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Abstract Due to the rapid increase in cyber shopping mall of agricultural products, the parcel delivery service industry
also increased, making it necessary to design an optimum packaging for agricultural products. And Due to the recent
increase in strawberry consumption, there is also a need for a packaging system for parcel delivery service. In order to
establish the criteria for optimum cushioning packaging design of strawberries, the bioyield strength of strawbetries by
storage time was measured through the ASABE test standards, and the peak acceleration in the resonance frequency and
resonance frequency bands of strawberries was measured through the vibration test regulated in the ASTM test spec-
ifications. Tray cup pad and corrugated fiberboard box of delivery strawberries were designed using FEM theoretical
analysis of contact stress and resonant frequency. In addition, an optimum packaging system was developed with a cush-
ioning and vibration design considering the impact characteristics when distributing agricultural products. Through the
performance evaluation and on-site evaluation of the optimum packaging system of strawberries for parcel delivery ser-
vice, the random PSD test results of the delivery showed a 74% reduction in the acceleration level, and the actual dis-
tribution test of the delivery showed that the damage rate of strawberries was not more than 6.7%, indicating that it was
possible to use the optimum packaging of strawberries for delivery.

Keywords Optimum packaging design, strawberry, FEM, Parcel delivery service
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Fig. 2. Compression testing for measuring the bioyield strength
of strawberry.
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Fig. 3. Vibration testing for measuring the resonance frequency
of strawberry.
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Table 1. Bioyield strength of strawberry according to storage time.
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Fig. 4. Resonance frequency of strawberry by sweep vibration test.
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Table 2. Resonance frequency of strawberry by sweep vibration test
1 2 3 4 5 6
Resonance frequency (Hz) 423 +42 852 +59 42.1 £4.2 65.8 £3.7 85.4 +£4.8 892 £23
Peak acceleration (G) 223+0.71 | 577+0.83 | 1.32+0.23 | 450+ 1.21 | 1.49+0.19 | 434 +0.92

2 6z} AY zZheke] HHZEOE 40~90 Hzo|th x4
ztol7b F AL 6k AAVIAN B717F o] HA] e
el o] HEAIRAl sl Zpol7t & Ao AFHAT =
W 58 Fuetiedl 60 Hz ©)8ke] ezt dx]eh=
He7F A E o] ool M SFEF 7Y A7} o] Fo
A & Zlow, Ao SFHA I} o] FojxH FRFu4
oA B = VSR AT Aol

Qo] ARAxE EUE gnl 758 2] 2R A
Rz} AA 7lee 4 9ul f5F 2 EE PSD B
0.63GE ZH38HA] ¥=F ghsslof shH, g f-5717HA
o} 2-3)s st -5 5 T4 o8] 24 kPas] A&
2 5 SHA] B E SF A sljof ah, e
ol o3 B719] FRFI7E 40 Hz tiollx] 2= A
U a2 3o BAEhE S A of 380

2
oot
§
It
NI
°

2.9 B B LR @ IO 47 Y

7Y EPES] 73%- H9H7|3E FZ(open cell type)= 5
4 T o] frSAT FAIZY Sl Ak Wi Tl &
SFells A8ol FEm, A77F 22 Aol A,
OE A HEsA =W & AR g 548
TR Sink. webA, Eulg 7] dEel] Hed 549

Fig. 5. Design of tray cup pad for strawberry.
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Fig. 6. Contact stress analysis of tray cup pad for strawberry by FEM.
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Table S. Field test of packaging system for strawberry for parcel delivery service

Company Origin Destination Time

No. of damage (Total 60) damage rate (%)

Geochang Daejeon 1.5 day

3 5.0

Post office Nonsan Daegu 1 day

33

Parcel service Miryang Daejeon 1 day

LSl

6.7

Hongsung Daegu 1 day
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Fig. 10. Random vibration impact properties of packaging sys-
tem of strawberry.
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