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The Application of the Optimum Cushioning Design Method
for Packaging

The 2nd Report : The Application to the Product with a Step

Takamasa NAKAJIMA®, Yoshiharu TERAGISHI®,
Toshio TAKADA®, Ryosuke NOGAMI*

We developed the optimum cushioning design method for the preduct with a step. In
addition, we investigated how the step of a product influenced the optimum shape of cushion
by fthl«la simulation of this optimum cushioning design method. The main results obtained are
as follows:

(1) The optimum shape of cushion I (the cushion at the convex side of product) isn’t
influenced by the length of the step.

(2) The area of cushion I (the cushion at the concave side of product) decreased with the
length of the step monotonously while the cushion is stable for the buckling. And while
the cushion is the shape of limitation of buckling, it increased monotonously.

(3) Both of the volume of cushions and the cost of package materials leveled off with the
length of the step while the cushion is stable for the buckling. And they increased with
the length of step monotonously while the cushion is the shape of limitation of buckling.
(4) In minimizing the thickness of cushion, even if the product has a small step, the area
of cushion I, the volume of cushions and the cost of packaging materials can be reduced.

Keywords : Package, Optimum cushioning design, Dropping shock, Step, Strength of product,
Cushion, Environment of transportation
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Fig. 1 Ilustration of drop collision modeling of
a packaged cargo of product with step
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Fig. 2 Design feasible region under the restraints.
The upper and lower graphs show the re-
straints about cushion I and cushion II,
respectively. And the middle bar graphs

show the design feasible thickness of cush-

ion I and that of cushion I.
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Fig. 2 Design feasible region under the restraints.
The upper and lower graphs show the re-
straints about cushion I and cushion 1I,
respectively. And the middle bar graphs
show the design feasible thickness of cush-
jon I and that of cushion II.

REM OB SOB/MEERET B3 itk »
T, BBRERETCESLIiIcLl,
DbotesxFXE (e, 0, e) B
(e, 0n, 1) RFLTITHICEIZEST,
TRTOBREH ORARV T HITH 4 5 Beding
A TERRETE 5,
72U, RD 2 >0FIf5M4% 1% 4 fEN
T (e, 01, €) BRU (€4, 04, €1) 2FAL
SERFhITESIEN,
(1) BEMICRET ZRAEHNKGEZ

—107—



BEQLEEFRIEE Vol 4 No. 2 (1995)

HOBE o ATTRHAERLHVEVS
g

050,

(2) BEHOBRAOTFA1EEMOHFED
FALUT TRIFIIEL S0 & 0 S SRR

ESE,

CHhIEEHOFEND EL BV
CRRELIEMHTH S,

FIRIREIT L - TR, EEHHOE S ERh
{LL 74, MEREEH IC XS RO BEER
FET 5, TR, MERH ORBREEME
—iCRH 51D 2FB B IN 25E{LD
BEL LTEEHEHOKBEOBR/MEEREL
72

Pl EoFNE% Fig. 3iICRY,

3. ¥x2ab—-v3v

EYiab—vaVyTHWIRTOBGE
HEZLTIRRT, 2L, BENEGHD
BEERPEEMBBRE DL ) g
TENEFREO, SFIFHEEWITL
TREDYIalb—YavZftat,

(1) FTFEX :60cm (EEET)

(2) EEH : FAXY F 1L v 450
3) BEHOHEVTH:75%

(1) YR OFEEHRIMLEE : 588m/5° @06
(6) WROZIFEROHFAENT : 1.0MPa
(6) ®WF DA~ : 800 X 600 X 600mm
(7) WREOHEE : 40kg
(8) BFHOZIEPOHET : 1200cm®
(9) B0 : Efic48 CHEROEHK

MOESERECADT,)

—-é-" Increase €1 or a1 ;raduullr_J<—

T1>0 laar Yes
£1> E Ve
No

Calculate the design feasible region
of Cushion I.

> 6T

‘

0

Does the region exist?

Yes

No
—-——>I Increase €u or of gradually |

GUu> T Dax Yes
or
£0> € Ouy

No

Calculate the design feasible region
of Cushion II.

No

0

=<_Does the region exist?

Yes

Calculate the design feasible region
of Cushion 1 and [ with considering
the length of step.

Ko
=_lloes the region exist

0

Yes

Find the optimum size of cushions in
the design feasible region.

[Celculate S (design gosl in this region) I

fo a

Yes

Rener the optimunm design data.
(Sests Atost, tlost, Allst, U Oost)

|

Fig. 3 Algorithm for finding the optimum
design size of cushions

(10) aEmEe/MLd 58, EHM.
B — WO BE% £ N EH 3200, /m’,
100M,/m? & Lz,

4. FREER

4.1 BEHHOBEZ IO T
Fig. 4 &b, BEMORSRUFERE. &

—108—



RERHRHFLEOLH (B2#)

| I | I
Minimization of volume W
8 |- Minimization of cost .
A
o T -
A i-

, AP Minimization
- of thickness

Thickness of cushion I, cm

0 1 2 3 4 5
Step length, cm

Fig. 4 Relationship between the thickness of
cushion I and the step length calculat-
ed from the simulation resuits

EHHBOS> b EhER/MLLIBATH,
MEEEHOE X ZBRENKEX (LB IO
THFICHmY 5 MilEhid - f2, /o, Fig.
5& 0., BHHOE SR UHEAER. SXHE
D3 bEhEB/MELEBETH, MlEE
HOBEISRBERKELL->THHENEL
LIS WS - 72,

ChoDfiEN S, HROBRENKELN
> Tb, BEYIoA~TERSEDELLEWD
Libhd, 20D, BREOBREDKN
2, BR-VEHRPAHIL ETOEY DR
BAR-ANRERBHEOHELIIVEER
BT ENTES,

4.2 BHEAOZHEBICONT

Fig. 6 £ . BEHHOREIRUERHE, &
EHEHBOY BEWER/MELIBATS,
Mg OEBtE. BZEDHI3cm £ TIIB
ENKEL B BONTREICEDYT R
NH B, BEIIcmEBITKRKELLS

10 J T T |
g
. 8- -
': Minimization of volume
g L _
8 Minimization of cost
B
v 4
£ \\
5. 2+ Minimization of thickness
0 | { | |
0 1 2 3 4 5

Step length, cm

Fig. 5 Relationship between the thickness of
cushion I and the step length calculat-
ed from the simulation results

&, MEEAEH OmBHT BIAIC NS 2 HR
ﬂ{i‘n - f:o

¥/, Fig. T& b, BFEHOE S F /12138
A OERRER/ME L BE. g
OEEIZ. RENKEL L >THIRIT—ED
&7 2ERbMD -1, —H. BEHHEE
B/MEL 734, LIS ER OERI. BE
HRKELLBIZH>NT, B 2B/MELEE
OEBICE D AN DH - 72,

4.3 BEHHOHRKOTHICONT

Fig. 8 & b, EEM OEHRZ -3 QEH
HEER/MLLIZBE. BENN3em i3
¥ T, MIEHHOBRKD F4I3RBIT—ED
xRN S >t £, ALY, B
ZHH3cmERBATARE L3I > T
EHHOBRKO FAIIBRRAICEDLT A HARN
boteo COBRBLUTOLEDTH 3,
BZEHH 3cm Ok, MREEM OFRIZ S
¢S EEFAOMBRENL 2, —Bic, BENK

—109—



BAQEgLit Vol 4 No. 2 (1995)

250 T T T T
“ C
§zml .
— Minimization of thickness
glw— .
8 ?gﬁg éﬁﬁP
5 100 - gﬁﬂﬁ @#ﬁ -
b ey
< 50 -  AMinimization of volume -

o Minimization of cost
0 | ] ] ]

0 1 2 3 1 )
Step length, cm

Fig. 6 Relationship between the area of cushion
I and the step length calculated from
the simulation results

100
x®
5 "
2
é’ 60
8
g Minimization lf
8 40 |- of oost -
5 Minim_ization
E ol of thickness .
E
=

0 | | | |

0 1 2 3 4 5
Step length, cm

Fig. 8 Relationship between the maximum strain
of cushion I and the step length calcu-
lated from the simulation results

& BAIE, MAEEMOBRBEERIT L D E
BLRTWERILL RIS 2, CD:
b, BENKELELT, SBHHEERLT
WEHBERIET B vic, EHHOERE
WHEXBFHIEERL SN, k>T, BENK

100
X
=
g 80
B 1]
B
o Minimization
S 40 l- of volume _
- Minimization
g 20 of oost
'§ Minimization of thickness
) 0 | [ | |

250 ! T T T
B 20[lIllIIlllIIllIllllllllllllllIIIII[III[I
© 00 = Minimization of thickness
: Minimization of ocost
:g ]50_ .\ooo.ooo_
R V. AAAAAAABAAAAAAAAA¢
:, 100 1= Minimization of volume ]
[
<
0 -
0 | | | |
0 1 2 3 4 5

Step length, cm

Fig. 7 Relationship between the area of cushion
I and the step length calculated from
the simulation results

0 1 2 3 4 9
Step length, cm

Fig. 9 Relationship between the maximum strain
of cushion I and the step length calcu-
lated from the simulation resuits

&L X BiIcoh T, MEKEHH ORI R
EmL. 2hick -7, BAHEREYS:DD
BERzx2vF— (BEMOUVTAEI XN
F—), BROT &, BAGIERA IR DY
%,

—110—



RBEGRIFL:OIA B2RH)

Fig. 9 kb, EBEHHOE S F 2 i3RHH O
FEHREB/ME L84, OfiliEEH ORA
OFAIR. BENKE( L ->THRE—ED
&5 AN S - 1o ORI, TR
EHAOTARDPBENKEL L > THELLE
VS ENSERTE B,

1z, Fig. 9 &b, SEHEEER/MEL
=134, MEEN ORAVD T AR, BEN
K& HBIONT, BaziwMLLRE
OMAEEH OBR O A I I HFDH

b f:o

4.4 FEMOERRICONT

Fig. 10 &0, EEHoERERE 3T
HEBRER/MELEBE, BENODIOH
3cm  TOMBE TR BELNE(LL THEH
Ho@HERIZIZIF—EDHEEROH. BEL
#3cm Pl LD TIIBRZENKEL L BIED
hTgfd o AR EFICHNT 3 R
Hoteo

3000 T T T T

4000 |- Minimization of thickness

30000} et
DDUD-----DDDDDAA
AAAAA N

2000 kA p
\ Minimization of cost
1000 |- Minimization of volume -

0 l 2 3 4 5
Step length, cm

Volume of the cushions, cm?®

0

Fig. 10 Relationship between the volume of the
cushions and the step length calculated

from the simulation results

Pl ko fm oBhid, Fig. 8% UFig. 9D
B BRUOTHOBRNOBMTE 5,
BEMOBKRKOTH L BAERNY b O
T % vF— & ORI iZ—0—3H S OBIFRAY
b3, ¥z, BROBFTzRNVF—H—ET
» 51, BEHM OGRS EEN 0BG AR
Bl OBIR T X VF - RIEHT 5, Th
5D EDS, BEHMOBAVFHHIIEMY
hiIgHH OERARIIED L, BEHoRX
OF A HEL TR EH ofFE R EIIEmY
3w ERT C EhDbMhE, T, Fig. 8
RUFig. 925, MHRIK O FH{lkE bt o ffd
DRICOVWTEA S &, BHHOFEHRIK
LRROHMNEET S LI 5,

45 SEMHRICONT

Fig. 11 &b, EmHMOFERHRE 3%
HEBER/MELBAE. BEXOHISH
3cm ¥ TOMBTIX. BEMHBIRBZIE—FE
OE%XFE- MRS -1 Ty BENK

370  E— T 7

[
on
= -]

— Minimization of thickness EAE

o
(=2
(=22

%ggg

w
(=2
£

'DDDCIDDDDDDDD%
LYV VVVVVVVVYY

«w
N
o~

AMininization of volume
e Minimization of cost

L | ] |
0 | 2 3 4 5
Step length, cm

Cost of packaging materials, yen

(1
(=]
(=4

Fig. 11 Relationship between the cost of packag-
ing materials and the step length calcu-
lated from simulation results

—111—



AXxaHEFELE Vol 4 No. 2 (1995)

ScmEBITRKEL LB L, GEMERER
FicImd 2 fERLH - 7,
Litoffmid. S ofEHR & BEDRM
BEFLTH 3, COEMILITOEED T
H3,
BB B — VOMEE L IEEM O
HEBOAHEEEL TV S, BBF—VOH
iz, EPoRkEsick-THhRES, Lh
L. BZEOKEIHED > TH, fllEHH
DEINRSEHELLIEW D, BHOoKE
XTI LW, ->T BREVRE(LLA
B, BR—LoHEBRIELES. EHH
BLEGHoMRARIBF MR TET ST
ERbhg, Tibb, GEHEHBLBEE
DORRIZ. BEHOFERREBELOBFRE
& C#R %R,

46 ETHBICLZE T OMEE

Ml & i & OFEE OEEROZICL -
TRIRICHEENEL 2, MREEMOBRAOT
AR CTHNIE, BENKE(KBITO2N
T\ BEHOBEXDZERIAEX{ LY, Zhic
X-T, BROEELREES,

Fig. 12k b REHOE SR UERR, &
EHHEO S bEhEB/MELIZBETH.
BEH 00 5% 3cm £ TOMBHTIE, BrEMR
RELEBIKoh T, BROHEEITHRICH
ml. BESHIcm EBATRESLB L.
BAOEXIIBACEDT MRS - 2.
ZOBHELTUTFTDIENEALNS,

YEEEH OB X R CRAD FAIRBEN
KELB-THL—EDHEN B, DI,
hilloBEEH OERIT, BENKEL -
THb—EDHETH %,

—%. MEEHOE S IZBRENKELA

3 ! 1 I |

Minimization

[33

Q

8% 2.5 of thick —

g of thickness DDDGDD[]D

g %o, Ui

5 2 AAA LI .~

b 0 a AAAA

& 0 a A

S st O A :

g O A Minimization

- B O.a of volume _
O a

Q

8 0.2

[75]

0.5 DAA\Minimization of oost -

Op’s | I { |

0 1 2 3 4 )
Step length, cm

Fig. 12 Relationship between the slope of the
product and the step length calculated

from the simulation results

i onTHECEmMY 5, 7o, MNENS
HOBKOFHI3BEHN0 H» 5 3cm OFiBH
TRIZIEF—EDHEE D, ZOH, BENK
XL ABIRO>WTHBIEDT B, 2Dk
b, NS EHOEERIIBREN0DLSH
3cm OFHTIIBENKE L LBITO>NTH
Ficms 208, BRESIcmEBRLTKE
(3L, MlEEHEHOBKVTH4BEDT
245, ERRIBEACRD T IERERT,
& - T, SIREMENCH < AR, BENOS
5%13cm ¥ TOMBHTIZ. BENKECKS
oW THFRICHMmL., BESH3cm A
TRELLD LBRICEVT 5,

1z, Fig. 12k 0| BEMOE S 2B/ML
LAk, BEH o RRDEENE
BLHR/MELEBEXID b, BROFEEIK
X BAMRANS -z, TOBHIBLTOLE
BDTH3B,
BEMOEIERIIBEEHEHOBRKOTH L&
HH OB X L OWTH B, Fig. 8 LD, M
SEEMOBRARD 413, BRBLOBEEEX

—112—



BABHRAFLEOLH (B2H)

Th, BEALRUMEEN -1z, F/, Fig.
9& v, MIBEHHOBRKVTAHIR. BE32R
IMEL =& 0FHM, EBEH OERRD
HEBA/MEE LEBE LY bIhEEHE
3otz —H- Fig. 4R U Fig. 5 & b M
RUMAKEEGHOE 313, BB{LoBEEE
ATHHTHARELEIRN L7, Th
bDT EMD, EORBLET - T bMIHHE
FHHOEERICHE D RERERZRAS. O
B oL R, B 2MELZIBE
OB M, BEHFOERRPCIRMEB RN
{ELEBEL D H/hX BB EBDI B,
& - T, BRMAl~OMERE X ER/MEL
1 B3& 0N BEHOERRPAEMEAE
BMELEBA LY bREUEE LS,
AV Ialb—va YERTIR, BROME
i3, BATH 25 EEE L BN SZHT
Hoteo TDONRD, EPEERET LB
A, BROH X I & 3 HYOKEEORRERE
TRREVWEZEIONS,

4.7 RXEEIMEFEICONT

FetE 4 2 RAHBRIMERE X, i Tidige
AEDIBE, FEMBRMEEORAHELE L -
2o —H, Fig. 13 &0, MEITIRBENSKE
(R BI>NT, BETIRAHRMEEIL
BT 2 8mHH - 1,
ZOEROEFERIZ. MAITIRBECELT
EEHoBE S HMLETELS T, +4
KESPHEBEHR TR WD, BEDE
ELTIAREICE - EEIONS,

4.8 BREN TGS L DS
Fig. 6, Fig. 8. Fig. 10, Fig. 11 Of&
HoOEsE2B/MLL 2 1BE& OBEREHRER

o | Al Minimization
% 500 Agg of thickness
=]
= 400 |- QQQE{E =
& o]
'% 300 E@@@@ .
g BEmg
3
g 200 = e Mininmization of volue 7

100 |- £ Minimization of cost

0 | | | L

0 1 2 3 4 5
Step length, cm

Fig. 13 Relationship between the maximum accel-
eration at the part 1 of the product and
the step length calculated from the simu-
lation results

O) Ti, BEHIT OB & BEEN0.5cm OFF
BT 3 &, BEH0.5cm OB DA A MH
EBEHEHORAKOTHIIAELME L, MY
B oz ml. SEMoERE, ok
BRINSBHEESERND -1, Th&
. BEHOEIER/MLLEEGE. PLT
bERESSNE. MEEREH OZITEHE. B
HEHOERBRIERTE S 2 Lbh 3,
BHEHOE S Z2B/ME L 7134 ORBREt
BRIBVT, BENTWEELHELT, B
EZR0.5cm OO HN, RROTHHBRKEL
1EABHIIRDELBY TH 5,
BENTVIBATRTOBEHOE X IIR
IMEEh T3, BENSNIZMRIOREE
HoExi3, BRESELZ51:-DEIOR/N
{LE&EERETISh 3, 20D, B20RE
{ft& LTERBOB/MEL S Eh 3, MAKE
FHoERBOR/MLIZ. TRbE, M
EH O BA{ER Y- 0 ORI T 2V F —DF
KtTho, MAEEHEHOBRKO T4 LRK

—113—



BAaEPLE Vol 4 No. 2 (1995)

ftahsd, £-T, BENTEHIE, MEKE
EAOBRRKVTAHRBBMITKRELL S,

5. % =

BEXHT 2RI T 2@ EHH ORBEL
FREREST2RHFENBERTE L, &
7o. HMROBENEHmM OBBEERE EWCE
D& S HBTIHEFFEICL ROV
Iab—=varvdfTHl itk THETE
Tz ZOKER, BohEUuERELUTRR
K
(1) gEmHoBRXELBERARER/MEL
7234, MfERH ORI, BrEoKXx X
HE OREBEINTWHEENS - 12,

(2) MmOz Emiti. EEH ORAR
NEBRMEORFICET 3 E TIREZENKE
{EBES>WTHRBICEHDT 2R, BEHRN
BRTA3RAEL > 12RKIZ. BIENKELL
B oW THREICHEMT 2 MEEMNS - 72
(3) BEEHOEHER A EEIZMA
BEMNEBE T 3RAOTARE 3 £ Tl
BENRRKEL BT HHEHE(LLITVA,
BRI 3BROTRE L » 2z, BENK
E{ W Acoh T, FIcCBFEICEmY 3 dR
i)‘&iqf;o
(4) ERFSOEEM OERNRRITT, ¥
YN OYRICHENREST B, TOME

&, MNEEHNRE T SRFOHARE LS
ETIE, BENRKES LB Ic>oh THERIY
md 3. L L. MEEEHHEERE 9 2 PRA
DR E IS » 1-thid, WROBEEIT, BEN
R&ELEBIoNT, BRCEDT 2PN
botee —H. HAZDORAMIIWVN25ETH
alco COIDEHEET TORYIDEE DT
e+ IcBEWEZEI SN B,

(6) M OE X 2R/MELIBE. DL T -
bERENSNIE, EEHOZITEH. FEKH
OERBRIZHIRTZ 3 L RbhoTe,

<B| >

1) JugERs. TF LR, SFREEE. GEAK, #
¥ 41 (460), 28 (1992)

2) gkl B LRR. SPREE. SHAK. 8
B FLRROUECHE. 59 (558), 624 (1993)

3) thiBRERS, <FRMEE. SEFK, HFLRR. B
FEEF L. 2 (2), 85 (1993)

4) ISRy, SFEEAE. BERFEK, FLRR, B
AP L, 3 (3), 141 (1994)

5) BMHE, “FNraSsnEE 1" (BFKLESR).
BA4EHAN, p.1264 (1971)

6) Harris, C. H. and Crede, C. E.,“Shock and
Vibration Handbook 3", McGraw-Hill, p.
41, 39 (1961)

(FREESAT 19942 7H291)
(HFESH 19945128 18)

—114—



