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EXTENDED ABSTRACT

Introduction

Apples are affected by operationssuch as
harvesting,packaging,grading,storage,and
transportatioron their way from the orchard

for the GoldenDelicious and Red Delicious
applevarietiesis 0.98and0.99,respectively.
Sothatthe resultsof this studycanprovidea
significant advantage for the design of

harvestingand postharvestmachineson a

commercialscalefor applefruit.

to the sales centers.During these stages,
variousstaticand dynamicloadsare applied
to eachproduct,which leadsto damageand  To conductthisresearch, healthy, undamaged
also causesa decreasén quality, and as a export apples of the Golden Delicious and
result, a decrease in marketability and exporRed Delicious varieties were selected from
of the product. This research aims to analyzerchards in Mahabad city (longitude

the dynamic behavior of export apples 0f34.5°45'47" and latitude 9.7°51'36"), the hub
Golden Delicious and Red Delicious varietiesof apple production and export in the country,
against damage caused by impact using finitand were hamsted manually. The harvested
element simufgon, which is defined by product was transferred to the rheology
defining a viscoelastic material model in thelaboratory of the Faculty of Agriculture, Bu

two partsof the fleshandcore (centralpart)  Ali Sina University, in special containers

of the apple and an elastieplastic material under standard conditions. The fruits were

Material and Methods

model in the apple skin sectionusing finite
element modal analysis using Abaqus
software. In order to investigatethe linear
regressiormodelof the dynamicbehaviorof
applefruit, animpactwasappliedto theapple
fruit using threeaxis force gauge and
accelerometer sensors. The
properties of thapplefruit weremeasuredn
thelaboratory Also, usingthe Instrontexture
analyzeravailablein therheologylaboratory,
the mechanicalpropertiesof the skin, flesh,
and seed of apple fruit were determined
separatelyandtheresultsof the physicaland
mechanicalpropertieswere usedasinput in
the engineeringdata sectionof the Abaqus
software. To achievethe objectivesof the
study, first, in a separatesection,an impact
testwas performedin the form of a factorial
experiment with independent variables
including two applevarieties,threelevels of
impact energy (0.0124,0.0238,and 0.0712
Joules) and two levels of the radius of
curvatureof the impact site (38.8 and 42.2
mm). Theresultsof this studyshowedthatin
simulating the apple impact test using the
finite element method, there is a high
correlation and reliability between the
experimentalresultsand modal analysis,so
that the coefficient of determination (R?)
resulting from the comparison of
experimentafrequenciesandmodalanalysis

then stored in a refrigerator at 4 degs
Celsius. Before conductiniipe experiments,
the applefruits were placedat the laboratory
temperatureto becomeisothermalwith the
ambienttemperatureThen, mechanicatests
and impact tests were performed on the

physicasamples.

Results and Discussion

To determinghe naturalfrequencie®f apple
fruit by impacttesting,the outputdatafrom

the excitedsamplesvererecordedoy a four-

channel signal processingdevice (ECON,

AVANT Lite, model: MI-6004), and the

results were then transferred from the time

domain to the frequency domain using filust
Fouriertransformin MATLAB software.In
the polar direction, the first vibration mode
for the GoldenDeliciouscultivar wassensed
at a naturalfrequencyof 125.27Hz, andthe
second and third modes had natural
frequencies of 151.12 and 185.17 Hz,
respectively(Table 4). In the Red Delicious
cultivar, the first vibration modewas sensed
at a naturalfrequencyof 121.61Hz, andthe
second and third modes had natural
frequencies of 148.21 and 174.23 Hz,
respectivelyjn the polar direction(Table6).
The first modalfrequency(simulated)in the
polar direction in the Golden Delicious
cultivarwasconsideredo be 138.18Hz (first
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mode), the second modal frequency was
consideredo be 151.45Hz (secondmode),
andthethird modalfrequencywasconsidered
to be204.14Hz (third mode)(Table4). Also,
in the RedDeliciousvariety, the first modal
frequencyin the polar directionwas 132.18
Hz (first mode),the secondwas 155.61 Hz

determine the materia] selecting a more

compatible material for parts with greater
displacement to extend their life and improve
function.Consideringhis type of application

of modalanalysis this approach can be used
to genetically modify agricultural products,
especially fruits, to change their texture,

(second mode), and the third was 197.30 Hihereby increasing their useful lifalso, the

(third mode) in the Abagusmulation(Table
6). In the equatorial direction, the first
vibration mode for the Golden Delicious
variety was sensedt a naturalfrequencyof
135.52Hz, and the secondand third modes
had natural frequenciesof 141.16 Hz and
175.17Hz, respectively(Table5). In theRed
Delicious variety, the first vibration mode
was sensedt a naturalfrequencyof 124.18
Hz, and the secondand third modes had
naturalfrequenciesof 158.25Hz and214.23
Hz, respectively,in the equatorialdirection
(Table 7). The first modal frequencyin the
equatorialdirectionin the GoldenDelicious
cultivar was 141.38 Hz (first mode), the
second modal frequency was 155.86 Hz
(secondnode),andthethird modalfrequency
was187.45Hz (third mode)(Table5). Forthe
Red Delicious cultivar, the first modal
frequency in the equatorial direction was
137.16 Hz (first mode), the secondmodal
frequencywas168.42Hz (secondnode),and
the third modal frequencywas 227.22 Hz
(third mode) in the Abaqus software
simulation (Table 7). As shown, the

finite elementmodelis a fast, coseffective,
and nonrdestructive method for evaluating
natural frequencies, especially the resonant
frequency, and forproviding a regression
modelwith acceptabl@accuracyor thedesign

of harvestingandpostharvesfruit machines.
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