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Rheological Properties of Bundled Leaf Vegetables Held and Picked-up by Machine
H J. Jun S H. Kim

Abstract

This study was carried out as basic researches to develop the leaf vegetable harvester. This study was conducted to
investigate physical and rheological properties of bundled leaf vegetables with stem (Chinese leek, Crown daisy and
Chamnamul) as test materials held and picked-up by a machine. Stress-strain behavior, stress relaxation, and strain recovery
for the bundled materials were analyzed using simple Maxwell model. Physical and rheological properties of the materials
were investigated by measuring rupture load, deformation and stress experimentally. Also, strain recovery time when
unloading was measured using super high speed camera. Recorded recovery time for stress-strain behavior was0.026 s for
Chinese leek with liner strain recovery, 0.046 s for Crown daisy and 0.05 s for Chamnamul with non-linear strain recovery.
Furthermore, the strain recovery time for permanent deformation was 0.026 s, 0.046 s, and 0.05 s for Chinese Leek, Crown
daisy and Chamnamul, respectively. Finally, strain recovery time and strain recovery ratio for the test materials were 0.17
s, 60.4% in Chinese leek, 0.12 s, 55.3% in Crown daisy, 0.15 s, 58.7% in Chamnamul. Here strain recovery time means
that how fast the test materials are recovered from initial deformation and strain recovery ratio means how much the test

materials are recovered from initial deformation. The above results show that the test materials can be held enough and
moved by the belts.

Keywords : Leaf vegetables, Rheology, Stress, Strain, Relaxation, Recovery
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Table 1 Characteristics of non-head leafy green vegetables used as
test materials

Plant Diameter | Length of Diame‘ter of test
height of stem stem materials (mm)

(mm) (mm) (mm) | a | b | c

Materials

Chinese leek 380 2.5~4 20~40 45 | 43 | 35

Crown daisy 250 2~3 50~80 36 | 46 | 55

Chamnamul 350 5~8 150~250 | 42 | 50 | 58
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Fig. 1 The measuring points of diameters of test materials.
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Fig. 2 Schematic diagram for measurement of physical properties of
test materials.

Fig. 3 Measuring device for physical properties of materials.
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Fig. 4 Diagram of Maxwell model representation.
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Fig. 5 Schematic diagram for the deformation of diameter of the
plant(Chinese leek) bundled between conveyor belts.
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Table 2 Initial rupture load and stress-strain of test materials

. Diameter Rupture Rupture Strain
Materials (mm) load stress (m/m)
(N) (kPa)
Chinese leek 45 924 20.5 0.51
Crown daisy 55 91.2 19.8 0.64
Chamnamul 58 91.9 184 0.62
150
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_ 1o ¢ \
8
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Fig. 7 Force-deformation curve of Chinese leek at the rupture point.
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Fig. 8 Stress-strain relationship of Chinese leek at the rupture point.



Table 3 Permanent deformation of materials at the load of 90N

J. of Biosystems Eng.

Vol. 32, No. 6.

. Diameter Load Deformation Deformation rate Permanent deformation Permanent strain
Materials o,
(mm) ™) (mm) (%) (mm) (%)
Chinese leek 45 90 23.7 52 9.5 21
Crown daisy 55 90 26.7 48.5 11.6 21
Chamnamul 58 90 347 60 15 26
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Table 4 Parameters of stress-strain behavior model for test materials

Items E (kPa) n (kPa‘s) R (s'l)
Chinese leek 2.352+0.940 -1.337+0.609 0.221
Crown daisy 0.729+0.308 -0.339+0.164 0.183
Chamnamul 0.437+0.203 -0.30+0.164 0.173
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Fig. 9 Stress-Strain relationships of test materials by the equation of

model.
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Table 5 Parameters of stress relaxation model for test materials

Materials ¢ (m/m) Ei (kPa) E. (kPa) A G 7 (kPa-s)
Chinese leek 0.534+0.039 41.421+3.06 0.431+0.066 0.186+0.006 7.72+0.624
Crown daisy 0.488+0.064 42.324+6.182 0.59+0.055 0.146+0.007 6.158+0.895
Chamnamul 0.618+0.084 30.20+5.441 0.447+0.082 0.175+0.017 5.2384+0.671
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Fig. 10 Stress-Time relationships of test materials by the equation
of stress relaxation model.

(3) Baoil 24Tt HY 2| =51
PR HYRS P70 gak7] Sis AdA
5ol 90 N9 8152 78laL o] 45 2 H(probe)2] W4
g 00 AA3le] 0T S FAAA AFARY
At whE HPIELES FuETh
Motion plus 5.5 3|4 TZ 7345 0|23} A5 t)
of vehd ddAEe HPsEF 3l 55
3 % 11049} o] 59 -9 i 056014 WHo] 3
B A7 004332 AAAQ ZAEAL B o)A

0.60
—O— Chinese leek
0.50 ~- Crown daisy
_..A._
£ 0.40 Chamnamul!
IS
£ 0.30
o
» 0.20
0.10
0.00 :
0.000 0.020 0.040 0.060
Time, s

Fig. 11 Strain-time relationship of test materials(at the load of 90 N).
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Table 6 Equations for strain-time in stress relaxation model of test
materials

Materials Equations
Chinese leek e(t) =(22.12¢77%) /41421 + G
Crown daisy e(t) =(20.65¢%%) /4232 + C,
Chamnamul e{t) =(18.66¢>7%)/ 302+
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Table 7 Strain and strain recovery ratio of test materials according to the time

Time (5) Strain (m/m) : e(t) Strain recovery ratio (%)
Chinese leek Crown daisy Chamnamul Chinese leek Crown daisy Chamnamul
0 0.53 0.47 0.63 0.0 0.0 0.0
0.04 0.43 0.37 0.49 18.9 21.3 22.2
0.08 0.35 0.28 0.39 34.0 40.4 38.1
0.12 0.28 0.21 0.31 472 55.3 50.8
0.15 0.24 - 0.26 54.7 - 58.7
0.17 0.21 - - 60.4 - -
e AAMETE FHE7A SEo) o)k m) % 69 .
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Fig. 13 Strain-time for the test materials in stress relaxation by the
load of 90 N.
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Fig. 14 Strain recovery ratio of test materials according to time.
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