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Table 1 Physical property of small and large size of Cherry Plum

Property Largg Size Small Size
Max Min Mean SD Max Min  Mean SD
L(mm) 30.21 22.14 26.18 126 23.03 18.87 21.23 0.84
T(mm) 28.63 21.93 24.85 122 2189 16.27 19.79 0.94
W(mm) 30.66 23.52 26.57 1.39 2276 1759 21.05 0.97
M(g) 14.90 7.13 10.23 1.54 7.03 3.26 5.32 0.68
V(mm®) 13.84 6.55 9.56 1.41 6.61 3.04 5.03 0.64
Ra 99.52 86.42 92.98 1.66 96.65 86.22 9260 1.94
Dg(mm) 29.29 22.86 25.85 127 2255 1754 20.68 0.89
) 99.69 92.72 96.81 091 9852 9275 96.78 0.97
S(mm?) 673.69 410.54 526.79 52.00 399.54 241.75 366.70 28.53

S-Quadratic.Linear Ju. 4 s S s e Cles
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Table 2 Mass modeling of Cherry Plum

Equation constant

Statistical parameters

Output  Input Best model by by b R SEE MSE
M(g) L (mm) Power  0.002 2657 - 0.827 0.075 0.006
M() T(mm)  S-curve 5253 -72.908 - 0.900 0.057 0.003
M(g) W (mm) Power  0.001 2765 - 0.949 0.041 0.002
M(g) Dg(mm) Power  0.001 3 - 0.963 0.035 0.001
M(g) V(mm°) Power 1.09 0991 - 0.932 0.047 0.002
M() S (mm?)  Power 0001 15 - 0.963 0.036 0.001
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Table 3 Mass modeling of Cherry Plum based on dimensional parameters

model

Equation constant

Statistical parameters

Bo

by

b, bs R’ SEE MSE

M=b0+b1W+b2 L+b3T

-20.537 0.215 0.280 0.677 0.97 0.335 0.112
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Table 4 Volume modeling of Cherry Plum
Equation constant  Statistical parameters

output inputs  Best model by b, b, 2 SEE  MSE

V (mm®) L (mm) Power 0.003 252 - 0.786 0.081 0.006

V(mm®) T (mm) Power 0.001 2.826 - 0.887 0.059 0.003

V (mm®) W (mm) S-curve 4.919 -70.824 - 00915 0.051 0.003

V (mm®) D, (mm) S-curve 5.142 -74.702 - 0932 0.049 0.002

V (mm°) M (g) S-curve 3.207 -9.559 - 0.935 0.045 0.002

V (mm®) S (mm? S-curve 3.706 -760.5 - 0.933 0.046 0.002
R e okt K S S5 Jde S35 &S duas e OLE sl Sl ot S Saew S5 e e ol ol g
el 5 00929 5 oo Loslal gl el el o M iz bl S-CUNVE Sdas v I o
S cladle 5l an 5l zeS 0/465 5,51, s il 0/045 »5,51, sl 5 0/963 oms oo lils 45 ool
AL e 0 e SO o g S5 lae el s 4 285 Jsdr s

CL:; Klods esls GLis (golal (sla eyl bl 0 pate o

Table 5 Volume modeling of Cherry Plum based on dimensional parameters
Equation parameters Statistical parameters

by by b, bs R SEE MSE

V=by+b,;W+b,L+b;T -17.735 0.138 0.374 0.541 0.929 0.465 0.216

model
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Table 6 Result of training and testing step of ANN model
tests

volume mass
SEE MSE R? SEE MSE
MLP 3-9-2-2 tansig 0.96 0.158 0.025 0.96 0.455 0.207

Model type structure function =
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Table 7 Compare between ANN and regression
model for mass estimation

Model type R MSE
Best model of MLP 0.69 0.207
Best model of regression  0.963 0.001
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Table 8 Compare between ANN and regression
model for mass estimation

Model type R® MSE
Best model of MLP 0.96 0.025
Best model of regression 0.932 0.002
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Table 9 Analysis of variance of force and displacement in rupture point for compression tests and
maximum stress in Hertz theory

Mean Square

S.0.V df  Rupture point compression Deformation at rupture point Maximum stress of Hertz
force (N) compression force (mm) theory
Model 2 16640.30" 19.227 377060.188"
Error 27 601.60 0.47 33805.856
12 - 200 - o
= i a
10 - 9.85a %gg I 151.85a
5 7.64b 140
8 7.29b ot |
6 - 100 - 94.12b
4 - 60 -
140 -
2 |
20 -
0 —+ 0 +—
Deformation (mm) Rupture force (N)
m Small plum under flat plate m Small plum under flat plate
OBig plum under flat plate O Big plum under flat plate
OBig plum under spherical body O Big plum under spherical body

Fig 2 Force (right) and displacement (left) in rupture point
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400 - Fig 3 Rupture of Cherry Plum fruit in compression test
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Table 10 Analysis of variance of force and displacement at rupture point for peel, flesh and average
firmness in punch test also minimum stress of Boussinesq theory

Mean Square

S.0.vV df Deformation at peel rupture point  Flesh force Average Minimum stress of
punch force (mm) (N) Firmness (N) Boussinesq theory
Model 7.61"* 0.25™ 2.067"* 1.65"* 1264.296"°
Error  3.09 0.35 0.68 0.36 428.668
45 -
s 3932 368, - 15.04a
3'3 : 14 - 13.80a
| 12 4
2 10 4
2 1 8
li i i s 3.20a 2.56a 4.1a
05 | 2 m] W

Deformation at peel rupture
point (mm)

m Small plum  OBig plum

Peel rupture Flesh force (N}  Average

force (N) Firmness
mSmall plum OBig plum

Fig 5 Peel rupture force, flesh force and average firmness (right) and deformation at peel rupture point (left) for
small and big size of Cherry Plum
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Fig 6 Minimum stress from bussinessq’s theory
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Table 11 Analysis of variance of modulus of elasticity and energy consumption

Mean Square

S.0.V df Modulus of elasticity Energy consumption

Model 6

11.98™
Error 63 0.124

404730.037
3586.182

35 3.15a

25 - 2.30b)

15 1.33¢

05 - 0.38d 0.45d

0 S

0.484 0.56d

E from Hertz theory  E from Boussinesq  Apparent modulus of

(MPa)

theory (MPa)

elasticity (MPa)

B Small plum under flat plate

OBig plum under flat plate

M Big plum under spherical body
Fig 7 Modulus of elasticity from Hertz and Boussinesq theory
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Table 12 analysis of variance of radius of
contact area in rupture point
S.0.V df Mean Square

Model 5 8.3576743"
Error 54 0.13408815
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Fig 8 Radiuses of contact area in rupture point (capital letters show probability at 5% levels and lowercase letters
shows probability at 1% levels)
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Determination of physical and mechanical properties of agricultural and horticultural crops is one of the
most important parameters in design and manufacture of the operation machines. Determination of the
effect of static and dynamic forces on Cherry Plum fruit during storage and transportation processes is
very necessary for engineering. In this study, the physical properties of the Cherry Plum (including
dimensional parameters and weight) and mechanical properties (including pressure test, punch test, and
cyclic test) were measured at two levels of big and small sizes. The regression and Artificial Neural
Networks (ANN) models based on physical properties data were defined and used to estimate the weight
and volume of the fruits. The ANN model was the best model for estimating the fruit volume with 0.96
regression coefficient but it didn’t have an acceptable performance in estimating the fruits’ weight. The
parameters of force and displacement, maximum stress at the breaking point, the elastic modulus in Hertz
methods and Boussinesq theory, the crust and mantle punch forces, the minimum stress based on
Boussinesq theory, the distribution of vertical, horizontal and shear stresses in depth and surface in the
failure point and etc were calculated based on the data of the mechanical properties. The results showed
that due to the differences in the thickness of the mantle, the force absorption capacity in the big fruits
was larger than the small ones. The results of comparison between the convex jaw and flat jaw in the
compression tests showed that the fruits placed on the floor were more exposed to damage. The behavior
of the stress distribution at the failure point showed that the horizontal stress would dictate the rupture in
the fruits.

Keywords: ANN, Stress distribution, Modulus of elasticity, Failure force.
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