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Construction of a New Damage Estimation Theory for Fresh Produce
with Consideration of Cumulative Fatiguel.
Damage Occurrence in Strawberry Subjected to Repetitive Shock

Hiroaki KITAZAWA", Tatsuo SATO"", Naoko HASEGAWA",
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For the estimation of damage to fresh produce subjected to shock, a model has been proposed to demonstrate the
relationship between shock acceleration (Acc) and the damage degree (D) for each instance of shock by applying the S-N
curve. In this model, it is assumed that D per one time of shock varies with the combination of velocity change (VC) and Acc
under various shock conditions. Therefore, to construct a damage prediction model that can be fitted to various packing
and/or transportation conditions, it is necessary to clarify the relationship between D per one time of shock and the
combination of V¢ and Acc. Accordingly, we investigated the effect of the combination of V¢ and Acc on the damage
occurrence in strawberry subjected to several shock conditions by considering the combination of drop height and
cushioning materials. Our results suggested that D per one time of shock varied with the combination of V¢ and Acc. Based
on the result, our future research will focus on theory construction to predict the damage occurrence in fresh produce
subjected to repetitive shock, by considering V¢ and Acc.
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Fig. 2 DBC considering cumulative fatigue.

Based on the figure in Burgess’ s article'®.

Lol ZOREIZEBWTAcc IT—E & 72
S TWD, THUNETHREGEZERICIVET
MELTWD Z EICER L TWD 3, FEifik
IZBWTIE Ve & Acc DFHBEDHEDNLEE &
0B IR ZmY THhY . NICKIE
T Acc DFBZONWTHIFETER SN D
& Th 5, Kipp'” I Fig. 2 D #h#RIC Acc D&
WA L7 DBC R L TW5H, Lol

PN ERFC, DBCIXE b2 b 0T ARG 2 L

| FOMEETHRET L L5 it a g e L
TWBERRTNE D ZEnbbbhind L
212, Ve, Acc BEXU'N D 3 5% EE L=k
T, Wi OBRERRE EFRT D L Vo Tkt
X, ZhETESRTIheroT,

24 ERYDOEEREFROL-ODHFH-I
DBC ERDIRE
HRUIZEBN T, B0 IRLERICEDH
ERAENEEE 725 2 L s W98 2.3 ©
AT 3 5 A B E LTGRO E AT
RThHHEBZLND, T, ZNHDHEE

BEFAE L ORIRAE BRI TE UL, s
DEEFAEDO TR EVREE TEBTE 5 b
DEWREEIND,

FEh OH|ERATRICB N TUL, (TR
OEE 1 [BH7-0 O D ZFEHE L, D=1 £72 %
sz PR o2 s W, 20kb, N
L0 HEE 1 [EH-0 D DITHIET S Ve B
L Acc ZERT HLENDH D,

PLED R A E 2. Fig. 3 1279 DBC %42
ESE NG

D,

Damage

Peak Acceleration, Acc

No damage

Velocity change, V'c

Fig. 3 A newly proposed DBC for fresh produce.
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Fig. 4 Strawberry in 2-layer packaging used
for testing.
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Fig. 5 Drop test system for strawberry
damage estimation.

a, aluminium plates; b, urethane foam to

avoid rebound; ¢, strawberry—containing

package; d, cushioning material for

counter face; e, wood block; f, aluminium

plate; and g, rubber sheet.

Arrows indicate the drop direction.
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Table 1. Properties of cushioning materials.

N E Density Compressive stress
Cushion Base material i : .
(kg/m’) at 25% strain (kPa)
A Polyurethane 283 1.5
B Polyurethane 8.0 14
C Polyurethane 26.4 4.0
D Polyurethane 27.1 3.8
I Polychloroprene 80.9 5.7
F Polyurethane 49.7 329
G Polyethylene 65.3 92.6
H Polychloroprene 101.1 252

Table 2. Selected counterface conditions for drop tests.

Test Counterface  Drop Height  Peak acceleration  Velocity change
No. Cushion {mm} (m/s”) (m/s)
1 A 10 117.4 0.70
2 B 10 62.0 0.72
3 B 40 97.0 1.41
4 B 80 145.3 1.82
5 B 120 197.2 2.08
G L& 40 216.8 1.42
7 D 20 122.8 1.05
8 I 80 351.5 1.74
9 I 20 204.0 0.91
10 G 40 2830 1.23
11 H B0 512.0 1.711
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Fig. 6 Effect of Vc and Acc on the D of
strawberry.
Numbers to the left of @ indicate the test
numbers, the details of which can be found
in Table 2.
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