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Simulation of Golden Delicious Apple Vibration Damage during Transportation Using
Discrete Element Method
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ABSTRACT

Large amounts of agricultural crops decayed annually due to mechanical damages, the most important of which is
bruising. Discrete element method (DEM) as one of the numerical methods has shown its ability to simulate the
behavior of individual particles, including agricultural materials such as fruits. Therefore, this research conducted to
simulate bruising damages of Golden Delicious apple cultivar due to vibrations using the discrete element method, and
experimental data obtained from laboratory tests used to validate the simulations. The effect of vibration parameters
such as frequency (4, 5 and 10.5 Hz), acceleration (0.7 and 0.35 g) and fruit position in the box (bottom, middle and
upper layer) on apple bruising depth were evaluated. The results of this study showed that there is a good agreement
(82-94%) between the discrete element results and the experimental tests, and discrete element method was able to
simulate the vibrational damage in the apple fruit. In addition, the results indicated that all three parameters of
frequency, acceleration and position of fruit in the box at significantly affect the depth of apple bruising (P<0.01). For
both simulated and experimental tests, vibration with a frequency of 4 Hz, and acceleration of 0.70 g caused higher
damage levels and fruits located at the top of the bin showed more damage than those in middle and bottom positions.

Keywords: Mechanical Damage, Discrete Element Method (DEM), Apple, Bruising, Transportation
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Fig. 1. General Schematic of Contact Forces Modeling Between Two Particles in Discrete Element Method,
Fn, Normal Force Component, Ft, Tangential Force Component, Kn, Spring Element of Vertical Normal

Force, Ky, Spring Element of Tangential Contact Force, 77,, Dashpot Element of Tangential Contact Force,
AL, Friction Element
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Table 1. Physical and mechanical properties of apple and plastic box used in DEM software
Material Type

Apple (Golden Delicious) Plastic(RPC)
Material Properties
Poisson Ratio 0.35 0.2
Shear Modulus(Mpa) 1.32 3700
Density(kg/m®) 800 952
Mass(gr) 198.50+7.1 640.30+5.6
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Fig. 2. 3D Model of box and particles(apples) created in DEM software
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Table 2. Calculated Mean Values for the Kuawabara - Kono Normal Contact Force Model
Parameters of the Golden Delicious Apple Cultivar

Parameter Average value Standard deviation (%)
Spring Stiffness coefficient(k) (Nm ’%) 653215 19
Dashpot coefficient (c) (kgm s ™) 876 15
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Table 3. The Results of Variance Analysis for Data Obtained from DEM Simulations of the Effect of
Different Parameters on the Bruising Depth of Apple (Mean Squares)

Source Sum of Squares Degrees of freedom Mean Square F value

Vibration Frequency (F) 70.677 2 35.338 367.152**

Vibration Acceleration (A) 42.752 1 42.752 444.175™
FXA 205 2 102 1.064™

Fruit position(H) 17.703 2 17.703 183.927*

FxH 387 2 194 92.012™

AxH .605 2 .605 6.286™
FxAxH .602 3 301 3.126M

Error 2.310 28 .096
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