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ABSTRACT

Apples have been stadied to obtain natural frequencies by finite element method and the effect of changes
in the Young’s medults in the apple core and skin on natural frequencies. Apples modeled in Abaqus software
in three methods, E’Tst model has de5|gned in three parts: the core, flesh and the skin similar to the real apple
and a volume‘ef approximately 217 cm?®. Mechanical properties, including Young’s modulus, Poisson ratio
and densityafor each section specified. In three-part modeling, different states were considered by changing
the Yioungisimodulus for the apple core and skin. In the second method, the fruit was in the same geometric
formbut homogeneous and only in one section and the same properties with apple flesh in the first method
were considered. In the third method, the apple fruit was shaped like a sphere with approximate volume equal
to‘ether models and the same properties with apple flesh in the first method was considered. The modal analysis
was performed on models and natural frequencies were obtained up to 20 first modes. The Young’s modulus
of the skin were 12, 16 and 20 MPa, and for the core were 4, 6 and 8 MPa. The correlation between different
models was obtained.
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Figure 1. Geometrical model of apple core and flesh
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Figure 2. Apple 3-D model before and after meshing ?
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Table 1. Young’s modulus variations in finite element modeling

\%_. Young’s modulus Poisson’s ratio Density (kg/m)

(Mpa)
core 4,6,8 0.3 800
flesh 4 0.3 800
skin 12,16, 20 0.3 800
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Figure 4. Mode shapes for (a) model 6 mode 7, (b) model 6 mode 9, (c) spherical model Aode 7, (d) spherical
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Table 2. The Average, Minimum andyximum Natural frequeny values of 11 models analysed

Natural Frequencies (Hz) Young’s modulus (Mpa) Model
Min Max Average Skin Core Flesh number
437.86 680.30 . 529.85 12 4 4 1
442.01 687.51 . 532.96 16 4 4 2
446.06 694.49 I 53598 20 4 4 3
439.34 681.52 | 53748 12 6 4 4
443.52 688.72 540.58 16 6 4 5
447.60 695.70 543.61 20 6 4 6
440.45 682.41 542.67 12 8 4 7
444.65 689.60 545.78 16 8 4 8
448.73 696.57 548.80 20 8 4 9
430.76 667.65 525.91 4 (One part model) 10
468.00 723.19 537.19 4 (Spherical model) 11
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