; e3e*" " #&p&) 6) T*NDESCRI PTI ON  CUSHI ONI 1~G BODY FOR GLASS SUBSTRATES
<TECHNI CAL FI ELD> The inyention relates to a cushioni ng body for
conveyance, for protecting a glass substrate which conprises an el ectronic
conponent, such as a sem conductor device, fornmed on a gl ass base, from
damage caused by vibrations at the tinme of conveyance. The invention al so
relates to a packaged article for packaging a plurality of glass substrates
t oget her by nmeans of the cushioni ng body. <BACKGROUND ART> In rece years,
el ectronic and electric related equi pnments, in particul mmmmmmwmwmﬁmpstal

di spl ays and pl asma di spl ays, wygdcrteraos of peripher al of
personal conputers, and portable termnals typified by port ahbesot el ephones
are ones, of which amount of production has been rapidly increased with
advancenment in industry of information technol ogy typifie@w®ﬁ“wﬁmmwwmt, and
a keen demand has been d or vel [ el ated te a
cushi oni Y BOYN {8k 5§Hﬂ$n§%gcQ§gﬁﬁbE%Hggghéngaveyance 0 & equi pnent s.
Anong ot hers, glass substrates with el ectroni c conponents, sutd™4s

sem conductor devices or the |like, nmounted thereon, for exanple, color
filter glass substrates, TFT glass substrates (substrates having thereon
circui t s<TrtHNhEBLpdilHIed>t hin-fil mtransistors therein), and gl ass
substrates such as liquid crystal panel substrates are thin to be
susceptibl e toTha lisheskion reatdbes s ttheewskeogamer WY i hAO&onveyance
and very fine in structure to be influenced fromoutside to be difficult to
handl e. Bariveyhacly, fortheotasd iofg cangéypissy gllastratestwhate’ prior to
processi ng and sem -products prior to finishing, electronic conponents are
handl ed s e¥peSeth conditirom it demponenitnt enstveky ianfl uenced by static
electricity, dirt, dust and so on, whereby they are in sone cases danmaged
in terms @i f 888ELY o Hed URGR, NETYMEACkagiang Teshnbgses Havembeen
proposed to safely convey gl ass substrates w thout danage thereon. As one
of such teehilguesudd@rieyi sibixsieibmst eehniguer thecbdsed i n Japanese

Pat ent Lai d- Open No. 319956/1993. The gist of the technique resides in a
cushi oni ng, Dpdy 2eEr i sinw anpehyalef idl beadelleared body bavkugedspecific
characteristics, the foanmed 2

article for packaging a plurality of glass

substrates together by means of the cushioning body.

<BACKGROUND ART>

In recent years, electronic and electric
related equipﬁents, in particular, liquid crystal
displays and plasma displays, which are one of
peripheral equipments of personal computers, and
portable terminals typified by portable telephones
are ones, of which amount of production has been
rapidly increased with advancement in industry of
information technology typified by internet, and a
keen demand has been made for development in related

technology of a cushioning body for use in packaging




body having a L-shaped cross section and fornmed inside thereof with a
plurality of substrateinsertion grooves extending along:the L-shape. In
packagi ng gl ass substrates, the plurality of glass substrates are arranged
in parallel at predetermined intervals to define a rectangular solid,
corners of the respective substrates are inserted into the
substrate-insertion grooves of the cushioning body, four sides of the
rectangul ar solid perpendicular to surfaces of the substrates are fitted
onto the cushioning body, and fixation is effected by neans of a fastener
such as yubhbelnJApenee bhe didke agudenidradcs . | Ambhe casigewbere a fastener

such as rubber, tdpe or the like is applied on an outside of the cushioning

body to fjx_th i ; i I i d h orners of
he cusH bAPRg B T 3 S8 THe ToSRase s | FoBeRIAEs Bached o por it
the gl ass substrates to be .di sengag fr.am t he trate-] rtion grooves
at both $HULC %Eﬁ?rmﬂgwgﬁvaﬁhgrpggfeéfﬁb%’fﬂ%ggﬁéﬁ?d€%é9§§P’serve
adequately. Also, the abgve-nentioned_L-shaped cushi oni ody is forned
such t hafOrhe*aumal e at 6°1Rderts bhe §r hasS hg‘glésgr\ﬁtcﬁsﬂ 28555 to or sonmewhat
smal ler 3 than a thickness of the glass substrates, and serves to fix the
gl ass subtesat ekl agesse BiPShAL LEISadta Cl R @cHPERE Dt opRF EYIHS the tine
of conpression, which is characteristic of the polyol efin bead foamed body.
Ther ef orehathe roushponptig shddyi hsféffedtians f at pEsi fthgeeiagai nst dust
generation due to vibrations and friction wth glass substrates in
conveyansed Kdweyversubbératiess causbdas prioph beh chiatsttal cpepeadl resi stance
bet ween the cushi oni ng body and gl ass substrates causes a reverse effect
for the egbentiztepuapese mfn packhgi spadepigliads substaht eshowdh that when
the gl ass substrates are forcedly fitted into the substrate-insertion
grooves, v be a3 ia55s Substhat €si bei ggnax dtedkiascanmaykfcé, tan@ 8 mm are
liable to readily flex to be broken and it takes tinme when an operation is
car ef ul | yedQner 59 asnt @ tavnitth bs eabage ithf bueackeke oo vitlidee case
where the glass substrates are taken out of the grooves. In particular,
aut omat i €oSL@ ager deviuaes mnthirkileg- cuirdeviteslgf, glassheukstsieat es have
been introduced in terns of |abor saving in recent years but troubles have
been cauged «Hieré9ihbhe gakove pipbkemt sEhysr soretpeqn acdayenpoi nted out
t hat the above cushioning body is not suitable for automation practically.
4 aut ogplY YeRf-pakionetditpribabke rfiinishgrger alle duséniken rubbing
gl ass substrates, excellent in durability to be capable of use several
tinmes, apdecalontsabhky exoedleat 1A sl ldxpébes eljrelit Donthe ivention is
to provide a packaged article making use of the cushioning body. A first
aspect of,otrhe iﬁﬂ@ﬁ%&%l&ﬁlmﬁﬁubac@&wi@mﬁgcb@dyedtofighags substrat es,
conprising an in-die nolding of polyolefin resin foaned particles

dirt, dust and so on, whereby they are in some cases

damaged in terms of function.
Hereupon, many packaging techniques have been

proposed to safely convey glass substrates without

damage thereon.

As one of such techniques, there is listed a
technique disclosed in Japanese Patent Laid-Open No.
319456/1993. The gist of the technique resides in a
cushioning body comprising a polyolefin bead foamed

body having a specific characteristics, the foamed



and having: a body having a L-shaped cross section follow ng the shape of a
corner portion of a glass substrate and provided, on a L-shaped inner
surface thereof, with a plurality of substrate-insertion grooves, which
extend inside along the L-shape to serve to fix two side edges defining a
corner portion of a glass substrate; and a side wall provided on at |east
one L shaped side surface of the body in parallel to the
substrate-insertion grooves to extend froma corner of the L-shape toward
both ends each over from30 to 100 ~ of the | ength between the corner and

the end, 34 F}%{,E{%P, a eI enhped RAUAY i dbcpiehl emdhabrwken gl ass
substrates éﬁe Inserted into substrateinsertion grooves, frictional

Lﬁ?:gtgﬂ|Hé§§$2%ﬁ?g%%ﬁ(%I£ﬂeas?WﬁfHT§t9n0&h%dﬂ§$§a§@b$trate surface

ity to automation is a practical property which has been

i ncreasingly thpught nmuch of a | 4SS, S a \Y n ngde | arge-sized
recently? ¥ HRAMNG T56HT @3 ﬁ§3§%6§§gﬁéy$§bge&§%§gg gﬂgﬁgo the probl em of
warp and deformation _has manjfested itsg]f %@ convent i onal cqg%ioning

bodi es. £BIEATEUREIGE STHES PROENATES | W6 Bw i 1heY aBévE i obl ems, an
obj ect of the invention is to provide a cushionimg body f or las$
subst r at esjbshighes| iati a2 EaBISEh gy At Lofe g1 s sP EARSHETES F Y om ends of
L- shaped grooves in the body when gl ass substrates _are packaged, and which
can saf elintpeoreds gloasse ELbet BatreC RIRAULE FeaRk Mt  FOFFES SUeh as
vibrations, fall shock or the Iike are applied in conveyance and handling.
Anot her alfjectespethe ievenbstmate o2 peoinde &t @dshnéai g dody for gl ass
substrates, which is suitable for packagi ng of glass substrates and 5

substrate-insertion grooves of the cushioning body,

four sides of the rectangular solid perpendicular to

surfaces of the substrates are fitted onto the

cushioning body, and fixation is effected by means

of a fastener such as rubber, tape or the like as

desired.

In the case where a fastener such as rubber,

tape or the like is applied on an outside of the

cushioning body to fix the same, its clamping force

is concentrated on the corners of the cushioning

body, and so the L-shape is in some cases opened to

permit the glass substrates to be disengaged from

the substrate-insertion grooves at both ends thereof,

whereby the protective function does not serve

adequately.

Also, the above-mentioned L-shaped cushioning
body is formed such that the substrate~insertion

grooves have a width equal to or somewhat smaller



wherein the side wall is shaped such that a cut region is provided on a
corner that faces an apex of the L-shape, anong corners of a rectangle
defined by two sides at which the side wall contacts with the body, the
side wall having an area anmounting to 30 to 80 ~ of the area of the
rectangl e, and wherein the polyolefin resin foaned particles have an
average particle size of 1.5 to 5.0 mm a fusion rate of 70 ~ or nore, a
conpressive elastic exponent of 3.9 to 490, and a recovery rate of 60 ~ or
nore. In the cushioning body, it is preferred that the body has a nmaxi num

Ebgﬁgggsgcp%ff 10 LR B0 dUL 08 Encdld 0 0L LG SN0 SLUS LoRgtdier pbst e

0 a short side as a standard, the side wall has a

t hi ckness of_ 10 g 10 ang t he .,substrate-jnsertjion.grqoves have a depth
of 3 to % fi#n g& & arc%go?u St igo° nﬁ%%ﬁﬁlda%%i%g, t?’t‘—:\otl s preferred that
the side wall is provided on each of the L-sthed side surfaces of the
body. A €d@difdlGsFEICBELYh ] PRBALYoR T eF Bfest 1B a Fack3PRd Sati e
conprising: a plurality of glass substrates a cushioning body as described
above, whindichar i angde g tle pigitdlc gthastheupodirkafin pgesdl el to 7 one
another at predetermned intervals by inserting corners of the respective
gl ass sulfstanad @sboniyn thee salistieat echaisepshaegimopvesdyhdreof ; and fi xtures
wound around a L-shaped outer surface of the cushioning body. The packaged
article e@fdetdbraiinedrdyibbsertd rggaachtcaumr @pénarplitiral idyeof gl ass

to vibrations and friction with glass substrates in

conveyance. However, there is caused a problem that

frictional resistance between the cushioning body

and glass substrates causes a reverse effect for the

essential purpose of packaging the glass substrates

such that when the glass substrates are forcedly

fitted into the substrate-insertion grooves, the

glass substrates being as thick as around 0.6 to 0.8

mm are liable to readily flex to be broken and it

takes time when an operation is carefully done so as

to avoid breakage. This is the same with the case

where the glass substrates are taken out of the

grooves. In particular, automatic storage devices

and taking-out devices of glass substrates have been

introduced in terms of labor saving in recent years

but troubles have been caused due to the above

problem. Thus some people have pointed out that the

above cushioning body is not suitable for automation

practically.



substrates into the substrate-insertion grooves of the above-descri bed
cushi oni ng body, and wi nding fixtures around a L-shaped puter surface of
t he cushi oning body to clanp and fix. <BRI EF DESCRI PTI ON OF THE DRAW NGS>
Fig. 1 is a perspective view showi ng an enbodi nent of a cushi oning body
according to the invention. Fig. 2 is a perspective view show ng anot her
enbodi nent of a cushi oning body according to the invention. Fig. 3 is a
perspective view showing a still other enbodi nent of a cushi oning body
according to the invention. Fig. 9 is a perspective view showing a stil

515 a parestvEn, B Kk et oAk oa REREEEY Slshi oni g

body acegr diing, £ 8t DS ERt L9 Fl in8c 1213 PO SPSET L LG Vi G Showi ng an
durability to be capable of use several times, and
economically excellent

A still other object of the invention is to
provide a packaged article making use of the
cushioning body.

A first aspect of the invention relates to a
cushioning body for glass substrates, comprising an
in-die molding of polyolefin resin foamed particles
and having:

a body having a L-shaped cross section

following the shape of a corner portion of a

glass substrate and provided, on a L-shaped

inner surface thereof, with a plurality of
substrate-insertion grooves, which extend
inside along the L-shape to serve to fix two
side edges defining a corner portion of a glass
substrate; and

a side wall provided on at least one L-
shaped side surface of the body in parallel to
the substrate-insertion grooves to extend from

a corner of the L-shape toward both ends each

over from 30 to 100 % of the length between the

corner and the end,



enbodi ment of a packaged article according to the invention, in which the
cushi oni ng bodies shown in Fig. 1 are used. Fig. 7 is a:perspective view
showi ng anot her enbodi nent of a packaged article according to the

i nvention, in which the cushioning bodies shown in Fig. 4 are .used. Figs.
8a, 8b and 8c are schematic views show ng configurational exanples of
substrate-insertion grooves on a cushioning body according to the invention
in broken, cross section. Fig. 9 is a viewillustrating an outside

di mension of a cushioning body according to the invention. Incidentally,

the reference PYIRE hS ipptbe draw ngst darata ?rél@b.bﬁu“ﬂ:iha]t #Hehi oni ng
. Su .

body, 2: body, Strate-insertion groove, side wall, 5: fixture

gui ding 85%%%? sgbstrates are inserted into substrate-

insertion grooves, frictional resisting forces
generate fine scratches on the glass substrate
surface.

While such suitability to automation is a
practical property which has been increasingly
thought much of as glass substrates have been made
large-sized recently, cushioning bodies have become
large-sized and so the problem of warp and
deformation has manifested itself in conventional

cushioning bodies.

<DISCLOSURE OF THE INVENTION>

In view of the above problems, an object of the
invention is to provide a cushioning body for glass
substrates, which eliminates disengagement of glass
substrates from ends of L-shaped grooves in the body
when glass substrates are packaged, and which can
safely protect glass substrates even if external
forces such as vibrations, fall shock or the like
are applied in conveyance and handling.

Another object of the invention is to provide a
cushioning body for glass substrates, which is

suitable for packaging of glass substrates and



6: apex, 11: glass substrate, 12: fixture, 13: ridge, 2la and 21b:
cushioning plates, 22, 22a and 22b: bottom portions of substrateinsertion
grooves, and 23, 23a and 23b: apices of ridges. <BEST MODE FOR CARRYI NG QUT
THE | NVENTI ON> The cushi oni ng body according to the invention has a feature
that side walls) is provided on the side surface of a L-shaped body having
substratei nsertion grooves, which serve to fix two side edges constituting
corners of glass substrates. Thereby, in a packaged article, which nakes
use of a cushioning body according to the invention, a Lshaped
configuration of the bo IS s :he -ghape is
prevent ed fronvgﬁ?ggﬂ$ng¥eT%éi%%s ?g%iES 6§§§§%§€§F§%n§ng%tthe invention is
descri bed bel ow by way of . enbodi nent s .0 S r spect.d iFew show ng
a prefer F@c@Je‘?%o&l%rré’rﬁlovolfd?ﬁte)ogusahiCoon?rﬁgkbgc}i‘%eacfc%?glgnéplt%F%%g ?Flventi on.
In the figure, the reference nuneral 1 genotes a Cu;hi%mﬁﬁbéﬁm% 10

accor di n§ e khehapsadidReRd SOX oy, ©8 8ubStG et R hEePFitod §f odVes, 9 side
wal I's, and 5 fixture guiding %rooves. The cushioning body .according to the
i nvent i ofweass tdkeby adorp 1 6Bs thife HtE aRaviGRP BRErshypdd R8s section
foll ow ng the shape of corners of glass substrates, and the side wall 4
provi dedbardyt tkastsiche wélbotle wing 80r PAees DROVAELIPIsHehe3®f t he body
2. Fig. 1 shows an exanple, in which the side walls 9 are provided on the
bot h si de ssug § ages foft Hdeabedy .o fThehdodgcRaingg Jg ovaddd with a plurality of
substrate-insertion grooves 3, which extend inside along the L-shape to
serve to fix twwpetslenedges piely ol agiaomeesisn of oghasis reubisi caees, and the
side walls 4 are fornmed in parallel to the substrate-insertion grooves 3.
The sidewale 9ni B id¥agaveatitanis §oreedfoviers atbefgbhmd, 3 to 100 ~ of
the |l ength between ends and the apex of the L-shape of the body 2, and
shaped suyghsiBhat @ tito £ €9hH0o” icx preveded @onprosstrel @diagt An apex 6 of
the L-shape of the body 2 in a rectangle defined by the two sides, at which
the side "5@& 4ngoniact SoWkbh 4tdte, bodd 3. rE ek yr egicen 95 GOt S

specificéﬁ y ?inited in shape but may be triangular as showmn in Fig. |,
outmardlxnp$ﬂ¥§éhy 11 arcuate as shown in Fig. 2, or rectangular as shown
in Fig. 3. e cut region is adjusted in size so that the area of the side

wal | 9 amounts t0 30:t 28R @& P{nfhsoaneca 0f {beprectandd€. thkg. 4 shows an
exanple, in which a side wall 9 i's provided only on one side surface of the

body 2. ' LB hoWs 23N nRXAMPh €c xhl sthigh sbdeowalds rfn aggapr ovi ded
on both éhgg EEFS%&§§§O? tﬁe body 2 to extend short of ends of the L-shape

frome”‘%Pe§aEQ®%%¥ the two side lengths of the L-shape of

1.0 to 3.5 with a short side as a standard, the side
wall has a thickness of 10 to 100 mm, and the
substrate-insertion grooves have a depth of 3 to 15
mm and a pitch of 6 to 100 mm. In addition, it is
prefefred that the side wall is provided on each of
the L-shaped side surfaces of the body.

A second aspect of the invention relates to a
packaged article comprising:

a plurality of glass substrates;

a cushioning body as described above, which

arranges said plural glass substrates in parallel to



Fig. 6 is a perspective view show ng a packaged article, in which glass
substrates are packaged by neans of cushioning bodies. In the figure, the
ref erence nuneral 11 denotes gl ass substrates, and 12 fixtures. As shown in
Fig. 6, a set of four cushioning bodies 1 according to the invention is
basically used to arrange a plurality of glass substrates 11 in parallel at
predeterm ned intervals to define a rectangular solid, the corners of the
respective substrates being inserted into substrate-insertion grooves of

t he cushioning bodies 1 and four sides of the rectangular solid being
fitted b he ¢ L onLng ' ; hengt.hy. £ I, 12 are
wound ar%ﬁ%d%éjno s%agu?gd p,?cg ??(?%Irnéygéﬁolr gﬁ]%géygé\%egﬁg Jlégétr#&r d on the
out side of the cushioping bodies,1, as desired. . In.the cushiqning bodies
accm%ﬂn@oFBQHﬂa?ﬁvEHFi%?SQ%%g?V§t§i§iﬁnaFﬁﬁt@%ﬁﬁ%slg%ﬁa3%&aforned as
desired. In the cushioning body 1 according tgo the jnvention, the side

wal | s 9 8rbsSprdt eednss Idiid shFPaves Jhehechody™ as shown in Fig. 1,
whereby the L-shape of the body 2 is fixed by the side walls 4 to enhance
rigidity of theisbshiesnivigubddy riowwed fa boshiade event aiesud e ng f orces
of the fixtures 12 are applied on-the apices of the L-shapes in a package
packagedofs t$lovu shibngnd baodg.concentrat ed nanner, the L-shapes will not
be opened and di sengagenent of the substrates fromthe grooves at ends of
the L-shapes wht bedyeyeant edt iSUch damche obtecaonsédabyt on the L-shapes
are obtained by formng the side wall 4 on one of side surface of the body

2 and a bhgber igid eeh ctar e @bt sitned plutheiegse hgr£sthe side walls are
provi ded on both side surfaces of the body 2 as shown in Figs. 1 to 3. In

the caseswharg 4¢esside onalle 4siBspraviclerh 98ky i0m Qe &bekhe rsi de surfaces
of the body 2 as shown in Fig. 9, forces of constraint on the L-shapes are

inferiorefg RSPl fekle iGASE WHSHE dnigSiledpal lah ANei RE¥gded on the both
side surfaces, but it is 13 possible to store and convey a plurality of

cushi oni ngtegﬂieess YL nst ackd Dgn 9Re 01 AL hehr £AIR0.0 81 PRE @ cut region is

formed on a diagonal portion facing an apex of the L-shape of the side wall

9, warp | ard 1,04 96B8RALS, 01 L8 dinggongk  portion of the side wall 9, so
t hat the&gfgeékﬂﬁbis saﬁpressed ?n ébntact with the glass substrate 11

The cushi oning body according to the invention is an in-die nolding of a
pol yolefin resin. The nolding is fornmed by charging polyolefin resin

f oamabl e, paktsicl tR12 TN, o ANdRe ¥RV EE>f 0oami ng the sane to expand

t he sane<?§5%hglﬁi d?%g of a des?red shape. Even when the nold used in the
formng is conp|gx ihn ;configurati-Qn Bse COIRAr egh Mg azpol d for injection
mol ding, its nanﬁfactd%?ng %ostbfs f710 or |less a§lﬁ%cﬁ as that of the

|l atter [ qggi asil y angdsef fhehentdon Szpraduce vw! dipgs of conpl ex
configu?%ﬂpgﬁﬁmt €h§5h%accuracy to%be eégﬁ%n$cal and suitagle for mass
productngVeﬁgf r, the in-die nolding of polyolefin resin foaned
particles generates a very small anpunt of fine dust in. sliding contact
with gl ass substrates ,to J Vi mal | ee o tam nati on of

gl ass substra’?gls éagselcf béyn%{%%ggl%%tt.le‘;ﬁsg?glé'vesn%lﬁg1 ng?gﬁ:‘%}mect ed to
external forces in a_handling opetati d_j ce uch nolding is
hard to %EESF m%ﬁ&i@?c@H?ﬁé%%ﬁggg ogg} a%%gﬂggg¥ﬁ%q%?n%ﬁéional stability
even in the cgfe of being defornmed. Further, such cushioning body is washed
W th purénMé¥1 l%ﬁlor to use and every use in the case of repeated use, but

it absorbs a spmll amunt of water .t.0o be excellent, in drying.property. The
pol yol efi n resih%uséd %r? t REXERSHi o hg? 2 EW Showing a $:191

other embodiment of a cushioning body according to
the invention.

Fig. 4 is a perspective view showing a still
other embodiment of a cushioning body according to

the invention.



bodi es according to the invention may be either of cross-Iinking and
non-cross-1linking type. Specifically, the resin material is preferably
selected fromlow, nedium high density polyethylene, linear |ow density
pol yet hyl ene, linear very | ow density pol yet hyl ene, polyethyl ene by

nmet al | ocene catal yst, polyolefin resins typified by ethylene vinyl acetate
. copolyner resins or the |ike, random and bl ock copol yner resins, of which
copol ymer conponents are ethyl ene, butene-1, 9-nethyl pentenel or the like
and propyl ene, or a conposition having blended two or nore of the above
resins. Particularlg suitable resin materjal in the invention include

pol yet hyl ene Ka\ ng® alfesi PYEHREEY 156 V02 EBCWigM @/ €S ldnd a random
copol ymer resin of propylene. Polyethylene having a 15 resin density of

0. 927 g/adn®e br embpéfirmet 2fcuswsh hgnbody pdy opreicatrad i mg coapr essi ve

el astic exponent described |ater, and is hard to deform when exerted by

ext er naltHeorctegenkurdher, in order to obtain a specific conpressive elastic
exponent, there is no need of reducing the foam ng rate of foaned
particles, angisp séichspel ysirypeseive priedwrahbeiiny tefnms of |ightness and
econony. Al so, since polyethylene having a resin density of 0.970 g/cnB or
less is Agesanenicn df exi Bhliday ada APREARY I & + 81 HYSt Pepgeation

resi stance and recovery, it is preferable. Further, a random copol ymer
resin of; RALYELBY! NG, | BLaN db COMDREBSIING UASLLE SRAREN,and excel | ent
in recovery an urability 1n repeated use, so 1t I's nost pre?erably used
in the imnventio I nol di ng constituting the cushioning body accordi ng
to the Fﬁﬁght?oﬁrﬂik§$%éned particles have an average particle si'ze of 1.5

to 5.0 Mm a jon, rate_of 70 29 .qnre,. a c ressjve elastic exponent of
3.9 to 990, a%g%% ?écgéerf¥%€%5%$£é3203”ﬁ%¥e$g§¥18é%é?Fﬁéﬁeébove, t he

f oanmed ticles have. an ayerage parficle size of 1.5 to 5.0 nm preferably
2.0 to %?r[?én@nlm rrlltt ﬁgf cas ﬁk]f%reec?o%ﬂ%ﬁcié acpca?{?%:flgsgcﬁavtéj%n aver age
particle size of 1.5 to 5,0, . mm they can be filled in small portions of
substraﬁ@ﬁ?&%???énﬁﬂC%QéghaﬁqﬁmfQ#méOBFnﬁMQﬁi ?saﬁ§QWﬂe$%producimlity
of the ggnfigyration aqg di mension of a nold is satisfactory. Al so, an
adequat € fant eRPENHH mani fests itsel f since the surface area per one

foamed particle (volune) _is snmall in ratiq and the gas (air) pressure

di ssi pating p%&ﬁ 13ﬁ%n ?heﬁéHZé%I@§ei§ 314 Yﬂ@%ﬁnﬁ%%wbﬁgvapor
heating at the tine of jn-die | di ng. a result, voids are hard to
generat@qﬁ§ﬁ@8ﬁaF6éﬁﬁﬁip%??pgméf(ﬁﬁsfﬁgﬁFFﬁ&%ﬁf?ﬁgaFéQRﬂding, and there
is no possibilitg t hat dust enteriggych voi ds not to nmintain cleanliness
of an adFSH Gt Rd°Bushi BT RYCBIdY, Y hafc8a& T hanedtfarticl es are

preferable. In,additiqgn, the average particle size of
lnvention in broken, cross section.

Fig. 9 is a view illustrating an outside
dimension of a cushioning body according to the
invention.

Incidentally, the reference numerals in the
drawings denote as follows:

1: cushioning body,

2: body,

3: substrate-insertion groove,

4: side wall,

5: fixture guiding groove,



foamed particles constituting the cushioning body according to the
invention, is determ ned by marking three straight lines:having a | ength of
100 mm on the surface of an in-die nolding with the use of a ball-point

pen, counting the nunber of foaned particles in contact with the lines, and
cal cul ating an average particle size C (mm) fromthe followng formula (A).
Incidentally, estimation is done by 17 adopting ai-~ average of val ues
determ ned by the three straight lines. C- (1. 626 x h) /N (A L: center
line length (nm N nunber of particles The fusion rate of the nolding
according to the Egﬁgytion is a nunerical value indicating in percentage

t he nunber of foa particles, of which interfaces are broken (materi al
destruction), r%Iative to the nunper of all foaned particles in an area
extendi ng over ltie DYRFSI FURFGEATPn a thi cknesswi se direction and over a

| ength of about 75 mmin a broken face when naking a cut in a cushioning
body to a dept B20f Bb®¥t¥X€:Mmin a thicknesswise direction of the body and
bent with the cut outside to be broken. In the cushioning body according to
the invention, l@dequbdegenechani cal strength is obtained at the fusion rate
of 70 % or nore, whereby upon clanmping by nmeans of fixtures, such problens
that fixtures Riltee amdio2aivd breskiobdhengughi@nesg bodi es or that the
cushioning bodies are liable to break off are hardly caused. Further, the
fusion rate of 220 % s Ende 2Zb priedberahl ocrttena priokd@rsthatew nute voi ds
are generated between 18 foamed particles to provide a water absorptivity

due insertion grooves, and

23, 23a and 23b: apices of ridges.

<BEST MODE FOR CARRYING OUT THE INVENTION>

The cushioning body according to the invention
‘has a feature that side wall(s) is provided on the
side surface of a L-shaped body having substrate-
insertion grooves, which serve to fix two side edges
constituting corners of glass substrates. Thereby,
in a packaged article, which makes use of a
cushioning body according to the invention, a L¥
shaped configuration of the body is fixed by the
side wall(s) and L-shape is prevented from spreading.

The cushioning body according to the invention
is described below by way of embodiments.

Fig. 1 is a perspective view showing a
preferred embodiment of the cushioning body
according to the invention. In the figure, the

reference numeral 1 denotes a cushioning body

10



to the capillary phenonenon is hardly caused. Further, in the case where
the conpressive el astic exponent of a nolding is 3.9 or nore, a cushioning
body is hard to deform when subjected to external forces, and so favorable
in durability as well as preferable since permanent deformation due to

wei ght of gl ass substrates is hardly generated and gl ass substrates are
easily fixed even when gl ass substrates are | arge-sized to have a size
above 600 nmx 700 nm Also, in the case where the conpressive elastic
exponent is 990 or less, there is no specific need of decreasing the

foamng rate %%(?:Bﬁgstimeonérggoggg)é,ntandz sQ ggg? ,CORMEEBShYQ & astic

exponent 2F§9fr n terns of |1 dhthess and ‘econony. Further, the

conpressive elastic exponent in the ra of 0 cor i.s preferable
si nce fIéQ§QHQ%9ﬂiQIQQﬁ%ﬁacfoP§,9ﬂﬁ§§%%heﬁga<§i%%%?éfgnce is excellent,

and the cushioning performance for fall shock or the like is excellent. The
conpr essgue ddiregstytoeNEdnent in the invention is a val ue obtained by

di viding the nodul us of conpressive elasticity (NcnR) by the foam ng rate,
and the nodul uShef comriptesshge beldist2efpydildd @l tBedereieR hdPwi th t est

pi eces, 19 for which the follow ng foam ng rate has been neasured, in
accor dang@ sWid41 Iy Sckmf20s ebet b et oo dyondr beyilow shekdshePEX nm min. Al so,
in the case where the test pieces have a thickness below 20 nm a plurality
of test pkecas aEetsiackmsl lowhave tthd hickpess fofc@boat s2@fm and t hen
measured. Method for Measuring the Conpression Rate: Flat test pieces

having a wi.dh 9fH3Q HBed eNghl @hbl Maeandld thipkoedseaf 0 am are cut
out froma cushi oning body and nmeasured with respect to weight (g) in unit

of 10 nu, .angd a,Ner Bier,&@hi Belel Suispslcée BFasure B-whdide dength and a
t hi ckness of the test pieces to calculate a volune (cnB). Then

the body 2. Fig. 1 shows an example, in which the

side walls 4 are provided on the both side surfaces

of the body. The body 2 is provided with a plurality

of substrate-insertion grooves 3, which extend

inside along the L-shape to serve to fix two side

edges defining corners of glass substrates, and the

side walls 4 are formed in parallel to the

substrate-insertion grooves 3.

The side wall 4 in the invention is formed over
a length of 30 to 100 % of the length between ends
and the apex of the L-shape of the body 2, and
shaped such that a cut region is provided on a
corner facing an apex 6 of the L-shape of the body 2
in a rectangle defined by the two sides, at which
the side wall 4 contacts with the body 2. The cut
region is not specifically limited in shape but may

be triangular as shown in Fig. 1, outwardly convexly

11



the foamng rate E (cnB/g) is calculated in accordance with the foll ow ng
formula: E - volune/weight (cnB/g) (B) In addition, the recovery rate of 60
~ or nore with the conpressive el astic exponent in the range of 3.9 to 990
is preferable in that the repetitive durability, which is a characteristic
of in-die noldings of polyolefin resin foamed particles, is satisfactory
and deformation is small even in the case of frequency in use.

Incidentally, the recovery rate, R(~), is calculated fromthe follow ng
formula (C) by cutting out flat test pieces having a wwdth 20 of 50 mm

| engt h of 50 and a_ .t hi ckness,.of 2 fro i.Qni

conpr essifg ¢t %Eet E& Hi Q¥ 190%51(9 % gf n?ﬁe rﬁr:uel @ﬁggg a%heap%ogﬁg%Ght he
conpression speed of 10 mmmin. wth the use of the conpression tester

" Aut ogr ap? AG3 90060 ThAUEREL Festh O BRI AR St dakilsifd 2§ niRdi at el y
thereafter renoving |load at the sanme speed as the conpression speed until

| oad becdrest zehe, adrrR nedstihiend de hvekdess aROVAE Snfent 0 when | oad
beconmes zero. Incidentally, in the case of test pieces having a thickness
bel ow 20 8fm % medswienemtebs ofadéravi tachapladreal ity of test pieces stacked so
as to have a thickness of about 20 mm R = (T1/To) x 100 % (C) To:

t hi ckness (nm) rafqg I est spiosaesamprérampd et,esin nghIth tahickdeswa(lrim4 of test

pi eces after testing (when load is zero) An explanation will be given bel ow
to outsides dhBRSIGAH 0dnl be ceusdt &Nk Dgebedyr faccor diENg hied Kdi@yi pvention with
reference to Figs. 8 and 9. Figs. 8 are partial, cross sectional views

showi ng epbodi ments of tHEweUH ok agpbedy iacaes dbRgstiaid heal Myention in a
di rection perpendi‘cular to the Lshape of the body, and Fig. 9 is a side

elevatiO%ﬁev'gwfyHg@n nt Be +@modh o8t r¥hQWs | rFtle poay ! P Eogs - 21
8, the reference nuneral 13 denotes ridges

extend short of ends of the L-shape from an apex

thereof.

Fig. 6 is a perspective view showing a packaged
article, in which glass substrates are packaged by
means of cushioning bodies.

In the figure, the reference numeral 11 denotes
glass substrates, and 12 fixtures. As shown in Fig.
6, a set of four cushioning bodies 1 according to
the invention is basically used to arrange a
plurality of glass substrates 11 in parallel at
predetermined intervals to define a rectangular
solid, the corners of the respective substrates
being inserted into substrate-insertion grooves of
the cushioning bodies 1 and four sides of the
rectangular solid being fitted by the cushioning

bodies 1. Thereafter, lengthy fixtures 12 are wound

around and secured to fixture guiding grooves 5

12



separating adjacent substrate-insertion grooves 3, 22 bottom portions of

the substrate-insertion grooves 3, and 23 top portions of the ridges 13. In

Fig. 9, the reference nunerals 2la and 21b denote cushi oni ng plates, which

constitute the L-shape of the body to formshort and | ong sides of the

L- shape, respectively. Al so, the reference nunerals 22a and 22b denote

bottom portions of substrate-insertion grooves fornmed in the cushioning

pl ates 2la and 21b, respectively, to correspond to the bottom portions 22

in Figs. 8. Also, the reference nunerals 23a and 23b denote top portions of

ridges ofe ¢ ushi qnj hg : RIQETY ¥ cRyLshong tg.the top
e P T PR e Gushyontug oty adoncdi ng 16’ RS

portions n Figs I oni ng body aCcording to the

invention, the hody is_ ,substantially L: d j ecti as shown in
g9, BRF T RE i he el {1 RS (A0eF RS W eEhed” n R gs.
8) of the cushioning plates 2l1a and Z%b, whi ch constitute the L-shape, and
a thi cknédy Rt{RE rsitdee WAL K EF LAV SAORA) FHCBEET 8r IAYX KRRl ected in the
range of 10 to 100 nm and nore preferably 15 to 50 nm whil e dependi ng upon
a size off gfraed ssbiasiesd.In the case where the thickness is in the above
22 preferabl e range, the cushioning body is adequate in rigidity, warp
and def or mat i oArarehéacd sthd ayelieg abedyand Focesdiol donsthaint on the
L-shape can be obtained in the side walls 9. Also, with such thickness in
t he abovd masgejonhe tdushsddiengyabloly 4sagat ifaciodey iom priodiectivity and

t he cushi oning body and a packaged article are appropriate in bulk to be

f avor abl g infeeeBomE 1ie abdidyi dn,ast shewpr aéfrerBbye flor vhwershke of

obtai ning the above effect that the cushioning plates 2la and 21b at the
bott om pentd onssR32pansir 22he0fboddie Bubst Fdted nsgrthen grdwviesl3shave a

t hi ckness of 5 nmor nore. In addition, with the cushioning body according
to the invensi @Anad &0Figsude (16 eRd ausoniosidg blldy oft §8erfl- shape of
the body preferably have a ratio (tL/tS) of 1.0 to 3.5, and nore

preferablgy, dnQtt @v®m whih thenshond sbdeeas dhetptamdarchrdberpatio in
t he above range nmakes the | ong side and short side well-bal anced, and nakes

rect angulaa{éhét?sd i@ fassn sthst 'Iazii%e§ ayer ablee rinshhyaki am st ability, which
makes it hard to cause damage due to flexure on glass substrates. It is

preferaMﬁ%épaggeﬂdg%ggégnagh@mg¢@ {Spect.i v& c£Hshi oning bodies are
fitted onto portions anbunting to 10 % or nore of side edges of 23 gl ass

subst rat s, at chRe JidE RARKag Na é tHionbe@ons: of hBe v ehent and | ong
sides. Fitting by the respective cushioning articles anounting to 10 ~ or

more of |engt s sQf, 3 flenedges roft 1ol asspsubsivAL esrahe tdRsid bl gebecause the
gl ass substrates are adequately supported and hard to
at ends of the L-shapes will be prevented. Such
forces of constraint on the L-shapes are obtained by
forming the side wall 4 on one of side surface of
the body 2 and a higher effect can be obtained in
the case where the side walls are provided on both
side surfaces of the body 2 as shown in Figs. 1 to 3.
In the case where the side wall 4 is provided only
on one of the side surfaces of the body 2 as shown
in Fig. 4, forces of constraint on the L-shapes are

inferior to those in the case where the side walls

are provided on the both side surfaces, but it is
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damage even when shock | oad is concentrated on the portions upon
application of fall shock, stress applied on the cushioni.ng bodies by the
gl ass substrates is decreased, and dust generation due to contact friction
caused by vibrations in conveyance is reduced to provide cleanliness. Al so,
when two cushi oni ng bodi es support respective side edges of the glass
substrates over 92 0 or less of the side edges, contact portions between
the gl ass substrates and the cushi oni ng bodies are not particularly |arge,
so that such supporting condition is desirable in ternms of cleanliness

si nce thg”%éfbggu%ﬁgé%%?éogh@“ééhggzt ggygfgigg d%%to contact friction
gener at e be vibrations in conveyance nd conony ¢ &l'so favorabl e since

t he cushioni.ng bodi es are not .nade nore.l arge-sized than required. The side
vl s 9 G SHECRASH G HEe Botld Tabatr o hi"Bo AT PRvBRRIAIF fust be si zed 1o
some extent for the purpose of nmintaining the L-shape 24  conprising the
cushi oni ng pl afés 128 kG2 8h, CWhdr 8Hé Od) des feamedh)omfathe side walls 4
contacting with the body 2 nust have a length of 30 to 100 assum ng that a
| ength (dAaga®)aéxperdiignt aeidsy ofnt apek- sifapeheokredpaesofo 100 %
Figs. 1 to 9 show exanples where to - tA and tb - tB, and Fig. 5 shows an
exanpl e wher eside<wiaA land, thaxpt B.s ImerdenbaldgnetattAcanctid/t B may be
equal to or different fromeach other. Further, the side wall 9 is

pref er abky d g ge li moarteicof 06 £ maihet a8 nde@gwhhe L4 sheperhand dHe vi ew of the
provi sion of a cut region on a diagonal portion facing the apex 6 of the
L-shape efiddiewside iwaldudpfek sttt purpeseaeit preventheg gvadPs the area of
the side wall 9 (the area obtained by subtracting an area renoved by the
cut regi apdd©Oprnthejarea (ta tb) of the rectangle) in the invention anounts
to 30 to 80 % of the rectangle. Preferably, the outside dinension is such

that a short si@e (EDnhisnifd o3P0z B, I ANG: s 68 o tily)y d to 1100
nm and a |length perpendigulgr to hg L-shéﬂgﬁis 1506%§'éﬁ%§%%§ ependi ng

upon the junber; gt (glaass saPaG" 3les p@&f99§@-fi$yb§@99ﬁ0t e an expl anati on
will be given to the substraté-insertion” grooves wth reference to Figs.

8. Wth the cushi oni ng hody poeerding 19 £Be 5_Lef.‘;1§'V§@§iéLgun’ the wdth t3

of the plurality of substrate=insertion grooves 3 provi on the body 2 is

preferablch Dol o0 dildBes AR Lhixdiessaab gldass sybghiates packaged, and
nore preferably, 1.2 to 3.5 tines. V%en_tﬁe value 1s”1.0 or nore tines,
workabi | ielord fn gmanal Jdimerih onanthd akh00saHk ol @ agsyaybsligtes i

favorabl e, and danage on gl ass substrates Is har generate‘%ven in the

case of Bl QIBILEILRRCIdAe Ab3en Lifeyathe flai% Q0L 638 dides i

preferabl’e in terns of cleanliness since ere 1's course caused no

probl em eyen, i Ngthe GRsH Ol i Eﬁerctag,%t}y@gg%&%Bhﬂ%-&ug%,ﬂéﬁg'ggsswist%)stfat es

bei ng aut omat ed; and jolting cause rations an i'n tonveyance

Ol oSS aoufetaakes L R4 0A! RO DS YeHL dagnge, o, ol feS st pates and

reduce generation of st. Practica e groove wd

Th t-h t t -1 ' 3. ] ferably in th
range of 25 11 A8 8%, 8% SF GhaRR. < AR 0o 0 B S b a0e Rl i g ana
th [ [ . f | di . th of. 3, [

or ot or abF e ei9aE gPae RO Er be B L TR R sl oAb gomaat y

and 11| COHOLK"A; CERS LOUHA bf SRadalnd! 3 soeopR@ ey Fo Ba0CK |1 comveyanee

economical and suitable for mass production.

Further, the in-die molding of polyolefin resin
foamed particles generates a very small amount of
fine dust in.sliding contact with glass substrates
to involve a very small degree of contamination of

glass substrates caused by the dust. Also, even when
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2G side edges and their neighbor of glass substrates in contact with the
cushioning bodies are |iable to be subjected to mnute scratches due to

vi bration shock in conveyance and are cut and renoved at the tine of
processi ng of glass substrates. Depth of 15 mmor |ess of the
substrate-insertion grooves 3 is preferable since it nmakes the portions to
be cut and renoved small. Al so, such depth is preferable in terns of

cl eanliness since generation of dust due to sliding contact between gl ass
substrates and cushioning bodies is decreased. Further, the pitch t9 of the

bstrate i ' 3 b | ect ed - abl f 6
0 100 mRHY 67 bRo de FULS B2 Lol te0ee SEaty 1 L (Mot o SR ES ChBlnor gl ass.

di spl ayconstituting substrate su hé&i%ﬁglor,filter gl ass, s bétrate), si ze

and wei ghNbfiny 698 VEUAR TGt eSSV PEsdis ' @F dstifc oh8nt of

mol di ngs, groove width or the like. That is, such pitch may be set so as to
prevent @glrabsesabdtleattes fr sRCOIVEE hg2 AAd hdert ak® | A§mEsH On@lanot her when
subj ected to vibrations and shock in conveyance and fall shock at the tine
of handl isnabMbhite teheersubst thee-daserofobkegropvesigrpedyi ded in the

cushi oni ng body according to the 27 i nvention may have a cross sectional
shape sugh dtiaért he ua teushobhiions Bodyopeniwegsipedt wandh thereof are the

same in the width t3 as shown in Fig. 8A that
water prior to use and every use in the case of
repeated use, but it absorbs a small amount of water
to be excellent in drying property.

The polyolefin resin used for the cushioning
boaies according to the invention may be either of
cross-linking and non-cross-linking type.
Specifically, the resin material is preferably
selected from low, medium, high density polyethylene,
linéar low density polyethylene, linear very low
density polyethylene, polyethylene by metallocene
catalyst, polyolefin resins typified by ethylene
vinyl acetate copolymer resins or the like, random
and block copolymer resins, of which copolymer
components are ethylene, butene-1, 4-methyl pentene-
1 or the like and propylene, or a composition having
blended two or more of the above resins.

Particularly suitable resin material in the
invention include polyethylene having a resin

density of 0.927 to 0.970 g/cm® and a random

copolymer resin of propylene. Polyethylene having a
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is, the ridge 13 between adjacent substrate insertion grooves is
rectangul ar in shape, they are preferably arcuate (Fig. 8B) in cross
section such that the substrate-insertion grooves 3 is enlarged in wi dth at
t he opening portions thereof, that is, a cross section of a top of the
ridge 13 is convex upward, and trapezoidal (Fig. 8C) in cross section. As
descri bed above, a set of four cushioning bodies according to the invention
are used to package gl ass substrates, and after packagi ng of gl ass
substrates, lengthy fixtures are wound therearound to clanp and fix to nake
a packaged article. Fixtures used Qergln i ncl ude thy itens such as
strap, te@eisr demesitkeofakdt $of © &ffpl &7 B8 r%ﬁgﬁg tape is preferably
used. Further, the packaged article is usually pl aced |n a cl ean

pol yet hyd:meahlbaxgnm lao §galagup MepneR t estigr eeeraARg eESiS e@ll 86Ld€ t 0 prevent
dirt and dust fromentering fromoutside. Wile a set of four sane
CUSW(N"@Q badinas desusetheich Tdreeenbadicheind sdodn tion d& fors, whheen | nventi on
i s not Ilnlted thereto. Two ki nds of 28 cushi oni ng bodi es havi ng

differenf.siz@y MY bftezedl nfseFbisnation kaki ngnacoodetr eb size of glass
substrates, workability in packaging and taking-out, and positioning of

t aki ng- 06‘1& B9% U Oé‘éech@ﬂ&arédrﬁyl:e%m% tdiez sase (éfxp%&’éé)ﬂﬁ tic devices. For
exanpl e, i's concelvable that | arge-sized cushioning bodies are used for

bot tom poy, sOfn<9' RS SUPSTE LGS n@n M Chobeadd S #p8l bed, and

LQn
snall-5|ze% cus loning bodies are in turn used for top portions of glass

bstrat ges. di hor t

ol des ot BRTRCDHART DEdrse %ﬁ%ﬂ%‘é?ﬁ% it act-esadi it el

cushionin odi ma e I e h a short

S?Zelofl%ﬂgg Iﬁﬁ% %gs%p |n gd%% dgaglgﬁé %%%ﬁh{ : es%ihersof t he
hi bod F i th .t bodi

cus |on|ngp§% kﬁi}¥%géyg e?Y£§H|?¢6%§%§ ngé%lt e CHSBI qlng odi es

shown i n® SI rfAce thereof are used

as shown in Eig , 1t 1s preferable to se t.he. cushionjng bodies in
conblnatgéﬁ”bueﬁtﬁﬁﬁsthﬁ §|&@W&ﬂ?slﬁr a’i h%ngy §V%anged to prevent

t he cushi oni ng properté nd the bs et i Xi ng L, B operty from bei ng
| ocal i zeRPPK X petk&ge ﬁ%l%e e¥3titn Lstance

recovery, it is preferable. Further, a random
copolymer resin of polyethylene is high in
compressive elastic exponent and excellent in
recovery and durability in repeated use, so it is
most preferably used in the invention.

In the molding constituting the cushioning body
according to the invention, the foamed particles
have an average particle size of 1.5 to 5.0 mm, a
fusion rafe of 70 % or more, a compressive elastic

[)

exponent of 3.9 to 490, and a recovery rate of 60 %

or more.

As described above, the foamed particles have

an average particle size of 1.5 to 5.0 mm,

preferably 2.0 to 4.5 mm. In the case where foamed
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29 Mor eover, the cushioning body according to the invention can be used
for storage use in additi,on to conveyance of gl ass substr.ates.
Specifically, a set of two cushioning bodies according to the invention is
fixed in a case of plastic corrugated cardboard and gl ass substrates are
inserted thereto. In this case, cushioning bodies may be used or not for
top portions of the glass substrates. In addition, a cover is used as
desired to prevent entry of dirt and dust. <EXAMPLES> Cushi oni ng bodi es
according to the follow ng specifications were fabricated and used to
package gl ass substrates, and eval uati on was nmade. Exanple 1 Specifications
of gl ass RubEEcdtess NBEE @t Ve R aSs PlRdit 1¢48i 81igreysefl 1dbsploay Di mensi on:
850 mMm x 1000 nm Thi ckness: 0.7 mm Physical properties of resin Material:
et hyl ene propypmend randoancdpol §hed edesim Foahbil ngoratieon200€n8/ g Aver age
particle size: 3.6 mmFusion rate: 88 0 30 Modul us of conpressive
el asti ci tyub58®aNesPn Commriessi yeoekast iax expenenine 28f OnBeeqyy,y rate: 88

and the reproducibility of the configuration and

dimension of a mold is satisfactory. Also, an

adequate foam expansion manifests itself since the

surface area per one foamed particle (volume) is

small in ratic and the gas (air) pressure

dissipating property in the particles is small in

the course of vapor heating at the time of in-die

molding. As a result, voids are hard to generate

between foamed particles constituting an in-die

molding, and there is no possibility that dust

enters such voids not to maintain cleanliness of an

associated cushioning body, so that such foamed

particles are preferable.

In addition, the average particle size of

foamed particles constituting the cushioning body

according to the invention, is determined by marking

three straight lines having a length of 100 mm on

the surface of an in-die molding with the use of a

ball-point pen, counting the number of foamed

particles in contact with the lines, and calculating

an average particle size C (mm) from the following

formula (A). Incidentally, estimation is done by
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Qut si de di mensi on Nunber of glass substrates stored: 12 Body: Short side:
350 mm Long side: 460 mm,Length perpendicular to the L-shape: 415 mm

Thi ckness: 35 mm Side walls: Shape: Fig. 2 (arcuate-shaped cut region;

provi ded on both side surfaces of the body) Length on L-shape: 100 % (short
side) X 100 (long side) Area: 70 % of a rectangle Thickness: 35 nm
Substrate-insertion groove: Wdth: 1.5 mmDepth: 9.5 mm Pitch: 25 mm Shape:
Fig. 3 (c), height of straight portions: 5.0 mm height of
trapezoi dal - shaped portions: 9.5 mm 31 A set of the above four cushioning

bodi es was used to package twel ve glass substrates gn ol ypropyl ene tape
as fixtuPESRIFRINBINE ERE £ U6 Ioécé??f)l‘rﬁstge;earr%l%ﬁa ?"lyf() ]g bodi es and

substrates . .
three straight lines.

C = (1.626 x L)/N (A)
L: center line length (mm)
N: number of particles

The fusion rate of the molding according to the
invention is a numerical value indicating in
percentage the number of foamed particles, of which
interfaces are broken (material destruction),
relative to the number of all foamed particles in an
area extending over the overall length in a
thicknesswise direction and over a length of about
75 mm in a broken face when making a cut in a
cushioning body to a depth of about 1 mm in a
thicknesswise direction of the body and bent with
the cut outside to be broken. In the cushioning body
according to the invention, adequate mechanical
strength is obtained at the fusion rate of 70 % or
more, whereby upon clamping by means of fixtures,
such problems that fixtures bite into and break the
cushioning bodies or that the cushioning bodies are
liable to break off are hardly caused. Further, the
fusion rate of 70 % or more is'preferable since a

problem that minute voids are generated between
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to provide a packaged article. In conveying the packaged article via an
ordinary route, L-shaped ends of the cushioning bodies were free of warp
and deformation, workability in packagi ng was satisfactory, the L-shape was
mai nt ai ned, di sengagenent of gl ass substrates fromthe grooves was

el im nated, and thus conveyance coul d be nade stably. Evaluation 2 Further,
in order to evaluate the cushioning property of the cushioning bodies
according to the invention, the packaged article in the above Evaluation 1
was packaged in a fiberboard carton (CD-4 of JIS Z 1506 standards), and
free fall tests were carried out under the follow ng conditions. Conditions
of free fearedepartiplght ot PEPVIAS0 o SUEFad®sirphtkaEddticle from
which fell: only ground surface of a packaged article Nunber of falls:
three titmestB2 camfibiatal Inhepemesent ieshandély tdeusddve conditi ons,

gl ass substrates were conpletely free fromfalling off of glass substrates
and a state offyaickagi,nd rbetbeechest ivige nas tie nd@hpedswsiitdeout damage on

gl ass substrates. Further, adhesion of dust was in no way observed when

surfaces 10d s ghias e 5308k hat est WerfoYdswaf |iys i Bspectredho Bval yation 3 In order

to evaluate the gl ass substrate fixing performance of the cushioning bodies

according;dRioning body is hard to deform when subjected to
external forces, and so favorable in durability as
well as preferable since permanent deformation due
to weight of glass substrates is hardly generated
and glass substrates are easily fixed even when
glass substrates are large-sized to have a size
above 600 mm x 700 mm. Also, in the case where the
compressive elastic exponent is 490 or less, there
is no specific need of decreasing the foaming rate
of the cushioning body, and so such compressive
elastic exponent is preferable in terms of lightness
and economy. Further, the compressive elastic
exponent in the range of 490 or less is preferable
since flexibility is satisfactory, dust generation
resistance is excellent, and the cushioning
performance for fall shock or the like i1s excellent.

The compressive elastic.exponent in the

invention 1s a value obtained by dividing the
modulus of compressive elasticity (N/cm?) by the

foaming rate, and the modulus of compressive

elasticity is a value determined with test pieces,
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the invention, a vibration test was nmade on the packaged article of

Eval uation 1 under the cgnditions shown below. The vibration test was made
in accordance with the testing nethod prescribed in JIS Z 0232 in a state,
in which the packaged article was fixed to a vibrating table of a vibration
testing apparatus. Conditions of vibration test: Direction of vibration:
vertical Vibration wave: sinusoidal wave Sweep: logarithm c frequency sweep
(frequency: 5 to 100 Hz, sweep speed: 0.5 octave/mn.) Vibration
acceleration: 0.75 G Vibration tine: 30 mnutes 33 After the conpletion

of Lhe e yhDEA O Lo8t1 R S S 101 Y i denglags ibstrates ere

~packaged and tixed was visuall |nspecte | ooseni ng of the
gl ass substrates was found

b t ff t
subst r at BS&EET ¢ Fon gt DYERT gﬁ& ngsz ﬁ%s gE@ Sﬁ%@b ma§x§1gﬁ%?ly obser ved.

Exanpl e 2 Cushi oni.ng bodi e accordln to th follownn speC|f|cat|ons wer e
fabr | cat EPTHREE B34GN G RRERags 10 mm/min. Alsc, “ih"¥ne

where the test pieces have a thickness below 20 mm,
a plurality of test pieces are stacked to have a
thickness of about 20 mm and then measured.

Method for Measuring the Compression Rate:

Flat test pieces having a width of 50 mm,
length of 50 mm and a thickness of 20 mm are cut out
from a cushioning body and measured with respect to
weight (g) in unit of 10 mg, and a vernier caliper
is used to measure a width, length and a thickness
of the test pieces to calculate a volume (cm®). Then
the foaming rate E (cm®/g) is calculated in
accordance with the following formula:

E = volume/weight (cm®/g) (B)

In addition, the recovery rate of 60 % or more
with the compressive elastic exponent in the range
of 3.9 to 490 is preferable in that the repetitive
durability, which is a characteristic of in-die
moldings of polyolefin resin foamed particles, is
satisfactory and deformation is small even in the
case of frequency in use. Incidentally, the recovery
rate, R(%), is calculated from the following formula

(C) by cutting out flat test pieces having a width
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gl ass substrates, and eval uati on was nmade. Specifications of gl ass
substrates Sane with Exanple 1 Physical properties of resin Material:

et hyl ene propyl ene random copol yner resin Foam ng rate: 20 cnB/g Average
particle size: 3.6 mmFusion rate: 86 ~ Mdulus of conpressive elasticity:
530 N cnR Conpressive el astic exponent: 26.5 Recovery rate: 89 CQutside

di nmensi on Nunber of gl ass substrates stored: 12 Body: 34 Same with
Exanple 1 Side walls: Shape: Fig. 1 (triangular cut region; provided on
both side surfaces of the body) Length on L-shape: 100 % (short side) x 100

SubLong, B AR 130 P08 BECUANM o TH EKASSSIC3E B 20
from a cushioning body, compressing the test pieces
to 50 % of the thickness thereof at the compression
speed of 10 mm/min. with the use of the compression
tester "Autograph AG-5000D" manufactured by Shimazu
Seisakusho, immediately thereafter removing load at
the same speed as the compression speed until load
becomes zero, and measuring a thickness at the
moment when load becomes zero. Incidentally, in the
case of test pieces having a thickness below 20 mm,
measurement is made with a plurality of test pieces
stacked so as to have a thickness of about 20 mm.

R = (T;/Tg) x 100 % (C)
To: thickness (mm) of test pieces
prior to testing
T,: thickness (mm) of test pieces
after testing (when load is zero)
An explanation will be given below to outside
dimension of the cushioning body according to the
invention with reference to Figs. 8 and 9. Figs. 8
are partial, cross sectional views showing
embo&iments of the cushioning body according to the
invention in a direction perpendicular to the L-

shape of the body, and Fig. 9 is a side elevational

view showing the embodiment shown in Fig. 5. In Figs.
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The above cushi oni ng bodies were used to form a packaged article,
conveyance was carried out with the result that workability in packaging

and

and property of conveyance were satisfactory. Exanple 3 Cushioning bodies

according to the follow ng specifications were fabricated and used to

package

substrates Sane with Exanple 1 Physical properties of resin Mterial:
et hyl ene propyl ene random copol yner resin Foam ng rate: 20 cnB/g Average

gl ass substrates, and eval uation was made. Specifications of class

particle size: 3.6 mm 35 Fusi on rate: 83 Mdul us of conpressive

el asti ci
Qut si de
Exanpl e

y 10 N nQ Cbnpre55|ve el exponent. 25 5 Recovery rate:
& R i PSR EEB8 5hE ¢ Body . Same w th

ﬁBBF Yrasstsd
1

separating adjacent substrate-insertion grooves 3,
22 bottom portions of the substrate-insertion
grooves 3, and 23 top portions of the ridges 13. In
Fig. 9, the reference numerals 2la and 21b denote
cushioning plates, which constitute the L-shape of
the body to form short and long sides of the L-shape,
respectively. Also, the reference numerals 22a and
22b denote bottom portions of substrate-insertion
grooves formed in the cushioning plates 2la and 21b,
respectively, to correspond to the bottom portions
22 in Figs. 8. Also, the reference numerals 23a and
23b denote top portions of ridges of the cushioning
plates 2la and 21lb, which correspond to the top
portions 23 in Figs. 8.

With the cushioning body according to the
invention, the body is substantially L-shaped in
cross section as shown in Fig. 9, and the maximum
thickness (thickness tl of the ridges 13 in Figs. 8)
of the cushioning plates 2la and 21b, which
constitute the L-shape, and a thickness of the side
wall 4 (not shown) are preferably selected in the
range of 10 to 100 mm and more preferably 15 to 50
mm while depending upon a size of glass substrates.

In the case where the thickness is in the above

22
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Side wal | s: Shape: Fig. 3 (rectangul ar-shaped cut region; provided on both
side surfaces of the body) Length on L-shape: 100 % (short side) x 100 %
(long side) Area: 60 % of a rectangle Thickness: 35 mm Substrate-insertion
groove: Sane with Exanple 1 ' The above cushi oni ng bodi es were used to form
a packaged article in the same manner as in Exanple 1, and conveyance was
carried out with the result that workability in packagi ng and property of
conveyance were satisfactory. Exanple 4 3G Cushioning bodies according to
the foll ow ng specifications mere fabricated and used to package gl ass

substrates, _and, eval uation [ |, 0 f substrates
Sane wi tHF EX&hPPE &1 ﬁ@gﬁtam@}ﬁ' o%% |‘1§2) S%QI rk%g%lk E/%t (caérdl Lﬁlg]('sétehgpene
propyl ene random copol y resin Foam,ng rate:, 20 cgggg Ayerage particle

si ze: 3H&@mﬁFﬁyhmﬂﬁ%@eangbd%%%ﬁﬂ?ﬁéo PP 8LSi &€ JRREFEFFy: 539 N cne

and forces of constraint on the L-shape can be
obtained in the side walls 4. Also, with such
thickness in the above range, the cushioning body is
satisfactory iﬁ productivity and the cushioning body
and a packaged article are appropriate in bulk to be
favorable in economy. In addition, it is p;eferable
for the sake of obtaining the above effect that the
cushioning plates 2la and 21b at the bottom portions
22a and 22b of the substrate-insertion grooves 3
have a thickness of 5 mm or more.

In addition, with the cushioning body according
to the invention, a short side (tS) and a long side
(tL) of the L-shape of the body preferably have a
ratio (tL/tS) of 1.0 to 3.5, and more preferably,
1.0 to 3.3 with the short side as the standard. The
ratio in the above range makes the long side and
short side well-balanced, and makes rectangular-
shaped glass substrates favorable in fixation
stability, which makes it hard to cause damage due
to flexure on glass substrates.

It is preferable in the invention that the
respective cushioning bodies are fitted onto

Q

portions amounting to 10 % or more of side edges of
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Conpressive el astic exponent: 27.0 Recovery rate: 89 Qutside dinension
Nunmber of gl ass substrates stored: 12 Body: Sane with Exanple 1 Side wall: -
Shape: A side wall provided with the arcuateshaped cut region shown in Fig.
2 is provided only on one side surface of the body Length on L-shape: 100 %
(short side) x 100 % (long side) Area: 70 % of a rectangle Thickness: 35 nm
37 Substrate-insertion groove: Sane with Exanple 1 The above cushi oning
bodi es were used to package gl ass substrates with the side walls
alternately arranged as shown in Fig. 7 to forma packaged article, and
conveyanc%tmas cagried out with the result that workability in packaging

and prop&tds df SEENSVARES Wdr e 5%t FEMECcP&HSK 2R BE, Yditdd the side wal | was

provided only. on one side surface of the body, space saving was realized
at the tinfg bPnst efadeh e Er@eplee Shausheod npbddeédeser & fabingated in the
same manner as in Exanple 2, except that the follow ng resin was used, and
used to packiadge geagsecsubyer ateshioning articles amounting to

10 ¥ or more of lengths of side edges of glass

substrates are desirable because the glass

substrates are adequately supported and hard to

damage even when shock load is concentrated on the

portions upon application of fall shock, stress

applied on the cushioning bodies by the glass

substrates is decreased, and dust generation due to

contact friction caused by vibrations in conveyance

is reduced to provide cleanliness. Also, when two

cushioning bodies support respective side edges of

the glass substrates over 92 % or less of the side

edges, contact portions between the glass substrates

and the cushioning bodies are not particularly large,

so that such supporting condition is desirable in

terms of cleanliness since there is caused no

problem in dust generation due to contact friction

generated by vibrations in conveyance and economy is

also favorable since the cushioning bodies are not

made more large-sized than required.

The side walls 4 of the cuShioning body

according to the invention must be sized to some

extent for the purpose of maintaining the L-shape
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and eval uati on was made. Physical properties of resin Material: cross-1link
pol yet hyl ene resin Resin,density: 0.930 g/cnB Foam ng rate: 10 cnB/g
Average particle size: 2.8 mmFusion rate: 98 Mdul es of conpressive

el asticity: 539 N cnR Conpressive elastic exponent: 27.0 38 Recovery
rate: 93 The above cushioning bodies were used to form a packaged articl e,
and conveyance was carried out with the result that workability in the sane
manner as in Exanple 1 and conveyance was carried out with the result that
wor kabi l'ity packagi ng and property of conveyance were satisfactory.

Co ' Exanpl Cushi oni ng . hadi Lt h | I |1
Fabr | cat G T g 16 T O MoAeng SHeer i Fea: FOTe 4ha" uebS (o package

I bstrat es, d luat i mgde. Specifjcati f gl
uhst 1 ot BSCSHIE 48 L RCExeripl & ALPRDE: CHADr BROTE de " FBCHAPRRL or  al

et hyl ene propyl ene random copol ymer resin Foam ng rate: 20 cnB/g Average
particl ensthe:tl® ebagly 2 must have a length of 30 to 100 %

assuming that a length (tA, tB) extending to ends of
the L-shape corresponds to 100 %. Figs. 1 to 4 show
examples where ta = tA and tb = tB, and Fig. 5 shows
an example where ta < tA and tb < tB. Incidentally,
ta/tA and tb/tB may be equal to or different from
each other. Further, the side wall 4 is preferably
large in area for maintaining the L-shape, and in
view of the provision of a cut region on a diagonal
portion facing the apex 6 of the L-shape of the side
wall 4 for the purpose of preventing warp, the area
of the side wall 4 (the area obtained by subtracting
an area removed by the cut region from the area (ta
x tb) of the rectangle) in the invention amounts to
30 to 80 % of the rectangle.

Preferably, the outside dimension is such that
a short side (tS) is 100 to 500 mm, a long side (tL)
is 100 to 1100 mm, and a length perpendicular to the
L-shape is 150 to 600 mm depending upon the number
of glass substrates packaged.

Subsequently, an explanation will be given to

the substrate-insertion grooves 3 with reference to

Figs. 8. With the cushioning body according to the
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Fusion rate: 86 ~ Mdul us of conpressive elasticity: 599 N cn2 Conpressive
el astic exponent: 27.5 Recovery rate: 87 0 Qutside dinension Nunber of

gl ass substrates stored: 12 39 Body: Short side: 350 nm Long side: 960 mm
Lengt h perpendicular to the L-shape: 900 nmm Thi ckness: 35 nm
Substrate-insertion groove: Sane with Exanple 1 Evaluation A set of the
above four cushioning bodies was used to provide a packaged article in the
same nmanner as in Exanple 1. In conveying the packaged article thus
obtained via the sane route as in Exanple 1, L-shaped ends of the

N'So, cl ARSI TaPeed 6t THSElr £8 Gttt RAEANERE B8 be opened.  and
di sengagenent fromthe grooves was found, so that the sane Evaluations 2
and 3 asStpAt ¥ atexdmfier 4l eBuld orote Hed cRFPVEd it O ChRFafd Y e? Exanpl e 2
Cushi oni ng bodi es were fabricated in the same manner as in Exanple 1 except
that theifoldosfeagably 1.0 to 4.0 times the thickness of

glass substrates packaged, and more preferably, 1.2

to 3.5 times. When the value is 1.0 or more times,

workability in manual insertion and taking-out of

glass substrates is favorable, and damage on glass

substrates is hard to generate.even in the case of

automatic insertion. Also, the value of 4.0 or less

times is preferable in terms of cleanliness since

there is of course caused no problem even in the

case of insertion and taking-out of glass substrates

being automated, and jolting caused by vibrations

and shock in conveyance of glass substrates is

eliminated to prevent damage on glass substrates and

reduce generation of dust. Practically, the groove

width is about 0.5 to 3 mm.

The depth t2 of the substrate-insertion grooves

3 is preferably in the range of 3 to 15 mm in view

of the size and weight of glass substrates and the

compressive elastic exponent of moldings. Depth of 3

mm or more is preferable since glass substrates are

prevented from being easily disengaged and damaged

when subjected to vibrations and shock in conveyance

and fall shock at the time of handling. Also, the
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resin was used. Physical properties of resin Material: ethylene propyl ene
random copol yner resin 40, Foam ng rate: 20 cnB/ g Average particle size:
3.6 mMm Fusion rate: 60 Mdul es of conpressive elasticity: 599 N cne
Conpressive el astic exponent: 27.5 Recovery rate: 85 % The above cushi oni ng
bodi es were used to form a packaged article, and conveyance was carried out
with the result that the L-shaped ends were free of warp and defornmation,
wor kability in packagi ng was satisfactory, and di sengagenent fromthe
grooves was elimnated. However, when the sane free fall tests as those of
Eval uation, 2 in Exanple. 1l r.e made hou | ass_substrates were free from
Fai| Eng oTTEet RERESEHETCEIBAE MAtRRPER R ChiTnoes B Srog) dds
substrates, which contacted with the substrate-insert,i grooves extendi ng
in a diree@PBACH dhigth nEhPoky st HRR1IBE LIRS (& h? bR d%ﬁiﬁe&oppéced on the
ground surface. As a result of closely inspecting the cushioning bodies for
t he purpos&bQECﬁﬁmbS¢®gaﬂhMGetHﬁ3b®9§g€@f ht e hvpB ragener asheskof cracks
were found between foaned particles, and it is considered that fall shock
caused t hengtasyssuhsteabtesd taacebiceti ahd tdencusti ehi hdodimwe. oAl so, there
was recogni zed an indication that the foamed 41 particles fell off, and
it was faouhdcklatimyrebi hiltayd sulepeabed suseDsyashi ofenisomi ookhat of the
cushioning bodies in Exanple 1. That is, it is considered that since the
fusion ratesef oFolih&gsuphtirgh consskutiecth tdwo6usbhi gniing bodi es, was bel ow
70 ~, the cushioning bodies were poor in their inherent nechanical strength

and excessiyecshiAld ¥Bfcgener aiLhe¥heResieci 88st 0of Ald sheCkng
Conpar ati've Exanpl e 3 Cushi oni ng bodi es were fabricated according to the

fol I ow ng. sREGN ﬁﬁé?ﬂ? %p%oqsesduéﬁ B@%@Qei@%%fé%%%lr@tfﬁ _and

eval uati on was nma Specifications of glass substrates Sanme with Exanple 1

Physi cal {pLopgr toifescg%afégg)q%s%gtse{ﬁ@é: geHILNCO BT BRY LGN r@hdoRLcopol yrer

resin Foam ng rate: erage particle size: 3.6 nmFusion rate: 86

Vbdul s of ) §RURICESSiNEaBLABUSIdh G20 Wl LOPREESSLYR ©f astic exponent:

cushioning bodies is decreased.

Further, the pitch t4 of the substrate-
insertion grooves 3 may be selected preferably in
the range of 6 to 100 mm in view of kinds of glass
substrates (for example, mother glass, display-
constituting substrate such as color filter glass
substrate), size and weight of glass substrates, the
compressive elastic exponent of moldings, groove
width or the like. That is, such pitch may be set so
as to prevent glass substrates from flexing and
contacting with one another when subjected to
vibrations and shock in conveyance and fall shock at
the time of handling.

While the substrate-insertion grooves 3

provided in the cushioning body according to the
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Recovery rate:

89 Qutside dinension Nunber of glass substrates stored: 12

42 Body: Short side: 350 nm Long side: 960 mm Length perpendicular to the
915 mm Thi ckness: 35 mm Side wall: Shape: Fig. 5 (triangular cut
provi ded on both side surfaces of the body) Length on L-shape: 25 $
(short side) X 25 (long side) Area: 31 $ of a rectangle Thickness:

L- shape:
regi on;

Substrate-insertion groove:

35 ™M

Same with Exanple 1 Evaluation A set of the

above four cushioning bodies was used to provide a packaged article in the

same manner as in Example 1.
obtained via the same route as in Example 1,

I n conveying the packaged article thus _
constrai nt

f f L-sh
o e i e ey HE S e Trs SR a1 S SR e b £ R foteht ot ng

bodi es m%!e subj ected to warp and_defornation. Exanple 6 93

he bottom portions and opening portions thereof are

thé same in the width t3 as shown in Fig. 8A, that
is, the ridge 13 between adjacent substrate-
insertion grooves is rectangular in shape, they are
preferably arcuate (Fig. 8B) in cross section such
that the substrate-insertion grooves 3 is enlarged
in width at the opening portions thereof, that is, a
cross section of a top of the ridge 13 is convex
upward, and trapezoidal (Fig. 8C) in cross section.

As described above, a set of four cushioning
bodies according to the invention are used to
package glass substrates, and after packaging of
glass substrates, lengthy fixtures are wound
therearound to clamp and fix to make a packaged
article. Fixtures used herein include lengthy items
such as strap, tape or the like, and for example,
polypropylene tape is preferably used. Further, the
packaged article is usually placed in a clean
polyethylene bag in a sealed manner, stored and
conveyed so as to prevent dirt and dust from
entering from outside.

While a set of four same cushioning bodies is
used in the embodiment shown in Fig. 6, the

invention is not limited thereto. Two kinds of
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Cushi oni ng bodies were fabricated in the sane manner as in Exanple 1 except
that a thickness of the side walls was changed to 8 mm and eval uati on was
made with the result that L-shaped ends of the cushioning bodies were

subj ected to warp and deformation to sone extent because the side walls
were small in thickness. Wiile the invention has been described in detai
and with reference to specific enbodinents thereof, it will be apparent to
one skilled in the art that various changes and nodifications can be nade
therein without departing fromthe spirit and scope thereof. The present

applicatji | Jap a l.icati -, 2001-169291 filed
on May 3‘11‘?&}?)5‘i’??‘ﬁﬂ@?ﬁéégo%ﬁﬁﬁo@%%Sé%% Cgl%.%)%gi ('ygaw (ijﬁgi gsgar ein

i ncorporated by.reference. .<I NDUSTRI AL _APPL| CABI LI TY> As descri bed above,
accormrﬁftSOWﬁéWQﬁkﬁﬁigﬁ#%?%iﬂ%C%&PFSPQSFb?%VP e@A*% cushi oni ng body.
Therefore, the rigidity thereof is, enhanced, and forces of L-shaped

const r aiFHPBErphE hodYC BKEPGrledtY e cBRGKIPHNIi anehd addldkdgedtarticle, in
whi ch gl ass 44 substrates are packaged by means of the cushioning bodies,
def or matdoh PP Siid Wushg olifng Woth @sohs Posvidht edls, gliass substrates are
free of disengagenent fromthe grooves at the L-shaped ends, gl ass

subst ratmesraievdanel yifhi kbe ared rof estedmadnide st ediime confact bet ween

gl ass substrates and the cushioning bodies is prevented from causing

gener at iedhampldysti tands dapage iorebh he ghass 1subsé r st esd Therefore, the
invention is highly effective in protecting glass substrates, good in

wor kabi Id ¥h i Bnpackagh dfedna@ Hee NDyé Of oSUbloadd] ®n f 96 ric@ 3l omti on of the
operations, and reusable, and can renarkably enhance the econonic

efficienfyas9d Baperdidfesst @nagen ael teawevancepPf iakhasempibstrates. ~5
CLAIMS 1. A cushioning body for glass substrates, conprising an in-die

mol di ng Ofa POL YOI N-i 8RE B nfieA TEsL ekt Ghes and: hani RGe £ HOLY having a
L- shaped cross section and provided on a L-shaped inner surface thereof

with a pldgabbty iofh Subst pakerd NS@s 4+ PRLYL00ESsb N PALAld &l s tR,L- shaped
si des thereof; and
necessarily a need of corresponding short sides of
cushioning bodies to short sides of glass substrates,
but two cushioning bodies may support one side of
glass substrates with a short side of one of the
cushioning bodies and a long side of the other of
the cushioning bodies.

Furthermore, in the case where the cushioning
bodies shown in Fig. 4 with a side wall only on one
side surface thereof are used as shown in Fig. 7, it
is preferable to use the cushioning bodies in
combination such that the side walls are alternately
arranged to prevent the cushioning property and the

glass substrate fixing property from being localized

in a packaged article.
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a side wall provided on at |east one L shaped side surface of the body in
parallel to the substrate-insertion grooves to extend froma corner of the
L- shape toward both ends each over from30 to 100 % of the |ength between
the corner and the end, wherein the side wall is shaped such that a cut
region is provided on a corner that faces an apex of the L-shape, anong
corners of a rectangle defined by two sides at which the side wall contacts
with the body, the side wall having an area anmounting to 30 to 80 ~ of the
area of the rectangle, and wherein the polyolefin resin foaned particles
have an averagg Fartlcle Size ofhl 51 b fuilon rate ,of 70 % or
more, a conpr és3¥ $8VEFast e 4815 é)?ﬂb]ﬁé%t 81dy3 a9c$%r 889 &ty WS ecovery
rate of 60 O or nore. 2. The cushi oning body accordin to cla|n11 wher ei n
the bodylR¥&N& LRiXi fafh P ARSI fGOL]ba‘i%Ouﬁﬁl At 29¢AE~R8 0t he two
side lengths of the Lshape of 1.0 to 3.5 with a short side as a standard,
the si decombeysasxca 0fi gleess oRbsbrEd €100 PREcadd ekl Bubst S&tte- i nserti on
grooves have a depth of 3 to 15 mmand a pitch of 6 to 100 mrm 3. The
cushi onieng hedy acsiot dnigmd dctaem doarod]imbertei nhdeisvdetianl is

provi ded on each of the L-shaped side surfaces of the body. 9. A packaged
article conprixddiginaaplodrsd ié§ plaghdss sobstpattes] ©acdabbieri ng body
according to any one of clains 1 to 3, which arranges said plural gl ass

substratggd iRl §6hskq HNes appkhen air pe@denerdmed int enval s by
inserting corners of the respective glass substrates into the

SUbS”até?Qéeftd@%%H%‘ﬁS pdel eef ma@n%él%éaaeww@ gpouRda L-shaped

outer surface of the cusHhi oni ng bod

. ALe. A& , AkLR. A . A9A. AA A
A A s‘éﬁﬁifﬁ‘éi%ﬁ TSR g ot i RS R W Ak, s

A5" R. As o A% h $
|wwnhcAYf 5éﬁéa]caf Q% ]caj%gfca]?%fgéfcg Ea?gtfgé]%g]gafca]ca]ca]ca]ca]
ca] ca] ca;g%] %%] cta_] ca] caUl ca] ca]cTa!; oGvLFt

<EXAMPLES>

Cushioning bodies according toc the following
specifications were fabricated and used to package
glass substrates, and evaluation was made.
Example 1

Specifications of glass substrates

Use: mother glass for liquid crystal display
Dimension: 850 mm x 1000 mm
Thickness: 0.7 mm

Physical properties of resin

Material: ethylene propylene random copolymer resin
Foaming rate: 20 cm®/g
Average particle size: 3.6 mm

X

Fusion rate: 88 %
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I:1fll}xsnid_Z]]ca] ca]ca)ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]ca]ca]calca
] cal ca] ca] ca]ca] ca] ca]ca] ca]ca]calca]cal l!1"1" " x""" #2#b####$$9F] SUSFSSVDYS
9Xo8BEBA &T&e&} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
aJca]calcalcalcalca]calcalcal]calca]lcalcalcalcale&&& 9"i"" """ ((K(g({(((((())
,, -1,12123556(8} xsnid_Z]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca! (8::<;
?A? @CF#GTGEEEG" HVHHHHHI { KKLLMBM>MoMVIMME Xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca] cal] cglcalcal cal.cal ¢ cal ca a aJ,cal ea] ca] ca] ca] ca] ca! MM
IS [\LNN]PQQ&QJdméor%EQL%@ve logl sl 63ksal o9d gaf gafeal cal cal cal cal
Sk SSM UUUUVEVKVY WnWNAWY X} xsni d_Z] ] ca] ca] cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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Substrate-insertion groove:

Width: 1.5 mm

Depth: 9.5 mm.

Pitch: 25 mm

Shape: Fig. 3 (c), height of straight portions:
5.0 mm, height of trapezoidal-shaped portions: 4.5
mm

Evaluation 1
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4Y10L3109& ()-L, T10%& ()-L&LOY& ()-L 109 ()-10%& ()-L
used to package twelve glass substrates and
polypropylene tape as fixtures were wound at two
locations to clamp and fix the bodies and substrates
to provide a packaged article. In conveying the
packaged article via an ordinary route, L-shaped
ends of the cushioning bodies were free of warp and
deformation, workability in packaging was
satisfactory, the L-shape was maintained,
disengagement of glass substrates from the grooves
was eliminated, and thus conveyance could be made

stably.

Evaluation 2

Further, in order to evaluate the cushioning
property of the cushioning bodies according to the
invention, the packaged article in the above
Evaluation 1 was packaged in a fiberboard carton
(CD-4 of JIS Z 1506 standards), and free fall tests
were carried out under the following conditions.
Conditions of free fall tests:

Height of fall: 30 cm

Surface of packaged article from which fell:
only ground surface of a papkaged article

Number of falls: three times
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substrates were v1sually 1nspected.

Evaluation 3

In order to evaluate the glass substrate fixing
performance of the cushioning bodies according to
the invention, a vibration test was made on the
packaged article of Evaluation 1 under the
conditions shown below. The vibration test was made
in accordance with the testing method prescribed in
JIS 2 0232 in a state, in which the packaged article
was fixed to a vibrating table of a vibration
testing apparatus.

Conditions of vibration test:

Direction of vibration: vertical

Vibration wave: sinusoidal wave

Sweep: logarithmic frequency sweep (frequency:
5 to 100 Hz, sweep speed: 0.5 octave/min.)

Vibration acceleration: * 0.75 G

Vibration time: 30 minutes

33



1010%& ()- 10 10 10Y>10%& ()-!x " 310%& ()- 310%& ()-!" ssmO%& ()- @d5B;
CCCCCC ASH=V 10 10z 10z 10z>10% & () - ! |

FM 10%z& () - FM 1092K& ()-FM 109%& ()-![ 10%V& () - CF#GTGEGGIESH=V 10

102" 21098B& () -

s0s109& ()-LI.109& ()-Lf, TLOW& ()- " *109%& ()- 910%& () - GG' HVHHHHHHAYNCV 10
10 10 10 10?109 ()- :s109%& ()- 8l 109%& () -

6MLOYR () - 4109& () - HHHI { KKLJEYNCV 10 10 y, 109%g& ()-' s*10%g& ()-1310%g& () -
109%g& ()- 10%g& ()- &10%& () - LLMBM McMEM-MpMKMDCV 10 10s109%& ()- 10g 10g

After the completion of the above vibration
test, a state in which the glass substrates were
packaged and fixed was visually inspected. While
slight loosening of the glass substrates was found,
no glass substrates fell off the substrate-insertion
grooves and no adhesion of dust was visually

observed.

Example 2

Cushioning bodies according to the following
specifications were fabricated and used to package
glass substrates, and evaluation was made.

Specifications of glass substrates

Same with Example 1

Physical properties of resin

Material: ethylene propylene random copolymer resin
Foaming rate: 20 cm?/g

Average particle size: 3.6 mm

Fusion rate: 86 %

Modulus of compressive elasticity: 530 N/cm?
Compressive elastic exponent: 26.5

Recovery rate: 89 %

Outside dimension

Number of glass substrates stored: 12

Body:
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Same with Example 1
Side walls:

Shape: Fig. 1 (triangular cut region; provided
on both side surfaces of the body)

Length on L-shape: 100 % (short side) x 100 %
(long side)

Area: 50 % of a rectangle

Thickness: 35 mm
Substrate-insertion groove:

Same with Example 1

The above cushioning bodies were used to form a
packaged article, and conveyance was carried out
with the result that workability in packaging and

property of conveyance were satisfactory.

Example 3

Cushioning bodies according to the following
specifications were fabricated and used to package
glass substrates, and evaluation was made.

Specifications of glass substrates

Same with Example 1

Physical properties of resin

Material: ethylene propylene random copolymer resin
Foaming rate: 20 cm’/g

Average particle size: 3.6 mm
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CCC#dedEg\s:iVon rate: 83 %

Modulus of compressive elasticity: 510 N/cm?
Compressive elastic exponent: 25.5
Recovery rate: 88 %

Qutside dimension

Number of glass substrates stored: 12
Body:

Same with Example 1
Side walls:

Shape: Fig. 3 (rectangular-shaped cut region;
provided on both side surfaces of the body)

Length on L-shape: 100 % (short side) x 100 %
(long side)

Area: 60 % of a rectangle

Thickness: 35 mm
Substrate-insertion groove:

Same with Example 1

The above cushioning bodies were used to form a
packaged article in the same manner as in Example 1,
and conveyance was carried out with the result that
workability in packaging and property of conveyance

were satisfactory.

Example 4
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109@&()'109@&daéhlgning bodies according to the following
specifications were fabricated and used to package
glass substrates, and evaluation was made.

Specifications of glass substrates

Same with Example 1

Physical properties of resin

Material: ethylene propylene random copolymer resin
Foaming rate: 20 cm’/g

Average particle size: 3.6 mm

Fusion rate: 87 %

Modulus of compressive elasticity: 539 N/cm?
Compressive elastic exponent: 27.0

Recovery rate: 89 %

Outside dimension

Number of glass substrates stored: 12
Body:

Same with Example 1
Side wall:

Shape: A side wall provided with the arcuate-
shaped cut region shown in Fig. 2 is provided only
on one side surface of the body

Length on L-shape: 100 % (short side) x 100 %
(long side)

Area: 70 % of a rectangle

Thickness: 35 mm
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Substrate-insertion groove:
Same with Example 1
The above cushioning bodies were used to
package glass substrates with the side walls
alternately arranged as shown in Fig. 7 to form a
packaged article, and conveyance was carried out
with the result that workability in packaging and
property of conveyance were satisfactory. Also,
since the side wall was provided only on one side

surface of the body, space saving was realized at

the time of storage.

Example 5

Cushioning bodies were fabricated in the same
mahner as in Example 2, except that the following
resin was used, and used to package glass substrates,
and evaluation was made.

Physical properties of resin

Material: cross-link polyethylene resin
Resin density: 0.930 g/cm?

Foaming rate: 10 cm®/g

Average particle size: 2.8 mm

Fusion rate: 98 %

Modulus of compressive elasticity: 539 N/cm?

Compressive elastic exponent: 27.0
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10\ The above cushioning bodies were used to form a
packaged article, and conveyance was carried out
with the result that workability in the same manner
as in Example 1 and conveyance was carried out with

the result that workability packaging and property

of conveyance were satisfactory.

Comparative Example 1

Cushioning bodies without any side wall or
walls were fabricated according to the following
specifications and used to package glass substrates,
and evaluation was made.

Specifications of glass substrates

Same with Example 1

Physical properties of resin

Material: ethylene propylene random copolymer resin
Foaming rate: 20 cm®/g

Average particle size: 3.6 mm

Fusion rate: 86 %

Modulus of compressive elasticity: 549 N/cm?
Compressive elastic exponent: 27.5

Recovery rate: 87 %

Outside dimension

Number of glass substrates stored: 12
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Long side: 460 mm
Length perpendicular to the L-shape: 400 mm
Thickness: 35 mm

Substrate-insertion groove:

Same with Example 1

Evaluation

A set of the above four cushioning bodies was
used to provide a packaged article in the same
manner as in Example 1. In conveying the packaged
article thus obtained via the same route as in
Example 1, L-shaped ends of the cushioning bodies
were in many cases subjected to warp and deformation.,
Also, clamping forces of fixtures caused the L-shape
to be opened, and disengagement from the grooves was
found, so that the same Evaluations 2 and 3 as that

in Example 1 could not be carried out.

Comparative Example 2

Cushioning bodies were fabricated in the same
manner as in Example 1 except that the following
resin was used.

Physical properties of resin

Material: ethylene propylene random copolymer resin
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Foaming rate: 20 cm’/g

Average particle size: 3.6 mm

Fusion rate: 60 %

Modulus of compressive elasticity: 549 N/cm?
Compressive elastic exponent: 27.5

Recovery rate: 85 $%

The above cushioning bodies were used to form a
packaged article, and conveyance was carried out
with the result that the L-shaped ends were free of
warp and deformation, workability in packaging was
satisfactory, and disengagement from the grooves was
eliminated. However, when the same free fall tests
as those of Evaluation 2 in Example 1 were made,
though glass substrates were free from falling off,
there were caused minute chips on those ends of
glass substrates, which contacted with the
substrate-insertion grooves extending in a direction
along the long sides of the cushioning bodies placed
on the ground surface. As a result of closely
inspecting the cushioning bodies for the purpose of
investigating the cause of such chips, generation of
cracks were found between foamed particles, and it
is considered that fall shock caused the glass

substrates to bite into the cushioning bodies. Also,

there was recognized an indication that the foamed
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cushioning bodies in Example 1. That is, it is
considered that since the fusion rate of moldings,
which constituted the cushioning bodies, was below
70 %, the cushioning bodies were poor in their
inherent mechanical strength and excessive strain

was generated when subjected to fall shock.

Comparative Example 3

Cushioning bodies were fabricated according to
the following specifications and used to package
glass substrates, and evaluation was made.

Specifications of glass substrates

Same with Example 1

Physical properties of resin

Material: ethylene propylene random copolymer resin
Foaming rate: 20 cm’/g

Average particle size: 3.6 mm

Fusion rate: 86 %

Modulus of compressive elasticity: 530 N/cm?
Compressive elastic exponent: 26.5

Recovery rate: 89 %

Outside dimension

Number of glass substrates stored: 12
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Body:
Short side: 350 mm
Long side: 460 mm
Length perpendicular to the L-shape: 415 mm
Thickness: 35 mm
Side wall:
Shape: Fig. 5 (triangular cut region; provided

on both side surfaces of the body)

Length on L-shape: 25 % (short side) x 25

o\®

(long side)
Area: 31 % of a rectangle
Thickness: 35 mm
Substrate-insertion groove:
Same with Example 1

Evaluation

A set of the above four cushioning bodies was
used to provide a packaged article in the same
manner as in Example 1. In conveying the packaged
article thus obtained via the same route as in
Example 1, forces of L-shaped constraint on the side
walls were insufficient, and so L-shaped ends of the
cushioning bodies were subjected to warp and

deformation.

Example 6
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Cushioning bodies were fabricated in the same
manner as in Example 1 except that a thickness of
the side walls was changed to 8 mm, and evaluation
was made with the result that L-shaped ends of the
cushioning bodies were subjected to warp and
deformation to some extent because the side walls

were small in thickness.

While the invention has been described in
detail and with reference to specific embodiments
thereof, it will be apparent to one skilled in the
art that various changes and modifications can be
made therein without departing from the spirit and
scope thereof.

The present application is based on Japanese
Patent Application No. 2001-164291 filed on May 31,
2001, and the contents of the basic application is

herein incorporated by reference.

<INDUSTRIAL APPLICABILITY>

As described above, according to the invention,
a side wall(s) is provided on a cushioning body.
Therefore, the rigidity thereof is enhanced, and
forces of L-shaped constraint of the body are great.

Accordingly, in the packaged article, in which glass
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substrates are packaged by means of the cushioning
bodies, deformation of the cushioning bodies is
prevented, glass substrates are free of
disengagement from the grooves at the L—sﬁaped ends,
glass substrates are surely fixed and protected, and
sliding contact between glass substrates and the
cushioning bodies is prevented from causing
generation of dust and damage on the glass
substrates. Therefore, the invention is highly
effective in protecting glass substrates, good in
workability in packaging and removing, suitable for
to automation of the operations, and reusable, and
can remarkably enhance the economic efficiency in

packaging, storage and conveyance of glass

substrates.
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1. A cushioning body for glass substrates,

comprising an in-die molding of polyolefin resin

foamed particles and having:

a body having a L-shaped cross section and

provided on a L-shaped inner surface thereof

with a plurality of substrate-insertion grooves

in parallel to L-shaped sides thereof; and

a side wall provided on at least one L-

shaped side surface of the body in parallel to

the substrate-insertion grooves to extend from

a corner of the L-shape toward both ends each

over from 30 to 100 % of the length between the

corner and the end,

wherein the side wall is shaped such that a cut

region is provided on a corner that faces an apex of

the L-shape, among corners of a rectangle defined by

two sides at which the side wall contacts with the

body, the side wall having an area amounting to 30

to 80 % of the area of the rectangle, and

wherein the polyolefin resin foamed particles

have an average particle size of 1.5 to 5.0 mm, a

fusion rate of 70 % or more, a compressive elastic
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exponent of 3.9 to 490, and a recovery rate of 60 %

oYX more.

2. The cushioning body according to claim 1,
wherein the body has a maximum thickness of 10 to
100 mm and a ratio of the two side lengths of the L-
shape of 1.0 to 3.5 with a short side as a standard,
the side wall has a thickness of 10 to 100 mm, and
the substrate-insertion grooves have a depth of 3 to

15 mm and a pitch of 6 to 100 mm.

3. The cushioning body according to claim 1 or
2, wherein the side wall is provided on each of the

L-shaped side surfaces of the body.

4. A packaged article comprising:

a plurality of glass substrates;

a cushioning body according to any one of
claims 1 to 3, which arranges said plural glass
substrates in parallel to one another at
predetermined intervals by inserting corners of the
respective glass substrates into the substrate-
insertion grooves thereof; and

fixtures wound around a L-shaped outer surface

of the cushioning body.
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