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Abstract: Apple fruit is subjected to multiple impact loads during postharvest processes, which leads
to injury and bruising. The aim of this study was to simulate the forces and analyze the damage caused
to the Red Delicious apple cultivar due to the impact loads, in order to provide solutions for designing
appropriate processes and machines. To achieve this goal, the physical and mechanical properties of
apples in three parts of skin, flesh and core were determined. In the finite element simulation was
defined for the two parts of the flesh and core of the viscoelastic material model and for the skin part
of the elastoplastic material model in ABAQUS software. In the loading section of the simulation,
the required parameters were defined dynamically and the results of the pendulum impact test were
entered into the software in two methods of force-time and velocity-time in 3 impact levels. The
results of the two simulation methods were compared. Damage volume was determined using electron
microscope images. The results showed that the maximum allowable force in dynamic loading is
equal to 20 N and in the simulation method based on force-time data, the bruise volume was 5.9%
different from the results of the experimental test and the amount of software output force was 4.76%
different from the pendulum test. In the simulation method based on velocity-time data, the bruise
volume is 15.97% and the impact force is 13.63% different from the pendulum test. Therefore, the
simulation method based on force-time data provides a better estimate than the simulation based on
speed-time data.

Keywords: Red Delicious, Viscoelastic, Bruise Volume, Finite Element Simulation, Pendulum
Impact Test.
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1 .Bruising



B (Sl loand o) mbs (pl g 00,5 (e
o 00l Gl e 5 228 bl aslie sy
‘) o )Ué) «S.u_waiw.sﬁ J».\_‘o ol UL"”"
Orizmed WS (o0 (Siludnd (293 4 (NS L e
Load Galoj] s 8l o (S2855 50l Jore
Silwdmd o ddn (hp WS b S
S5 & s plE)] 5T ol 550 ol
oAl oole sl (Solwlas WS L cou
@ laaze a5 glasdllas o (Qasemi et al., 2015)
S8 (eeBS Slp celie e i ol
9y S o e floie @y |y sll glads g Loo
45 0ld Lad bl idged (o) p o (KB5S (e
abyl, sloul glad g Lo oy b (865 )l
(6,590 adlllas ,o oxen (Ahmadi et al., 2010)
o9y 4 bgiw 9031 L 2800 0 o) o S s
Celik et al.,) ols ;las oo &l,l Joo b owlio
Gilwdnds (59, Buid a5 (glasdlae o (2011
sl Jlosl ST 50 52055, o (o350 (St
ol lid sl w85 Ohge Sl
L0 )0 o ileands o SVl ools o (s
Sgu oo Sl (g0l y WS o2 polS b (g 5lwals
el Sadbg¥l ole Jaw Sl L Jsg
2 Glosire B 225 lapsesl b gsluand
Sardrnia et al., ) culy wlyss woe S xhaw
Sl Joaily 450 (35l 6,500 ek ,o (2011
e Jg) +/-9¥f 9 RS A EPERY R B d.s)..c C?‘b‘“"

Fuat) ob bl com (5855 x> 5 o (o) 2
.(al, 2023

(‘5&.&554“ ‘SA\LC) \F-) ).ub Y e)Lo.& HY 0499 ‘O‘)‘.’.' ottt Gt and S Yoy

2 e ) oS el Bl J= 2Ly (158!
3l 1) plaal wled (SoSx 5 e (poin JS2
9,y " vgame sladl b, (Sadrnia et al., 2008)
oz Pl U sln 1y 0 Qoo &5 sl (00
Jlie )0 65,5laS WYgame LS Lt @l
dgaze glizl Judow ol aid § 18 SUKG sle b
Sl 5l e g el sl etle 51 (AU (65 laS
S0 Gwass o (Rashvand et al., 2022) <ol
3okazel BB sgase ladl Joo SOl Kigh
L ey ool o8 &b 5l caw clloy 050
Lingxin ) wsges &l o ,5055 slaossScuils
3)ly sl i hg, (pl b Slide (Buetal., 2021
O 6oL (95 JooS (e 50 |) o 000 2 00D
(Kimetal., 2008) ws S 53l Jow 53lon amao ¢
S5 S 2 oy sle i liime i Sy
sgazme Hledl og, LTy asine glay )l 5l beaw Jil o
adlle o (Kabas et al., 2008) s, acwl>o
Ty S oS S
Gt )0 Ao ol o> WS akie
polai g s o ol 1) Uas as o YY/IVA iSlos
slp Skl LB by, SerSl osSwy S

(etal., 2018

Sledoe b Gliixe K0 iogh o

Ol 0 (S5 e (o 4 o TStV 19 g
Ple (a8 slaiole;l sl eolasnl b Ll awszls
o ohp Saglie 5 SeaaYlgiany (S

3 .Viscoelastic

1 .Finite Element Method
2 .Scanning electron microscope
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3 .Red Delicious

1 .Glutaraldehyde
2 .Sodium phosphate buffer
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3 .Loss Modulus
4 .Storage Modulus

1 .Compression test
2 .Tensile test
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Figure 2. Measuring the main diameter, minor diameter and depth of the damage area in FEM simulation in order to calculate the bruise
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Table 2. Comparison results of the experimental pendulum impact test with the results of the FEM simulation based on force-time data.
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Figure 4. The results of FEM simulation of Red Delicious apple based on force-time data in 3 impact levels, A) Maximum stress based on von
Mises criterion (MPa) and B) Impact force (N)
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Table 3. Comparison results of the experimental pendulum impact test with the results of the FEM simulation based on velocity-time data
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Figure 5. FEM simulation steps of Red Delicious apple based on velocity-time data (A) before Impact, (B) Impact moment and (C) after
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Figure 4. The results of FEM simulation of Red Delicious apple based on vlocity-time data in 3 impact levels, A) Maximum stress based on
von Mises criterion (MPa) and B) Impact force (N)
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Figure 7. Comparison diagram of force values in experimental test and mechanical simulation, (A) Simulation based on force-time data (first
method) and B) Simulation based on Velocity-time data (second method)
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