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testing
o o) cuildy )b (CC) > ()52 (ors Coglo
Apple Cultivar ~ Harvest date  Temperature (°C) ~ Relative humidity of air
5108 O 92/5/1 27 27
Golab Kohanz 91/5/9 27.3 25
91/5/12 27 25
Al 91/7/15 22.8 26
Gonagold 91/7/26 27 22
91/8/3 20.3 34
s 91/8/3 20 34
Fuji 91/8/14 20.5 32
91/8/20 22.6 35
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Figure 3-Stress relaxation functions (right side) and Normalized relaxation functions (left side)for
Golab Kohanz apples at three harvest dates.
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Figure 4-Stressrelaxation functions (right side) and Normalized relaxation functions(left side) for

Gonagold apples in three harvest date.
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Figur

-relaxation functions (right side) and Normalized relaxation functions(left side) for Fuji apples
in three harvest date.
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Table 2- Summary of analysis of variance parameters of the Maxwell model in a non-
confining stress relaxation tests.

Ol yuss o EESN Olayo (1:55ke
Source of 3l Mean Square
Variability DF Ei(MPa) = Ty(s) E,(MPa) To(s)  E«{MPa) Ey(MPa)
~ 2 0.03" 30.97% 031" 16476™ 217" 1.76"
Cultivar
CA.\:)I - U *k kK * kK

rT 2 0.24 31.25™ 0.23 14966™ 0.56 2.88
Harvest date
wlbﬁ (’;_D..)wag) k% k. *k k.
Cultivarx 4 18 60.60™ 0.37 15892™  0.69 2.66
Harvest date
s

81 0.01 51.59 0.02 18490 0.09 0.20

Error

opd Vel o 50 4l gime w3 o )d O Jlain] paw )0 45 dime # (gine (1S

Levels of treatment means followed by (ns) is un significant, (*) are significantly different at p = 0.05 and (**) are
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Table3- Comparison of parameters obtained from unconfined stress relaxation
test.

e
Treatment

(Kohanz) ss

gl cudl 0.53° 1L07* 146 3.06°
First harvest

ped Cubldy
Second harvest

Fo< be d bed
Third harvest 0.35° 0.59" 0.89° 1.83°¢

E;(MPa) E,(MPa) E.(MPa)  E,(MPa)

0.38% 0.46% 0.77¢ 1.62¢

(Gonagold)s5ts

ol cudb 0.71° 048 157 2.77%
First harvest

P> by 0.43b 0.59" 1.43b 2.45°
Second harvest

poms Cabld
Third harvest 0.25° 0.37° 1.05°¢ 1.68°¢

(Fuji) 2
J5I k:au:)l.)ﬁ
First harvest 0.45% 0.66° 1.71% 2.84%

ped Cubldy
Second harvest

cunly
(ad 2
Third harvest 0.37% 0.60°¢ 1.50% 2.48°

0.36% 0.62% 1.79° 2.77%

L5 o)l xe M3 70 Jlezs] a3 LSD g0l (ulul p el diliie Ggy> (sl a8 ygtas s ) o uSilee
Means in each column with the same letter according to LSD test revealed no significant difference at the
5% probability level.
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Table 4- Average values of parameters obtained from confined stress relaxation test.
Lo

treaitmen t E; (MPa) T, (s) E, (MPa) T, (s) E.(MPa) E,(MPa)
(Kohanz) 3ss
Jyl cusby .13 13868 0.55 11.52 1.59 3.27
First harvest
£90 C,uﬁb).g
Second harvest 1.11 217.54 1.11 11.70 1.13 3.13
pow Cubldy
Third harvest 0.92 121.50 0.42 9.10 1.24 2.57
(Gonagold)ssts
Jsl sl
First harvest 1.25 107.26 1.04 7.22 2.32 4.60
ped Cuild y
Second harvest 1.16 108.33 1.10 6.36 2.03 4.29
po Culd
Third harvest 0.99 111.76 0.82 9.06 1.58 3.40
(Fuji) 24
Jyl by 138 126.30 1.09 7.13 2.94 5.41
First harvest
P> by 1.33 116.47 1.19 6.03 2.63 5.16
Second harvest
pos Cudlay
Third harvest 1.39 108.20 0.95 7.57 2.64 4.97
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Figure 6- Shear relaxation function of Golab Kohanz apple at three harvest dates.
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Figure 7- shear relaxation function of Gonagold apple at three harvest date.
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Effect of Cultivar and Harvest Time on Viscoelastic Properties of Apple
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Abstract

In this study, stress relaxation properties of three apple cultivars at three harvest times
under uni-axial compression were studied. Apples had a time dependent behavior
similar to other viscoelastic materials. The two-term Maxwell model was chosen as the
best fit equation to the relaxation data. Shear stress relaxation function obtained whit
using of confined compression stress relaxation test results and elastic properties
relationship. The results showed that the effect of cultivar and harvest date on all the
parameters obtained from the Maxwell model, except stress relaxation times was
significant. The results can be used in finite element modeling of the mechanical
behavior of apple. Simulation of apple behavior under different loading during( harvest
processing , transport , packaging and storing it ) can used for identify and evaluate the
factors of mechanical damage .

Keywords: Apple, Fuji, Golab Kohanz, Gonagold, Stress relaxation.
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