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Predicting the Fragility of an Apple Based on a Single Freedom Degree Model

YAN Jian-wei, LIN Dan

(Key Laboratory of Product Packaging and Logistics of Guangdong Higher Education Institutes,
Jinan University, Guangzhou 519070, China)

ABSTRACT: The work aims to develop a fragility measurement scheme easy to operate for the cushioning packaging
design and analysis of apples, with the apples as study object. The elastic stiffness of apples was determined by the static
compression test. The critical drop height of damage was obtained by the drop test. Furthermore, the fragility of apples
was calculated on the basis of single freedom theoretical model. Then, an optimal packaging scheme was designed ac-
cording to the apple fragility and static cushioning coefficient of the cushioning materials. Finally, the road random vi-
bration test and drop test were simulated to evaluate the feasibility of the above-mentioned cushioning scheme. For apples
with mesh-foam protection, the critical drop height of damage was 5 cm, the elastic stiffness was 106.59 kN/m, and the
natural frequency was 109.79 Hz, while those without mesh-foam protection were 10 cm, 104.48 kN/m and 106.58 Hz,
respectively, and the fragility G. was about 96. In view of the above, as for the design according to the 80 cm handling
drop height, the cushioning material EPE should be 1.98 cm thick. The fragility measurement scheme developed has high
precision and it has such advantages as low demand on the instruments, good handle ability and generalization, compared
with the traditional fragility measurement method. It is easy to apply the fragility measurement scheme in the fragility
measurement of other types of packages.
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Fig.1 Static compression of EPE cushioning pad
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Fig.2 Ecchymosis due to drop of the apple with mesh-foam protection (drop height: 29 cm)
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Fig.3 Contrast of cushion packaging for apples
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Fig.4 Sweep frequency test for apples
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Tab.1 Power spectrum density of the truck
I 5 TRiE % /(g Hz ™)
Wil R [Hz [ H %
1 0.000 72 0.000 72 0.0004
3 0.030 0.018 0.010
4 0.030 0.018 0.010
6 0.0012 0.000 72 0.000 40
12 0.0012 0.000 72 0.000 40
16 0.006 0.0036 0.0020
25 0.006 0.0036 0.0020
30 0.0012 0.000 72 0.000 40
40 0.0060 0.0036 0.0020
80 0.0060 0.0036 0.0020
100 0.000 60 0.000 36 0.000 20
200 0.000 030 0.000 018 0.000 010
Grms 0.70 0.54 0.40
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Fig.5 Elastic constraint fixation
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Fig.7 Ecchymosis due to drop of the apple without
mesh-foam protection
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Fig.6 Drop test for the packages
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Fig.9 Ecchymosis due to drop of the apple with
mesh-foam protection
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Tab.2 Ecchymosis area of the apple with
mesh-foam protection

Pegme e 1 Rl 2 ) W 3 .
il 1 4] 4] 4] 5
J/ecm F/em? /em? F/em? o
8 0.65 0.61 0.62 0.63
9 0.76 81 0.87 0.81
10 0.95 0.89 0.97 0.94
11 1.03 1.28 1.19 1.17
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Fig.10 The static compression of apples with and
without mesh-foam protection
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Tab.3 The elastic stiffness of the apple
. oW A 3 R
207
Fiit/kg WIEE/(N-m™)  Biit/kg  MIE/(N'm™)

1 0.219 110 102 0.232 104 444

2 0.225 103 776 0.233 102 617

3 0.229 105 899 0.234 106 386
¥ 0.224 106 592 0.233 104 482

1 3 S5 AT, JC RS SR B M EE 2 {H 2 106.59

KN/m, iy PSESE BRI EE YI(E R 104.48 kN/m, ] L,
@mﬂﬁﬁ%mmrgmﬁu%ixﬁaﬁﬁﬁﬂﬁ

o, —\/7 fo= (1)

T
AR 50 GO 55 1 6 T
HIH 4.

4
Tab.4 Natural frequency of the apple
i B 45 % /(rad-s 1) 1 2% /H
To e 3 689.83 109.79
] 2he 3 2R 669.64 106.58
2.3 EPE

EPE %31 22 thie U2 M s A L, T4 i A v 3
ARG . ARAE LR BE | T BROR s 4 A -
PR, TS PRI N ) - R A R o i
F1- I A% W AT LA Hh S 2 vh R
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Fig.11 Static cushion coefficient-stress curve for EPE
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Fig.12 Sweep frequency data for the apple
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Fig.13 Ecchymosis due to vibration of a single apple
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