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Abstract

Study on Packaging Design by
Paper Cushioning Materials

Yukiomi NAKAGAWA

Cushioning design is quite important to realize safe transportation for
products. Giving the purpose of cushioning design specifically, it is to protect
products from shock load by the free drop during distribution process by using
cushioningb materials for fear of the deterioration of the product quality.
Especially, it would be more important to carry out this purpose with
considering the environmental suitability.

Recently, the paper cushioning made from corrugated board or molded pulp
have been used as an eco-friendly material instead of expanded plastic form
extensively. However, the current designing technique for paper cushioning
materials has not been established yet, and there are many case that
packaging designers tend to carry out their tasks with trial and error method.
In this situation, it is necessary to establish the optimum packaging designing
method for paper cushioning materials to be expanded as a normal in various
fields.

Referring to the paper cushioning materials, there are many types which
have different properties. And it is also common that the material property
would be a little different even for the same grade among the manufacturers.
In fact, it is quite impossible to make the common tables of the material
properties for each grade. Therefore, packaging designers would have to
figure out the material properties each to realize the optimum cushioning
design. In this paper, it discusses that what kind of data should be collected
and how the cushioning design process should be defined by using the data to
break through the conventional way. To address these issues, the experiments

and examinations regarding paper cushioning properties are carried out. This
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paper consists of the six chapters, and the outlines of the chapters are as
follows.

In chapter 1, the summary and current situation of paper cushioning
materials are described. And the background, purpose and contents of this
paper are discussed.

In chapter 2, the design of corrugated board cushioning under the influence
of moisture stress is discussed. The experiments regarding the cushion
properties are carried out by using laminating corrugated boards. Then the
compression properties or the amounts of shock absorbing energy of
cushioning in a different moisture condition are examined. And from these
results, the cushioning design procedure to estimate the optimum size of
laminating corrugated boards for safe and adequate packaging is considered.
Furthermore, that procedure would be aimed to be able to predict the most
optimum size of cushioning under the arbitrary conditions which include drop
height and fragility of a product.

In chapter 3, the cushioning property of sleeve-structure corrugated board
which has a different shape by each product is discussed. A simple
sleeve-structure corrugated board is used for experiments as a fundamental
cushioning model. Then, considering the experimental results, the structural
factors which influence the cushioning property would be clarified. These
structural factors mean a perimeter of supported area of a product, a folded
part of a sleeve and so on. After the cushioning property curves are made, it
shows that standardization of cushioning design for paper material which has
a complicated shape would be feasible.

In chapter 4, the application of the FEM software to corrugated board
packaging is discussed. The FEM technology has already been established and
used extensively in many categories, but generally, it hasn’t been applied to
cushioning package yet. Therefore, the potentiality of the FEM software
application to corrugated board is examined. As this study is focused on the
practicality for packaging designer, the modeling of corrugated board for

simulation is simplified particularly to assume corrugated board as single
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uniform material. Considering the property of corrugated board, it is
necessary to devise the setting of values for simulation. Therefore, the
optimum conditions to obtain fine results would be examined by comparing
the found values with the calculated values. Then the new packaging design
method with the FEM software would be suggested to break the conventional
trial and error method.

In chapter 5, the molded pulp cushioning which is typical packaging material
as well as corrugated board is discussed regarding the reduction of cost and
lead time. This study features the new mold tool system which is quite
different from the usual type. This new system consists of the detachable
componenté which cushioning properties are already cleared. Furthermore, as
this mold tool has the flexibility to be able to adjust a number of products even
in one tool and the acceleration level while impacts could be predicted in
advance, effective cushioning design would be carried out to save efforts.

In chapter 6, the contents of this study are summarized and the conclusions

would be described.
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Fig.2.9 Acceleration wave of the drop test (5.8kg weight, 30cm height)

Table.2.1 Comparison between the calculation and experiment of drop test

(cushioning direction : y temperature/humidity : 20°C/65%)

Dimensions Weight Drop Acceleration
[mm] [kgl height [ mis?]
Lom] experiment calculation
80 x 50 x 40 50 30 295 314
80 %80 x50 1.8 60 306 338
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Fig.3.2 Sleeve-structure model with folded parts

Fig.3.3 Sleeve-structure models of different aspect ratio
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Fig.3.5 Wooden jig to generate shearing force
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Fig.3.6 Drop test considered the influence of shearing force

L, BEEE~OEEBLFHE, FHLERABIIATH OBEMRLL 150X 50nm DR Y
—7HEAERT. B SE35m & L, ERFICEAM N ERESE DD, Fig. 3.5
VORI PR 100X 100mm OARF 2 VWS (REHE X 200mm) B, MO X H iz
REORXFMIZALTRAFBEIVAELIZ 25m FOEAHLEZREL 25,

3.22 BMEMER O F X

FRBHZOWTHESIBERABRBIC LV /EREE 10nn/nin THWERZT
W, ERBELERNEOHBLERADL., £/, EABMRHEOERARII OV TIZ
RABIcAR 22y PLERBCAROLE»OWEEZMZ S, 2B, RBREIEELHE
WOWTBETDMITIHDET D,

3.23 MM ERHARD A E
HTEHBEABRE LAV TERABIINERE Y — 2RV T8 2ET &

24



¥, MEEZRET D, HETFEEIET60cn —TE L, BLYOREFEAIL 17. 6N
~56.8N 2+ 5, £/, TAKEHEORBOBMEIZ SV TiL Fig. 3.6 DX HITB
LYVDEBHDPRBICARFEZROMA T TETERED, B, MEEE Y —ITX
500Hz P2 —_RRA 7 4 A F—% DT, HERECHOVWTEETHOHET D,

3.3 RRBRARUER

3.3.1 M ERMERBROKBR

Fig. 3. 7 23K ~T#E 100X 100X 35mm DRBFERO—Fl 2 RT, REY, 7D
FTHOBEBNREBIZOWTHERBEDLICAKLNEO LABR O, 1Y #iTH
PETAHRBLEIEIRELSERY, FVHATFHROFBCIIERNEO Y — 7 fHIC
HEB LT 0%DERBOLND, ZREFTIBTERS R CHERRCHE
AORULBBEZZZLPERLELOND, ZOKENIDL, BETICAEEDIC
HEERAMboEBE., BEHOFVHTHROFBEI L - TMEEL NV EEDo
TLBZEeRTFRHENS, LZAT, FHRTOEBEOKE SIRABORN = 1
AE-DKESIHYSTIN, FRBOBEMEL LB L TAHD LEHBMEN FHIC
otk (B 10~25m) XEERLHEETHY ., SREHOBP = RN ¥ —

3.0
e non—-folded
2.5 folded(upper edge) .
20 - =« = . folded(both edges) I "'
z h / /
5 4
5 1.5 .;
m &,
S -
1 .0 — It
’
7
0.5 V:

0.0
0 10 20 30 40

displacement (mm)
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Fig.3.8 Comparison of static peak load by the difference of aspect ratio
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Fig.3.9 Comparison of static peak load by the difference of aspect ratio

(both edges folded models)
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Fig.3.12 Comparison of cushioning property for the sleeve-structure models
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Fig.3.13 Comparison of cushioning property for aspect ratio (non-folded model)
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Fig.3.14 Comparison of cushioning property for specimen height

(non-folded model)
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Fig.3.15 Comparison of cushioning property for specimen height

(both edges folded model)
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Fig.3.16 Comparison of cushioning property for the sleeve-structure modeis

with shearing force
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Fig.3.17 Comparison of cushion curves for the influence of shearing force

(both edges folded model)
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Fig.3.18 Relation between energy density and maximum load

(no shearing force)
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Fig.3.19 Relation between energy density and maximum load
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Fig.3.20 Side pad cushioning model
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Fig.3.21 Mockup set up on the cushioning
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Fig.3.23 Acceleration wave of folded cushioning model
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Fig.4.1 Tensile property of corrugated fiberboard
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Fig.4.4 Comparison between the calculation and experiment

of end crush test by plastic model

Fig.4.5 Local buckling of corrugated fiberboard by end crush test
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Table.4.1 parameters for destructive model of corrugated fiberboard

parameter values
elastic modulus (CD direction) 656MPa
elastic modulus (MD direction) 374MPa
Poisson's ratio 0.1
compressive strength (CD direction) 1.05MPa
compressive strength (MD direction) 0.44MPa
shearing strength 0.30MPa
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Fig.4.6 Comparison between the calculation and experiment

of end crush test by destructive model
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Fig.4.7 Comparison between the calculation and experiment of

end crush test by destructive model with initial irregularity

45



Fig.4.8 Sleeve structure model of corrugated fiberboard
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Fig.4.9 Comparison for acceleration of sleeve structure model
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Table.4.2 parameters for destructive model of corrugated fiberboard

values
a part of specimen compressive strength
shearing strength
(CD direction)
folded part of board 0.3MPa 0.05MPa
edge of board 0.6MPa 0.05MPa
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Fig.4.10 Comparison between the calculation and experiment of

drop test for the simple sleeve structure model
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Fig.4.11 Comparison between the calculation and experiment of

drop test for the sleeve structure model with folded board
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Fig.4.13 Acceleration wave of non-folded structure model
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Fig.4.17 Comparison between the calculation and experiment
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Fig.4.19 Examples of simulation and specimen for non-folded structure model
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Fig.4.22 Examples of simulation and specimen for folded structure model
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Table.4.3 the results of the caiculation and experiment for 45 and 75cm drop test

acceleration (m/s?)
drop
non-folded structure model folded structure model
height
experiment calculation experiment calculation
45¢m 491 495 405 462
75cm 492 471 488 482

B T5em D2 R_8F—OEBETOEMEL Lz, 2 Z CREHM OMELZ TR
LREWRBETHIE— I MEEOETHETILDO LT D,
mm&¢3uﬁb@ﬁ%%ﬁ%waﬂbﬁv%H%%Eﬁ?éaﬂ%n%nw
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4.5 % R&
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EFARZOVNTHETEHRBOMBBTETH S, £, ZhbOMTEEEL LT
BZEDICEBR— VOB BEORERRKERERLE RN, BIBRRA -V EH—
EMERRLTEZRLHEATH, TUVRITY#TFHL LT ORMERSCER BT
DEBLIEIRR-EBEREETHZ L THRMBELM IR LBTED,
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kERBZERTERIE, BRIV UV ILOBIVBELAECLIRABERL 2o
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Zzbhb,
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Fig.5.1 Component model of molded pulp cushioning
(left: quadrangular pyramid, right: frustum)

Fig.5.2 A vertical section of component (frustum)
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Fig.5.3 Basic model unit for experiments
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Fig.5.4 Comparison of load among the component models by
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Fig.5.6 Comparison of cushioning property for the component models

(specimen height : 20mm)
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Fig.5.7 Comparison of displacement among the component models

by dynamic compression test (specimen height : 20mm)
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Fig.5.10 Comparison of load for the taper of the frustum model
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Fig.5.11 Comparison of cushioning property for the taper of the frustum model
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Fig.5.14 A sample of the molded pulp cushioning for a gas appliance

Fig.5.15 A gas appliance set up on the cushioning
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Fig.5.16 Acceleration waves of the drop test for a gas appliance package
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Fig.5.17 Relation between frequency and PSD for the vibration test
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Fig.5.18 A condition of the cushioning after the vibration test

Fig.5.19 A condition of the cushioning before the transport test

Fig.5.20 A condition of the cushioning after the transport test
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