutting strength Diameter cutting max. cutting Energy unit equiv. diameter
(mm) force (N) force (mm) (N - cm) (N - cm/cm)
Ave 8.10 71.44 7.03 25.81 3.13
Std 1.23 21.16 1.41 10.63 1.01
00 7] #A3te] 71EY Fukl dHEE o] §-5toq vhs
80| 719 AREHS Z AR2A FVEE 25 om/
g oo secol 4] w2719 Ho) Awreio] &AA ekt
0] r
8 sof / e 719 AEH L 220] A% FEA| o
40t N
£ a0l - FolxEz Adge] 4% £7) ¢EH FA L
S 20¢ //// AHErt oj9h Z-2 HAFS ¥ dof viEbd ukel 2
10 —
0 : . . . ' ol Bd7giel AIH Y AAFTHAA Hdgo] A
0.00 2.00 4.00 6.00 8.00 10.00 . B .
Cutting distance (mm) FHog Frgoz & 4 Qlvh ka3, A& 57}
. _ . 2.5cm/sec®t 1.67cm/sece] A2 HoA B Ao
Fig. 3 The relationship between cutting force o Lo TE . :q
ataa L\_? A o o .0 —‘\E‘ T
and distance for the stalk of live garlic ° HE AGE AL A e ol 2
at cutting angle of 45° and one-side S/t W& B4, BEol doi}y] el vheE7]

holding for cutting.

90°d o chEEVE A FaHA ¥u dF0
2 del= o] B4 HY Eog gdd).
72 vteFdy] 3G 449 NaxAsE &

7 ol HolAtke A duldTh TPl BT
A%o] ARl A A HA 2
2700 gol sheZ7lo] W&
W o] 8 hE7)t ol AT AuH e
FQstel ARl AT FaHE RO BHUD,

dta FEE =7 wE



#2274 A M24P A1E 1999 29

Table 7 The cutting strength of stalks of live garlic when using a conventional combine knife for
cutting at two different knife speeds

Area Max. . . .
. . Knife travel at | Cutting Cutting energy at
Cutting strength : Equiv. cutting max. cuttin Ener, unit equiv. diameter
Different knife speed Diameter force ’ g & v
force (mm) (N/cm) (Ncm/mm)
(mm) N)
Ave 6.18 22.64 3.7 8.18 1.33
Knife speed : 1.67cm/s
Std 0.66 5.12 1.18 1.96 0.29
Ave 6.54 17.90 5.00 6.46 0.98
Knife speed : 2.5cm/s
Std 0.66 3.67 0.32 1.62 0.17
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Fig. 4 The relationship between cutting force
and distance for the stalk of live garlic
when using a conventational combine
knife for cutting at knife speed of 2.5

cm/s.
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Fig. 5 A digital image of a whole bulb of live
garlic.
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Fig. 6 The correlations between projected
area of whole bulbs of live garlic and
their weight and height.
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