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Prediction Model of Allowable Pile Depth, Duration of Flesh

Fruit and Optimum Thickeness of Packaging Cushion
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Summary

During the storage and transport of fruits in the bulk state, significant damage by dead load may oc-

cur. To reduce such damage, the prediction model of allowable pile depth, duration and optimum thick-

ness of packaging cushion for fruits was developed in this study.

From the preliminary experiment and some assumptions, the derived equations were verified to be

a good prediction of the above three parameters.
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Fig. 1 Typical contact configuration of fruit
packed.
(A) Contact between two fruits,
(B) Contact between fruit and container
bottom,
(C) Contact between fruit and try cup.

RE} TS W W) BN A7E
WS 27] e 4 29 19 4 350
ete] WEERE 71E ST HEERE A8 A
7ok @},

7t EERRe| S ARTR

Br9Q ¥ FE o Egsly Sle ¥ Bk
B Abolole T3 2& BAL 4 Briecn
14, 16, 189, 20, 22, 24)

4a3/2

F= mz) .............................. (1)

71A, a=F R} ESARY T FEVE, m
A= BEPRE WE MAREREL
K=Ag59 #itgat, Q—pd/nE,
MPa™*
E =40k, MPa.
pu=Poisson ratio, dimensionless
T OHHIR Alold] BAEE EMES Yo
EdA 04 AA de o 22 KXeg ®
Al



REBEA \We BETA RS RE) FEURE R LB RARE

39 1-()9 B+AE 2717t 9 E F Bt
Bt EEstn e A RtEE, A={R
+R)/RiR;} ol 22 K(2) € TS o] B3
g

_ 6FRiR,

- (Aow
R+R,

E,

d3

+

T RS 2719 AR il XY, F
R=Ri=R: % K=K:=K7} 5] & X& &3
o] k3] Pt

6FR(1—?)
E

&=

.............................. (4)

g 1-(B)9] A% N g BRI A 8
W3 e BEe, Re=w o] HRFEHE A
=(1/RD?e] Ho] R(DE h7 Zo] B
=
-t | 1—pt

g ] ............... (5)
E,

d* = 6FRy( .
1

whok, o] MbEGRE/T Bk BIECRER
of Wate uf¢ ZHA(ELIED, K.=07F 5o
X 53 2o €

1— ].l]z

E,

@ = GFRy ——— crereeeseresnieneiiiinne (6)

I8 1-(0Y 7P BHRVT RE
(spherical seat)$} ##§3t2 & A+ ROl
<9 #tol Hol BREME }\.={(R2_R1)/R1R2}
vz g, geld R(2)e OeH 2] FF8
o,

_ 6FRR,

1—u’ N 1"].122\
Rz_R1 )

E,

d3

T OEMERY) #ARE o R(DF D= F
H oo KXoz Fadrh

— 283 —

a7 19 2 B9l i BESERE o R (9,
(% QD 44 Ydn

W 3¢
(Ri+Ry) d? d?
TN e —————— — “ﬁ -—
a R, s Ri=R;2HH, « p-
..................................... (9)
(B)S) A%
_
Ly (10)
)9 %%
_ (Rz_Rl)d2
= @R, v

B, T OEEER Atolo BHIRE ot MK
242}e] W] spol =i, MRk Ztzte] WiE
< A5 Mgk Kol vAsleg 5 EirRe
AR o aflolde de3t 22 #A47
4Y¥drh

Q= 0.1+0.2 .................................... (12)
K 1— 2 E-;

Lo R I (_“10)_ .................. (13)

az Ko (1—pDE

a9 19 7 B o) BERN, 5 REHEL
*(10~(18)2 A2 g,
We Aee

. Kia = 177K 3/ (Ri+Ry) F?
o = =1 D (1 41
'K +K, "V RR(K,+Ky)
R, + 2
= Kea = 1.77K, 3 M
K1+K2 Rl 2(K1+K2)
.................. (14)

ohof T EEpEERS] 27)9) A 5] Hiko] A}
H EEREE o/2=u=w’t 22 R(1DE
23 Zoldr,



R R TEIE &L 16 4% H 35 1914 9 A

e
2

/ F?
= == 177 K2/3 3 —R— ........ (15)

(B B¢+

3 E
Rl (K] + KZ)

v Y/ —F

= 177K,

a -_—
2 Rl(K1+K2)

ghef kel BEGRBT EHERR] B8t )
§ AA(EPE), K,=00] Hol ZE #H2
BEERA AR dojdnn /MR F glens
A(16)& K17 = HHdoh

FZ
a=q = L77 K*® 3\/? , =017
1
©9 3=
3/ (R.—RDF?
=177K, y ——————
* "V RRAK Ky
(R:—R)F*
= 1.77K, \/
RiR:(K;+Ky)
..................... (18)

Lt RR2| 15 MRV E

A}, uf o) REL kel e} wl¢ FAL
317) wWEo 159 BT 2 KR FHEE
Koz o5 BES HAKE e o= =
3@]‘3}

o B ke o] K FA
o] -3"%—‘31—1 22 el K g upe s
o EHER ety fEEH RES BEH 2
A717] M= ke s kS Vet i
£ BFE &, B #/ko) o}Z Poisson ratio-t
AifSeE P (R X (relaxation modulus) 59} JAE
o] 919 KB TS ojof & Holr}h T
Poisson ratio= 2 H3} Wert I @47 o
2o 9% ez HAFE 5 9& Holgpw

kA RES] ikd K(OE o83 2ol &
Al g

1—p?

_n.ﬁ) .............................. (19)

K(t) =

o714, BE(D =BiE stellre RE M
YR, MPa.

u= Poisson ratio, ££#%8 2] 39 0.25~0.49

AR R FaE ol shigEk e

EhEEES IejolZHRE e

Z g FJornR A BEHEA AT ¢

ol o] B tol Ao BEe] BHEGRE = i
BHHEEE TS Ao g gAEg
= G I e ssemsmascens
Ell- 8|‘ E(t) (t) (20)

Ao = PZetoldL &, KT EH H
stof mh2 9] BHE WK (o, 0) = &
H3} o] TA|E F s s

a(t) 1
Jo0="" =T

=Ac*{C+Dt—F exp(—Gt)]

(2D
o 714, A~G=FEAR AN #Rle] Aok
c=[E}, MPa.
webA BEe] Mt at K(De o2 R} 2ol
Al dn

K{t) = Dj-[AGB{ C+Dt—Fexp(—Gt) } Jr+oeereeeer
m

REol AR Y A7)0 BHES BE A% &
WA HA ol REVES Ml o 5
71 Aol

qre} ol 1 19] 24 A9 AW EAESHD
slchel, 7 W) BKE H& The RED 2O
EA8 & 20g Aotk

W9 3%

2 2
1(29 = o,() =0() = 177K (1) 3 \3/—1;

A
L.

(23)



RERER S5 BIETA fe SEe] FEUEse) © BN s

(B)o BA$=

w®=177K(0) b

R{K:() + K}

G

= 3 ——————
Qz(t) 1.77K, Rl{Kl(t)+Kz}

ghok o] i RE} BBk ¥l8te] w)
F+ ZGA(EDPED K. =00°] =Ho] & g
BRI L dojdrtz AR 4 oz
RQOZ 78 vhg A Zo] EAd

U.(t) _(Il(t) = 177K1(t)% '3\/ '—IP;_ ,0-2:0 """"" (25)

A&l (OY 3% AY BFReIY 2EEZ
golda o] ke Je2 HES Teud
3 e #EaEe X182 F8 e Po
FAEe}

_ 3 (RZ_R])F2
() = L77K, (1) +/ —~————{Kl OTKI

ax(6) = L77Ka(1) {Ku(0) + Ko}

RiR:

—_—

C}. EiKEES| BB FFRLUEES0| L LA
AR

YA 2719 bulk bintoll A Rl LXW
XH(FPRZXAZ X EDTF IUES o, RE
o] EMHEE D(MPa - s¥/m?), E EED
®& R(m)e} &3t REe] (LfgEol7t 3 4
ofell H]gte] Zrhd pbinel WU} RE 2} v}
2L Foruz bind old wE Hule 3
HEXS bin®} vl M el FHFEE FA

1o}, (A)sh el
Aol A RGBS 299
(

B)et (O] ZAe&

Fohe) ol @
/B].

o) Aol M Efgsle

o] B A& Aol
71 (A8 F$e 2o z2ds4A B
(©9 % B #Rel o & Aolnz (A)9
BALTe 1Y 2 Aol
Layer Interface
nth— n
O (2u-1) layer 3

@) 2. layer

®
Fig. 2 Packing arrangments.

Bin vleho} M REZE B0 3L, #hkle] 4pi
ol K.l B ol2ha, o) Huu g e
F& Bfel o PR wl0e @ MY B
®ol e 3 F=4gHRID,S A2 2 HE
kg Ko g Auldc)

\a/HZ(RJB(D.,)?

ar(t) =20.4390K,(t) / —————- 27
KW+ K

ubete] B REY Rl wlste wig- Ak
A RE #RE REAMTD do] dox 7t
Fleng o W REfe Kol ©E BE
a(s R(2B) R ¥E g Koz FAEh

1(t) =20.4390K ()27 / HE(R)H(Dp)2-++vevvooe (28)

Hleo 2 FE n &9 e BT Yel ] B8
22 A3 WHEL (2o s BE e
o] A E T}

() =a,(t) =20.4390 K()** Y/ (H—2nR.)?
(29)

HAEH o] EWikER LB BE9 2=
22 A% BB vt HE REAAYG v
29 AFolAM RE 7] o e ste



HERESREGE 516 % F 39 19914 9 A

g 75 Ado] ZHg Ang 11 RoA o B
o] e YL VFoE BEY FALUES &
IWBRAR o] BRI ool & Roln, RE) 4
YIEREIRERS R T FeoA o BHEC) oL ¥
Hste ® 71Fo] €@ Ho|t},

B RRUT B HRve T 153 s B
KL 7182 olEY UL dSsld BA, 9A
T Fflo] A oHe ¥ R fmEc) 4 mie
RetRRhol M o] RS 2ol X& Bl %A
ILEERAMI o] |k

5, EHERRE A A o] BE S D2} 313,
() =Dy7} S & B2 BEY miEae
R@NE FEH T o] FAE,

MK}~ Dy’ { Ki()} — DK

q71M, M = 204390 */H(R.)*(Dy)?

wiEstEe 2 K322 ¥H K (S F
B o, ol FHE FE ol &3 g Ko
2 RE KRR (& JA BERRELR FAsH
3 ghol HA LR MARIC] €k

2

1~y
T

Ki(t) =

[Ac®{C+Dt—F exp(—Gt)}J-rsrerereeeee

uhete] B REE RE Vst v & 3
= 2 Ba% #mT RE) a(D=Dy°] 5
€ Bl Mo RE] Hitat Ki(De R(2®) =
FE g3 ol Aitdc

RE 7189 #C2 Q% #pe X292
FE n=1% oA 7tF 282, 2 ZdM o
=Dy} B BRI 2] B Mgt K,
(De XY= 38 Adn

(Dep)?

— e seeEEwis 33
(H—2R)*(R)3*(Dy)? 33

Ki(t) =0.0108

A(32)Z (339 K,(D) ol st s = B

— 986 —

M, & FBRLEHYRE R(GD & ol &3ty &4z
BEE 5 g Aol

LA RS d§ FEUEEE R
GBDE ¥H doz REKY Hitdt K(DE Al
A OE, o] @& o1& K(30), (32)R
(33)22 2¥ Ztzte] 9o et HELUE
Eol7t BEE 4 AL Aol

3. BRmEREM BESA BRRITH

LKE RES BAEe Hxp d8z2M 2
& ANE o, HiEh e FRETRE Bmed
SRR Tohui BHEHY SANMT &7 3
EFofo} g}, mekX K HRAM g B2
MR FE RE LEEold et A3
o REel TASHE Y& 7N1Eo2 Hxm #
HY FAE 43E 5 3le Zolo.

e 1 REE 7IEL 2 HEh FA
R HEZ BRIt B9, wof R n)sty
vre o] B GREE Wi A (EDIEY), E%
o2 A% RE| WL Fsgln AR vt
MR deojdrtn 74 sHE, o] -9 FFape
FA(To)e A(20)2 *H &3 2o 528
T 0& Aot

alt) =0

To=a,(t) =20.4390 K:* -/ H*(R)*(D,)?
2

(34)

EF BEol JIFH ol tray cupol A
MEE O o, 2 g o] ol & ] FA=
R(26)2.2 e frg tded ge Koz B
g 5 & Holth

al(t) =0

R:—R.
To=az(t)=K22’3 M v -

T ............ (35)

NGB 35)e 74 B9 #HEw FAES
BAE F de REQ H, 7N EHEHY B
Mt K8 ¢9 EIF BEme FAE 2RZE F
Qe AolZ, AW FAE To2 stz &



REagm Bewel EIETA BT LX) ARGl B LSRR R

TR HFAS) M Koo MBS A #
sehor & Aolet.

4. BRI BTE

7t FFRILMEO] B ILIAER RMARD
E

& PR A FEE RS FBEURES &
BRI D FA RS AT BEY
BR-E WE 317 S8k, 19905 108 #1° M
A AFHE(FA) 3EA F 3°C KR frik
® Aol WS YA FERE BELH T
ol st AR BRS o 2o
T3 A

J(o,t) =34.22900°4°2[0.4642 + 5.8282X 105t
—0.0705 exp(—0.0675t)] (*=0.96
.................................... (35)
gy AP REE 7IFoE BE HAIW
FOUMS BAStY B oo 2P (3) 3 2o,

04

(=]
[ 3%)
la~]

\

\L

K1f1)-0.2804

Material constant, K1ty
&
=]

e
=
a

/m

0

Time, 10 3 sec
Fig. 3 Predicted allowable pile duration for the
apple fruit at the bottom layer.(Dbp=2.0
X107 m, R.=0.0421 m, D,=360X107¢
MPa s¥/m? n,=0.30, E;=1 MPa, 6=0.16
MPa, H=1.2 m)

2 #3022 B FHE K, (t) =0.25949}
F(31D Y & Fo] vhte H PollA 2] Bfdel
AR =9, 1 %e oF 61 BiEel |
o},

020406080100 140 180 220 260 300

— 987 —

3, 919} 22 AN AIHE 3L 5
¢ ZL2EHA WK A7 o WA= HE
W EelE, RG1Z B8 K,(t)=04950 ]2
2, 0] gk& R(B0 st Azl Hel
g oz A3 43N 2t

0.2246

H? = 0.3833 +
E.

..................... 37

%, vt o] BEREIL 1IMPa ol2bH BRI
< FALUKEE IS 07797 m7t €0t

L RFEMR T RAEE BT

ek 22 A8 AA vit H REel
€ Y& 71FELE, o] Yol 4T RE WL
UE o, ui=e] HFEH BE HER FAE
e e Koz BAY tgat 2ok

_21533X107
= W— ........................... (38)

4]

vlete] Ao BHGREUL L £2 BN
s e FAe AR Ao, dEE H
Fetpol W REZE 0.1 MPa o o BBIE & K
Feip el EIE F7E 9.9947X10°m7}t "ok

5. % &

& PR e SevetelA RS Wl &
8 BEEFEEC He WX T 2 ILER
EfrE Ud R #ES LA A
R FELREEC 3 UMM, 2213 RE
WA T HED FEFA R HES 2
At d T2Y o /HAY BB BHYS
HpER LERE REA d3d fFesiie
o, g B} 7H lell A o & BURHY BE
L ARAE 2H 2 wEK S8 AF
Hioh

& PRl FUE B BRESAM Be
upe} o]l REY (Lo, Wik R HFemw
A Fg REA BT Astde REL
Ko Aol B oz B &8s susis ook



HERERREEIE $ 168 £ 35K 199159 A

1980. Determining proper thickness of cu-
shioning materials for fruit catching frames.
Trnas. of the ASAE 23(3) : 558— 561, 567

o, B3 RE nEA S9ET 2 BEe 10. Horsfield, B. C,, R. B. Fridley and L. L. Cla-
Z+E HHFEWO) N3 TS SA6 35 ypool, 1972. Application of theory of elasti-
ojof & Ao ZHEKHC) city to the design of fruit harvesting and ha-
ndling equipment for minimum Bruising.
Trans. of the ASAE 15(4) @ 746—750
32 132 3 11. Kennish, W. J. and J. M. Henderson. 1978.
Formulation of models for cushion mate-
. Bittner, D. R., H. B. Manback, and N. N. rials for impact applications. Trans. of the
Mohsenin. 1967. A method of evaluating cu- ASAE 21(4) . 793—79
shioning materials used in mechanical har- 12. Mahmoud, M. H. and A. G. Bishare. 1976.
vesting and handling of fruits and vegetab- Using finite elements to analyze silo pres-
les. Trans. of the ASAE 10(6) @ 711—714 sure. Agri. Engng. 12—15
. Christensen, R. M. 1982. Theory of viscoe- 13. Mohsenin, N. N. and H. G. Gohlich. 1962.
lasticity. Academic Press. Techniques for determination of mechanical
. Clark, R. L. 1970. The development of low properties of fruits and vegetables as rela-
impact fruit catching surfaces.Trans. of the ted to desige and development of harvesting
ASAE 14(4) © 608—611 and processing machinery. J. of agricultural
. Findley, W. N, J. S. Lai and K. Onaran. 1976. engineering Research 7(4) @ 300—315
Creep and relaxation of non-linear viscoela- 14. Mohsenin, N. N. 1980. Physical properties of
stic materials. North-Holland publishing co- plant and animal materials.
mpany. N. Y. Gorden and Breach science publishers, N.
. Fridley, R. B, R. A. Bradley, J. W. Rumsey Y
and P. A. Adrian. 1968. Some aspects of ela- 15. Mohsenin, N. N, V. K. Jindal and A. N. Ma-
stic hehavior of selected fruits. Trans. of the nor. 1978. Mechanics of impact of a falling
ASAE 11(1) : 46—49 fruit on a cushioned surface. Trans. of the
. Genge, R. A, W. K. Bilanski and D. R. Men- ASAE 21(2) @ 594-600
zies. 1978. Test methods and performance 16. Nelson, C. W. and N. N. Mohsenin. 1968.
of some fruit catching surfaces. Trans. of the Maximum allowable static and dynamic
ASAE 21(1) : 249—252 loads and effect of temperature for me-
. Graham, V. A. and W. K. Bilanski. 1984. chanical injury in apple. J. of Agr. Eng. Re-
Non—linear viscoelastic behavior during search 13(4) © 305317
forage wafering. Trans. of the ASAE 27(6) 17. Peleg, K. 1981. Package product interaction
T 1661— 1665 in corrugated containers for flesh produce.
. Hammerle, J. R. and N. N. Mohsenin. 1966. Trans. of the ASAE 24(4) @ 794—800
Some dynamic aspects of fruit impacting 18. Peleg, K. 1984. A mathematical model of
hard and soft materials. Trans. of the ASAE produce damage mechanism. Trans. of the
9(2) © 484—488 ASAE 27(1) : 287—293
. Hemmat A., P. Chen and W. J. Chancellor, 19. Rider, R. C., R. B. Fridley and M. O’ Brien.

1973. Elastic behavior of a pseudo-fruit for
determining bruise damage to fruit during
mechanized handling. Trans. of the ASAE



20.

21

22.

23.

e mss A RS EIETA &M Y] ARl B LRI MR

16(2) :241—244

Sitkei, Gy. 1986. Mechanics of agricultural
materials. Elsevier Science Publishers. 114
—283

Sitkei, Gy. and 1. Bajsz and I. Nagy. 1979.
Reducing of apple fruit damage using cu-
shioning materials. Acta Technica Acade-
miae Scientiarum Hungaricae, Tomus 89
353—362

Siyami, S., G. K. Brown, G. ]J. Burgess, J. B.
Gerrish, B. R. Tennes, C. L. Burton and R.
H. Zapp. 1988. Apple impact bruise predic-
tion models. Trans. of the ASAE 31(4)
1038— 1046

Taylor, R. L, K. S. Pister and G. L. Goud-
reaux. 1970. Theromomechanical analysis of

viscoelastic solids. International Journal of

— 289 —

24.

25.

26.

27.

29.

Numerical methods in engineering, Vol. 2.
Timoshenko, S. P. and J. N. Goodier. 1951.
Theory of elasticity. MeGraw Hill, New
York. p. 475—489
BT, BEK, FER, BRK. 1990. W9
A REROREE B RIRGRE. ERB IR
2@t 15(2) @ 99109
ST, RER, FMEE. 1990. B 9] 2] &2
Bt (D) — Bohre] E5hAR. BB SRR
&3t 15(3) © 207—218
&, £RFR, FHER. 1990, ¥ 9] 2] &)
G — Bl B Ze)o)| X, BB
BBt 15(3) © 219-229

LEF. 1988 TR BAE R EREE |
Baoll BASH BIYE. M-S KB BRI
By ERENARES, 1990. BIHHRE S
hi g,





