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invention relates to a packaging strap cofl whi ch is made up

wound thernopl astic resin packagi ng strap and used in strappi ng ¥4 ous
iterns, and a nethod for producing the 10 sane. The present invention also
relates to a packaging strap coil unit conprising the strap COL and
further relates to a packagi ng machi ne equi pped with a strap coil reel for
| oadi ng the stPaprkaogingrs tpap Swidmanddebbkenfe ndttidrecing-the tSgyea | i ke

t hernopl astic resin packaging strap is enployed for strapping a corrugated
cardboard box or the |ike. PRk agEsin.sstappCrs luVumaltd yamdnuf act ured by
extrusion-rnoul ding an olefinic ¢ thernoplastic resin (i.e, polypropylene,
pol yet hyl ene t er ephihad dhg) Marihd i) Equggpied edifthats draps ShapeReed whi ch
case drawi ngs and stretching or the resin is carried out at a rate
exceeding the extrusion rate. The stretched resin strap is helically wound
up on a tubul ar paper core to forma strap coil. 2~ The strap coil is

| oaded on ah automati c packagicxgrouNDd neEhTRE, INFgetHzaN Wi t h t he tubul ar
paper core. A strap therein is successively drawn out to strap a corrugated
cardboard box or |ikehict epreben tiheresitapncaicllans out of phh&astimap, it
consists of the tubular paper core . The paper core has been marred by the
strap and may RBetrdie eetsedv@schhe sconedef dheopackagiend <iriap &oiund I f the
paper core is stained with a synthetic resin-based adhesive, it even fails
to make a mat ekhalrddafl14e€yel efe paperpadhaqgtinbul 8k rpgpea neor e,s auhi Gh 1S no
| onger 10 avail able as a paper core or a material for recycled paper, is
only to be di sgardgsdi Dk sosadudfi tihds PAPLr a G €ho NPV Blrocasid il d g kequi res
transportation and waste treating expenses. _n view of the above probl ens
Japanese Pgfentame. The present invention also relates to a

packaging sfrap coil unit comprising the strap coil,
and further relates to a packaging machine equipped
with & strap coil reel for loading the strap coil on
an automatic paclkaging machine.

15 2 tape-like thermoplastic resin packaging strap
is employed for strapping a corrugated cardboard box
or the 1ike. The resin strap is usually manufactured
by extrusion-moulding an olefinic thermoplastic resin

.

(i.e. polypropylene, polyethylene terephthalate) into
20 a required flat tape shape, in which case drawing and
stretching of the resin is carried out at a rate
exceeding the extrusion rate. The stretched resin
strap 1is helically wound up on a tubular paper core to

form a strap coil.

25 The strap coil is loaded on an automatic packaging

L

*G00001*



1~ Application paid-open No. 315690/ 1995 (JP-A-7-315690) discloses a

corel ess packaging strap coil and a manufacturing nethod thereof, wherein a
packaging strap is helical ) y wound in the absence of a paper or |ike
core. As shown in Figs . 57 and 58, the coreless 20 strap coil 205 has a
cylindrical hollow 206 at its axis . The Znnernost end of the strap 24 is
nel t-bonded at a nelt-bonded area 241 with another strap |ayer overlaid on
the top side thereof. To produce this s trap coil, a strap 204 is wound 2~
on a winding roller 201 conprising a pair of separable 3 right/left

roll er conponeniesh208s, 23 e tthestdiyyh the stanfasfpéperstvap. 204 sitsscappund i n
one turn along the mddle of the axial length of the winding roller 201
wher e the ri ghthleefdin dlsl enceenpaneritys d2@3;n 213 aresjoamedcoThanattde strap
204 provi des another |ayer thereon. The |am nated strap |layers are nelted
and bonded to eachitoidwed dhyxappl yikg atbeat edhiernonpet herelpy clodrimmg: |

nel t-bonded area 24.. Once the innernost end of the strap 204 is filed, a
predeterm ned bergbh e K tde, St apn2Q@a tisSoBoting tarbd her endd &2 caurd ace of

the winding roller 201 to ,forma strap coil. Finally, the right/left
rol | er conponenhs 3@3er2t3 ref nkRebwkeRdhagreal bert 20 1s v £p s oinedh cand
renoved fromthe strap coil. Thus obtained is a corel ess packagi ng strap

coil 205 . 1~ be thiuseprekagihrgcstkap rcohk, phbeakivred sicnner mestl end of the
strap is not drawn out into the hollow at the axis . Therefore, the strap

coil remains fihe pagdesOkibdcYeNstui hBa #EAASHN fat hobi c\WheRihhb% sstd ap
coil is |oaded on an automatic 20 packagi ng machine, the strap is drawn out

from the outerpgesisgnrd and usee Fak 15t £ AR Y Ameelkirugat ¢d cardheard; box or
like items. As nentioned above, a heated iron is used to heat a
predeterm ned gLgaon theel anbnated postiorcdfe thenich is no longer
10 available as a paper core or a material for recycled
paper, is only to be discarded. Disposal of the paper
core, however, still requires transportation and waste
treating expenses.
In view cf the above problems, Japanese Patent
15 Application Laid-open No. 315690/1995 (JP-A-7-315690)
discloses a coreless packaging strap coil and a
manufacturing method thereof, wherein a packaging
strap 1s helically wound in the absence of a paper or
like core. As shown in Figs. 57 and 58, the coreless
20 strap coil 205 has a cylindrical hollow 206 at its axis.
The innermost end of the strap 204 is melt-bonded at
a melt-bonded area 241 with another strap layer
overlaid on the top side thereof.
To produce this strap coil, a strap 204 is wound

25 on a winding roller 201 comprising a pair of separable



2~ strap wound on the winding roller, so that the | am nated 4 strap
portion is nelted and bonded together. However as the iron fails. to give a
stabl e heating tenperature, the bonding strength of the |am nated strap
| ayers may vary from batch to batch. Provjded the innernost end of the
strap is bonded too strongly, nanely, provided the nelt-bonded area
possesses too high a peeling strength, the bonded area nmay not peel readily
when used in the packagi ng machine. In sone cases, the strap nay be
partially torn off at the rig=d=y bonded area. 10 Actually, when a strap
coil is | oadedréghttfd &l onat L erpackaginved tfacti he, 2the stTHAPTLY ditdvn out
along with the rotation of the feed rollers. If the |am nated | ayers of the
strap are bondeda&do ot ridrRylstramhe2 elds rodded FayonearrrioapesJori e he
strap layer worse 1~ destroy thensel ves, depending on the rotation power.
The strap coi |l méfdildse f iore arx 2 panifogtsd wor & defwictding Ascaleer @9 coil is
prepared by lamnating a strap in a spiral form it is sonmewhat extended in
the axial direehkor tAe houghtthelithmerlost eadpohetites RP St rap3i $rsonded
with a layer or layers |lamnated thereon, the rest of the innernost rows of
the s trapjcoifowhiech axitedhy heegbliowe tHhet bpndeddstsr gnentear éalyeft un
bonded with respect to the layers | am nated thereon. Such a strap coil may
unwi nd or col | apseeain t helt?e- hanibended sstremr laBeEer ameanspbrédt ko or
storage, the prior art

bonded to each other by applying a heated iron, thereby

forming a melt-bonded area 242.. Once the innermost end
of the strap 204 is fixed, a predetermined length of
10 the strap 204 ié wound on the entire surface of the
winding rolier 201 to form a strap coil. Finally, the
right/left roller components 203, 213 of the winding
roller 201 are disjoined and removed from the strap coil.
Thus obtained is a coreless packagling strap coil 205.
13 In this packaging strap coil, the fixed innermost
end of the strap is not drawn out into the hecllow at
the axis. Therefore, the strap coil remains firm and
solid even during transportation.
When this strap coil is loaded on an automatic
20 packaging machine, the strap is drawn out from the
ocutermost end and used for strapping a corrugated
cardboard box or like items.
As mentioned above, a heated iron is used to heat
é predetermined area on the laminated portion of.the

strap wound on the winding roller, so that the laminated
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strap coils are laid horizontally and stacked on top of each other as shown
in Fig. 55, with the axis oriented vertically. Usually, a pair of strap
coils 101 are 5 vertically stored in a package (shown, by imaginary line).
Each strap coil 101 has uneven side surques by nature, where the edge of
the strap 10la sticks out in sone layers.”Wen a plurality of strap coils
101 are laid axisw se vertically on top of each other, as 10 shown in Fig.
55, the edge of the strap 10la projecting fromthe side surfaces of the s
trap coil 101 can be bent or deforned. The strap coil 101 which includes a
strap bent or d&frérnedrdi athésengeétes apdsbonerytegeehsdure EADSME rsuppl y
of the strap 10la in the automatic 1~ packagi ng machi ne. To protect the
side surfaces af Bhet¥apncoiilstiregdtieap sohbleOilepsingnvenproaaing
transported or stored in the formof a strap coil unit shown in Fig. 56,
whi ch i ncl udesthephapndahn disse gpadsh BE2 tagpl red revt seholt rimde a2@ surfaate of
the strap coil 101. Each disc pad 102 is nade of cardboard and fornmed with
a central hol ev&®2afwioirc b agorty éspdredscit 0 thweceyfieddrhealnheklowtl@hal at t he
axis of the strap coil 101. A pair of pads 102 are integrally joined on the
side surfaces of the strap dei bo2<clDt dyy segng &y tyawé 1gt rapsvi@d.d Each
strap 103 ties 6 the strap coil 101 and the pads 102 together, passing
axi al 'y throughhthendbttowngled herstr apscoidsd91 tarnd hhehhd epeefl inke pads
102 and then axially crossing the outer cylindrical surface of the strap
coil 101. Sincettbegear,dboaridopads d02acaumenolop e 3imkea st § acesn ok etdhe
strap coil 101, the edge of the strap 10la, even if it nmay unevenly project
or sink, is proheciedpddcionydebanaabian.or Idasmge. cNowef heless raheay
preparation of such packaging 10 strap coil units is not a sinple task,
because the prcesmdelul L ¢S quasi t b@AI ngk t BRepatisg 102yvom idd skdeasur f aces
of the strap coil 101 and thereafter tying them together by a plurality of
straps 1030 Fsatetuaanauteiat iaCspackagong aechbaacaquhpprd dotvwhbbia strap
coil reel and operated for packaging an itemautomatically, the strap coi
_ reed usually asgemmpdaiemacsinap €nkl seenpy iy nravsStd@p yoUAd areund a
t ubul ar paper core. The strap coil reel
the rotation of the feed rollexrs. If the laminated

layers of the strap are bonded too strongly, the feed
rollarsmay fail to peel off the strar layers, and worse,

15 destroy themselves, depending on the rotation power.
The strap coil of the prior art manifests more

defects. As a gtrap coil is prepared by laminating a
strap in a spiral form, it is somewhat extended in the
axial direction. Although the innermost end of the

20 strap is bonded with a layer oxr layers laminated thereon,
the rest of the innermost rows of the strap coil which
axially neighbour the bonded strap end are left un-
bonded with respgect to the layers laminated thereon.
Such a strap coil may unwind or collapse at the

23 non-bonded area.



includes a core elenent which is inserted into the paper 20 tube and
supports the sane . As the core elenent, there may be adopted a cylindrical
structure which conprises a cylinder whose dianeter is slightly snaller
than the inner dianmeter of the paper tube, a three-parallel rod structure
in which three parallel rods support the §~ inner cylindrical surface of
t he paper tube at three circunferentially evenly spaced positions, or a
flat-plate structure which conprises a pair of parallel plates. Wen the
core elenent of the strap coil reel holds a tubular paper core, the strap
coil reel is rotatedfBy the3NABPEILE O e0 feFdroftade whiche tHelSFré&F G s
drawn out fromthe strap coil bY the feed rollers . Unfortunately, in
inserting the E6Fé&e|%eht FRtolthe RBFHEERNGR the ot ef BESH&Fr &5 &6 |
friction with the core element may induce the strap coil to unwind 10 or
di sintegrate off tReNihne?r @A PRAFINCAN if f ACe YhEREUTS 3Besi 883 eNHRS core
el ement is not applicable zo a coreless strap coil which has a deforned
oval section af@crttHis BhY oval shelEaw, awmAThr | 3f oft&FPotssek vedl Bdr ¢ and
aster transporttation O the Strap CO011. If 1~ the core elenent of the
strap coil YeelVegdrmoil be FhRS&rCed # ndoPa cdefss meahRoPl B +Pagsdnigdyossi bl e
to load a defornmed strap coil on the strap coil reel. In fact, if the core
el ement conpri sésethr edygdr attedProdslod 0d paisr wfevdmts pilat esrfacesan
enter 20 a hollow of a strap coil having a slightly defornmed oval section.
Nevert hel ess, bmdertswreh ciremdta@nedge cthhetirnetcreyp iLAde ¢4l cdur Pade of
the strap coil surroundi ng the defornmed holl ow cannot receive a
ci rcunferenti akhy seqeallayei sperieenf arpéurAd ig v eslulstrahencthe $0dap 2~
coil gets thinner, the hollow of the strap coil my be

are laid axiswise vertically on top of each other, as

10 shown in Fig. 35, the edge of the strap 10la projecting
from the side surfaces of the strap cocil 101 can be bent
or deformed. The strap coil 101 which includes a strap
bent or deformed on the edge is less likely to ensure
smooth supply of the strap 10la in the automatic
packaging machine.

To protect'the side surfaces of a strap coil, the
strap coil 101 is conventionally transported or stored
in the form of a strap coil unit shown in Fig. 56, which
includes a pair of disc pads 102 applied on each side
20 surface of the strap coil 101. Each disc pad 102 1is

made of cardboard and formed with a central hole 1023
which corresponds to the cylindrical hollow 10la at the
axls of the strap coil 10l1. A pair of pads 102 are
integréllyjoinaﬂonthesidesurfacesofthestrapcoil

25 101 by a plurality of straps 103. Each strap 103 ties



8 further deforned into a triangular section or a square section, as |oaded
on the core elenent of threeparallel-rod structure or flat-plate structure,
respectively. After all, the strap coil reel cannot draw out a strap from
the strap coil snmoothly. Moreover the strgp coil reel fails to draw out the
strap to the ultimte end for other reasohs . Since the rotation of the
strap coil reel depends on the inertia force generated in drawi ng out the
strap, the 10 strap constituting the strap coil may bite into the core
el ement and get entangl ed or disintegrated, when the strap coil becones
thi nner. Furthérmorstrabereiihd0stpap tbelPadsl 1P FASEANSd GRIHe DUt si de
of the automatic packagi ng machine, there are sone 1~ possibilities of
hurting an opeﬁa{io#lly%éhrpmbnﬁtlheﬁmﬂde@#@ﬁ thet heréer slodds 1y ancoil is
peel ed off fromthe bonded layer, it may violently spring back along with
the rotation oftithécstamnp kainle pedls, 1pdssidlyhan axi dpey atwors s PO SUMVARY OF
THE I NVENTION I n order to solve the above problens, the present invention
provi des a packagieng syiapdedidalanmthaaeehol toe priothri agithéldane,
wherein the innernost end of 2~ the strap is firnmly fixed to prevent
unwi ndi ng o3 9 di sisntregz athen afrdiheastr ggdsoi 1 02 amd famr t hekh tshiedsstrap
is snoothly drawn out to the ultimate end when enpl oyed far strapping an
item Another chjetico$ ¢thetpresenbri nvedt lon ,i $heo egiarvicde tén ackay ng
strap coil unit, wherein it effectively prevents deformation and bent at
t he edge of the sta apewkinchi £ondst itay eanthe ndivdep saf taces 0f sanpackiagi ng
strap coil conprising a helically wound strap. Besides, this strap coil
unit i s manuf aglerwesk t 8dartorsargd ecm@mtnen. oA Hamiaker. obj ect of the present
invention is to provide a packagi ngg machi ne equi pped with a strap coi 1
reel, wherein the cornelessheleap,cable, pegirddt ded os fredy:ceapzkedq@aded on
the strap coil reel without sacrificing 1~ its firmy coiled state. with
this strapigoilstdfel co@lsturap: £ansbeodr anwns Onp 1 saftel gk andle shabkyttnd he
ultimate end. In view of the above-nentioned objects, the present invention
. provides a packadduks SGfaPucokk 20scelphiisighgna ﬁblﬂbeIOQ)forha:Mﬁd'kS safd
packagi ng strap wound helically and corelessly around a hollow defining an
axis of the strap €oids dhenstsapabeidy MTRdeafl hereafter tying them

together by a plurality of straps 103.

s for an auvtomatic packaging machine equipped
with a strap coil reel and operated for packaging an
item automatically, the strap coil reel usually
accommodates a strap coll comprising a strap wound
around a tubular paper core. The strap coill reel
includes a core element which is inserted into the paper
20 tube and supports the same. As the core element, there

may be adopted a cylindrical structure which comprises
a cylinder whose diameter is slightly smaller than the
inner diameter of the paper tube, a three-parailel-
rod structure in which three parallel rods support the

25 inner cylindrical surface of the paper tube at three



thernoplastic resin at | east on an external surface thereof, wherein a
plurality of perforations are 3~ pierced in the vicinity of an innernost
strap end 10 through to a plurality of strap |ayers | anm nated thereon,
and wherein the lam nated strap | ayers are bonded to each other at a

nmel t - bonded area forned al ong the peri phe?y of each perforation. .n this
packaging strap coil, it is desirable to provide a plurality o
perforations pierced in the vicinity of an outernost strap end through to a
plurality of strap layers |am nated thereunder. It should be understood
that a thernopkastdwnfl@reasinl lyaclagimlyy styapcedpl byedtiienshe mresent

i nvention conprises at |east a thernoplastic resin. This nmeans that the
strap may conptilse @ ldee ropt ast ire vdsi ¢h gloowre 1 Byt 2 palref pelerl krand, the
strap may be nmade of a fibre, paper, etc. ;hose sun=ace is coated with a 1~
t her nopl asti c pésites MrEovertheé ncehe paekagitng fsthapseaialp, cictili geel
preferable to prescribe the perforation as to the circunferential |ength,
confi gurati on_haidd posi tiom ldrereade as cnelel, ash¢ hetmawbero bl kamilnadtsed
strap layers 20 through which the perforation should extend. These

par anet er s jar erdetagran red tihe vnewtdfa fhe ampemiead g tddiwtkines < rend twiagt h of

t he packagi ng strap. Thereby, the lam nated strap | ayers exhibit a bal anced
bondi ng strengtk amcwpeelung sdm ertgd st 2ap Asodlésori bed é@bederoflherstrap
coil of the above 11 structure is characterised in that the | am nated

| ayers in the vicini tyfafr tlrea t éihey NOS L nsterrap rend har €o berdedth 4 ogetrher at
the nelt-bondedarea. The nelt-bondedarea provides a stable bonding strength
and serves as the cera ®f shecsérapreqelss Axmagesalt, fhecstipapwdad does
not unwi nd or collapse on the inner cylindrical surface. Besides, the strap
can be stably tami rated onetbetbaadednbayer 1o forapacsoli dosthap ~eoi | .

10 or disintegrate on the inner cylindrical surface

thereof. Besid;s, this core element is not applicabie

Tto a coreless strao ccil which has a deformed oval

section and thus anoval hollow, which is often observed

during and after transportation of the strap coil. If

15 the core element of the strap coil xreel cannct be

inserted into a deformed hollow, it is impossikle to
load a deformed strap coil on the strap coill reel.

In fact, if the core element comprises three

parallel rods or a pailr of flat plates, it can enter

20 a hollow of a strap coil having a slightly deformed oval

section. Nevertheless, under such circumstances, the

inner cylindrical surface of the strap coil surrounding

the deformed hollow cannot receive a circumferentially

equally dispersed force. As a result, when the strap

25 coll gets thinner, the hollow of the strap coil may be



When perforations are provided in the vicinity 10 of an outernost strap end
through to a plurality of underlying strap |ayers, the strap wll not
unwi nd formthe outernost end. This arrangenent thus saves the trouble of
fixing the outernost strap end by taping ﬁr thermal nelt-bonding. 1~ The
perforations are judiciously designed to hold the bal ance between the
bondi ng strength and the peeling strength at the bonded | ayers of the
strap. Therefore, on the one hand, the |am nated portion o. the strap is
mut ual |y bonded with a stable bonding 20 ,strength at the nelt-bonded area
forned al ong t Hétjets pHEs Hobreflhenperd srativhil oh ThetoPRe?f T afH 3 e use of
the strap coil, the bonded strap |ayers peel off properly at the
mel t - bonded ar £ <4 3% eadt of LBéCSG fBRcily FOEF add§mepL |nft Hikgree-
connection, the present invention 12 provides a production nethod of the
above strap coiPl2 5 £ht cHAPr iSsEN aHer 3t eps LR L W ifdi hgs BRAYFERE_NDSte St rap
end on a winding roller and lamnating a plurality of |ayers on the
i nnernost straprPamEivpeerei ngfthe 3 bk fdted tsErapoidyer sl vt amnat perd'or at or
heated to a predeterm ned tenperature, thereby to forma perforation and
melt its pefiplearly;a wthdPawirng te peffapator Lf sematiel Y ani nated 10 strap
| ayers to nelt-bond the periphery of the perforation; winding a required
| ength of the strap HNelduatdy, onhehetnindeadlr skkér Sied fsortm almiw apitoi | ;
and r renoving the winding roller fromthe scrap coil 1~ In the production
met hod, the w ndiengtreld €p may wixphngt ere cdftaraett hgirametisiocd || y.S {Thee
di aneter of the winding roller is expanded while the strap is wound t hereon
to forma stragheoiteotTheéreafdtferthé hetwiapdi gy X okkel idepkmd®et pincalHey
contracted and renoved f=omthe 20 strap coil.

inertia force generated in drawing out the strap, the

10 strap constituting the strap coil may bite into the core
element and get entangled or disintegrated, when the
strap coil becomes thinner. Furthermore, where the
strap coil reellis installed on the outside of the
alutomatic packaging machine, thesre are some

13 possibilities of hurting an operator. When the
melt-bonded end in the coreless strap coil is peeled
off from the bonded layer, it may violently spring back
along with the rotation of the strap coil reel, possibly
at an operator.

20

SUMMARY OF THE INVENTION
In order to solve the above problems, the present
invention provides a packaging strap coil and a method
for producing the éame, wherein the innermcst end of

23 the strap 1is firmly fixed to prevent unwinding or



I ncidentally, the perforator may be in the formof a needle or a plate.
Further, the present invention provides another nethod for producing a
packagi ng strap coil conprising 2~ the steps of: 13 wi ndi ng an i nner nost
strap end on a .winding roller and laginating a plurality of |layers on the
i nnernost strap end; irradiating a | aser beamon the lamnated strap 1
avers, thereby to forma perforation and nelt-bond its periphery: winding a
required length of the strap helically on the winding roller to forma
strap coil: and removing the winding roller fromfhesstrapeooi FP10 In this
production met hod, too, ,tgeo\ﬁfi nHdgstobPerc® expand or contract

di anetri cal hy.siFtedianeter of the w nding raqil e&lg§m§xpaadédw\ﬁﬁinl e the
strap i s wound Thereon totgggnh%a&tnr amtcdid .“hereafter, the winding roller
is diametricaldap con=fAFPed an:,; |~ renoved fromthe strap coil. In any of
t he above production. net hotslrsa 4indsannpbfifant to prescribe the

ci rcunf er entiapl begngt £°coht gpu“r ation and position; gf,cthheoperioration as
wel | as the nunber of |am n%teecl:gayersh@f Hq?eses‘%?ap t hrough 20 which the
perforation shoul daext&fd These paranmeters are det erm ngdeicr ivi ew“of the
material , thickness and width ;of t ke seackagittg §f'rap. Thereby, the

| am nat ed5 St Lafdiayer $ eRRBiT° a Cibal anced bondi ng, %te{]&ng;th cared ep€eél i ng
strength.” 2~"In these product'iegqsﬁe%EMataicﬁé@d} e-shaped 14 perforator
provi des a perfpsationlof BEPFCUl ar section, and a .p Atershapes perd orat or
provi des a perforation of rectﬁngglnércﬁeﬂteia)rﬁt?r Sother” section

correspondi ng, ¢ o hBes seedi BR*6f' the perforatorr.1 fliggliri@t‘j,y@ﬁy,sdmr
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beamirradi ation can provide a perforation of smaller dianmeter by renoving
the conponent in the irradiation area. In another aspect, conpared to the
use of needl e-shaped or pl ate-shaped perforators, the | aser beam
application. requires |ess expendable conponent is . 10 From anot her poi nt
of view, the present invention provides a1%trap coil which conprises a
nunber of layers of a packaging strap wound helically and corel essly a=ound
a hollow defining an axis of the strap coil, the strap being made of a
thernplastic resin at least or. 1~ an external surface thereof, wherein a
portion of thetéstmapinhitoh eonstitat esvar f nsdrray| iledreincal lemvifredeed
surroundi ng the hollow is peel ably bonded by an adhesive to another portion
of the strap. khetddienstaap @dicreitrthetlmelhésinveaiati figrzanlbege2@ effect ed
in various manners. For exanple a portion of the strap helically wound in
the vicinity obotheddld ewcirayt be rpaelalley thinuede ¢hya rmge ddhass v @ tama@anot her
portion of the strap lam nated on a top side thereof. O herw se, a
plurality of | ayerpeofidierstesapdampmt fdr2siahongieachiaxpakkendraf the
hol | ow may be bonded nutually 15 peel ably by an adhesive. Alternatively,
a plurality of sadjaacenti ¥ owst ofs tdees hedbtal ty mwounddst rap Loy lhe sbenided
mutual | y peel ably by an adhesive which is ap plied on the inner cylindrical
surface surroupdirig ddtei dink| pwerthe adhesievesi donitheoabavecanbadiorsent s may
be solvent-type or hot-nelt-type. Still another nethod for producing a
packagi ng strapteeid enaprtisesuihe «sieps wiorality of strap layers

laminated thereunder.
It should be understood that a thermoplastic
10 resin packaging strap employed in the present invention
comprises at least a thermoplastic resin. This mearns
that the strapmay comprise a thermoplasticresinalone.

But, on the other hand, the strap may be made of 2 fibre,

h

paper, etc. whose surface is coated with a
thermoplastic resin.

Moreover, in the packaging strap coil, it 1is
preferable to prescribe the perforation as to the
circumferential length, configuratiorn and position
thereof as well as the number of laminated strap layers
20 through which the perforation should extend. These

parameters are determined in view of the material,
thickness and width of the packaging strap. Thereby,
the laminated strap layers exhibit a balanced bonding

strength and peeling strength.

As described above, the strap coil of the above

[\S]
W



10 wi nding an innernost strap end helically on a winding roller to form an
i nnernost strap | ayer apply=ng a.”. adhesive or. a ton side of the strap
wound on the winding roller: winding a required =ength of the strap
helically 1~ or. the adhesive-applied portion of the strap to forma strap
coil: and renoving the winding roller frdmthe strap coil. In the above
production nethod, the adhesive may be coated by pressing a coating roller
of an applicator 20 against the innernos t strap |ayer wound on the w ndi ng
roller. Instead, the adhesive may be continuously injected between the

i nner nost st r ap thayet u neuind com rtale: aM itk d@ nr dhbkertiaand aan it Bpd Waiyedr $ S
being | am nated thereon, with the use of an applicator which noves al ong 2~

the latter. 16 Yele anod el gred hogh & ofn P& edusitng - apaekagizng Slomaie £oi |
conprises the steps of: winding an innernost strap end on a winding roller,

with applying arpdhes: \w: eRcandl tHebhl¥ dQfrd Ayersnh ohetihe-sd f@dd laand nat ed
al ong each axial end of the winding roller; winding a required | ength of

the strap to fgrrrasn\aiqsééaa sokbleaBdneMViditgd ec Mi Adiingekoklselz sf reoya t he
strap coil . 10 Herein, the adhesive can be sprayed on the |layers of the

strap | ani nat edcaloongr eagh axikab @o.iN..d afs the-aMwdi Ngrrel kekapNew,: 1t he
description turns to a packaging strap coil unit c. the present invention.

The packagi ng 4zest e COh i HAI 5 COANNLSRS o PacKaghNgr St yapneeiilcal
conprising a packaging strap wound helically and corel essly around a hol | ow

defining the axis fcdhe SLLaP60i knet Q%r%?%rpeﬂ@gsf@gﬁyoiaﬁ\inated
thernopl astic resin at | east on an externa

on the bonded layers to form a solid strap coil.
When perforations are provided in the vicinity

10 of an ocutermost strap end through to a plurality of
underlying strap layers, the strap will not unwind from
the outermost end. This arrangement thus saves the
trouble of fixing the outermost strap end by taping or
thermal melt-bonding.

15 The perforations are judiciously designed to hold
the balance between the bonding strength and the
peeling strength at the bonded layers of the strap.
Therefore, on the one hand, the laminated portion of
the strap is mutually bonded with a stable bonding

20 strength at the melt-bonded area formed along the
periphery of the perforation. On the other hand, in
use of the strap coil, the bonded strap layers peel off

properly at the melt-bonded area, instead of being

forcibly torn away.

™
n

In this connection, the present invention



20 surface thereof, and a pair of disc-shaped pads, concentrically
positioned and peel ably bonded by an adhesive on each side surface of the
strap coil. In this strap coil unit, each pad may include, 2~ in the centre
hereof, a plurality of central flaps 17 which are folded into the boll ow
defining the axis of the strap coil. Desﬂﬁhbly, each pad may include, on
the outer circunference thereof, a plurality of external flaps which are
folded or. the outer cylindrical surface of the strap coil. Another
packaging strap coil unit of the present invention conprises : a packaging
strap coil conprisiivea pagkadiung istr ape vowhdo hetheakby vand toonel|esisl y
around a hollow defining the axis of the strap coil, the strap 10 being
made of a thermplastéiempessesattHeastepn af:external surface thersof ; and
a shape retention plate for substantially covering the inner cylindrical
surface surroundi ng whenchiold ew. ihhélen stthetshapend etreatw iond phate lilssrol 1 ad
and inserted into the boll ow 1~ of the strap coil, it is capable of
supporting theanmnaranciiad fidigcal p surbace yob £t he yetrrsap ncainle Wintle rarasesi | i ent
force in an unrolling direction. Preferably, the shape retention plate has
a nmutual | y Tonpectaablengprti on at each | engthwi se end portion. further the
shape 20 retention plate nay conprise a pair of slits fornmed in the
vicinity of and orieptied patql I1le t Q ot ant € hwd tsea 51 des vand as panr =of
extensions projecting fromthe other w dthw se side. when the shape
retention platee:sdited Huhidserdedai Bocdbechalihew thapextensieons are

2~ fitted in the slits . In addition, the shape retention 18 pl ate may
conprise a pl ukaleidap pft LAGErPi £Gas Psoyided and gach Leaghhwipesiyde
t hereof for holding a wi dthw se edge of the strap coil. Finally, the

description is directeaHdp A PRGKABING JTBEIH €0 r THE RACK: @00 BE 1 FRGRINE Of
the present invention is equipped wwth a strap coil reel which accommbdat es

a packagi ngy st 5aR =GP |1 LAMPE | SE MY Be PACcCkagungr sLr apewWoWRd Hel icgal Iy and
corelessly around a hollow defining an a:{is of the strap coil, the strap
perforation;

winding a required length of the strap helically
on the winding roller to form a strap coil; and

removing fhe winding roller from the strap ccil.

In the production method, the winding roller may
expand or contract diametrically. The diameter o the
winding roller is expanded while the strap is wound
thereon to form a strar coil. Thereafter, the winding
roller is diametrically contracted and removed from the
20 strap coil.

Incidentally, the perforator may be in the form
of a needle or a plate.

Further, the present invention provides another
method for producingeapackaging’strap coil comprising

25 the steps of:



10 being made of a' thernoplastic resin at |east on an external surface
thereof. while the packagi ng nachine autonmatically straps an item the
strap is drawn out along with the rotation of the strap coil. The strap ,..
coil reel conprises a cope elenent which car. contract 1~ dianetrically in
at leastone end thereof so as to be inserkid into the hollow of the strap
coil, and which can dianetrically expand inside the hollowinto a
circular-section cylindrical shape so as to be pressed agai nst a portion of
the strap which constitutes an 20 inner cylindrical surface surrounding the
hol | ow. For a desirabtenpackayt Agnsusivisies egarpeed of £ el B¢yl ot |

reel, the core elenent is conposed of a plurality of core plates which
constitute a cyradrimahatiinguaf etenedidly piieleyvsarded Eoce loln@mIrst 2~
each core plate being displaceable in the radial 19 directions . "'n this
strap coil reelsttde eode plates nmay be displaced, by a |ink nechani smor by
air pressure. Furthernore in the strap coil reel nounted on a desirable
packagi ng nmachi ne, therxcodieatiepeat laayrbeesgunpossteof aaiplafre isthyrad core
pi eces which together constitute a truncated cons when confronted with each
ot her. The gore afenenttioédréhiy s arfrangemetfcaattontzadtmaianeéndcats y when
an extrene end of each core piece cones closer to the other, whereas the
core 10 el ementpcatpiexpand di anetrically when an a extrene end of each core
pi ece separates farther away fromthe other. The packagi ng machi ne of the
present invention is wadvaht@geawsiyl eglilgpect mdh tifee sstriegphedilcaldel as 1~
descri bed above. Since the strap coil reel properly tensions the packagi ng
strap, the stram ishpreveatied fdoamdy ttdgrsphoat ke iy ago £0} | andher ef or e,
the strap coil |oaded therein. is neither deformed in section nor unwound
at the inner cylindrixcalosifidace: WBesdes rdayl 20 desh PHNG tirhd eerie el enent
to contract/expand dianetrically (i.e. the dianmeter of the core el enent can
be reducedj@nd increasedrhist herstitapieai Imé€RbdGaNtoo, the winding

roller may expand or contract diametrically. The

diameter of the winding roller is expanded while the

strap is wound thereon to forma strap coil. Thereafter,

the winding roller is diametrically contracted and
I3 removed from the strap coil.

In any of the akove production methods, it 1is
important to prlescribe the circumferential length,
configuration and position of the perforation as well
as the number of laminated layers of the strap through

20 which the perforation should extend. These parameters
are determined in view of the material, thickness and
width of the packaging strap. Thereby, the laminated
strap layers exhibit a balanced bonding strength and
peeling strength.

25 In these production methods, a needle-shaped



be | oaded with a. deforned eccentric strap coil, while effectively
preventing unwi nding thereof on the inner 2~ cylindrical surface. To be
specific, when the core 20 elenment is dianmetrically contracted, it can be
inserted with respect to the deforned holg)ws O the strap coil

Thereafter, the core elenent is dianetricalfly expanded and pressed agai nst
the inner cylindrical surface of 7 the strap coil BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a perspective view of the appearance of a packagi ng
strap coil of the present invention. 10 Fig. 2(a) is a section of the main
pare of the abaverpackagirngrstidpscaideafdrffgon2o fPitsubasentdhonf the
mai n part of another packaging strap coil. Fig. 3(a) is a side view of a
perforator for drodndnglatperstheatd gred fotdeo pagkagiidg sstar @e i faviod~ t he
inventions Fig. 3(b) is a plan view thereof; and Fig. 3(c) is a plan view
of the perforatd dDnreorapdubyrt hecpephopat ocheki gec4(lan o ra ssimendiey of
anot her perforator for formng a perforation in the packaging strap coil 20
of the inventi av thiegsecdiph § £ itheappkdn reitew t herlesfrnaahdeFyg.1ds€e) is a
pl an view of the perforation formed by the perforator. Fig. 5(a) is a side
view of stifl anodherrpedfatabor ckor pireriidyg sappertfoaratiomn 4 M dneel packagi ng
2~ strap coil of the invention; Fig. 5(b) is a plan view 21 thereof; and
Fig. 5 (c) is aipmec¥irenwy ofedidei pgrios aldngib dof ted by He rperdiratof Fi g.
6 (a) is a side view of yet another perforator for formng a perforation in
t he packagi ng +&P. coiln oknlhedmvesbieen;, Ftgmpare@d)tds thel aBevi v
thereof; and Fig. 6 (c) is a plan view of the perforation formed by the
perforator. needle-shaped or plate-shaped perforatocrs, the laser

beam applicatioq requires less expendable componerts.

10 From another point of view, the present invention

provides a strap coil which comprises a number of layers

of a packaging strap wound helically and corelessly

around a hollow defining an axis of the strap coil, the

strap being mads of a thermoplastic resin at least on

15 an external surface thereof, wherein a portion of the

strap which constitutes an inner cylindrical surface

surrounding the hollow is peelably bonded by an
adhesive to another portion of the strap.

In this strap coil, the adhesive-bonding can be

20 effected in Various manners. For example, a portion

of the strap helically wound in the vicinity of the

hollow may be pselably bonded by an adhesive to another

portion of the strap laminated on a top side thereof.

Otherwise, a plurality of layers of the strap laminated

25 along each axial end of the hollowmay be bonded mutually



Fig. 7 (a) is a side view of a further perforator for formng a perforation
in the packaging strap coil 10 of the invention; Fig. 7 (b) is a plan view
thereof; and Fig. 7 (c) is a plan view of the perforation forned by the
perforator. Fig. 8(a) is a side view of % still further perforator for
formng a perforation. '_:1 the packagingfﬁ~ strap coil of the invention;
Fig. 8(b) is a plan view thereof; and Fig. 8 (c) is a plan view of the
perforate on forned by the perforator. Fig. 9(a), is a side view of a yet
further perforator for formng a perforate on in the packaging 20 strap
coil of the investlianyFpy. 28(bihies il adk Ndegwmatheveodf; and lRirglixyc) is
a plan view of the perforation fornmed by the perforator. Fig. 10(a) is a
devel opnment shovi rg tdweennnepweybitndihiec &le lsugd akte woawndundirragy tiwey Hod | ow
11b in a 2~ packaging strap coil; and Fig. 10(b)-(g) are 22 devel opnent s
each showi ng tbhendetermeybiendyi c@le lsirfacey sanr edheisig g henhohl 6w &db i n

t he packaging strap coil 11 of the present invention. Fia. 11(a)-(e) relate
to conparati vepéntzadioments. ikhgr dd{ahdirs ca ldevelfepre st rsheow dignd dend nner
cylindrical surface surrounding a hollow in a conventional paper-core strap
coil, with xhehbulwar paper core renoved; and Fig. 11 (b) - (e) are

devel opnents each showi ng the inner cylindrical surface surrounding 10 a
hol l ow in a conventi ohal =cttel EgssStvapteei kbokieg.enb@diseattablagy $howi ng
the test results regarding to the enbodi nent of the present invention and a
conventional teehrRelmgy:@gesceicbed ti-heizg-t yfe and the conparative

enbodi nents described in Fig. 11. 1~ Fig. 13 shows various bondi ng patterns
at the end of a therpephastdrotest nmsthapg @srWeldoAscihe pepktrgqsthigengt h
nmeasured at the bonded areas, each pattern being different in the nunber
and position okttle pIfOratnppisks @ie Aedigorld is a graph showing the
relationship between the dianeter of the perforation and the peeling
strength ato the nel t yheaded, afeai hAethe spackagifmgestir a2 1coid 114 oh the
present invention. Fig. 15 is a graph showi ng the relationship 2~ between
the wi dthw se {ensiilhg Stdengtheef sbhe packagdgnos23sslti=aP 1kdge and the
peeling strength at the nelt-bonded area in the packaging strap coil 11 of
the present inventiogephidngl®)adfds sebesmtd cabbys dgscpicbena serigs of
production steps of the Strap coil 11 in one

wound on the winding roller;
winding a required Zength of the strap helically
I3 on the adhesive-applied portion of the strap to form
a strap coil; and
removing the winding rollexr from the strap coil.
In the above production method, the adhesive may
be coated by pressing a coating roller of an applicator
20 against the innermost strap layer wound on the winding
roller. Instead, the adhesive may be continucusly
injected between the innermost strap layer wound on the
winding roller and a strap which is being laminated

thereon, with the use of an applicator whichmoves along

23 the latter.



enbodi mrent of the present invention. Fig. 17(a)-(g) schematically describe
a series of production. steps of the strap coil 11 in another enbodi nent of
the present invention. 10 Fig. 18(a)-(g) schematically describe a series of
production steps of the strap coil 11 in still another enbodi ment of the
present invention. Fig. 19 is ,a partly Brfoken-away perspective view of

, . h= appearance of another packaging strap coil o_ |~ the present
invention. Fig. 20 is a section of the main part of the strap coil. Fig. 21
is a schematic conceptual view of an apparatus for producing the strap
coil. 20 Fig. 22(a)- (vt sehembdkircat¢yhdes@dbepacseriiey od praduciion steps
of a strap coil with the use of the apparatus. Fig. 23 (a) is a section of
anot her appar atsusr £19r c pt 0duempg itdwes stiaps eepk aff :t he présent invention;
and 2~ Fig. 23(b) illustrates an operation thereof. 24 Fig. 24 is a
perspective view of thenappgamansfeohost ¢ trapaiher npaekag ingy sbragcoi | of
the present invention. Fig. 25 is a schematic conceptual view of an
apparatus for pricucGigWl ¥ hegSkhapdReklveFbg. a2b11% ad i36CifON 20fe dhe Mai n
part of the strap coil. Fig. 27 is a perspective view of the appearance of
yet anot hers packagiskg = namicRide Ok 1ty peesentikQ envent it wEirgiiP IS a
section of the main part of the strap co-1. Fig. 29 is a perspective view
of the appearanga fra further packaging strap coil of the present 1~
invention Fig. 30 is "a section of the main part of the strap coil. Fig. 3.
is a partly broken-awayPeigpectiye:veawieh ddie appeas aneeasf @ mackagi ng
strap coil unit of the 20 present invent-on. Fig. 32 is a perspective

expl oded view @f fhe,stegpigobhqunit. Fig. 33 is a plan view of a pad
enployed in the strap coil unit.

removing the winding roller from the strap coil.

10 Herein, the adnesive can be sprayed on the layers

of the stra# laminated along each axial end of the
winding roller.

Now, the description turns to a packacging strap
coil unit ¢f the present invention. The packaging

15 strap coil unit'comprises:

a packaging strap coil comprising a packaging
strap wound helically and corelessly around a hollow
defining the azxis of the strap coil, the strap being
made of a thermoplastic resin at least on an external

20 surface thereocf, and

a palr of disc-shaped pads, concentrically
positioned and peelably bonded by an adhesive on each
side surface of the strap coil.

In this strap coil unit, each pad may include,

25 in the centre thereof, a plurality of central flaps



2~ Fig. 34 is a perspective view show ng a production. 25 step of the
strap coil unit with the use of the pad. Fig. 35 is a plan view of another
pad enployed in the strap coil unit. Fig. 36(a) and (b) are front views of
anot her strap coil unit of she present inuention, wherein the enbodi nent of
Fig. 36'(a) enploys a shape retention plat’e | onger than the inner
circunference of the strap coil, and the enbodi nent of Fig. 3'0 (b) enploys
a shape retention plate shorter than the inner circunference 10 of the
strap coil. Fig. 37 is a front view of a shape retention plate enployed .n
the strap coil wmich #Fg.f3l¢a) ista peespettivedeifdwiofly dim el sivape
retention plate enployed in the strap coil unit; and 1~ Fig. 38(b) is a
section thereofthen aseapFirgil3 i Beaisehdivat i dorneeptoal ¥hewufs: show ng
t he operation of an automatic packagi ng machi ne of the present invention
Fig. 40(a) andt® arstschenmtéenieenscshotnage?2d twe mddesldfty nstfalling
a strap coil reel on the packagi ng machine of the present invention. Fig.
41 is a sectiom=zofemnsiraplegisl raelcH oramecofwddaEd nget hetserapudaid unit
of the present invention. 2~ Fig. 42(a) is a section of the strap coi
reel, 26 Wi t kytlhendtiaplceilr fanet tdfe Thowvestrepoved,l .and Fig. 42 (b) is a
side view thereof tai;en in the direction of the

Another packaging strap coil unit of the present

invention comprises: a packaging strap coil comprising
a packaging strap wound helically and corelessly around
a hollow defining the axis of the strap coil, the strap
10 being made of a thermoplastic resin at least on an
external surface thergof; and a shape retention plate
for substantially covering the inner cylindriczal

surface surrounding <the hollow. When the shape

g

etention plate is rolled and inserted into the hollow
15 of the strap coil, it is capable of supporting the inner
cylindrical surface of the strap coil with a resilient
force inanunrollingdirection. Preferably, the shape
retention plate has a mutually connectable portion at
each lengthwise end portion. Further, the shape
20 retention plate may comprise a pair of slits formed in
the vicinity of and oriented parallel to one widthwise
side, and a pair of extensions projecting from the other
widthwise side. When the shape retention plate is
rolled and inserted into the hollow, the extensions axe

25 fitted in the slits. In addition, the shape retention



arrow Ain Fig. 42(a). Fi g. 43 (a) is a section show ng the operation of
the strap coil reel; and Fig. 43 (b) is a side view thereof taken in t he
direction of the arrow Ain Fig . 43 (a) . Fig. 44 (a) is a side view of
the cover of the strap coil reel; and Fi 9 44 (b) is a front view thereon
taken IUin the direction of the arrow A it Fig. 44(a). Fig. 45(a) and (b)
are sections show ng the process of |oading the scrap coil on the strap
coil reel. Fig. 46(a) and (b) are front views showing a strap coil
re-formed through the | oading process. 1~ Fig. 47 is a side view of another
strap coil reelplfadre accomrrdt 1 hg & pd uwstalaip- e ol i egitig pdfe adve pprossianm d
invention. Fig. 48 (a) is a side view of the strap coil reel for
acconmodat i ng tlreesthapevgithwirss 5iviet hneheost fap 2Ol ¢bn amnd ditine’ icover
removed; and Fig. 48(b) is a front view thereof taken in the direction of
the arrow A i nekigep AB8(ahe BitgapdEq@).is a side view of the strap coil
reel, partially broken away for showng its operation., wth 2~ the strap
coil and the cover reénmeediyandtifeg.d49¢bipt127 i Ssa fAiorctedw taken in
the direction of the arrow Ain Fig. 49 (a) . Fig. 50 (a) is a side view of
the cover of theciaqapngoinacieche . andTkeg.pHOk£b)nbs mat=dpt vo Bw tHeer eof
taken in the direction of the arrow Ain Fig. 50(a). Fig. 51(a) and (b) are
side views shopirzgdrie proeessoof isoadjnigpdde withap sokkpowrotiie rstaglap coil
reel . Fig. 52(a) is a section of still another strap coil reel for
accommodat i ng Whe st raafe €amnb deRiets af ptakaal iy esendpi oy ebt conprand g g.
52(b) is a front view thereof.

a packaging strap wound helically and corelessly around

a hollow defining an axis of the strap coil, the strap
10 being made of a thermoplastic resin at least on an
external surface thereof. While the packaging machine
automatically straps an item, the strap is drawn out
along with the rotation of the strap coil. The strap
coil reel comprises a core element which can contracc
diametrically in at least one end thereof so as to be
inserted into the hollow of the strap coil, and which
can diametrically expand inside the hollow into a
circular-section cylindrical shape so as to be pressead
against a portion of the strap which constitutes an
20 inner cylindrical surface surrounding the hollow.
For a desirable packaging machine equipped with
the strap coil reel, the core element is composed of
a plurality of core plates which constitute a
cylindricalcircumferenceoftheexpandedcoreelemeﬁt,

each core plate being displaceable in the radial

~
(V)



Fig. 53 is a schematic conceptual view of yet another strap coil reel =or
accomodating the strap coil unit of the present” invention, as nounted on
a" 1~ automatic packagi ng machine. Fig. 54(a)-(g) illustrate a process of

| oadi ng and unl oading the strap coil wt %espect to the strap coil reel
for the strap coil unit, wherein Fig. 54 '(]a) and (b) are a section. and a
front view, respectively, 20 showing an introductory step; Fig. 54(c) and
(d) are a section and a front view, respectively, showi ng a succeedi ng
step; Fig. 54(e) and (f) are a section and a front view, respectively,

showi ng a furt kierrsactesdi-ngIst épisandrEipgco34( grednd te e @ lsents on 2~
and a front view, respectively, showing a still further 28 succeedi ng
step. Fig. 55 imayabpedspedtdassl biveav 1dfn icorerinicmab rsh y gl © gidles suxr st or age.
Fig. 50' is a perspective view of a conventional strap coil unit Fig. 57 i
S a perspective vi ewrofriaheonvent i amalthst rsaqr ooi¢o i Fi geeS8miosing gqperapect i ve
vi ew show ng a seep of winding the s crap end according to a nmethod of
produci ng 10 t hedsatsriam b |pat k&g JngSva c DETA| LD DESORI 204 bh O IHbD <
PREFERRED EMBCODI MENTS The preferred enbodi nents of the present invention
are herei naftercocdescsebedrwathlieéet encert Oote phecedsawhigs th.gRAKAG NG
STRAP COL AND I TS PRODUCTI ON METHOD Fig. 1 is a perspective view of the
appear ance of aopackaging sttapneaikkdotonbhewvpeesent firverdd oLt 2@ alkde strap
coil 11 conprises a plurality of layers of a packaging strap 1l1la helically
wound around aoheldow 1hnhahicelr detinaenttheo axithihesefangdhenst ramm 11a is
made of thernoplastic olefinic resins including polypropyl enes, pol yam des
and pol yet hyl ege ritareph Zrakbal ake 1wy ehe haite cheerd awa ote 80Ul fd ve to
ten times 29 in the longitudinal direction to remarkably enhance their
tensile strengpheckhecskieap dl@sbas @ WeHEh cafheaboutlinll etad 20namaand a

t hi ckness of about 0.3 :.0 1 nmm The strap 1lla J car. be made of any

t her nopl astj ¢ e@side Wi €hni BREA¥ES diametrically when an extreme end
of edch coré viece separates farther away from the
other.

The packaging machine of the present invention

is advantageously eguipped with the strap coil reel zs

13 described above. Since the strap coil reel properly
tensions the packaging strap, the strap is prevented
from biting into the strap coil. Therefore, the strap
coil loaded therein is neither deformed in section nor
unwound at the inner cylindrical surface. Besides, by

20 designing the core element to contract/expand
diametrically (i.e. the diameter of the core element

can be reduced and increased), the strap coil reel can

be loaded with a - deformed eccentric strap ccil, while
effectively preventing unwinding thereof on the inner

25 cylindrical surface. To be specific, when the ccre



its tensile strength by drawi ng/stretching. strap 1la of about 1, 000 to 2,
500 mlong is wound helically to give a strap coil 11 having an axi al
| engt h of about 10C to 250 mm an inner dianmeter of about 200 to 4.0 10 mm

(as the dianmeter of the hollow 11b defi ni the axis thereof ) , an outer
di aneter of about 300 to 650 mm and a weight of about =0 to 25 kg. The
innernost end o0 ' the scrap l1lla locates at the middle of the axial length

of the hollow 11b. 1~ Fig. 2 (a) is a section of the strap 1la, showi ng a
portion in the nei ghbourhood of the hollow 11b in the strap coil 11. A
perforation 1lclisupnericediiameathel danhey mestt et of , titecstriap inserted
surroundi ng the hollow 11b, through to a pluralityof |layers of the strap 11
a 20 | am nat ed wortit e wpcsi de wie tdwef d mmed ost Lende £ Thes tdusay aam inlat ed

| ayers of the strap l1lla are bonded together at a nelt-bonded area 11s
formed al ong t Itheperd phery ofetdrer perlfepreatt o didmeThe qeerfpratdaorrddd and
the nelt-bonded area 11le 2~ are forned by piercing the |amnated | ayers of
the s trap 3@nklam s bed hgatied tperfeoriatrorr fepinihHeibhelllowdfldcside or
fromthe top side of the I am nated portion of the strap 1lla, or by

irradi atings a ltasersbeam cBiactically, the only requirenent for the
perforation 11d is to pierce through the innernost end of the strap lla
and at | east one lam nated | ayer of the strap 1la so as to bond the

| am nated 1 avers together at the nelt-bonded area 1le. Therefore, as shown

in Fig. 2 (a) , the perfgratirome sklgh payopi ercaHshimugimds 10 entire
t hi ckness of two |ayers |am nated on the innernost end of the strap 1lla.

Alternatively, as shewy.inm Hg.a2pébypectherparfof ab i otnd lhppaw r-erdd nat e
in the mddle of the second | ayer |am nated on the
of a packaging strap coil of the present invention.
10 Fig. 2(a) 1is a section of the main part of the
above packaging strap ccil; and Fig. 2(b) 1is a secticn
cf the main part of another packagling strap coil.
Fig. 3(a) is a side view of a perforator for
forming a perfocration in the packaging strap coil of
135 the invention; Fig. 3(b) is a plan view thersof; and
Fig. 3(c) is a plan view of the perforation formed by
the perforator.
Fig. 4(a) is a side view of another perforator
for forming a perforation in the packaging strap coil
20 of the invention; Fig. 4(b) is a plan view theresof; and
Fig. 4(c) is a plan view of the perforation formed by
the perforator.
Fig. 5(a) 1s a side wview of still another

perforator for forming a perforation in the packaging

25 strap coil of the invention; Fig. S5(b) is a plan view




i nnernost end of the strap 1la., 1~ The perforation 11d is provided with the
use of a perforator 38. A circular-section pin-type perforator 38 having a
sharp point (Fig. 3 (a) ) is held perpendicularly or, a holder 39 (Fig.
3(b) ) and heated above the nelting point _of the strap 1la. This 20
perforator 38 is inserted fromthe insi déTof the hollow 11b into the
w dt hwi se centre of the innernost end of the strap 1la, thereby formng a
perforation. 11d in the widthwi se centre of the strap 11la (Fig. 3(c)). On
application of the heated perforator 38 into 2~ the innernost end of the
strap 1la and ttieedayérnd F3p | ancnat @@ phereoheWihe ther Pphéry adfiarhe
perforator 3 nelts to provide a nelt-bonded area 1le for bonding the
| ami nat ed | ayerf wfed heystihgp pEIL o sdere- t he i nnernost end and t he
overl apping | ayers) of the strap 1la are bonded by the nelt-bcnded area 1le
formed al ong the perifphery (@f) Lhen pérdfeor aewont Yed, anhéhanmpk arf omelttor bonded
area lle effectively serves as a core for winding the strap 11la in the form
of a coil . Du€dm fidmenboad: ngsr fheat nner bnsthendaokaghegstrapplta iils
nei ther drawn out 10 nor unwound. As the perforator 38 there may be al so
used a circil ar-seat donveint-iorpe Fper.f ériat ok s havd Ingn & ikenit$pherd £ @Emaund)
point (Fig. 4(a)) which is held perpendicularly on a holder 39 (Fig. 4(b)).
This 1~ perforatigy. 38(¢ 5 1% kew sen heived abotes tiher firektbng npdiontmeaf bivhe
strap 1la and inserted fromthe inside of the hollow 11b into the w dt hwi se
centre of the iumergmstozadoaf the strap 1la, thereby formng a perforation
11d in the widthwi se centre of the strap 20 11a (Fig. 4(c)). The section of
the perforators 38 i ginrat 7l(am tiedat eitibevekecokas secthen psroepkitered
above. Figs. 5to 9 illustrate flat plate-type perforators 38 which provide
slot-like perf @rat ifrensnidde et ptat eohype 2repestnregtiay 38rab Eieg.l 51, a)
and (b) has an obl ong section

10 of the invention; Fig. 7(b) is a plan view thereof; and

Fig. 7(c) is a plan view of the perforation formed by

the perforacto

>

Fig. 8(a) is a side view of a still further

A}

perforator for forming a perforation in the packaging

15 strap coil of the invention; Fig. 8(b) is a plan view

thereof; and Fig. 8(c) is a plan view of the perforation
formed by the perforator.

Fig. 8(a), is a side view of a vyet further

perforator for forming a perforation in the packaging

20 strap coil of the invention; Fig. 9(b} is a plan view

thereof; and Fig. 9(c) is a plan view of the perforation
formed by the perforator.

Fig. 10(a) is a development showing the inner

cylindrical surface surrounding the hollow 11lb in a

89
W

packaging strap coil; and Fig. 10(b)-(g) are



32 and conprises rounded sides in the thickness direction. This perforator
3is applied into the widthw se centre of the innernost end of the s trap
11a, with the thickness direction of the perforator 38 being aligned with
the width direction of the strap 1la. As shown, in gig. 5 (c) , the thus
formed perforation 11d extends al ong thezﬂongitudinal di rect =en of the
strap 1la and has an oblong section with two rounded ends. The fl at

pl ate-type perforator 38 or Fig. 6(a) 10 and (b) has a triangular section
and a thickness gradually dimnishing fromone side to the other. This
perforator 38 diewes gprignangabah- Seciw omg pelné ol atieen cildi rad ohgat heulrengt h
of the strap 11a ( F=g . 6 ( ¢c) ) . The flat plate-type perforator 38 of
Fig. 7(a) and €Ebkxchasclowmndiecsitdne ¢conpréwiligp dme thguarne kend rand tarmp
opposite triangular end. The resulting perforation 11d extends al ong the

| engt h of the sbriap iI'legf oneecepdecheimy Shapedibn.a triangle (Fig. 7(c)).
The flat plate-Hype perforator 38 of Fig. 8(a) 20 and (b) conprises rounded
sides in the thicknessgdi 1ectieneasrerblease anmdged: prereeiorg headt s Thi s
perforator 38 can easily form an obl ong-section perforation 1 1 d with
rounded ends akerg thea Jdengthsofat heestnaprkla (Higpowdfi€)) ththe ifinatr

pl ate-type 2~ perforator 38 of Fig. 9(a) and (b) has a rectangul ar 33
section and COBRLi$RS ik edged rpiaefCi Nguheadnakapi NG f r:on ose siide tz0 the
other. The resulting perforation 11d has a rectangul ar section extendi ng

al ong the | engthnefedthe $d1apadda-chire H@) .cdhe, peiterater t3phai A orm ng
the perforation 11d is nade of a material of high thermal conductivity (e .

g . pre-shapedypbatedscepperd veBiead @ it hhgh)thermak conduchibuit)s t he
whol e part of ?he perforator 3 heats up quickly and uniformy to a

prescribed terpgperatHb@inglOnlsi@nsesiliinktiebhishentby fQrmeuhhen _
perforation 11d and the nelt-bonded area 1le in a short tine. Fig. fb(a) i's

a devel opngnt shawiingf he, i AngpnexhindiiLal cspefass ak the ssyap coil 11
surroundi ng the hol low 11b. The innernost end of the strap 1la 1~ | ocates

at the niddle o- thepaxial;jength, of fihe holbownallb.n &t (e i pperARSt strap
“end, a single perforation 11d is forned in the widthw se centre of the s

trap 1la, whereby.the Jnes most ond, ofLhesstEap.d1a-andrtheyLayens,
| am nat ed thereoé are ﬁﬂtually Sbndedlét tﬁe mel t é%rbonaed grea ile .. On

the other hand,,hn, the, SLERR .G 11 o 1R, RIASEM L LOVENTH Qn, 1§ phyrality

of perfora

the comparative embodiments describea in Fig. 11,

Fig. 13 shows various bonding patterns at the end
of a thermoplastic resin strap as well as the peeling
strength measured at the bonded areas, each pattern
being different in the number and position of the
perforation(s), etc.

20 Fig. 14 is a graph showing the relationship
between the diaméter of the perforation and the peeling
strength at the melt-bonded area in the packaging strap
coil 11 of the present invention.

Fig. 15 is.a graph showing the relationship

25 between the widthwise tensile strength of the packaging



tions 11d are provided in the inner cylindrical surface of the strap coil
.1 surrounding the hollow 11b, together with the nelt-bonded areas 1lle
Formed al ong 2~ the periphery thereof. This structure avoids 34 unwi ndi ng
or disintegration of the strap 1lla helic y wound around the hollow 11b.
By way of illustration, the strap coil 1 f Fig. 10(b) includes three
perforations 11d, one forned in the innernost strap end and the others in
t he edgewi se rows al ong the axial ends of the hollow 11b. Each perforation
11d is aligned with the others in the axial direction of the hollow IIb.
The nel t - bonded wraas 43 e ad e pe dvs elbtindl dhgerAE perti fheér fedft tdrndead
peforaticns t0 11d. The strap coil 11 of Fig. 10(c) includes five
perforations lEfednenfsheeddakahentnmdrmiostcatan la &f ahdet v sotdwet s
formed in pairs in the edgewi se rows along the axial ends of the hollow 11
b . The perforadtiwawtidd. 1~ in the edgewise rows are circunferentially
di slocated fromthe perforation 11d in the innernost strap end. The
mel t - bonded areas 1 Fig -arké|akewtsesphewiadad al bpngdebherperi phermyriofs t he
perforations 11d. Additionally, Fig. 10 (d) shows a conbination of the
structures df Eifg. p20clEHIYn asdefs) ofFuthderstide stoidp ¢6ilidl wofe Fig.
10 (e) includes a plurality of perforations 11d which are circunferentially
equal |y spaced empddienedgewisé heows: s omy { hesaxiizln.ends of the holl ow 11b.
The strap coil 2~ 11 of Fig. 10 (f) provides a plurality of (e.g. three)
35 perforations 11d ifigevery(axt abd ysadjeacenitcalow ofe $ heiser ap skka sy ound
the hollow 11b, each being aligned with the others in the axial direction
of the hol low b¥b.pfdaddbelmar eteidie st rapecoikabl aafiFiglt 18 Ggpdad®er poses
perorations 11d between. the axially aligned

embodiment of the present invention.

10 Fig. 18(a)-(g) schematically describe a series
of production steps of thestrapcoil llinstill another

embodiment of the present invention.

o

Fig. 19 is .,a partly broken-away perspective view

4

of the appearance of another packaging strap coil of

15 the present invention.
Fig. 20 is a section of the main part of the strap
coil.
Fig. 21 is a schematic conceptual view of an
apparatus for producing the strap coil.
20 Fig. 22(a)~-(e) schematically describe a series

of production steps of a strap coil with the use of the
apparatus.

Fig. 23(a) is a section of another apparatus fecr
producing the st;ap coll of the present invention; and

25 Fig. 23(b) illustrates an operation thereof.



perorations 11d of Fig. 10 ( f ) , in the central row and edgewi se rows in
the axial direction of the hollow 11b . In order to achieve a desired
peeling strength (nelt-bonding strength) and a wai dt hwi se tensile 10
strength at the nelt-bonded area 11s where bonding is effected between the
| am nated | ayers of the strap 1lla, the pé?#orations 11d are prescribed in
ternms of t con'iguration, dinension, nunber, position, etc depending on the
material, thickness, Tr~idth, etc. of 1~ t:~e strap 1la. The strap coils 11
of Fig. 10(a)-(g) based on different patterns of the perforation (s ) 11d
and the nelt-bonded ariefs)24les werse:asé edifror vikebr atfi oher espstaarce; 2
transportation resistance, |loadability on a conventional strap coil reel in
an 20 automati ® packaygl ngneeebkirne adragtsetstesp) coahdopackageakddarty in an
aut omati ¢ packagi ng machi ne as | oaded on the strap coil reel

(rmachi ne- packageahdhtiyntest). The test results were conpiled in Fig. 12,
wherein Exanples 1-7 correspond to the strap coil 11 2~ of Fig. 1Qa)-(g),
respectively. The conpajatbve is 36 exasaplaes oveteneopduatieds s ngfpankagi ng
strap coils 211 of Fig. 11 (a) -(e) , each showi ng the devel opment of the
inner cylingricgpstsace gUir gurding ddhechel kewabllroiThe strap coils
illustrated in Figs. 10 and 11 were nmade of a polypropylene strap. In
Conpar ative E ~a:; vples . ists sBosllst hei snder steofatihabathes £ e mastastrap
ends 200 of all strap coils 211 were posi tinned at the mddle of its axial
| ength, where the strap ends 200 were |l eft unsecured or secured 10 in
various manners. In Conparative Exanple 1 (Fig. 11(a)), the innernpbst strap
end 200 was fired onga 4 ubld ars papRYr GO & (Hot +v8bQWr b eNBapS 20farx st apl er
201 (staple width 10 . On the other hand, Conparative Exanples 2 to 5
enpi oyed corel gss gtfapnleri lpscddink nsiGonparagtiive ExamPl grdskw. 11
(b) ) , the innernost strap enéDZOO was | eft unsecured. In Co:.”, parative
Exanple 3 (§i 94 Ll gddont he innernost strap end 200 was left 'unsecured,

but ar_neal ed, before wou”d into a strap coil, for 10 mnutes at 80°'Cto

_prevent 20 its cor_traction and; deforimtion .l Conpgsatiye fxanple 4 (
Fig. 11 (d) ) , the i nnernost strap end 200 was

coll.
Fig. 29 is a perspective view of the appearance
cf a further packaging strap coil of the present
15 invention.
Fig. 30 is a section of the main part of the strap
coil.
Fig. 31 is a partly broken-away perspective view
of the appearance of a packaging strap coil unit of the
20 present invention.
Fig. 32 is a perspective exploded view of the
strap coil unit.
Fig. 33 is a plan view of a pad employed in the
strap coil unit.

25 Fig. 34 is a perspective view showing a production



secured with the adjacent rows of the strap coil 211 by a kraft tape 202.
In Conparative Exanple 5 (Fig. 11(e)), the innernost strap end 200 was
secured with 2~ the all widthwi se rows of the strap coil 211 by a craft

37 tape 202. [TEST ROCEDURES] Vi bration mAst Each sanple strap coil was
horizon~al |y laid on a 250-mm di anet er @@ i ndrical nount placed on a
vibration plate. The vibration plate T..ras vertical y vibrated 100
times/mn. ~.n the range of 15 mMmm " ='ze grading was based or. the
following criteria. The sanples graded did not unwi nd or collapse on the
inner 10 cyl i|irdrdcadt stinéaserabt epil hourt ofitvh btiaki ase blfe thanplaes. gr aded
~ had the inner cylindrical surface unwound after 30 mnutes to _ hour of

vi bration; and the sa.iy. pd sig=ai pednXviaid ottherotiner pyHi ehdl oyechl
surface unwound ,ait!-:in 30 m notes or vibration. 1~ Transportation Test
Each sanpl a was packestiBApacearnr ugdated cardboard box (length x width x
depth: 465 x 4'05 x 210(nmm)) and transpcrced by a lorry over a distance of
500 km Each 20 Exanplig .enpé oyedahiivgrcsamptesriebntthivg dwest o TRQok@esUI TS i N
Fig. 1 21 indicate the nunber of sanpl es whose inner surface had unwounded
or collapsey dykiAg dANMSPOFLatd Ohlp X dumSet nFeat i on38whke Ldrriumnse~ test
exam ned the handlir_a property of the strap coil during a | oading
operatio:~ on ap@Wninancautondt i €5 paskagigid yRchi ihadheravtaraoint

packagi ng machi nss used were: T _GAl F11 (hereinafter
plate longer than the inner circumference of the strap
coil, and the embodiment of Fig. 36(b) employs a shape
retention plate shorter than the inner circumference

10 of the strap coil.

Fig. 37 is a front view of a shape retention plate
employved in thes strap coill unit.

Fig. 32(a) is a perspective view of another shape
retention plate employed in the strap coil unit; and

5 Fig. 38(b) 1s a section thereof in use.

Fig. 39 is a schematic conceptual view for showing
the operation of an automatic packaging machine of the
present invention.

Fig. 40(a)land {b) are schematic views showing

20 two modes of installing a strap coil reel on the
packaging machine of the present invention.

Fig. 41 is a section of a strap coil reel forx
accommodating the strap coil unit of the present
invention.

23 Fig. 42(a) is a section of the strap coil reel,



referred to "Machine A'") , NNG:IRO S~t-500 ( "Machine B") and STRAP~. CK
RQ ( "Machine C' ) . Each E =anple enpl oyed two sanples in this test. The
results in Fig. 12 indicate the nunber of sanples whose inner surface had
unwounded or col | apsed before conpletion _of the 10 | oadi ng.

Pl achir.e-pac~:a~eability Test The nmachi rfe- packageability test exam ned the
i nci dence of troubles during normal packagi ng opera 1~ tion, such as
tape-bl ocking in the pre-feed rollers or the Iike. Each exanpl e enpl oyed
two sanples in Machines A, B and C, respectively. The results i ~ ~'ig. 12
represent the miriierhefs saaplest Waindehheaeser apyposteedy erduble. 4200
apparent fromFig. 12, the strap coils 11 of the present invention as
illustrated -niEi ¢ sli){®)vigy Haveerdnmardéatl el m ekt d1irRond oaf athemdad t he
i nner cylindrical surface unwound. Besidss, when used in an 2~ automatic
packagi ng machiame,o¢ heyigalded i@ taoubl e 39 like b'" _ocking. In addition,
the peeling strength of the thernctplastic strap end was neasured using the
test pieces 311 as shosywrti(r)F lisga sé8tfom phowirg thmopeafaaion of

pol ypropyl ene strap. The test pieces 311 had the=r s trap ends secured in
di Fferent mannems $orap: wand e;edy; vanyi rgd hedadberisanal pasiet ivarewf the
perforation(s). The pol ypropyl ene strap as used in the above-nentioned
tests such as thenddf ats bant estcwasdibewounc arfournt: & 200+ rAmidi anef er

core, wherein the s crap end was nelt-bonded by the perforations) 11d a~ 20
mn ins i de f4ngmithe in::arnbs ~ edge ef the s trap, accord_r_g tc the
patterns shown in Fig. 13(a)-(e). For co:~.:~ar_son, t::”~.e s tray e:,d of
the test piece 3.1 shawn 1= (an Fs3: sil3 (ikw)of s chvier-e€ e & tgae= core
312 by nmeans of a s tapler 313. The test pieces 311 .~ers s tretched
downwar ds at ackatie refe 150 209 Big.. watb)h ibex Fvled area cpealed: afdfcen The

t hus neasured values are showmn i n t:”~. e right colum of Fig. 13. 20 From
the VI edl p@ nt iof trhe @appearaneeort hewndesfpsat honnlkd preferaply has a
smal | circular section, which doss not stand out ~ n the strap 1la. Hence,
_the finished strap ceiilg .| 09k3 a3l nDsy |ike gopvesd & 0nahsCcy el @SSg Strap .
coils. 2~ 1In the circular-section perforations 1 Id as sho. an 40 in Figs.

3 and 4, the pgeldng sbirength: aty the shelttbonded; area dieadepends<qn the ci
rcurnferential length of the perforation 11d, .~hich is prescribed in

accordance with the materisal aanghtihigknesss et ntthejsthikaprdddngThernefgre, a
requi red peeling strength can be achieved sinply by calculating the

d_ameter of theparf.ofathoneqlld QM the presarinked cdcunferential length
thereof and then formng a perforation 11d of such dianeter, which gives

the requirgd melt-boeded 16 atea slle alang dd § RAHPhENaFiG - 13deS a
graph showi ng the rel ationship bet.aeen the dia:r,e~er of the perforation 1

id and the peeki,Rg &N haat nhenekthonded arga: 41er £he strar goil
used he-sin was prepared by helically
invention.
Fig. 48(a) is a side view of the strap coil reel
for accommodating the strap coil unit, with the strap
20 coil and the cover removed; and Fig. 48(b) is a front
view thereof taken in the direction of the arrow A in
Fig. 48 (a).
Fig. 49(a) is a side view of the strap coil reel,
partially broken away for sthing its operation, with

25 the strap coil and the cover removed; and Fig. 49(b)



1~ winding a pol ypropSrlene strap 11a having a thickness of 0.65 mmand a
width of 15.5 mm 2n this strap coil, the circul ar-sect=on perforation 11d
and the neltbonded area 1le were forned by piercing a pin-type perforator
38 of Fig. 3 (aj and (b) which Haas preh a]ted 20 above the nelting
tenperature of the strap 1lla. The peeli ng strength at the nelt-bonded area
11s was neasured at a stretching rate of 200 mmmn. As showmn in Fig. i4, a
0.4-mm di aneter perforation 11d showed a peeling strength P, of about 2~
300 gf at the nmel L-bonded area 1le. A 0. 6-mmdi aneter 41 perforation
11d showed a peel iand strrtengtéw Pcalbénabout h889igkct ilom tdfeddcasam v the
bonded | ayers of the strap 1lla were snoothly peeled Of and not torn in the
| cngi tudi nal dimecti®: ~49Fanther, the peeli:~g strength at the nelt-bonded
area lle can be increased by enlarging the dianeter of the perforation 11d.
A 0. 8-mm di anet er perfigr.atiodr)1id shawedvaepeef ithge sbrvengt i P8 oft out 550
gf, and a 1.0-mmdi aneter perforation 11d showed a peeling strength Py of
about 10 700 gfk.cilinrtehdse acas€sg.hddgver istahe dronded dwayéres scofulteé: keot  be
peel ed of f from each other, and one of the layers was torn away in the

| ongi tudi na3 diimeciHeonditacaivhenfoplrastacroeshnist rfap 11%0 (dpr exa_npl e,
made of pol ypropylene), a thinner strap 1la is nore i~ vulnerable to the

| ongi tudi nal tear. Therer g e(a) napHopant i ore t itke visor£aseo ot nthe Hehi
ckness of the strap 1la, the dianeter o~ the perforation 11d shoul d be

di m ni shed to peducssd be peegtiing ¢ engidd abithen feld s boadeth A1 ea clile.
Thereby, the bonded | ayers of 20 a thinner strap can be safely peeled off
fromeac: ~ other at the .md1cbpndedsaseatibe wir tdwull bghsgntergcawgy in
the longitudinal direction.. According to Fig. 14, a 0.65-mmthick

pol ypropyl ene striap rkka keeps ca peed 19 s§ rengtdr oip 400: gfuore lessmat the
nel t-bonded area lie, 2~ when the dianeter of the perforation 11d is 0. o
mmor 42|14 es$rebQ BNSUhG g saneapeelding. stpengt his aa0. onamt hivgle JPET
(pol yet hyl ene terephthal ate) strap 1lla should have a ~erforat~on 11d with a
di ameter of 1.2p@pLys]ess. As hereinbefore described, by reducing the di
aneter of the perforate on 11d, the nelt-bonded area 1le fornmed along its
periphery becones smaller and; exhi Rits a4 0neropeebicn@ styengt b kR such

ci rcum stances, a desired peel ing strength can be obtained by 10 form ng a
plurality of perfQralions,iddcowhi Ghye AS:a, cahebemdLVvide the Reeling
strength at the nelt-bonded area 112 . Although the abOve  description has
been focused opgthe g iUl aresechione.perfioration d1d, sthe, tz.pethonat i ons
11d shown in Figs . Sto 9 can al so achieve a desired peeling strength at

the nel t-ponded.area 11 g.apd Wndt hwi se fensile strength of the strap 1la,
at which the bonded | ayers of the strap 1la are safely

Fig. 54(a)-{(g) illustrate a process of loading
and unloading the strap coil with respect to the strap
coill reel for the strap coil unit, wherein Fig. 54 (a)
and (b) are a section and a front view, respectively,

20 showing an introductory step; Fig. 54{(c) and (d) are
a section and a front view, respectively, showing a
succeeding step; Fig. 54 (e) and (f) are a section and
a front view, respectively, showing a further
succeeding step; and Fig. 54(g) and (h) are a section

25 and a front view, respectively, showing a still further



peel ed of f but not torn aw ay. According to the sanme 20 principles,
thecircunferential |ength, configuration, nunber, position, etc. of the
perforation. 11d are designed in view of the material, thickness and the

wi dth of the strap 1lla. The perforations d of Figs . 5to 9 have a
section 2~ elongated in one direction, as~®escri bed above. In 43 order to
prevent the strap Ila frombeing torn away, the |ongitudinal direction of
the perforation 11d should be aligned with she | ongitudinal direction of
the strap 'la. Fig. 15 is a graph showi ng the rel ati onsh=p between the
4iidthw Se tensiye-stdéengt SteP the strap 1la and the peeling strength at
the nelt-bonded area 11le, with respect to the perforations 11d of circular
section and those of Fiert ahfular asextdorecTheevaliges 4D eprviggtional
circular-section perforations 11d are indicated by A= (dianeter: 0.55, m
and A= (di anet ertrae 000 by, 1The twalagss. of the rectangul ar-section
perforations 11d are indicated by B. (0.55 x 5 mm and B_ (0.55 x 8 mm .
The rectangul ar - sect ifgry per § orsatd @res sidek have their off~al opgiveudiivala lsi des
aligned with the longitudinal di rection of the strap 11la. As for the
circular-setti ertyerforali ondtlld, expansion of the dianeter results in

i ncreasing the peeling strength at the nelt-bonded area |le as well 20 as
the wi dt hwi se tensil ra st ridhgish ofpedwpstrape Idiavw ¢A sondbnashtiaidior the
rectangul ar-section perforatior_s 11d, elongation of the |ongitudinal sides
hardly af fectstidep peeilng strength at the nelt-bonded area 1le (the val ue
substantially remains at about 400 gf) . On 2~ the other hand, the
cai dt hwi se tensil e striengtde afs theperspective view showing a step of

winding the strap end according to a method of producing

10 the strap coil of Fig. 57.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments of the ©present
invention are hereinafter described with reference to

I3 the drawings.

1. PACKAGING STRAP COIL AND ITS PRODUCTION METHOD
Fig. 1 is a perspective view of the appearance
of a packaging strap coil of the present invention.
20 The strap coil 11 comprises a plurality of layers
of a packaging strap 1la helically wound around a hollow
11lb which defines the axis thereof. The strap lla is
made of thermoplastic olefinic resins including

polypropylenes, polyamides and polyethylene tereph-

~
h

thalate which have been drawn out about £five to ten times



44 strap 1la increases in proportion to the increase of the |ongitudinal

|l ength. Incidentally, it is desirable for a 0 . e5-mmthick pol ypropyl ene
strap 1la to have a peeling strength at the nelt-bonded area 11le cf 400 ¢f
or less and a wid~hwi se tensile stre.”.g~h of the strap 1la of about 2,000
gf. In case of the rectangul ar-section pé#%oration 11d, these values are
sui tably achi eved by adjusting the length o =is |ongitudinal sides. Proper
10 conbi nation of the peeling strength and the wi dth~~~i se tensile
strength not only ensures safe peeling and tear prevention. between the
bonded | a~~! ersirofthhelotgEdpryd mpabudiaksboiprnoticdhitenannaht ¢d amivdmdé ng of
the strap coil 11. Besides, in the rectangul ar-section perforation 1~ 11d,
t he wi dt hwi se ttéresit etshserigt Iswoferndehstrap 11la can be increased by
extending its 1 ongitudinal |length, instead of adding nore perforations.
Additionally, the striape cottapl 1ok the preseltth ioWeabpon @Ay tion@uden a
perforation 11d in the outer 20 cylindrical surface thereof. The
perforation 1lléirnds Ppiencednienst heg raghbourhood bdf mtnhe Oukesnostp drich
through to the underlying | ayers of the strap 1la, thereby bonding these

| ayers at the reld -dbondete arfardile Hormedl abohg resipewhpher ymphuive s
arrangenent 2~ prevents the outernost strap end from bei ng drawn out 45
unnecessarily. it henees iaeconvenistonaly stram ends seetchig gor oges rsch as
taping or separate thernofusing is no longer required. Fig. 16(a)-(f) is a
series of schematd xwiysushowng psodusboon sérpsiefwbhadsheapeaily 1..
These steps are carried cut, for e:.anpl e, by using a wnding roller 31
shown. in ~ i &o §i&d a)stcribecwindi nthdelherasdkNas) a 110w Cwlbionds i cal
shape conposed of four equivalent cylinder franmes 3la obtained by 10
circunferentialloy quardesi hg, aaeykhnder Qfarsdidabl e axbak bength. sEach
cylinder franme 3la is spaced along a single circunference saizh a ci
rcunferentjoa=ngAnadlenkoqcanstict-ube an&Hdnder 10fp GJGH g S8d 'axan  The
four cylinder franes 3la arranged al o®"g ~ single 1~ circunference can
contract the diigndtesrpf 4R ctdsul Admsesti on Lydihpdese v heyo ald Qued to
slide toward the axis of the Cylinder. On the other hand, the contracted
cylinder is di gmetdigal! yrexpanded by slidipg the cylinder franes 3la
outwardl y. fin aperture 20 31d is fornmed beforehand in the m ddle of each

cylinder frame 3la. ‘the wihnding Joller .31 accompdat s fou - holgders 39,
each of which faces the cyli nder frame 31a and holds a circul ar-section

perforator 38 [npiace, -SiaLl akita 2+ dhe, cytipder nbnangs 34a, the four
hol ders 39 have a 46

15 Fig. 2(a) is a section of the strap 1lla, showiling
a portion in the neighbourhood of the hollow 11b in the
strap coil 11. A perforation 1l1d is pierced in the
innermost end of the strap 1lla surrounding the hollow
11lb, through to a plurality of layers of the strap lla

20 laminated on thé top side of the innermost end. The
thus laminated layers of the strap lla are bonded
together at a melt-bonded area lle formed along the
periphery of the perforation 1l1id.

The perforation 11d and the melt-bonded area lle

25 are formed by piercing the laminated layers of the strap



curved configuration and spaced along a single circunference with a
circunferentiai gap to constitute a cylinder of circular section. The

hol ders 39 are also slidable in the radial d~rectior.s. The perforator 38
is mounted on she outer surFace of each der 39 in such a manner that it
can project radially through the apertur 1d formed in the c;rlinder frame
3la. Al though r_ot shown in the figure, a heater is provided inside each
hol der 39 for the purpose of heating the 10 perforator 33, and the outer

surface of the holder 39 is covered by a heat insulating material'. In
order to w=r_dlthve wittap Heattedtperfprdicng £osimetn@l hog fow i es BB i s
attached to the start ef the strapi~.a (i . a. , ir.nerr~ ost end o=

the sLrac cc~. lrl¥fion ~tigai ed byda ot dfhguidel 84tedThent 1@ sHowd n i g.
16 (b) , the cylinder frames 3l1la are all owed to slide outwardly along a
singl e circunferterrsge 1baform gyciiudd art Segt ron aeydd rivern . | nsi de t he
winding roller 31, the holders 39 maintain a properly spaced rel ationship
with respect 20 to tR2z0fismelyfirames 3balyt herepyikempnng tfhe perdeorators
38 away fromthe cylinder frames 3la. The fixture 33 attached at the start
of the strap | partofatied inta 4 he gap 3k tdreated thet weere anqai re rof

nei ghbouring cylinder fzanmes 3la, and thus secures the 2~ start of the
strap 1la in the¢ mddlecodpt htaazhndl ak ergtdt omd bimthetwidndiangr add er 31.
~~lith these provisions being nmade, the winding roller 31 may start to
rotate in the dihreestirap Dfasheaardobant tihe Hiagnidbt £ b)L aared svcpd tdree st rap
11a thereon. After the strap 1 1 a has nade a plurality of |ayers arcund
the m ddl e ot hataxiral nengtboadetharsanding. radefe 8dréFi gs 36e)n )in the
winding roller 3i is stopped at such a position that the apertures 31d in
the cylinder frangs23ia | coad @ fogerdoibacerd nhyt peepekfl ahatoigh I hlkD
projecting fromthe holders 39. In the next step.shown in aF ig. 16 (d) ,
the hol derg 39ewhii x&h holit ihead €d per frarat alks 38 ane-dldoned ton sleHde

innermost end of the strap 1lla. Rlternatively, as
shown in Fig. 2{(b), the perforation llb may terminate
in the middle of the second layer laminated on the

innermost end of the strap lla.

15 The perforation 11d is provided with the use of
a perforator 38. A circular-section pin-type
perforator 38 having a sharp point (Fig. 3(a)) is held

perpendicularly on a holder 39 (Fig. 3(b)} and heated
above the melting point of the strap 1lla. This
20 perforator 38 is inserted from the inside of the hollow
1lb into the widthwise centre of the innermost end of
the strap 11la, thereby forming a perforation 11d in the
widthwise centre of the strap lla (Fig. 3(c)).

On application of the heated perforator 38 into

~N
wnh

the innermost end of the strap lla and the layer(s)



i n ~hs radial direction. towards the cylinder frames 3la. T1'16
Tic=fOratOs 3~ arc'' preheated abOv2 the nel t=ng 1~ point of a
thernoplastic resin constituting the strap 1lla. For exanple, for a

pol ypropyl ene strap ila, the perforators 38 are heated to a' oout 200"C,

whi ch is higher than the nmeting point of %blypropylene. Toget her with the
outward di spl acenent of the holders 39, 20 the perforators 38 advance

t hrough the apertures 31d of the cylinder franes 3la and stick into the
plura lam nated | ayers of the strap |la wou®:d on the winding roller 31. In
consequence, fouwimthacuaf enentsoal,l v heqpaldiprspagceds perd graatf onstdtdi§see Fi
g. 2) are fornmed 2~ sinul taneously in the am nated |ayers of the strap

~l a, 48 | eavinglt bec perd phidy o heteebomidde el ted statieondtextthas
shos~n in Fig. 16 (e) , the hol ders 39 are allowed to slide away fromthe
cylinder franesiddanatedthapeteast ith@ tbeaperforatwhsrd dnomddermpett ures
aid. Following the withdracral of the perforators 3, the nelted areas al ong
the periphery ofndhenpesfhorationschlagsalaiydif st o4 arma el $apondeds ps eas
1lle (see Fig. 2 ) , which bond the am hated |ayers of the strap ila .
Thereafter, st he, g ading r aldeermdil: ischatat ad cuntile ard BnpredetLign nesd

| ength of the strap 1lla is saound thereon. Wile the wnding of the strap
1la proceeds, therspheap Lla drse axé aFbyakeehpracat eghal eAguzhe ad ng-ng
roller 31, so that the strap 1la is hel _cally wound on the cylindrical

surface of she psiifdhngdohhere8tetRidehy PEEseki bed axi-al b engtty ther eof .
After a predetermned 1 ength of the strap 11 a is wound on the w ndi ng

rol ler 31, the dranete, 9hthe MIding seld ebi31 i puedyceds By i ng the
cylinder frames 3la toward the axi s thereof ( Fig. 16 () ) . e
the innermost end of the strap 1la is neither drawn out
10 nor unwound.

As the perforateor 38, there may be also used a
circular-section pin-type perforator having a hemi-
soheric (round) point (Fig. 4(a)) which 1s held
perpendicularly on a holder 39 (Fig. 4({(b)). This
perforator 38 ié likewise heated above the melting
point of the strap 1lla and inserted from the inside of
the hollow 1lb into the widthwise centre of the
innermost end of the strap 1lla, ther=sby forming a
perforation 11d in the widthwise centre of the strap
20 lla (Fig. 4(c)).

The section of the perforators 38 is not limited
to the circular section as mentioned above. Figs. 5
to 9 illustrate flat plate-type perforators 38 which
provide slot-like perforations. The flat plate-type

23 perforator 38 of.Fig. 5(a) and (b) has an oblong section



20 dianetrically contracted wwndi ng roller 31 is renoved fromthe axis of
the heli cally wound strap 1-a. Thus obtained is a coreless strap coil 11
whose axis is defined by a hollow 11b. In formng the perforations 11d in
the 1 am nated 2~ layers of the strap 113%%t he configuration, nunber, 49
position, etc. of the perforators 38 are itably adjusted so as to hold a
bal ance between the peeling strength (or widthw se tensile strength cf the
strap 11la) and the bonding strength at the nelt-bonded area 1lle. Hence, use
can be also made of one or nore perforators 38 of Figs. 5 to 9. As an

al ternative ensou oMb r i Hies holwedsd 39 dea! dnngh ¢ ﬁé‘lkfgﬁfff%?%uddrrs?%%l@my be
rotated in synchronisation with the winding roller 3i, thereby 10
elimnating th&stepoffatragarmyf tiseappliindet ntrares W31 W t e tdrntoe 1 dens
39.. This arrangenent enhances the operation efficiency, b=cause the
perforations 1EF &he fonawdowti ¢edtdfetve. 9% deémd Iecl MeEh3dn¢ $hircknotat i on.
The perforator 3 for formng the peroration 11 d 1~ nmay be app' _ied either
at the bottom siideeotivhecifnheenpst fsrraP rlB8 &< ides@lidwared v Rily.the

lo' (a)-(f) (i.e. fromthe axis side of the winding roller 31) , or at the
top side of3the il gdtwar t agers dhetdter sp Adp -11&sashdescrn Bed -i h(ckFig.
17(a)-(g). 20 The production steps shown. in Fig. 17(a)-(g) are carried out
by using a wi rdisngtholsl ef o8tevihircdr Tonpr ises flour eegyleindderaivapgesti8da, as
shown in Fig. 17 (a) . The cylinder frames 3la can slide outwardly along a
si ngl e circunf édreenret tdicenistdindettbhe wifndilg sokker 13k ofdn2~heisr cul ar
section (Fig. 17(b)). ~n the dianetrically 50 expanded wi nding roller 31,
the start of thelsit@psdtaion with two rounded ends.

The flat plate-type perforator 38 of Fig. 6(a)
10 and (b) has a triangular section and a thickness
gradually dirinishing from one side to the other. This

perforator 38 gives a triangular-section perforaticn

11ld along the length of the strap lla (Fig. 6{(c)). The
flat plate-type perforator 38 of Fig. 7(a) and (b) has
15 a section comprising one sguare end and an opposite
triangular end. The resulting perforation 1id extends

along the length of the strap 1la, one end being shaped

in a triangle (Fig. 7(c)).
The flat plate-type perforator 38 of Fig. 8(a)
20 and (b) comprises rounded sides in the thickness
direction as well as an edged piercing head. This
perforatcr 38 <can easily form an oblong-section
perforation 11d with rounded ends along the length of
the strap 1lla (Fig. 8(c)). The flat plate-type

25 perforator 38 of Fig. 9(a) and (b) has a rectangular



gui ded by the stray guide 34 is fired in the mddl a of the axial |ength of
the cainding roller 31 by fitting the fi:rture 33 attached to the start of
the strap into the gap 31c between the nei ghbouring cyl =nder frames 3la.
The perforator 38, held in the vicinity of the winding roller 31 by a
suitable holder, is able to advance and rEtede in the radial directi ons of
the TlUw nding roller 31. After the start of the strap lia is fixed on the
outer cylindrical surface of the wir.d ng roller 31, the winding roller 31
is allcwed ~o0 rotate in the direction of the arrow T until the strap lla
makes a pl ural istectofo hayens campuric ddh=arnatif ed o iéheiaxi alealt sllengtig of t he
winding rcller 31. Then, the winding roller 3l is stopped at the position
shown i n Fig. thlor{ @ne shhi: per taeab ©hed8, Whechesslheatedehyfoadeaier to a
predeterm ned tenperature, is allowed to approach ~he winding roller 31
fromthe externald shde thereeffamnd 20 kecpiierCceekBehldd ngand hahed thavers
through to the start of the strap 1la. In consequence, a perforation 11d is

formed in the hamMdweh edrl ayer $tafad her $trapg118,(djgavi ng the periphery
thereof in the nelted sate. Then, the perforator 38 is allowed tc recede

from 2~ thes wi ndi ng rold gk 3L and pulsl ed-otd rWinfhend aEdEietkio B layers
of the strap 1lla, whereby the nelted area around the perforation 11d

solidifies intagsamABktobandadearea bke iqgitold:om ngohhe:doraed§qr .of . the
firs t perforation 11 d, the winding roller 31 effects a auarter of

rotation (i.a. phd-adh HPeaf pIQed Nedpp &r di reghiborof; dhenagrownboig. 17
(c) ), and stops again. At this position., the
conductivity, the whole part of the perforator 38 heats
up quickly and uniformly to a prescribed temperature.
10 As a result, it éfficiently forms the perforaticon 11d
and the melt-bonded area lle in a short time.

Fig. 10(a) is a development showing the inner
cylindrical surface of the strap coil 11 surrounding
the hollow 1llb. The innermost end of the strap 1lla
locates at the middle of the axial length of the hollow
1lb. At the innermost strap end, a single perforation
11d is formed in the widthwise centre of the strap 1lla,
whereby the innermost end of the strap 1lla and the layers
laminated thereon are mutually bonded at the melt-
20 bonded area lle.. On the other hand, in the strap coil

11 of the present invention, a plurality of perfora-
tions 11d are provided in the inner cylindrical surface
of the strap coil 1l surrounding the hollow 1l1lb,

together with the melt-bonded areas lle formed along

25 the periphery thereof. This structure avoids



prel ~. eated perfo~a for 3 Sis allowed to approach the winding roller 31
and pierce another perforation 11d into the |lamnated | ayer of the strap
1la, and then the 10 perforator 38 is all o.aed to recede in the opposite
direction and pulled .out of the strap 1la, T:Ze forlLTlatlO="1 O t:12
p2rL~vratl0:1 ZId 1S r2pc' "ated, as s hos¥#h i n Fig. 17 ( d) and ( a ) ,
according to the bonding cycle which conp=ises rotating the cainding roller
31 1~ by 90 degrees (i.e. a quarter of rotation), piercing the perforator
38 into the lam nated 1 avers of the strap 1lla to forma perforation 11d
(see Fig. 2), anmdvawidhdgawengi¢hetperboiatrosf38néromrahe 4 rad ildallo
solidi fy a nelt-bonded area 1le (see Fig. 2) . In the 20 end, there are
prodi ded a tot alowddfansuaid cund ereniéivabl Ly .equal | yspaced perforaticns 11d
and nelt-bonded areas 1le. Followi ng the formation of four perforations
11d and nelt-bonded areasmlbe, itlheswoadiing r aHerst3hd s8021 cond £ nuoys| y
rotated to wind a predeterm ned | ength of 52 the strap 1lla into a coi
(Fig. 17(f)). -~rd hen ithelwdedi ngrza lesr Bdr£enasas tad,obatee,f dthee soimdi ng
roller 31 is dianetrically contracted by sliding the cylinder frames 3la
toward the a fithofid-he-mbpdi agreplées Bdd (tfE hedd (i) )ehelkelcontgyact ed
winding roller 31 is renoved fromthe axis of the helically wou*d strap
11a. Thus obtaimgd i s18ngorelessxsknak o lodlewhkoseo axés i3vdef imesh by a
hol | ow 11b. Instead of the heated perforator 38, a | aser beam 10 nay be
applied fdr thedordmitopnof1lhes perifarat & iom ikheé andet-Rei BRI« onded area
lle, as illustrated in F=g. 1B (a)-(g) . his enbodiner.~ 1 i k~wise utili
ses the windinginQd®fod3b COMY hsingwf oup . cythodes: frodR8=3laBefFidei ()
) . ..ach cyl irder frame 3la is opera~ed to 1~ slide in the radial
directions by anaidr&yld8den13Qy aceommdaiad: | No  henwi pdi-rg -1:0lilefs 31.
~rlhile the winding roller 31 is dianetrically contracted by slide ng the
cylinder frames 3la toward the a::_s of the

The strap coil 11 of Fig. 10(c) includes five
perforations 11d, orne formed in the innermost strap end
and the others formed inpairs in the edgewise rows along
the azxial ends of the hollow 11b. The perforations 11d

13 in the edgewise rows are circumferentially dislocated
from the perforation 114 in the innermest strap end.
The melt-bonded areas lle are likewise provided along
the periphery of the perforations 11d. EAdditionally,
Fig. 10(d) shows a combination of the structures of Fig.
20 10(b) and (c).

Further, the strap coil 11 of Fig. 10(e) includes
a plurality of perforations 11ld which are
circumferentially equally spaced in the edgewise rows
along the axial ends of the hollow 1llb. The strap coil

25 11 of Fig. 10(f) provides a plurality of (e.g. threse)



winding roller 31, the fixture 33 is attached to the 20 start of the strap
1la guided by the strap guide 3~. Thereafter, as shown in Fig. 18 (b) , the
cyl ender franes 3la are outwardly displaced al ong a single circunference by
the air cylinder 36 to constitute a circular-section winding roller 31
havi ng an expanded 2~ diameter. The fi:~t3% e 33 is fitted into the gap 3lc
53 cr.eated between the nei ghbouring cylinder frames 3la to fix the start,
of the strap 11la in the mddle of the a.rial length of the w nding roller
3i. Referring tocig. 1 (c) , a laser oscillator unit 35 ' _s disposed in
the vicinity obedfeomandong Lokl én 8terwi dhiekilenkidig adret diavects drheof its
| aser beamirradiation along the radial direction of the wi nding roller
31. Further, thedaasernaosecblhatone tilil 351y, abk ehtoe Ay alciey eed wriddede
with respect to the winding 10 roller 31 . Wth securely holding the start
of the strap ltaeomtterouiertayl axndii dalresutrifacec Hf thhehwindiwvng icoe ler
31, the wind-ng rosier 31 is allosaed to rotate in the direction of the
arrow T until frhetsHHamyodd, amdkes abaut 1t bt eef tturgns 1ar@undnthrprisdd e of
the axial 1 enath 1~ thereof. After the cdinding rol ler 31 ceases to
rotate, the | agerescidionto= 1t JedHwseadl | owed t oaappriaach thegwsrdi ng
roller 31 and to irradi ate a | aser beamon the | am nated | ayers through to
t he i nnernost gaad efr 4t s§krapd lda.Fikhe oaser, heamneldss e giortdwnanaf the
20 lam nated | ayers and the innernost end of the strap 1lla and provides a
perforation 11dq4aRe ia dreldwdandete ad £8a 1 ki r Jhei banm nairad nhayess 1awe t hus
bonded together at the nelt-bonded. area 1le (see Fig. 2) along the
periphery of the perfaraticyy ke {seeetiga ArsiZeAiges1ihe §ormmgican of
the first perforation 11d,

(melt-bonding strength) and a widthwise tensile

10 strength at the melt-bonded area lle where bonding is

effected between the laminated layers of the strap 11la,

=

the perforations 1ld are prescribed in terms of the

configuration, dimension, number, position, ectc.,

=

depending on the material, thickness, width, etc. of

I3 the strap lla. The strap coils 11 of Fig. 10(a)-(g)
based on different patterns of the perforation(s) 11d
and the melt-bonded area(s) lle were tested for
vibration resistance, transportation <resistance,
loadability on a conventional strap coil reel in an

20 automatic packaging machine (drum-set test), and

packageability in an automatic packaging machine as
loaded on the strap coil reel (machine-packageability
test) . The test results were compiled in Fig. 12,
wherein Examples 1-7 correspond to the strap coil 11

25 of Fig. 10(a)-(g), respectively. The comparative



54 the winding rol ler 31 effects a quarter of rotation. (i.e. rotation of
90") in the direction of the arro~,,~ T (Fig. 18 (d) ) , and s tops again.
At this posi~ior., the laser oscillator un=t 35 irradiates a | aser beam on
the | anFnated | ayers cf the strap lla to rm ano~her perforation 11d and
a nelt-bonded area ?le along its periphery. The formation of the
perforation 11d .s repeated according to the bonding cycle which conprises
rotating 10 the winding roller 31 by 90 degrees (i.e. a quarter of
rotation) and irradiating a | aser beamby the laser OSO.ill ator unit 35,
th2rby t0 for meaxyyerles @atd O ntld tad dsanvebachbended accaprldel dbohiglits
periphery t'r:rough the lam nated | ayers of the strap 1lla. In tl”* e end, 1~
there are provicded ig -t éftdla)of ( loure agily cinsfweimenttited Ide veguadhe yt spadde
perforations 11d and nelt-bonded a-eas Ile. Thereafter, the | aser
oscillator uni im3t1 swliodedctd secédeef senrphaddingitig hollilerw 3L Fig. 20
18(e)), and the winding roller 31 is rotated continuously to wind a

predet erm ned | engt hTthee ssttrap ddiasi nféuategwidied FagFig8.( 1P krn)d .LAfter
the winding rol ler 31 ceases to rotate, the winding roller 3i is
dianetricaliy eentag acded by sl pdilnvgpddey tyhéndera®~ franes 3la toward its
axis (Fig. 18(g)). The 55 contracted winding roller 31 is renoved from
the a:~i s of the hel iicatbypaownd st Exprddlae s Thus sobtdidhed usdareereldess
strap coil 11 whose a:~is is defined by a hollow Il b. As has been
described, a | aserc beamitfadnatedsftrem theld ased oscillakatadnicl i3% can
forma snmaller perforation 11d.in a nore stable and efficient manner. In
addi tion, the baseke@sCbllsatwdro it ta B hes maepuosed aft sl exs a.expendabi,e parts
and thus easy to maintain. 10 Rs the | aser oscillator unit 35, there may be
used a CO- | as@he@SsCichleat @F apné £ dwhi ch warmpd QYesr 100N s@asa 1B88d tdhe skasere dredi um
The CG | aser oscillatcr unit i=radiates a '-aser beam of 27W out put power
at a wavel gngt hnofyakli Sud OmZ numras oper at &l Byad 16Wr rEn®ie 1+ GRigThe
irradiation tine cf the laser beami s in the range of about 0. 1 to 5

. seconds, preferahla)y abent @nn%sQCONdsrabpWaigh todeytie daseq brradi ation
hardly affects the winding rate of the strap 1lla. In additicn to the CO~

| aser oscillateurundr ddee20c6¥anphes ahdihe lBsefe 861 bEaLok HRilk 35
include a heliumneon laser oscillator unit, a sem conductor |aser

oscillator Uni?OQnd(Eﬁ%ﬂﬂé“lwidth 10 mm). On the other hand,
Comparative Examples 2 to 5 employed coreless strap

15 coills 211. In Comparative Example 2 (Fig. 11(b}), the
innermost strap end 200 was left unsecured. In Com-
parative Example 3 (Fig. 11(c)), the innermost strap

end 200 was left unsecured, but annealed, before wound
into a strap coil, for 10 minutes at 80°C to prevent

20 its contraction and deformation. In Comparative
Example 4 (Fig. 11(d)), the innermost strap end 200 was
secured with the adjacent rows of the strap coil 211

by a kraft tape 202. In Comparative Example 5 (Fig.

11(e)), the innermost strap end 200 was secured with

3]
wh

the all widthwise rows of the strap coil 211 by a craft



Fig. 19 is a partially cutout perspective view show ng anot her enbodi nment
of the packaging strap coi 1 2~ of the present invention. In the innernbpst
cyl indrical 56 surface of this strap coil 11, the strap 1lla is

he' _ically wound around the hollow 11b frpm one axial end to the other

axi al end. Another layer of the strap lla is thereafter helically | am nated
on the top side of the innernost strap layer. In this way, the strap 1lla is
wound helically and continuously to formthe strap coil 11. In the strap
coil 11 of Fig. 19, an_adhesive 1llc is appli ed, along the entire ax'_al
length of the st3Rp 41682coil 11, on the top side of the innernost rows of
the strap 1la which constitute the inner cylindrical surface of the st=ap
coil Il surroundi::g tHeShoFRBSEPFRESIFi g. " 20 shows a partial section of
the strap coil 1~. CCat2d with the adhesl Ve 11C. the ad::e5l TJe .1C 1~
provi des an ad ' L84 t he top side of the innernpst rows of the
strap 11a which is helically wound around the hollow 11b to constitute the
in:~e= cyl indrical SHVACBFLEhetERPapCedi FaE1nogAd si A Y aY |42 oh the top
side of a couple of strap |layers |lam nated 20 thereon. The adhesive 1lc is
pressure-set _sidi v HANE hORASFRE | SMilAdted Tayers ot t Hel3Efdp 9%a Mith an
appropri ate adhesive strength. OMng to the adhesive 1lc which exhibits an
appropri at e adiddsixet ¢ peRgER S -t hd@ NenAerTost = hiel ¥ Eak 24 apoWs L6 A~ St r ap
1la which constitute the inner 57 cylindrical surface surrounding the

hol | ow 11b ar e WdrekedetolChe St/ Mayer sl &fienatael®ncEhé S5t opn si ¢4 her eo.
hence, the start of the strap 1l1a (i.e. i.”.nernost end of the strap coil
i) does r,ot wedingi was obehedhotn owhiel bfo Moeeduer ,cuifes ¥ haer noste
helical rows of the strap lla are adhesive-bonded in its entirety to
several |ayers slaatp nas ed-zofe d A 4 0p nsitdenthereof coAslapsesul thetitmest r ap
coil 11 will not unwound arou::d the hollow 11b. 10 rnl hen used in a
packagi ng hachione frodrdoednstur et ¢ yasteappl nigoarcorfr uget edt candbddarad box
or like itenms, the Gdhesive-bonded strap coil 11 is |oaded on a strap coil
reel nounted ondriel st grBkied packag ngheachnee. dylioper AckOr sudfiee
cuternost strap end on the 1~ outer cylindri cal surface of the strap coil
11 is d~awr unwound after 30 minutes to I hour of vibration; and

the samples graded X had the innesr cylindrical surface

unwound within 30 minutes of vibration.

ort il est
Each sample was packed in a corrugated cardboard
box (length ¥ width x depth: 465 x 465 x 210 (mm)) and
transpocrted by a lorry over a distance of 500 km. Each
20 Example employed five samples in this test. The re-
sults in Fig. 12'indicate the number of samples whose
inner surface had unwounded or collapsed during

transportation.

E



out by the feed rollers of the automatic packagi ng machi ne. Since the top
side of the innernost strap |ayer surrounding the hollow 11b is
adhesi ve-bonded to the lanminated | ayers with a uniform adhesive strength,
20 the adhesi ve-bonded portion is safely :p%el ed off and not torn away while
the strap 1la is drawn out. As nentioned above, the innernost end of the
strap 1la, which locates on the inner cylindrical surface surrounding the
hol I ow 11b which defines the axis of 2~ the strap coil 1., should not peel
off so easily from 58 the strap layers 1 ami nated on the top side thereof
But, on the other HdHd54m sﬁ%ultoei)feélxad'flfn?‘?cﬁﬁat e Nsoniefed PRREBAVWI th a
proper tensile strength. So far as this requirement is satisf'_ed, the
speci es of the dHds vérAR G- hGtustRY ct 11039 1 9P R 262 EPRS| P ADR &d Bidhesi ves
anong the sol vent-type and non-sol vent-type include, for exanple,
hot-nel t-type adhedPvex:aprdtLicqur dser¥dnpi é@ﬁ?fyb@eadh&h%e§uwtlc
sol vent -t ype adhesi ves include rubber-based 10 adhesi ves such as natural
rubber, a styr ety addenechibbér 158 cpBRyirsoBaTFRené L Llubber: sdite Tt £
isoprene rubber, acrylic adhesives such as copol yners conprising 2 et”~il
Y: exyI acrvﬁat@@fselar@dlfn%l'ﬂélc“rmm%” AMEFFTRQ X303 palach hue RS-, V25
CO:~prlS_.ng a rubber-like SI 1J IOXarI2 O a r2SInQUS S110X~l 12 aS a
mal e CONStl t uerdnd AS RERE EoRQest ( 16AChiblse?” basellz adesinebs strlmerey sdy be
used volatile oils for rubbers, trichloroethyl ene, toluer_e, n-hexane,
nmet hyl ethyl ketwnesandlelse 1n k&hiFhet mon- soMvent © hotlfel it yﬁégadhle%i ves
20 preferably conprise a block polynmer having a high nelting poi nt and nel
t fluidity, sudmdiscdthe copolymess of sstmd lee-Wisopy emerest \Wwengsce had
styl ene-but adi ene styl ene, styl ene-ethyl ene-butyler.e-stylene,
et hyl ene-vi nyl vacetat@edndot hecd 1 kepsAddi bebralel ycopollye 2o et hyf enshavax and
paraff _n may be enpl oyed. Preferably,
10 loading.

The machire-packageability test examined the
incidence of troucles during normal packaging opera-
13 tion, such as tape-blocking in the pre-feed rollers or
the 1like. Each example employed two samples in
Machines A, B and C, respectively. The results in Fig.
12 represent the number of samples which caused any such
trouble.
20
As apparent from Fig. 12, the strap coils 11 of
the present invention as illustrated in Fig. 10(b)-
(g) gave remarkable results. None of themhad the inner
cylindrical surface unwound. Besides, when used in an

25 automatic packaging machine, they caused no trouble



59 the nmelting point of the hot-nelt-type adhesives is |ower than that of
the strap 1la, particularly not higher than 100'C. In this respect, a strap
11a nmade ef polypropyl ene (PP) prefers a ' ow nol ecul ar-~, aei ght
pol yet hyl ene, EVA, paraffin and the like'$£ strap 1la made of pol yethyl ene
terepht hal ate (PST) advanta geously utili% s a | ow nol ecul ar - wei cht
pol yet hyl ene, EVA, PP and the |like. As non-solvent-type adhesives, use my
be further 10 nmade of |iquid-solidified-type polyester-based adhe sives~or
acrylic adhesives. Instead of the adhesives 1 1c cf sol ve..” . t-type,
hct-nel t-type ahdkenbselakemastype, thehot-neltresin may be independently
enpl oyed as the adhesive 1llc. By |~ vray of exanple, a hot-nelt resin which
i s the sanme as or siim| azdtottihe mattérs alpaoflihe straprita (e f g.the
pol ypropyl er.es) is enployed in a state heated above its nelting point.
Pl hen inj ect ed et weep lilse ist reprdayens, wele meesl dwde d es anbortde tirese
| ayers in a peel able 20 manner . The adhesive-coated strap coil 11 is
produced with thheeuse ofllh wisndshgwnoli®er £3lg and 3ame ))appd i catagre 260 fshown i n
Fig. 21. The applicator 20 conprises a pan 2' _ filled with the adhesive
1l1c, a feedirolgely2202vyldirsposecat hereéhe dndtacioaténg3idlhaer 28 arranged
in 60 contact with the top of the feed roller 22. The adhesive 11lc in the
pan 21 is carrisdrop.cttie sacfiace o dheféeedtr akhnere r22 rfotatidagnde a gi ven
direc~.ion and eventually supplied on the surface of the coating

by varying the number and position of the perfora-

tion(s). The polypropylene strap as used in the
above-mentioned tests such as the vibration test was

10 wound around a 200-mm-diameter core, wherein the strap
end was melt-bonded by the perforation(s) 11ld at 20 mm
inside £rom the innermost edge of the strap, according
tc the patterns shown 1in Fig. 13(a)-—-{(=). For
comparison, the strap end of the test piece 311 shown

15 in Fig. 13 (f) was fixed on a paper core 312 by means
of a stapler 313. The tesct pieces 311 were stretched
downwards at a rate of 50 mm/min. until the bonded area
peeled off. The thus measured values are shown in the
right column of Fig. 13.

20 From the viewpoint of the appearance, the
perforation lld preferably has a small circular section,
which does not stand out in the strap lla. Hence, the
finished strap coil looks almost like conventicnal
coreless strap coils.

25 Inthe circular-section perforations 11d as shown



roller 23. The winding roller 31 for wwinding the strap 1.a is rotatabl vy

di sposed in the vicinity of the applicator 20. The winding roller 31 has a
hol | ow cyl i ndrical shape conposed of four equivalent cylinder frames 3la | U
obtained by ci rcunferentially quarteri ng & cylinder of suitabla axial

| ength. Each cylinder frame 3la is spacsa along a single circunference with
a circunrerential gap 31c to constitute a cylinder of c=rcular section. “he
four cylinder franes 31la ar 1~ ranged al ong a single circunference can
contract the dianeter of _the circul ar-section. ¢ 1ipder,ﬁ£hgn al lowed to
slide toward tHe" a5 of 3t Fé Tyl nde? . PRECATEVIS et FPafts 318 it udes a
nunber of pores 31b. A n air nozzle assenbly 32 is securely disposed 20
within the wi nidfT0I38F23 e THRPL AR S B2 2T 2 aSsEABIYY =323 "dorfpr iS58 Four
nozzl es 32a extending radially fromthe axis of the winding roller 31. Ar
is ejected froffthERs pPOFETRRnB2zI 59322 PoFAr d 1thePEWSISTrI Al Sur f ace
of the winding roller 31. 2~ The applicator 20 disposed in the vicinity of
t he 61 wi ndi iF $OF $@PC81¥1 SR HAYY FErA43/t SRidaBrEKinFSthef the strap
approachi ng/receding directions with respect to the winding roller 31. Wen
the applical or 120 apptoaERéSTEhe MiTRANY- B PEL 1IN I therebafinga ol er 23
is pressed against the outer cylindrical surface of the winding roller 31,
substant' _all y4liohgethé 28/l R axraalcYlerdgtte t RBFesf~2MHtdF dE€F t%0'SM nd
the strap 1la on the winding roller 31, the cylinder franes 3la are firstly
al l oned 10 to #srfger dbtdar diby fHxoam gtae sPragiceE 1€ unt eFEREE red Tl n a
cylinder of circulax section. As shown in Figs. 21 ar,d 22 (a) , the start
of the strap ligndtie.thepnpefndse &hgroffodwing rapedbfotatirn Iddioded on

the winding rol ler
such diameter, which gives the required melt-bonded

10 area 1lle alcng its periphery.
Fig. 14 is & graph showing the relationship
between the diam=zter of the perforation 11d and the
peeling strength at the melt-bonded area lle. The

strap coll used herein was prepared by helically

)

15 winding a polypropylene strap lla having a thickness
of 0.65 mm and a width of 15.5 mm. In this strap coil,
the circular-section perforation 1l1d and the melt-
bonded area 1lle were formed by piercing a pin-type
perforator 38 of,Fig. 3 (a) and (b) which was preheated

20 above the melting temperature of the strap lla. The
peelinrg strength at the melt-bonded arez 1lle was
measured at a stretching rate of 200 mm/min.

As shown in Fig. 14, a O.4-mm-diameter
perforation 11d showed a peeling strength P, of about

25 300 gf at the melt-bonded area lle. A 0.6-mm-diameter



31 bt:-:e fi_~ture 33 ~, ~riuich is fitted into the gap Sic 1~ between a
pair of neighbouring cylinder frames 3la. In the neantine, the appl icator
20 remai ns detached fromthe winding roller 31. Under this condition, the
winding roller 31 is rotated in the direc{on of the arrow T shown in Figs
21 and 22 (a) to wnd up the strap 20 11a. While the winding of the strap
1lla proceeds, the strap 1lla is axially reciprocated along t:~, e wi ndi ng
roller 31, so that the strap 11la is helically lam nated on the entire
cylindrical surface of the windi ng roller 2~ 31 . 62 After the strap lla
is helically whfkf dhafhe Nedtlid & ritshce vore b g - Sk RENAGRr 8F 1R 3% ferm
the innernost |ayer of the strap coil 11, the rotation cf the w nding
roller 31 is stopéad t erfporrdrisd ¢asEsn the RRAARIChR2YERS appFreatofaRo is
a' _lowed to approach the caindir.g rot 1er ,31, unti 1 the coating roller
23 is pressed dgat ngerithessePaR lYlaPwelAd of & hé ndi ndP Ag V1T eE N3IEHFI g.
22(b)). Once the contact relationship is established, the rotation of the
wi ndi ng rol |l er Fnadtpdipeduned-roc®MAd -t he sFerFaperia helhecalPdsl e the
winding roller 3i. During the seCOnd wi nding stage, Werein the coating
roller 23 i% heltramarhsatt heetBplsrogadad eed ey oSt bst dalr e @it wound
on the entire cvl _ndri cal 1~ surface of the winding roller 31, the
wi ndi ng rol | er |31 causesinge tret atliare ofrt he ebat Perd arsidiern 2Bl dwhikh
further causes the rotation of the feed roller 22. Accordingly, the
adhesi ve 1llc cont&ximeddipmetepaperforation 11d showed a peeling

strength P, of about 550 gf, and a 1l.0-mm-diameter
perforation 11d showed a peeling strength P, of akout

10 700 gf. In these cases, however, the bonded lavyers
could not be peeled ofif from each other, and one of the
lavers was torn away ir the longitudinal direction.

In a thermoplastic resin strap 1lla (for example,

made of polypropylene), a thinner strap lla is more

i3 vulnerable to the longitudinal tear. Therefore, in
proportion to the decrease of the thickness of the strap
l1la, the diameter of the perforation 1lld should be
diminished to reduce the peeling strength at the
melt-bonded area l1lie. Thereby, the bonded lavyers of

20 a thinner strap can be safely peeled off from each other
at the melt-bonded area lle without being torn away in

the longitudinal direction. According to Fig. 14, =&
0.65-mm~-thick polypropylene strap lla keeps a peeling
strength of 400 gf or less at the melt-bonded area 1le,

25 when the diameter of the perforation 11d is 0.6 mm or



is first carried by the surface of the feed rcl | er 22 20 onto the surface
of the coating roller 23. At the sane tine, the coating rcller 23, which is
pressed against the top side of the strap 1la wound on the winding roller
31, coats the adhesive 11c thereon. In thg,end, the adhesive 11lc is coated
on the strap 11la wound on the Z~ outer cylTndrical surface of the w nding
ro_|ler 31, 63 substantially along the entire axial length thereof in a
desired circunferential length. The winding roll er 31 rotates to nmad; e a
few nore | ayers under tE: e appl ication of the adhesive 11lc. Then, the
rotation of thels¥sndi Ag rdlsyes 8he sadtpppelags mSETAREtRim® @As3shown
in Fig. 22(c), the applicator 20 is displaced away fromthe wi nding roller
31 and brews tHemcont ast FESt weenl Yheh gbanend aciRieFh23245A/d tsﬁéaé%rhgalla
wound on the'winding roller 31. After the coating LOroller 23 is detached
therefrom the sthadidghpukl aepe3faresiimes t bdw Al ht Re d&amatgr 198 helical ly
and conti nu ously (Fig. 22(d)). During the third winding stage, air is
sprayed Yi r ~ mtdrAlaswi-r.di ng roller 3i onto z::e c~rli:~d_ca 1 su
_ace o~ _, 1~ as ejected fromthe nozzles 32a of the air nozzle assenbly 32
i nside the % nding rdld etheXeifpe berspedeficsidve aiay ejrectudi fgonttde nozz
1 es 32a passes through a nunber o~ pores Sib in the cylinder franmes 3 1 a
and reaches thelsimapetlafwonad or fothéininndilng rold ewe l20- BindeTheradr
spray pronotes volatilisation. of a solvent in the solvent-type adhesive
11c which has been €oated Gldhe stsapckligphdrepnrdaneassshowen e g.
22(d), a predeter mned length of the strap 1la is wound on the w nding 2~
rol |l er 31 undere:tthieohats spriawdy omeéhengozsziren32a. The such circum-

stances, a desired peeling strength can be obtained by
10 forming a plurality of perforations 11d, which, as =

whole, provide the peeling strength at the melt-bonded

-4

area lie.

Elthough the above description has been focused

on the circuiar-section perforation 114, the

15 perforations 11ld shown in Figs. 5 to 9 can also achieve

a desired peeling strength at the melt-bonded area lle

and widthwise tensile strength of the strap lla, at

which the bonded layers of the strap lla are safely

peeled off but not torn away. According to the same

20 principles, the circumferential length, configuration,

number, position, etc. of the perforation 11d are

designed in view of the material, thickness and the
width of the strap lla.

The perforations 11d of Figs. 5 to 9 have a section

elongated in one direction, as described above. In

8]
W



64 continuous air ,spray allows the adhesive 11c to establish an
appropri ate adhesive streng~h, prior to the conpletion o the winding of the
strap lia. Wien the strap 11la is wound in a predetermned .7 length, the
winding roller 31 is dianetrically contra‘;{‘%ed by sl iding the cyl~. nder
frames 3la toward its a:;is . The contracted winding roller 31 is renoved
from the strap 1la which has been wound into a coil, thereby givi.”. g the
strap coil 1i of the present invention as 10 shown in Fig. 19. As for the
hot-nel t-type adhesives 11lc, coating may b2 2ffacted by the appl icato r 20
ir~ the same neMheersEOWR LSRR ifgie 22ta) Llahfroa PlRe "t rter 11373 %/ bei ng
wound up on the winding rol 1 er 31. Since tha hot-nelt-type 1~ adhesive
1' ¢ does not relyai fergiteptagl~ctinotaiPhi odti bhe thr- WwhRAFAG Y ol tér 31
di spenses w th the air nozzle assenbly 32. Additionally, the hot-nelt-type
adhesive 11lc mayhdeldpplei add amiach witen uses ofcng gépkidader agpdcator 26 shown
20 in Fig. 23(a). The cylinder applicator 25 conprises a cyl indrical
barrel 25a ill edhe shriee Hot-nel t-type adhesive 11c and a plunger 25b
slidably accommbdated in the barrel 25a for squeezing out the adhesive 1llc.
One end of the barrelFR25a dccepss & herpbingero25bgaltong 2= liatsi eapdisip and
the other end is gradually tapered intc 65 a conical form In order to
heat and nelt tdwethetnnehé iijehaidhediares dlle,s thmendpan gl t25astsapovered by
a heater 25c. This cylinder applicator 25 is disposed in the vicinity of
the strap gui dear3d floe geetling $heesgrapatlaheomehe wordie) amodd erl S81.
After the strap 1la is wound on the entire surface of the wnding roller 31
to make the innertwstrdsyeet ofca hehst ragrorbhtidnst heldyld hideriappld:cat or
25 interposes the tapered tip of 10 the barrel 25a between the tob side of
the strap lla woidrlien. ahbhetmbsads £ngettahbel a3l sanrd itdre. batiteomssliwkes of t he
strap ;la guided by the strap guide 34. At this position, the plunger 25b i
S squeezedidnt @ f ke dhanreul £HG ot hi €h ot et 51 bha hod -aeed tinldipa tadhasi va
1l1c

by &, (diameter: 0.535 mm) and A. (diameter: 1.00 mm) .

The values of the rectangular-section perforations 11d
are indicated by B. (0.55 ¥ 5 mm) and B, {0.55 x 8 mm) .
The rectangular-section perforations 11d have their

15 longitudinal sides aligned with the longitudinal di-
rection of the ;trap lla.

As for the circular-section perforations 114,
expansion of the diameter results in increasing the
peeling strength at the melt-bonded area lle as well

20 as the widthwise tensile strength of the strap 1la. In
contrast, as for the rectangular-section perforations
11d, elongation of the longitudinal sides hardly af-
fects the peeling strength at the melt-bonded area 1lle
(the value substantially remains at about 400 gf). On

25 the other hand, the widthwise tensile strength of the



1~ mel ted by the heater 25c¢c . The nelted adheSlve 11c i s squeezed out of
the tip of the barrel 25a onto the strap 1lla wound on the wi nding roller
32. As shown in cc”ig. 23 (b) ,.the barrel 25a can reciprocate in the axial
directions of the winding 20 roller 31 so A3 to follow the strap 1la which
is helically and continuously wound on tﬁ% winding rol ler 31. Hence, the
cylinder applicator 25 continues to apply the hot-nelt-type adhesive 1lc
not only on the top side of the innernost strap | ayer wound on the 2~
winding roller 31 but also on the top side of a few nore 66 | ayers

| ami nat ed t her etz agheladhesing@sklc,ithedepeheisol teethts tiyncrepse ~he
hot-nelt-type, nay be coated only on a por clop of the innernpbst scrap

| ayer constitutilmg teneicMimerl cdnqoni cal surface o. the strap coi'_ 172.
I n anot her arrangenen~ shown in Fig. 2~, ohe solvent-type or hot-nelt-type
adhes i ve 1lc is appincedenhadéyerat ilsayessreb lichEosta 8p 6blann-amh haked
a-ong the axial ends the winding roller 31 (not shown) . For 10 exanple,

t he adhesive 1w iyprapplieed By rmgans o.tocahspray gerlZhshowenatkigt 25,
while the strap 11 a is bei ng wound on the wi:!ding rclier 31 (nor.
sho.dn) . |f thesphnaytgiwiedt hesadheséve £11€00Nn dtheosolldd Dnastdage i s
suppl led through an ad'.”. esi~~e feed hose 27a, ar.d 1~ conpressed air is
supplied through cxthwad g ef eed siase s*aendhie afdheskvet?abc lie tde sodwt i on
state is sprayed fromthe tapered tip or the spray gun 27 onto the si de
surface of theseweralgfnner npst tayersoisn thte strapcgagulaklt.sddrsdml |
anot her arrangenent, the adheSlve 11c 20 may be applied on the top side of
the innernost lyropdictiba staapcgost Jdi @ass wld sas tdb Seveiial e F8865 prost

| ayers | am nated al cng each axial end of the winding roller 31. As shown in
Fig. 26, when thejadhesy e 1iegRenetralLsonufifdudiomdi ¥ iidu0, t e gaps
between the strap 2~ layers | am nated al ong the axial ends of the w nding

67 roller 84, theuadhesiye dictats®epenayr ates nightto athe taps iketeen t he
adj acent rows of the i nnernost strap layer helically wound on the w nding

_roller 31. In theLase whesgtheadhesiverlleesSsapr' ndsdiag 4he dayers of
the strap 2l1a lanminated along the a.lial ends of the winding roller 31, the

adhesive 11lc may AR NEEESSAELLYnCONEIL g gt ‘ngvsléﬁwﬁ@rse&m aof1 4 he
| ami nated strap 1la, but ins read cover a part thereof .

but also prohikbits unwanted unwinding of the strap coil

11. Besides, in the rectangular-section perforation

I3 11d, the widthwise tensile strength of the strap 1ll=z

can be increased by extending its longitudinal length,
instead of adding more perforations.

Additionally, the strap coil 11 of the present

invention may include a perforation 11d in the outer

20 cylindrical surface thereof. The perforation 11d is

pierced in the neighbourhocod of the outermost end

through to the underlying layers of the strap 1la,

thereby bonding these layers at the melt-~bended area

lle formed along its periphery. This arrangement

235 prevents the outermost strap end from being drawn out



For e:~ample, as shown in rig. 27, the adhesive 11c may 10 be applied on
each side surface of the strap coil 1i in the formof stripes which stem
from three circunferentia _1l spaced positions and e jts. ~.d a=ong the
whol e radial length of the strap coi= 11 In thi s arrar:genent, all

| ayers of the strap 1la |lam nated 1~ alo the ax.iai ends of the w nding
roller 31 are bonded together by the adhesive 11c (Fig. 28). In further
anot her arrangenent shoran in Fig. 29, the hot-nelt-type adhesive 1 1 c is
coated in the nelted state on the entirety of the inner cylindri cal
surface 20 of UNQSRAFAPRESLILY -11. Ben¢¢| ustr at@UVEATECE2130 S Gwd adhesi ve
11c solidifies to bond together the adjacent rows of the helically wound
strap 1lla whi clieconsing ut @ndwesdhnesmest cgbi ndrdgahdsurdmce s eA% 22 tiet hod
of such adhesive coating, the nelted 2~ hot-nelt-type dhesive 1lc is coated
on the outer t6&mydfwerngalissucf deenadrt heqwiimeidng rol ler 31. The strap
11a i s wbund on the adhesive-coated winding roller 31 to formthe strap
coil 11. After the adHhesi vkéldt-¢60l s sarmmd sekidsfiods,s ¢imemar fdi ngavad | er 31
is .7 dianetrically contracted and renp ved out of the strap coil 1.. This
arrangenents f asihlowiatest heéucoabnngtebst he adkesitra@ thd,l Bit. | Thadoes not
adversely affect she renoval of the winding roller 31 fromthe strap coi

11. 10 In all enleed rert $a0fr idre cadheSiowe cbendelde stoamsdoig 2 $inad ng

ment i oned, above, it should be noted that the strap 1la is peel ar~_y bonded
by the above- exenpld:f ixd adhesi vestidAs shHomn.i NTReEgsindlngndo3d2exd I3 strap
coil 11 1~ obtai ned in any of the above-descri bed manners may have both
side surfaces aawered hylaopai tyofnpadsal?2. shhwea eswWddare St rap caidr uni t
10 is suitable for transportation and storage. 20 2. PACKAGQ NG STRAP CO L
UNIT Wth ref eegnaerdlo=t gs. c31iandr32, rfagpackagi e St rapteodnkdlo ibs,
prepared by placing a pair of pads 12 on both side surfaces of the strap
coil 11. Hach efi rdchenfaeisnt2al Wi efuars dmteg of eariugadred casdbeand,e etc.
2~ is shaped in a disc whose outer dianeter -s 69 substantially the sane
as that of theagtizapie@igenll. dati ke Geitde faddepad sl2pather g 1ame f or med
tcJ2lve central flaps 12a which can be folded into the cylindrical hollow
11b of the strapseailielli Hienmdwihas af €] susfodndiBghhe scentaralsifd aps
12a constitutes a ring 12b which is held against the s=de surface of the
strap ccil 11. :bign38iknitad plaf vihewt ofr the padiA2e W:idh t heicertial flaps
12a unfol ded. The central flaps 12a are 10 folded along a circul ar dashed 1
ine 12c given gkORGc&kr frames 31la arranged along & single

L3 circumference <can contract the diameter of the

circular-section cylinder, when allowed to slide to-

ward the axis of the cylinder. On the other hand, the

contracted cylinder 1is diametrically expanded by

sliding the cylinder frames 31a outwardly. An aperture

20 31d is formed beforehand in the middle of each cylinder
frame 3la.

The winding roller 31 accommodates four holders

39, each of which faces the cylinder frame 31a and holds

a circular-section perforator 38 in place. Similar to

25 the cylinder frames 3la, the four holders 39 have a



concentric circle of the pad 12 and which has a di aneter substantia' |y
eaua' _tc that o. the hollowllb defining the ais of the s trap co'_1 11 .
""% e area ancircl ed by z'.~:e dashed lire 12c is cut along twelve
dividinc lines 1~ whi ch radi all y e~ te fromthe centre of the
encircled area, so that the encircled area’is circunferentiall y divided
into twel ve fan-shaped eaual sectors (i.e. central flaps 12a) . The central
flaps 12a are fol ded along the dashed line 12c into the hollow 11b defining
20 the axis of the strap coil 11, at a right angle to the ring 12b which
surrounds the enciveHedoodhntawmtatfiapsatfaspasea rebaund, at Bé ngade 121 provi des
a hole in the centre thereof which opens through to the hollow 11b. In
order to secureuthméepadck2wanht becstrapfeaidnt2i #1 Isp are adhesti veuks appl i ed
on the entirety of one surface 70 of the pad 12 which is to face the side
surface of the sgrapdesi ¢fldirdJhezadhestvenpeelrabilyobdnds 8heapadsl 42 and
the strap coil 11 together, wherein the rings 12b of the pads 12 a=a bonded
to the side surdacesbot fthetstrapdieill ditecandishe ceére-palr fodaaps IR2a a=a
bonded to the inner cylindri.ca~ surface of the strap coil 11 surrounding
the holl o', & 1lx mowarthadohorher educimgiheaset bdpeaehl hulideAB 9 sin
hereinafter described in detai 1. First of all, a strap 10 1la is wound
into a s trap Gudh la kanndmn dHe: nRARatn pe o j& qraida ddfa jpads H2b sdiowhé N
Fig. 33 are prepared and coated 'Kith an adhesive, w th the central flaps
12a unfol ded widde respect1tio Ahendd ngs t2b. ckhei pagls #2amee sithen a1-
~.CS..v.l0ned, aS Shown In F=g. 3" 1., Such that tl?c'' ad .”. 2 1~
sive-coated surdracegh ofothenbihgs nl2h LA TASPONdat BebBersiide psurfianas of
the strap coil 11. The rings 12b are pressed agai nst the side surfaces of
the strap coil ikl {@eebfeat hadhesi ve Fywidige betweepeeaghnethamg lasd |y,
the central flaps 12a in the pads 12 are 20 fol ded al ong the dashed |ines
12c, at a 1hght, angbeatert be,rhngstd2be uiBL0sLe Al l.ewthib Hoardqwed s ong
the ax=s of the strap coil 11. Thus obtained is the strap coil unit 10 of
.Fig. 31. In the Std@Pe£0kl pyniat nLddescsibed; aBovacdhien .

In order to wind the strap 1lla on the winding
roller 321, a fixture 33 is attached to the start ¢f the
strap lia (i.e. innerrmost end of the stragz ccil 11)

13 guilded by a strap guide 34. Then, as shownin Tig. 16(b),
the cylinder frames 3la are allowed to siide outwardly
along a single circumference to forma circular-section
cylinder. 1Inside the winding roller 31, the holders

39 maintain a properly spaced relationship with respect

20 to the c¢ylinder frames 3la, thereby keeping the
perforators 38 away from the cylinder frames 3la. The
fixture 33 attached at the start of the strap lla is
fitted into the gap 3lc created between a pair of

neighbouring cylinder frames 3la, and thus secures the

25 start of the strap 1la in the middle of the axial length



2~ pads 12 are adhesive-bonded or. the side surfaces of the 71 strap coil
11 and prevent deformation. or bent or the edges of the strap 1lla |ocating

at the side surfaces of the strap coil |1. Hence, during transportation or
storage, a plurality of strap coil unit 1Q can be safely piled up on one
another, ~~ith their a=ies al? gned in the vertical direction. Fur~her in

this strap coil unit 10, the central flaps 12a are turned into the holl ow
11 b formed along the aai s of the strap coi 1 11, and they are bonded by
an adhesive to the innernost |layer of the 10 strap 1l1a which constitutes
the inner cyli it vSurdare illde Straff 161 [°NEE S @HcGUnth TS (IR H8l | ow
11b. Due to she adhes' ve-bonded central flaps 12a, the i nnernost end of
the stray 1lla doedenotharmindipy resekE ahdnasp %‘h@%t‘?‘&p‘f@ba‘lel&r ridmdai ns
irmand solid, even 1~ when the innernost strap end is not ined by nelt
bondi ng or t he 43 kectWaene fisdd BArar.T dut BiEt i k6 paclkeayl Hgreathe ic f 9
automatically strapping a corrugated cardboard box er other , tens with the
strap 1 a, the stxaphesrlrunit 10 20 is | oaded on a strap coil reel nounted
on the packagi ng machine. As the edge of the strap lla is free from
def ormati on3or bent A s sttep sIrapcahaljes smecthkye Hnaahisuto frlamehe strap
coil unit 10. 'i'he snooth draw ng-ouL acti on of the strap 1la is not
deterred by th@m@senCée2mldﬁ~teh@:pa;dse 1< whl che agghadliesinee wharrdeds on t he
si de 72 surfaces of the strap coil 11. This is because the bonding
bet ween the pads IRearfd t(Fig.sidécsurfaces iofdide rotirlgy 6diis Erapmped
efficiently established in such

at such aposition that the apertures 31d in the cylinder

frames 31la locate face to face with the perforators 38

10 projecting from the holders 39.
In the next step.shown in Fig. 16(d), the holders
39 which hold heated perforators 38 are allowed to slide
incthe radial direction towards the cylinder frames 31ia.
The pexforators 38 are preheated above the melting
15 point of a thermoplastic resin constituting the strap

-

l1la. For exzample, for a polypropylene strap 1la, the
perforators 38 are heated to about 200°C, which is
higher than the melting point of polypropylene. To-
gether with the outward displacement of the holders 39,
20 the perforators 38 advance through the apertures 31d
of the c¢cylinder frames 3la and stick into the plural
laminated layers of the strap lla wound on the winding
roller 31. In consequence, four circumferentizlly

equally spaced perforations 11d (see Fig. 2) are formed

25 simultaneously in the laminated layexs of the strap 11a,



a small area, which is the edge of the strap 1la i constituting the side
surfaces ef the strap coil 11, that the strap 1lla is not subjected to an
e::c~ssive adhesive strength. Besides, the innernost e:~!'d of the strap 1la
peels off readily fromthe central f'_aps 12a. rnThen the strap Ila runs
out in the strap coil unit 10 10, there r8ain a pair of pads 12. Each pad
12 can restore the original, flat formby returning the central flaps 12a
|l evel to thari::g 12b. : s the pads 12 r~ilat formare suitable for
transportation and storage, it is easier to reuse themrepeatedly. 1~ As

t he adhesi ves costedngr thene suwdacey of heheofad nl X heisee Ehadbe trade of
common rubber-based adhesives and acrylic adhesives. The species of such
adhesives are not stretty spechdvedinpfioyi ded( ¢ heyclexhidbideasreguared
adhesiv= strength :with respect to ~he edge of 20 the strap 1lla. The

adhesi ve may bexlsubst ittt ed ible-agalof hesitdedcadhiesiaeftapes Bhat histitase, a
bot h- si ded adhesi ve tape nmay be stuck on the entirety of o::e sur=ace of
the pad 12, primsttacthegf ahemapeonmoafatiches disvifdiang thenep eforucentIad . f | aps
12a. Thereafter, the central 2~ flaps 12a are cut out of the taped pad 12
along the 3573 =hiVigwhggl itnes «gitedr-inside £t hdhdgsdetiotanerk2ae, the
Incidentally, the material of the pad 12 is not |limted to corrugated
cardboard papeme Eo¢c exasplse altohey patt B caphbeymadetht pekdbinegdipns

recycl able materials such, as cardboard, polypropy?ene (PP), polyethylene

t erepht hal ate (1IRR! =91 ipealryethylrene (E)t -andh ot hearkher mopl astd« miepi ns

The pad 1 2 is shaped in a disc with a thickness of about 0.5 to 5 mm
whose outer di et afhishabontl tadOLamiwatldr espects toF that safrak0 itihe. strap
coil 11. In the above description, the pads 12 are nounted cn the strap
coil 11 by fi msfeposttieni Rpeawiaidif fdptepagds 12 wothtwnrf elrded central
flaps 12a on the side surfaces of the strap coil 11 and then inward 1 vy

fol ding 1~j¢he Gamsatrhhaps 12agtASo Anral bernRat 1 Ve D& QGRES tORe-Lfn I he
pads 12 with fo_ded central flaps 12a may r~2 set on one end of the w nding

.core of aw nd'er‘QJ.lr@-Ctm@lendlng of the strap lla proceeds, the strap
1la is axially reciprocated along the winding roller
31, so that the strap lla is helically wound on the
cylindrical surfaca of the winding roller 31 in a
15 prescribed axial length thereof.

After a predetermined length of the strap lla is
wound on the winding xoller 31, the diamester of the
winding roller 31 is reduced by sliding the cyvlirder
frames 31a toward the axis thereof (Fig. 1€(£f)). The

20 diametrically contracted winding roller 31 is removed
from the axis of the helically wound strap lia. Thus
obtained is a coreless strap coil 11 whose axis is

defined by a hollow 1llb.

In forming the perforations 11d in the laminated

~J
n

layers of the strap lla, the configuration, number,



prior to the winding of the strap 1 la. After the strap Ila is caound into
a s trap coil 11 and the wi::di ng core 20 is renoved fromthe s trap coi
11, the other pad 12 is nounted on the other side surface thereof to
conplete the strap coil unit 10. Since th preset pad 12 prevents the strap
coil 11 from unw nding during the product %NL the finished strap coil 11
al ready includes 2~ a preventive structure against its unw ndi ng or 74
di sintegration during transportati on and storage. Further, the second pad
12 can be set en the thus stabilised strap coil 11. Therefore, this
arrangenent engwrsasteffiFcieent - pepdduct s vicey.f durttase 38 adhesisve jatsl ¢oat ed
on the 2ntiretv of one surface o= the pad 12, i~, is advantageous to out
rel ease paper enijtdrecadhesi we- coathed s ur fraclean dheb e elease tpapere grigvent s
bondi ng between the pads 12 piled up on top of each other and thereby
enabl es safe | Ytaeansgpor t ati on dahva dargen Hiuhdes tobnghé padds HE? s tAsashown
in Fig. 35 the pad 12 may further conprise a pl urality of tri a”gul a.
elternal fl aps1B2d acehiche proje@chgosit nandky kromhkhesdut-ero rciagd wdst ence
of the pad 12 and which are circunferenti all_r eguall y 1~ spaced from
each other.3 Tolpreavi dBeacstrapseoidamunkt 1, s@ paide 0 fpads: 12ramedd rstly
positioned face to face with one side surface of the strap coil 11.
Secondl y, the eentdadafdaps3iBaareidol dedtoneardly. Lastly, the eternal
flaps 12d are folded onto the outer 20 cylindrical surface of the strap
coil 11. The externakhsflaps 212G mt£: { her ey catdhesh ve- bonrdegdo t @etbe 39
outernost strap end as well as the outer cylindrical surface of the strap
coil 11. As a hegWilngt heneut ereirdr £46lr of the wfanap dda kstaekqdrawn out
fromthe strap coil 11. 2~ Further, the pad 12 may include a centre hole in
75 lieu of thesgerH@nisapsoh2a,idy ovhded: hhenighneyimst end ehethe strap
11 ais fi:{ed by nelt-bonding, etc. in the strap coil 11 whose a:~is is
defined byj@ hehliewrlldhind pakr sekppads 212 which ¢wel sgdesnacholse dnay pl ace
of the central flaps 12 are |ikew se positioned and bonded wit!u an

adhesi Tre to tBeasiydensthbacesdef stNe. stmans 6@'rah Jebne N ReM 4hes sterap coi
units 10 are piled up or. one another, the pads 12 of this kind al so
prevent defor mBLi.Qn tOfc bt 0f 1.4 he, edgec: of s L he, Styafr JLla: Lo consd it | ng
the side surfaces of the strap coil unit 10.

formed while the winding roller 31 is in rotation.
The perforator 38 for forming the perfcration 11d
may be applied either at the bottomside of the innermost
strap lla as described in Fig. 16(a)-(£f) (i.e. from the
axls side of the winding roller 31), or at the top sids
of the laminated lavers of the strap lla as described

in Fig. 17 (a)-(g).

20 The production steps shown in Fig. 17(a)-(g) are
carried out by using a winding roller 31 which comprises
four cylinder frames 3la, as shown in Fig. 17(a). The
cylinder frames 3la can slide outwardly along a single
clrcumference to constitute the winding roller 31 of

25 circular section (Fig. 17(b)). 1In the diametrically



Anot her enbodi ment of the strap coil unit 10 is described wits reference to
Fi gs . 36 to 38 . Fig. 3E (a) is a rront view show ng another strap coil
uni t of the 17 present invention, provided with a shape retention plate
which is to*ger than the i nner circunferepnce of the strap coil; and Fig.
36 (b) is a front view o~ the sane, provi‘tted with a shape retention plate
which is shorter than the inner circunference of the stray cci 1. 20 Fig.
37 is a front view of a shape retention plate applied to the,strap coil
unit. Fig. 33(a) is a perspective view of another shape retention pl ate;
and Fig. 38 (b)eimsaadsdcviodinberedfeas3appthedsiara sfrapecoitap2Z-lAs
ment i oned above, the strap coil il has the 76 innernmos t end of the strap
lla f fixed by gelidebdondi Nge etcaospubse Nt o e adioreitd siideheat®. The
strap ceil unit of this enbodinment is characterised in conprising a flat
shape retentiorcid aiei92 Wahghh o fr alHeediantirgsest édri Atlobiyhe ikoldroyw 11b
of the strap coi 1 11. The shape retention plate 92 is a plate made of a
synt heti c resi ntsaucti:asupel ypraopyd enes and: polyest ersf haretatasucita@as a
thin steel plate, a cardboard sheet or other sheets conprising a m xture 10
of used papgr antk regoeVver edobpkaskinCs hien na igrondr 5t at ey 1 The elrerfgtdmeaf t he
shape retention pla~e 92 is substantially the sane as the circunference of
the hollow 11bzfathe stray coil li, and its width is substantially the
same as that of the strap coil ii. 1~ Wien rolled into a cylinder, the
shape reten~ion pl ate? dsrcoOnstant by, sukjiectiad ti9e thectiasichi et dragce to
recover the original flat shape. Therefore, on its insertion into the

hol l ow 11b, theingsiddentifiencesstyessesdinashapaonaient ion phate 2
against the inner 20 cylindrical surface of the strap coil 11, whereby the
shape retention i€ 92nSURRAUdSe t Bg itmRer- £yl h1ndnica)r isdu § ase afhd he
strap coil 11 . The shape retention plate 92 may be | onger than the inner
circunferepge ofi ddhensgtrapireei b11ll ard'e0veld ap £achs ot hRe at rbhe 1end
portions 2~ ( Fig. 36 (a) ) . On the other hard, it may be shorter tha; _

is fixed on the outer cylindrical surface of the winding
roller 31, the winding roller 31 is allowed to rotate

in the directionof the arrow T until the strap 11la makes

a plurality of layers around the middle of the azxial

—
h

length of the winding roller 31. Then, the winding
roller 31 is stopped at the position shown in Fig. 17 (b).
The perforator 38, which is heated by a heater to a
predetermined temperature, is allowed to approach the
winding roiler 31 from the external side thereof and
20 to plerce in the laminated layers through to the start
of the strap lla. In consequence, a perforation 11d
is formed in the laminated layers of the strap 1llsa,
leaving the periphery thereof in the melted state.
Then, the perforator 38 is allowed to recede from

25 the winding roller 31 and pulled out of the laminated



the inner circunerence of the strap coil |i and | eave a gap between the end
portions (Fig. 36(b)). Fig. 37. illustrates a nodification of the shape
retention plate 92 nmentioned above. In the shape retention plate 96, one
end portion thereof includes a pair of sIHts 93 oriented parallel to the

wi dt hwi se si des, whereas the other end pértion conprises a pair of
extensions 94 having a width corresponding to the slits 93 . The shape
retenti on plate 96 is rol _ed and 10 inserted into the hollow 11b, with the
e:~tensions 94 fitted in the slits 93 . Wen the shape retention pl ate 96
i s stressed byavwersesi tlhei ezrepf biee Ayarasy the risderd ayddndricculd
surface of the strap coil 11, the extensio~:s 94 are released front the
slits 93. The shapeek<£ amt eht i drl psatle Q6L pely am ageonsily froavaad s rd de or
sl i ppage of the, end portions. For the sanme purpose, the end portions of

t he shape retentlison pcteownyg comprfiorses @l paiaf ¢he Avesttede kfohlhapac n

ext ensi ons, which are hooked with each other 20 i n the Polled state. Any
ot her arrangenentd,- shpogshblieg asliar XHsetflfe cndapprsr bas «of rohetplate are
det achably connected with each other. PThile the end port'ons e the plate
are detachabl y (doarnectetattihe skape®-netenttine” il et hay o¥erhap aatrdvhe end

portions or at the con 2~ nectable portions only. Fig. 38 shows a farther
nodi fi ed shape1r erest.i on (plateafd shoch conpr | Sest edges pioacesi &5, winch
sticr: out fromboth | engthw se sides o the shape retention plate 92 . In

this enbodi menprexSttap eeir fhreagvd i 8g0nsShapeowetent Pt aken9EHket ween
the edgy pieces 95. Therefore, the shape retention plate 97 does nct slip
out fromthe sthapiicod lroeven wheanthgistiap ;6idhd 8 sepeateadliynl caded and
unl oaded wi th respect to the nee of the autonatic packagi ng machine. In
addi tion, the 1@tedgecPiecesa9%2d ekRfarce the edgepof1sevaidltHdmens ost

| aysrs wound al ong the axial ends of the strap- coil, and prevent the
di si ntegratg ongkhergaftoA BY afs thel ahbevewentd ongd shavwend ebgpbisQrepl at es
92, 90 a..”.d 97 is reusable and therefore economcall;.~ 1~ advant ageous.

As specific exémle%sbiérhrEEdsPa@@_erdetoQﬂii@f‘-thc)laaE%%a%aquea Mmade of a resin
sheet conprising recovered polyester and used paper in a ratio of 2:3.

Sanple _ has a W dt hnQf £18Q28Ms nao ket i Ofz 700 Mgk andy astpggga%ga,% of 1
mm Sanple 2 has a length of 600 nm in which two slits (length x width: 35

x 30 mm each, parahbgh 19 tihe wWhdthwhge difecddon-@inkhs Rt gl nareq
provi ded at 50
cycle which comprises rotating the winding roller 31
135 bv 90 degrees (i.e. a guarter of rotation), piercing
the perforator 38 into the laminated layers of the strap
lla to form a perforation 1l1ld (see Fig. 2}, and
withdrawing the perforator 38 from the strap lla to
solidify a melt-bonded area lle (see Fig. 2}). 1In the
20 end, there are provided a total of four circumferen-
tially equally spaced perforations 11d and melt-bonded
areas lle.
Following the formation of four perforations 11id

and melt-bonded areas 1lle, the winding roller 31 1is

25 continuously rotated to wind a predetermined length of



nm i nsi de of one end therecf, and two extensions (length t width: 100 x 30
nmm each) are integrally provided on 2~ the other end. Sanple 3 has the sane
di rensions as the 79 Sanple 1 and further includes three 3-mmhigh edge

pi eces equal ly spaced on each | engthw se sjde of the plate. Each Sanpl e was

rolled and inserted into the hollow of a | ypropyl ene strap coil, where
the Sanple was pressed by its resilient force against t'.~"~e inner
cylindrical surface of the strap coil. Eor the l|oadability test (drum set

test), each pol ypropylene strap coil unit was | oaded on and unl oaded from
the reel of antdd osatee pakkagrnng rachpmné. Aier 10 (Enes ofhe® the

| oadi ng/ unl oadi ng, none of the strap coil backed bl ~ Sanples 1-3 shocaed
unwi ndi ng or diwsimtiegy ate bhe o3 1 tce a waw ter roytlate dithecali nslirface.l lar a
conparative exanpl a perfornmed with respect to a pol ypropyl ene strap coil
~~~hi ch was not3lbaeckedabpetria ashape aretent t o Wt atle, ditdy khd agérinder
cylindrical surface of the strap co=i was untaounc: after five tinmes of

| oadi ng/ unl oadifnamsd SAUTOMM k€ RACKAGIsNGE MMHIWINE dEhey Follllew hy (descri ption
is di~ec~ed to an 2U automati c packagi ng nmachi nefor strapping a corrugated
cardboard hpx ar7 @her ifesascohthathedusa mefidihereprekess skrapmaidd 11 of
the present i nvention. The operation of this autonmat_c packagi ng machi ne

i s schemati cal leydrl |t1sd raat 26 d h Hig.h8Pic2t1Anwautamatire gpaakagi mgumchi ne
40 includes a 80 stand 41 for resti:-!g an item 47 such as a corrugated
cardboard box amdzfimeéd Chs4 amd ©he 56 ands tewey ddeli temwhbo 4 agedson d he
stand 41. 2 cassette-type strap coi 1 reel 50 | oaded with the corel ess
strap coil 11 pedinsdalbedaonothewe:rternal s'd~ of the stand 41. Wth the
scrap coil 1; |l oaded on the reel 50, the strap 1l1a is drawn. out by a pal r

of feed roll ers 43 iRgitde; & keeAhPXadda0fetheratandzd]l anddempararily
stored therei n. The strap 11 a held in the keep box 44 is

10 may be applied £or the formation of the perforation 11d
and the melt-bonded area lle, as illustrated in Fig.
l18(a)-(g). This embodiment likewise utilises the

winding roller 31 comprising four cylinder frames 31la

TR

(Fig. 18(a)). Each cylinder frame 3la is operated to
15 slide in the radial directions by an air cylinder 36
accommodated in the winding roller 31. While the

winding roller 31 is diametrically contracted by
sliding the cylinder frames 3la toward the axis of the
winding roller 31, the f£ixzxture 33 is attached to the
20 start of the strap 1la guided by the strap guide 34.
Thereafter, as shown in Fig. 18 (b)), the cylinder frames
Jla are outwardly displaced along a single
circumference by the air cylinder 36 to constitute a
circular-section winding roller 31 having an expanded

25 diameter. The fixture 33 is fitted into the gap 31lc



'U conveyed by a shooter 45 and a pair of drawou~ tellers 46 to the arch
48. The strap 1lla proceedsal ongthea=ch '-'_8 and strapsthe ite?v 47 pl aced
on thestand4? .Fig. 40 (a)and (b) illustrate t~n~otypesof , packagi ng
machir.~es ~C wh_ch c.i ffer in the instaéé atio:~ 1~ position of the strap
coil reel 50. In Fig. 40 (a) , th2 spindl™ for the reel 50 is housed inside
the stand 41. In Fig. 40 (b) , the spindle 49 for the reel 50 projects from
the external side of the automatic packagi ng machi ne 40. 20 The packagi ng
machi ne of the present inventio®~ is equipped with a strap coil reel which
is applicable tcFremthdtypeyesh packaging tricht RescYEigdes] firgmesethd on of
the cassette-type strap coil reel 50, with the coreless strap coil 1l
| oaded. 2~ TY: & délx 3hd s tequt ppled it e e ovler 57 Fhor ol s iyt tHel t he
side surface of the strap coil 11. Fig. 42 (a) is a section of the reel 50,
wi th the cover:Balanbdenhsnstorfaghsoitindinemyvédcand Fig. 42 (b) is a side
view thereof taken in the direction of the arrow Ain Fig. 42 (a) . "“he
strap coil reel 50 cémfdrsesgasitdes plldt e Bl Ppllamcid oss itlHe ext evmidl  si de
of the stand 41 and a screw rod 52 which is rotatably nounted on and
per pendi cul &r | B 5prigj ettspbrem tihe toiede ipd iatiet $10 £ Ashil Vustiagedoild i g.
40(b), the screwrod 52 is 10 integrally fitted on the spindle 4 which
per pendi cul ar I3y ,prwj. ebt ® fireom tie ekeerdiate st denor £t e st Aade4l obeHre
rctatior~ of the spindly 49 is stopped by a spindle brake 42. The screw rod
52 is external ilnradireatded alodgi hhegratied latlitrthe taiont 1o theewémdiiwid h a
har~dl a 15 53 for tu=ning the screwrod 52 . A cylir.dr_cal sl id-ng
menber 54 is seavied: ohlt heFsetpwr; odh®2,l ader ebyct heasbirdiung tmesbers 54
sides in the axial directions of the screwrod 52 in cooceration with the
turn the=eo=. Eha «setrewdvethee am swd=olmded by fspectcare tpleatves d2 b5
whi ch perpendicularly stand on the side plate 51. The core plates 55
constitutel@ cera led:eoent WiitthsésSuirBsgrheldingorhde dadd ow b sdefadi ng
the axis of the core less strap coil 11. The core plates 55 are curved

1la on the outer cylindrical surface of the winding

roller 31, the winding roller 31 is allowed to rotate
in the direction'of the arrow T until the strap 11a makes
about three turns around the middle of the axial length
13 thereof. After the winding roller 31 ceases to rotate,
the laser oscillator unit 35 is allowed to approach the
winding roller 31 and to irradiate a laser beam on the
laminated layers through to the innermost end of the
strap 1la. The laser beam melts a portion of the
20 laminated layers and the innermost end of the strap 1la
and provides a perforation 11d and a melt-bonded area
lle. The laminated layers are thus bonded together at
the melt-bonded area 1lle (see Fig. 2) along the
periphery of the perforation 11ld {(see Fig. 2).

25 LAfter the formation of the first perforation 11d,



such that they can locate along the inner cylindrical 2~ surface of the
strap coil 11, after inserted in the 82 hollow 11b thereof. Each core
plate 55 is linked with the sliding nenber 54 screwed on the screw rod 52
by a pair of parallel link rods 56. The f@ﬁr core places 55, corresponding
pairs of link rods 56 and sliding nenber constitute a parallel 1ir_~:
mechani sm Accordingly, w zen the screwrod 52 is turned to displace the
sliding nenber 54 away fromthe side plate 51, the parallel |ink nechanism
uniformy brings the core plates 55 closer to the screwrod 52. On the
ot her 10 hand, when &l e rew kod 352§ 8= ¢ s redupev@rrsef v 102 €i spl @ces t he
sliding nenber 54 toward the side cover 51, the para=1 el 1 ink
r~.echanis:n uniévaniiop brfi AGS) the QB¢ pteatesoBsofarhejargewalri A&t -f =Om
the screwrod 52. ~'ILlere the S11Q nC. m: "' .ber 5GiOCateS Cl1L GseSt tO0
tile side 1~ pllayéd)51, aas skopsstgatied i BtFitdni 4P gt o, (bhre,le¢hercore
plates 55 situate renotest fromthe screw rod 52. Lildcr this condition,
the core platesocs8iaietoirr cuniferén irakdlytepaced lhsem dachmotdrertiakong a
concentric circle of the screw rod 52. 20 Wen the core elenent is inserted
in the holl éca l4dbioktkke kiyapscoifl the theagorelpl dtestb5rarendisptaced
away fromthe screw rod 52 thereby to be pressed against the inner
cylindrical surfacgoeohttiber Straammoid nldlt+motbbiesl statee,l tcher toveri &7 of
Fig. 44 (a) 2~ and (b) is put on the side surface of the strap co' _1
periphery.

The formation of the perforation 11d is repeated

according to the bonding cycle which comprises rotating

10 the winding roller 31 by 90 degrees (i.e. a guarter of

rotation) and irradiating a laser beam by the laser

oscillator unit 35, thersby to form a perforation 11d

and a melt-bonded area 1lle along its periphery through

the laminated léyers of the strap lla. In the end,

15 there are provided a total of four circumferentially

equally spaced perforations 11d and melt-bonded aresas
1le.

Thereafter, the laser oscillator unit 35 4is

allowed to recede frcm the winding rollex 31 (Fig.

20 18 (e)), and the winding roller 31 is rotated

continuously to wind a predetermined length the strap

l1la into a coil (Fig. 18(£f)). After the winding roller

31 ceases to rotate, the winding roller 31 1is

diametrically contracted by sliding the c¢ylinder

25 frames 3la toward its axis (Fig. 18(g)). The



83 11. The cover 57 conprises a.cover disc 57a which core esponds to the
side surface of the s trap coil 11 . The cover disc 57a also incl odes, in
the m ddl e of the radius thereof, fou= p=o~ections 57b :which

perpendi cularly extend fromthe cover disc 57a and which are
circunferentially equally spaced from ead® ot her. The tip of each
projection 57b fornms a hook. While the core plates 55 are displaced
renotest fromthe screw rod 52, the project=ons 57b e:~ter the space 10
defined by the core plates 55 and have their tips hooked at the internal
surfaces of the«xoreaptatiesibdir@nrblile rcassetst etype Stiiapn doid aeled 50,
the strap coil 11 is | oadea aCCOrd? ng to the fol lownc steps. 1n tile
reel 50, w=th tlfe tG/m&blitaslyewopeN2dtrobelhand ThaslbBRhinmd@grated en
the e:~trene er.d of the screwrod 52 is operated to turn the screw rod 52
i n a given di dedlofs.stnap i connegsd s ok« iha sshiediimg dregbeh o34 avoves
away fromthe side plate 51, and the core plates 55 uniformy slide closer
to the scre~, amnad 52. Consequently, the 20 core plates 55 forma core

el ement of reduced dianeter. Wth reference to Fig. 45 (a) , in which the
core plates; 55 |ocated mdde vigi Aeby¥robethe ssarave r ogde 82 torkanmtad
contracted core elenent, the strap coil 11 is fitted en the core el enent,
with allow ng tthe o= plagtesc52121alt@ enirere the bohl ewrklh temmed Al ong
the axis of the 84 strap coil 11. The strap coil 11 is allowed to slide

along the corepel e uphili1htsn o dersUctace CORLASES i Wittt Rarnside cover
51. Nez:t, referring to c_g. 45(b), the handle 53 is operated to turn the

scre.a rod 52 ity Lhereves sec i restd oo sdhi satbeuntifte 33l iidi pgmpRERer nMoOVes
toward the side elate 51, and the core plates 55 uniformy slide away from

the screw rod 32 ﬂgg§eexpendable parts and thus easy to maintain.
10 As the laser oscillator unit 35, there may be used
a CO. laser oscillator unit which employs CO. gas as

the laser medium. The CO- laser oscilllator unit

il

irradiztes a laser beam of 27W output power at
wavelength of 10.5-10.7 um as operated by a current of
15 6A. The irradiation time ¢f the laser beam is in the
range of about 0.1 to 5 seconds, preferably about 0.5
second, at which time the laser irradiation hardly
affects the winding rate of the strap 1lla.
In addition to the CO. laser oscillator unit, the
20 examples of the laser oscillator unit 35 include a
helium~neon laser oscillator unit, a semiconductor
laser oscillator unit and the like.
Fig. 19 is a partially cutout perspective view
showing another embodiment of the packaging strap coil

25 of the present invention. Inthe innermost cyiindrical



quently, the core plates 55 e_~pand the dianeter of the 10 core el enent.
=~t this noment, the external surfaces of the core plates 55 unifor~r._y
come in contact with the =peer cylindri cal surface of the strap coi _ 11

surrounding the hcllo.a Ilb. By displaci the core plates 55 still further
away fromthe screwrod 52, the 1~ core tes 55 are pressed harder
agai ns~ the inner cylindrical surface of the strap coil il. The screw rod

52 can be turned until the sli ding nenber 54 cones closest to the side
cover 51. In the end, the core plates 55 which are slidab' _e in a uniform
and 20 synchronwsefla camferhdenst r apte il ¢yl i nde iscatagorie ebdérenicaily
circul ar section, whereby the core el enent presses on the inner cyl

indrical surfacewidtdieosheapheohbllbuwt a 1®h&pent lkemdald ol 1€id | 1d ot fae
circular section. Thus, the core el enent conposed of the Core plates 2~ 55
can rectify thewedorartbean «ofd t hexdwthow libeaf dsheche 85tatpap 1 is As
showmn inr ~ g. 46 (a) , when the hollow 11b, which should be circular in
section, is defrorgwesa foke aplavalllseqlardmatde Shrapes codd dildbast athe
simlarly defornmed oval section. Nonetheless, the core elenent i s inserted
in~0 the hojl owrlhebnbdyrredueb ngyielrs diranetears «@ice dmserd.efb i 4 hes hol | ow
11b, the co=a elenent is dianetrically e~:panded by disp 1 acing the core
pl at es 55 away fguoia e 5€4 W, r0fH 22 it rfudlis T pred £ameh syacHE Qb sedi manner .

Eventual ly, the core element 10 re-fornms the hollow |~ b and the strap coi
11 into a circuyl.ar section (Fig. 46(b)). Pfter the strap coil 11 is fixed
into a circular section, the cove. 57 is put on the s tray coil .1 . 1s

si-rown ' _n Fig. 45 () thd e siFface afi the raoven di $6 5 df slivavhi ch

nounts the projections 57b is pos~tior.ed face to face wi th the side

surface of thejstnapicald, Lholdsige dhe £ore: el enmeigPr oy detk Rt rap
di splacing tha core plates 55 farthest away fromthe screw rod 52, the

proj ectiongy S7R Are @l | ayed {0 agyancgei HEochbe; FRAGRINE s o Mdre 20 M
ntai ning contact with the internal surfaces of the
strap 1lla which constitute the inner c¢ylindrical
surface of the strap coil 11 surrounding the hollow 11k.
Fig. 20 shows a partial section of the strap coil 11

coated with the adhesive 1llc. The adhesive 1lc

15 provides an adhesive layer on the top side of th

()]

innermost rows of the strap 1la which is helicsally wound

around the hollow 1lb to constitute the innex

cylindrical surface of the strap coil 11, and similaxly

on the top side of a couple of strap layers laminated

20 thereon. The adhesive 1llc is pressure-sensitive and

bonds the laminated layers of the strap lla with an
appropriate adhesive strength.

Owing to the adhesive 1lc which exhibits an

appropriate adhesive strength, the innermost helical

25 rows of the strap 1lla which constitute the inner



core plates 55. In due course, the cover aisc 57a cones in contact with the
side surface of the strap co_1 11, in which state the hooks at the tips of
t~~e projections 57b check the internal surfaces of the core plates 55 2~
as shown in Fig. 41. The cover 57 is thuggyeld on the 86 core el enent,
with the cover disc 57a covering o;.e si surface of the strap coil 11
Foll ow ng the | oading or the strap coil 11, the reel 50 is nounted on the
spindl e 49 of the packagi ng machine 40. Wiile the strap ~.~.a is drawn our
fromthe strap coil 11, the ree_ 50 rotates al ong ~ait:”, the strap coi

11. As specificaylyndescrilbeduabave, stthedumbingylthedrichl oguriifldceaoé t he
strap coil 11 is supported 10 on the entire e~~ternal surface of the core
el enent conposetbmdetiheocthe pltategs 155;emndl dthineby dstmedded ta cs ade
circular sectional shape. accordingly, even when the strap 11 a .s consuned
to the innernosthdrayés OHdne@, ghbh@Udt4r€~ o fayensS sHmye02lat i eeStraG

C011 1 I~ remains firmand so 1 id and enables the strap 1la to be stably
drawn out to thenhnenessasénentkt thlkesteab &Hil 9 ipr ebersabby wadenofimcdi ght
material such as alumniu:l, except the screw red 52 and sone ot her nenbers

that require ritgidinyl1ahereby thereeekr50c20 fahatres sef fHetliiom 1 yrdwis
drawing out the strap 11 a fromthe strap coil 11 but it stops readily when
rotating by inestishe Thereeeh 190aefe Rich abodiventietis idesitgned direty
accomobdate a strap coil 11 of the follow ng 2~ specification. The strap

coil 11 is prepas edebyral8Takelrdscaldnyi Wi el ngnt bgeStbapsita toleiafnr .
llai latsrial .polypropyl eneLength .2,000 n6' didth .15.5 mirhi ckness : 0. 65

mb~:ran coi |-aslH pRen 1t Areters tr25Q il Q 1( di;aneherot: nhhg: Nold i nd
11b)Quter dianeter . 455 mG-d ai ght. Q. 6 ~~g .-n ~~"?e .eel 50,
t::e ccre plates,dmareogesigned to give 1~ a core el enent havi:~g an outer
di aneter of 250 mm as neasured when the core pl ates 55 | ocate renttest
from 10 When used in a packaging machine for automati-
cally strapping a corrugated cardboard box or like
items, the adhesive-bonded strap coil 11 is loaded on
a strap coil resl mounted on the automatic packaging
machine. In operation, the cutermost strap end on the
13 outer cylindrical surface of the strap coil 11 is drawn
out by the feed rollers of the automatic packaging
machine. Since the top side of the innermost strap
layer surrounding the hollow 11lb is adhesive-bonded to
the laminrated layers with a uniform adhesive strength,
20 the adhesive-bonded portion is safely peeled off and
not torn away while the strap lla i1s drawn out.
As mentioned above, the innermost end of the strap

lla, which locates on the inner cvlindrical surface

surrounding the hollow 11b which defines the axis of

~N
(913

the strap coil 11, should not peel off so easily from



the screwrod 52. In order to test the packageability of the specially
desi gned reel 50, the packagi ng machine 40 20 was practically operated to
strap various itenms, as equipped with the reel 50 which was | oaded with

ti:e above pol ypropylene strap coil 11. If,each pol ypropyl ene strap coi
11, the innernost and outernost ends of t strap 1la were bonded as shown
ir. :ig. 1 by the 2~ nelt-bonded areas 1le forned al ong the periphery of

t he 88 perforations lid. The strap coils 11 were then, deforned into an
ova; section, respecti vely, with an eccentricity ratio of ..00, 1.05 and
1.10 (cal cul at ethas ttrpe latier ot amdngéas cto nriey tdpamied @ t/hshrore s tButner
dianeter in the' holloca 11b). The past proved that, while the deforned
strap coils 11 wereh¢oatledzohahbe reebh60Ldnpre lofo fthdmoghovied imwiadi ng or
di sintegration of the strap 1la on the innernost cylindrical surface of the
strap coil 11. Bestdes,witheverppsto apnedilelstieingtit-he Seédk=58sathoned t he
packag _ng nmachine 40 to draw out the strap l1la snoothly to the in:.ernost
end. Fig. 47 | sagsidemengwicl sandslierdst tGe cep<k ireekEX Wwich adiee stve ap
coil 11 | oaded thereon. ~he reel 1~ 60 also has a cover 67 for covering the
side surfacé ofithesshpaptoittlt.likiiged8 (Isisalalsiadthasevesfatdregreel
60, wi th the strap coil 11 and the cover 67 renoved; a*d Fig. 4 (b) is a
front vieca of theg. s48 )t ttaken kndt heo2Osdlreeti-aryocef ihelareQw fer Fig
49(a) is a side view of the reel 60, partially broken away for descri ption
of its operati (xamplBh,thenstraelacidymnd taehesveesr emaved: andyuig- 49(Db)
is afront view of Fig. 49(a) taken in the direction. of the arrow A The
reel 60 2~ incldwesdarsesewied fHthadi€dsis externally threaded 89 at the
e:~treme end and adj acent portion thereof, and a disc-shaped fired plate 63
which is secured at tihes hasale ehdt phetdEnsciewsr 0HcBideThapserew406h 62 and
the fi:.ed plate 63 are posi ticned perpend~cul arty with respect to each
ot her, wherein dde screw £08n02s exd engs1thiongh, t hes egnt he-ehitihe frixed
plate 63. Tine whole circunference of the fixed plate 63 is defined by a
.guide portion G3awbich PoOjeshbd tonalk N8R & fHR eRd 0@fr e sbew ,r od
62. The projecting edge of the guide 10 portion 63a is slightly inclined
with respect tqdher axi sdefedhesceged r0d 63poThaedissceshapedihiy :2d place
63 is squipped wit'.”~. a pair of core halves 64 which surround the screw
rod 62 anci whigGh £oRskiiut gcavggre ehgrrea-ﬂ@rmclaﬁau I m3&ched: 1~ dqi o the
hollow . 1b of the strap coil 11. Each of the core halves 64 conprises a
nearly hal f-cyldndricalogane plats 6Aa abd.g-hakfannu adndtange.640,-
wherein the flange '04b projects outwardly and perpendicularly fromthe

basal side;of the Lore,pl ate-84aclist kad Juddhe ided: 20 phate 683 onH-Jhen
confronted to each other, a pai r of core halves 64 constitute a holl ow

core element i the S Tvtnt for rubber-based adhesives, there may
be used volatile oils for rubbers, trichloroethylene,

toluene, n-hexane, methyl ethyl ketone and the like.

The non-solvent hot-melt-type adhesives

20 preferably comprise a block polymer having a high

melting point and melt fluidity, such as the copolymers

of stylene-isoprene-stylens, stylene-butadiene-

stylene, stylene-ethylene-butylene-stylene, ethyl-

ene-vinyl acetate and the like. Additionélly, poly-

25 ethylene wax and paraffinmaybe employed. Preferably,



of a truncated cone. The basa 1 side of each core plate 64a surrounds a

hal f -ci rcunference of the guide portion 63a of the 27 fixed plate 63. At
bot h ends of the basal side, the 90 core plate 64a is pivoted on the

gui de portion e3a by pins 65, such that the extrene side of one core pl ate
64a can approach and recede wth respect 29 the counterpart of the other
core plate 64a. 'i'he 1 ateral sides of each core plate 64a are ir.cl=ned
Ye ative to the flange 64b, se that the core plates 64a car. fo=ma
truncated core when the extrene sides thereof are allowed to approach
mutual ly. As showme mBelkiichg 4qittecEhreadech texi¢ betend aidHed ihes stsew rod
62 is screwed with a nut o', after tine core elenent is conpletely fitted
with the strae xowbrlinmnd then. ofridhe ?sgzrbpe lIdoverp b7t ikiug.ar30{ ajots a
side view of the cover 67, and Fig. SG (b) is a front vi ew of Fig. 50 (a)
taken -n the 1nhgireetteanofiotthe.arre~this. rak@ecayvera Gk LONPrisasads cover
di sc 67a which includes a hole 67b in the centre for passing the scraw rod
62. From one suwf ag€l 9f rbipha v ere i SO H7@x s aa Pab & -Ab Lgivde fHwat g5t 67C
pro jeC perpendicularly at two opposite positions or. a 20 concentric

circle of the hodeyé¥hyiEaE) guirdepphatte id/anidstedr vedeal ongsthep 11a
circunference of the concentric circle of the hole 67b, and its width

decreases gradypldy towapd ithe head 4 hereefonBed vees tiwesgui devlates 67c,
a pair of parallel 2~ push plates 67d extend perpendicularly fromthe cover

91 disc 67a at dgté:@@sppmimse@% binsadd & byl gspect e phe Rale, 164, The
push plates 67d are tapered towards their heads and project slightly | onger

than the guide g}t esp and the like.

As non-solvent-type adhesives, use may be further
10 made of liquid-solidified-type polyester-based adhe-
sives or acfylic adhesives.

Instead of the adhesives 1llc c¢cf solvent-type,
hot-melt-type and non-solvent-type, the hot-melt resin
may be indepencently employesd as the adhesive 1lc. By
way of example, a hot-melt resin which is the samne as
or similar to the material of the strap lla (e.g.
polypropyleres) is employed in a state heated above its
melting point. When injected between the strap lavers,
the melted resin bonds these layers in a peelable
20 manner.

The adhesive-coated strap coil 11 is produced
with the use of a winding roller 31 and an applicator
20 shown in Fig. 21. The applicator 20 comprises a pan

21 filled with the adhesive 1llc, a feed roller 22

o
W

disposed therein and a coating roller 23 arranged in



67c. On this strap coil reey 60, ~he strap coi 1 11 ~ s |oaded through the
follow ng process. Firstly, with reference to Fig. 51 (a) , the ex _tre:ne
sides of a pair of core halves 64 are pivotally confronted to each ot her
so that the core plates 64a together consfitute a core 10 elenent in
truncated cone form ,pith one end be_r.dé iametrically contracted. The
core el enent conposed o~ the confronted core plates 64a is inser ted, from
its contracted end, ,i nto the hollo.a 11b of the strap coil 1.. 1~ ;6hen
the core el enent advances in the hollow 11 b to a certain degree, the side
surface of the atrapcEoivill &bresteén ednt hoe viaddt Be flisngesd -64bT e t he
core halves 64, as shown in Fig. 51 (b) . At this stage, the covar e7 is
posit-oned to tdhediEehdllves o4 sucirn hat 29 eachigdi ¢ plhat s B7eCean
advance between the opposing lateral sides of the core plates 64a. By slidi
ng the cover 67 % dwelr & etetvk rotlilgy €6 Fotatimngelheadsi vfnthier pushoplanes 67d
enter the space enclosed by the core pl ates 64a, with pivotally displacing
the core plates6datially thecpltedticon dheseparfbttag dthet ket teen®ingdes

t her eof 92 fromeach other. after a while, the heads of the guide plates
67c advanceial orgliée dpposing | ateral sides of the core plates 64a, with
pivo tally displacing the core plates 64a in the ciirection of separating
the extreme sides thearreofwindtiherrbdtdrredchfottheindBynsltrdi rgrtde Cower 67
tothe limt, the push plates 67d and gui de plates 67c epe:. the contracted
end of the core ekenentacbyposatd Hyd tiretberei pinateso H4ane Hepde,cdther cor e
elenment is forced into a cylindrical formwhich has a 10 circul ar section
and an axi all \wwni fren diagener .rdNl€onseguascey Hdelext epndlndstirdares of
the core pl ates 64a are pressed agai nst Lhe ? nner cyl indrical surace of
the strap coil stlage® detpbBethefCcfi6GHI @Fuseatiieor cyllidder~ & ames [314 ~1 hen
the core plates 64a are oriented to forma core elenent in a cyli ndrica
form the {0 angas 6¥dddy circumferentially quartering a cylinder of

suitable axial length. Each cylinder frame 3la 1is
spaced along a single circumference with a
circumferential gap 31lc to constitute a cylinder of

circular section. The four cylinder frames 23la ar-

—
h

ranged along a single circumference can contract the
diameter of the circular-section cylinder, when al-
lowed to slide toward the axis of the cylinder. Each
cylinder frame 3la includes a number of pores 31b.
An air nozzle assembly 32 is securely disposed
20 within the winding roller 31. The air nozzle assembly
32 comprises four nozzles 32a extending radially fromw
the axis of the Qinding roller 31. Air is ejected from
the tips of the nozzles 32a toward the cylindrical

surface of the winding roller 31.

8]
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The applicator 20 disposed in the vicinity of the



the core halves 64 stand perpendicularly to the screw rod 62 and cont act
wWith one si de surface of the strab coil 11. In this state, the extrene end
of the scre,~r 20 62 projects fromthe cover disc 67a through the '"r.ole
67b provided in the cen~re thereof, whit éﬁthe cover disc 67a contacts with
the other side surface of the strap coil 1i. To conplete the | oading of the
strap coil ~. 1, the 2~ cover disc 67a is secured to the screw rod 62, as
shown 93 in Fig. 47, by screwing the nut o on the e.:trenme end of the
screw rod 62 projecting fromthe cover disc 67a. In packag' _ng use, the
strap coil reelvigpiipaded Weh BhRe SiraprdFidntallyg ﬁd&dég%ﬂ bR, e
spi ndl e a9 of the packagi ng nmach; ne 40. The reel a0 of this enbodinent is
desi g”: ed to acqunnpdabeng /stacasiicod |diteotivhe fwolflowk agrspécitfa cats on.
The strap coil 11 is prepared by helically winding the strap 1la. 10
StrayP- | at e=i alvirpbl yproplierepeengthen2th§08ppii2adiofr, 2.015p5me<Hd ckness
:0.65mBtrap coil 11l nner di aneter .2C0 mm(di aneterof the holl ow 11b) Quter
di anet er .450 o0 wimceldg gintl 12r B /| Ahehecpseing60o Like 20ries plratses=b4a are
designed to Gve a core elenent having an outer diameter oz 200 mm as
measur ed when taheicos e phat esit@da carle rekparaeds 2= fdicametr itt@l Windirgsd In
order to test the pac'.:ageability of the specially designed reel 60, the
packagi ng machioel Yr vids, prectiaat i yliperhted thoe strapr v ard iculs lietngrtey  as
equi pped with the reel 60 which was 1 oaded with the above pol ypropyl ene
strap coil 11. themaeh. pol ypropyl ene strap coil 11, the innernost and
outernost ends of the strap 1lla were bonded as sho~.an in Fig. 1 by th a
nmel t - bonded areas |iard ossedrakenyitthe fresi phesy afld hen peréowahidamsy 11d.
The strap coils 11 were then. de 10 forned into an oval section,
respectively, wdll e FTCcarHd icgiltiyndeat ifr afed. 00 akDFianrd 1k 20 1cealcul at ed
as the ratio of 1 ongest i nner dianeter/shortest in“er dia:”".eter in the
c;cllow 11b) . tBheltest oproved ityhal o nehi £l shee & ief Oumedr sheap £ @iclrsn 11
were | oaded on the 1J reel 60, none o~ them showed unw ndi ng or
di si ntegrati onaokihensd ¥ apr 1dar o1 hheseafRebiDSt AGYIsinadind cal rsuyif.ace of the
strap coil 11. Besides,

and 22(a), the start of the strap 1la (i.e. innermost

end of the strap coil 11) is fixed on the winding roller

(]

31 by the fixture 33 which is fitted into the gap 3ic
15 between a pair of neighbouring cylinder frames 31a. 1In
the meantime, the applicator 20 remains detached from
the winding reoller 31. Under this condition, the
winding roller 31 is rotated in the direction of the
arrow T shown in Figs. 21 and 22 (a) to wind up the strap

20 lla.
While the winding of the strap lla proceeds, the
strap lla 1is axially reciprocated along the winding
roller 31, so that the strap l1la is helically iaminated

on the entire cylindrical surface of the winding roller

25 31.



every strap coil 11 in the reel 60 allowed the packagi ng machine 40 to draw
cut the strap 12a sntothiy to the 20 innernost end. The reel 60 is
preferably nmade of a light material such as alum nium except the core

hal ves 64, the fired plates 63 and sone cé er nenbers that require
rigidity, whereby the reel 60 rctates effitiently in dra~,aing out 2~ the
strap 1la fromthe strap coil 11 but it stops readily 95 when rotating by
" nertia. In the above enbodi nent, the screwrod 63 is designed to be fi
tted en the spindle 49 of the packagi ng machine 40. Alternatively, the
screw rod 62 may be idfegratégd witder helapindihe4ocablyi vomy praythedual
role of the spindle 49 and the screw rod 62. It should be understood that
the conponents @itihe cordaddenchtthe vhediea BOLbee Adt tlo Mawd th=a pair
of core halves . The core elenment nay be conposed 10 of a plural _ty of core
pi eces (e. g. quam¢emnoelréapiceced) th8t itk agnetohigr Str aphcoidtaeedn79Li s
illustrated in Fig. 52 (a) and (b) , ta',”. erei:. Fig. 52 (a) is a section:
anc =ig. 52 (b)thesvandthenabildéesedti on takepeal grgpdreadi-lyineIB-Brén Fig.
52 (a) . The reel 70 includes a hot |o~N shaft 71 which fits on the spindle
49 of the packageagtimehi needdppTheaspirngdlel 9% eké eadst ¢ hmmugba thethasi de
of the shaft 71 and term nates on the outs=de thereof . The shaft 71 and
the shaft 49 insetdedgt herletdwr ofah aret 2U roteatabbheing syncheonizsm idhe
distal end of the spindle 49, which projects out of the shat 71, is forned
Wi th a groove 49as£&ne enchiofstt henshafttrap roar esponrdidiy taet helrbasad end
of the spindle 49 concentrically holds a disc-shaped side plate 72. 2~ The
shaft 71 is surdounded by Higur 2eang pl ateesce t9e €4 nwhicchreqrstiidddeim core
element to be inserted in the hollow 11b of the strap coil 11. Each of the
core plates 74 ihas sidist apniadl i yheheosame drerdgt kR has wiiheliaig imd 11engih of
the shaft 71, and each is curved in the 5 circunferential direct_on of the
shaft 71. The is resumed towind the strap 11a helically on the winding

rollexr 31.

During the second winding stage, wherein the
coating roller 23 is held against the top side of the
innermost strap-layer wound on the entire cylindrical

15 surface of the winding roller 31, the winding reller
31 causes the rotation of the coating roller 23, which
further causes the rotation of the feed roller 22.
Accordingly, the adhesive 1llc contained in the pan 21
is first carried by the surface of the feed roller 22

20 onto the surface of the coating roller 23. At thes same
time, the coating rcller 23, which is pressed against
the top side of the strap 1la wound on the winding roller
31, coats the adhesive 1llc thereon. In the end, the

adhesive 1llc is coated on the strap lla wound on the

9
L

outer cylindrical surface of the winding roller 31,



internal surfaca of each core plate 74 holds a pair of sl iding shafts 73,
each being appropriately spaced fromthe other in the axial direction of
the shaft 71 and extending in the radial direction of the shaft 71. ~ 10
pal r of slidi ng shafts 73 are’'sl idably_ accommpdated in a pair of
cylindrical holders 75 nounted on the shé$$ 71. .gin all, four pairs cf

hol ders 75 extend radiall y f=omthe shaf t 71 , as circunferentially

equal ly spaced 1~ from each other. In each pal r, the two holders 75 are
separately disposed in the v_cir_ity of the ends of the shaft 71. Each
sliding shaft 73ubstshitdaddl )y and herme thcaklkyakitilelenghht beehebdein75 . A
pal r of s' _iding shafts 73 nounted on the core plate 74 are equi pped wi th
20 a pair of tenstesisprd ngs Afnfdhentendi Armyprings 76 stress the core
plate 74 toward the shaft 71. The shaft 71 includes an air passage 7la w

hi ck communi cates w tthewvet ydhabdes176r 30t hoendesotot hekai 8 passage=71a
open at the distal end surface cf the 2~ shaft 71 corresponding to the
distal end of theyshAsntieer the 4PplDae terth 6F tHe adine spassage .71ahies,an air
inlet lib equipped with a check valve, and the other end is an air outl et
71c which is opened awtchbases dhe an naiim oublatercoeki 7% tobp e £onpr essed
air isinjected inthe air inlet 71b froman air nozzle, the air is then
supplied into theiai fipassage skkaviign tieg chezkceval vae Apphie-aidr oad | et
71c is closed by the cock 77, the conpressed air in the air passage 7la is
supplied to all; ofyitdher hobdeswad G Hm tHrewaht ipiessune abh ongd the st é di ng
sha'ts 73 fitted in the holders 75 to slide outwardly agai nst the stress of

the tension sprif@s:oifcadhe i edah @nd ofattihey Hind e 2492 g%t ending 4 hr ough
the shafts 71 is concentrically fitted wwth a disc 1~ shaped cover 78. The

cover 78 is sequ £d,Aih & en I i A% P A Tult 79, s eved dawe R ong; t he
groove 49a forned at the distal end of the spindle 49, with keeping 1n

contact wif§j the edges; of; § he Cone plalas 7dom! Nehbe, 108l nd-Of1Lhis
structure, the strap coi_ 20 11 is |l oaded in the foil owi ng manner. To

begin with, resumes to wind the strap lla helically and continu-
ously (Fig. 22(d)).
During the third winding stage, air is sprayved
onto the cylindrical surface of the winding roller 31,
I3 as ejected from the nozzles 32a of the air nozzle
assembly 32 inside the winding roller 31. To be
specific, the air ejected from the nozzles 32a passes
through a number of pores 31b in the cylinder frames
31aandreachesthestrapllawoundonthewindingroller
20 31. The air spray promotes volatilisation of a solvent
in the solvent-type adhesive 1lc which has been coated
on the strap lla.
Meanwhile, as shown in Fig. 22(d), a predeter-
mined length of the strap lla is wound on the winding

roller 31 under the air spray from the nozzles 32a. The

[3S]
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the nut 79 and the cover 7~ are detached fromthe spindle 49. At this
stage, each core plate 74 is stressed toward the shaft 71 by the tension
springs 76 fitted on a pair of sliding shafts 73. Therefore, the core 2~
el enent conposed of the core plates 74 is‘gianetrical |y 98 contracted
and approaches the shaft 71. Wile the cdt plates 74 constitute the core
el ement of reduced dianeter, the strap coi 1 11 is fitted or. the core
plates 74. Even if the strap coil 11 has a deformed oval section, the
contracted core elener:~ allows easy fitting of the strap coil il. After
the strap coil ddnisnfptusedadm theregreaplaves 7hs cadpeesyed ailc ito
supplied into the air passage 7la through the air inlet 71b which opens at
10 the distal esstsibitfabeaof aphheshafstd. adSeaceet Beraing dut I@tidicteremi ns
cl osed by the cock 77 throughout the air introduction, the air fed into the
air passage 7laihe scsuppktliech taof adtie holdeisag/> L the atrapréssure all ows
the sliding shafts 73 fitted in the holders 75 to slide 1~ outwardly
agai nst the stress ofitdre teassomapprilkgsis/Gyowher éhyat he sldtimgi sbéafts 73
nmounted in pairs on the core plates 74 outwardly displace the sanme in a
uni f or m and;ssyncdu otk sedhrannetdig aotesul 3,1 tihe ¢cbaeeekerrntl composed of
the core plates 74 expands dianetrically, 20 until the external surface of
each core plateddédctsdpsessetidagal nak the iinarer iddaxdricaltswsfacecof the
strap coil 11. 'In association with the expansion of the core elenent, the
section of the stiap céd ckhiSaceelor i hgtx 8l €1 AUk arrseetvean; reven i f
defornmed 2~ into an oval section.

the strap l1la which has been wound into a coil, thereby

giving the strap coil 11 of the present invention as
10 shown in Fig. 18.

As for the hot-melt-type adhesives 1lc, coating
may be effected By the applicator 20 in the same manner
shown in Fig. 22(b), wnile the strap lla is being wound
up on the windiné roller 31. Since the hot-melt-type
adhesive 1lc does not reguire alir spray for
volatilisation, the winding roller 31 dispenses with
the air nozzle assembly 32.

Additionally, the hot-melt-type adhesive 1llc may
be applied with the use of a cylinder applicator 25 shown
20 in Fig. 23(a). The cylinder applicator 25 comprises

a cylindrical barrel 25a £illed with the hot-melt-type
adhesive 11lc and a plunger 25b slidably accommodated
in the barrel 2S5a for squeezing out the adhesive 1llc.

One end of the barrel 25a accepts the plunger 25b along

25 its axis, and the other end is gradually tapered intec



99 Once the strap coil 11 obtains a circular section, air injection is
termnated at the air inlet 71b. OMng to the check valve at the air inlet
71b, the air charged in the air passage 7la will not |eak out. Finally, the
cover 7 is fitted on the sp-_ndle 49 to %in contact with the side surface
of the strap coil 11. The cover 78 is secUred by screwing the nut 79 al ong
the groove 49a forned in the spindle 49. Now that the strap coil 11 is
| oaded on the strap 10 coil reel 70, the packagi ng machine 40 can strap an
item47, with drawing out the outernost end of the strap 1la which | ocates
on the outer cy iswirical forfrace Iof qnwesttaphesid and Belhefhet B teel 70
runs out ef the strap 1la in the strap ccil 11, the air charged . the air
15 passage 7larnissltth syhar gddelsy vepdrlati Mg d :barcetk277 L6 opegnste bl r
outlet 71c. Wiile the air flows out, each core plate 74 constituting the
core el enent yizelldsatert Bécstress of a pair of tension springs 76, whereby
the core elenent contracts dianetrically. 20 Fig. 53 schmatically
il lustratesfurther afdgtirercehbodeneabpdflcehiestdapicofilispeekd The tStar ap
coil reel 70" i s basically simlar to the reel 70 shomm i n Fig . 52. The
difference jiesimitiay ¢hetbhabtrib igsiicontdhetb i ¢hithegsphredlser4® of the
packagi ng mach=ne 2~ 40 and that the~spindle 49 includes an air feed |line
100 49b and aniaia i stHengendime dOtleachlconhtnecatineg swidtalp tlhe disr
passage 7la in the shaf t 71 . Al though not shown in the figure, tension
springs are fittcathnom pPakrent iski durdg stwafds 3 molnt edgonocaeh care
pl at e

to make the innermost layer of the strap coil 11, the

cylinder applicator 25 interposes the tapered tip of
10 the barrel 25a between the top side of the strap lia
wound on thé winding roller 31 and the bottom side of
the strap lla gulided by the strap guide 34. At this
position, the plunger 25b is squeezed into the barrel
S5a wnich contains the hot-melt-type adhesive 1llc
13 melted by the heater 25c. The melted adhesive llc is
squeezed out of the tip of the barrel 25a onto the strap

lla wound on the winding roller 31.
As shown in Fig. 23(b), the barrel 25a can
reciprocate in the axial directions of the winding
20 roller 31 so as to follow the strap 1lla which is
helically and continuously wound on the winding roller
31. Hence, the cylinder applicator 25 continues to
apply the hot-melt-type adhesive 1llc not only on the
top side of the innérmost strap layer wound on the

25 winding roller 31 but also on the top side of a few more



i 74. The air feed line 49b and air discharge line 49c in the spindle 4~9
are connected to a rotary joint 81. A conpressor 83 supplies conpressed air
to the rotary joint 81, via an air filter 84, a regulator 85, an oiler 10 ~
86 and an el ectromagnetic feed val ve 82. %assing t hrough the rotary joint
81, the conpressed air flows into the aip feed line 49b. On the other hand,
the air comng ~romthe air discharge line 49c flows out through the rotary
joint 81 and an el ectromagneti c di scharge 1~ valve 87. In order to load the
strap coil 11 in the reel 70' , the nut 79 and the cover 78 are detached
fromthe spindlevags dsamhoskeiintFegeody. (a) . By rel easing the

el ectromagnetic di scharge valve 87, the air charged in 20 the holders 75 is
di scharged t hrough tRbeakrdhéissolrarigec | ire 49cthiq shevepindlve=49r Adea
result, the core plates 74 constituting the core elenent are stressed
toward the shafi¢ot7helly tter¢ ensiprosprdagsd andyr edusepbhie idinanst eheof t he
core elenent. The el ectromagnetic 2~ discharge 87 is closed thereafter.

101 At the nexinseagest hesstrrgp coklerl i sohisttiedtomd he tdisanetrneal |y
contracted core el enent conposed of the core plates 74. Even when the strap
coil 11 has a deflonaed aaialssefécenods tstowtrap Fegil54(b), the contracted
core elenent allows easy fitting of the strap coil 11. Then, the cover 78
is put on the spindl en4@ranthsecared nyerscrewshgwinhelmutFi¢9 aongzmthke
groove 49a forned in the spindle 49, thereby keeping in contact with the
side surface addoilhenstrap<€ad hbt-melt-type adhesive 1lc is applied

on several layers of the strap 1lla laminated aiong the

ny
(o]
s}

axial ends the winding roller 31 (not shown).

10 example, the adhesive 1lc is applied by means of a sp

a1
A\
<

gun 27 shown in Fig. 25, while the strap lla is being

P

wound on the winding rcller 31 (not shown). In the

spray gun 27, the adhesive 1llc in the solution state

I

sive eed hose 27a, and

(U

is supplied through an acdh

15 compressed ailr is supplied through an air fesd hose 27b.
The adhesive 11lc in the solution state is spraysed from

the tapered tip of the spray gun 27 onto the side surface

of the several innermost layers in the strap coil 11.

In still another arrangement, the adhesive 1llc

20 may be applied on the top side of the innermost laver
of the strap coil 11 as well as on several innermost
layers laminated along each axial end of the winding
roller 31. As shown in Fig. 26, when the adhesive 1llc
penetrates sufficiently into the gaps between the strap

25 layers laminated along the axial ends of the winding



10 After the strap coil 11 is fitted on the core el ement conposed of the
core plates 7a (Fig. 54 (c¢c) , (d) ) , the electronmagnetic feed valve 82 is
rel eased to suppl y conpressed air into the holders 75, through the air
feed line 49b in the spindle 49. F_s theG?ir pressure allows 1~ the sliding
shafts 73 fitted in the holders 75 to slide outwardly, the core plates 74
are outwardly displaced in a conbi ned and synchroni sed manner and
even~ual |y pressed agai nst the inner cylindrical surface of the strap coi
11 (Fig. 54(e)). P7hile the core el ement 20 conposed of the' core plates 74
di ametrical |y &egaiids Iht otaecyrfhRdér=ofl 1§ ridul arP et Fdhe St R t6valtSsecti on
of the strap coil 11 is re-forned into a circular section (Fi%. 54(f)).
Once the strapdé@id PEEZwht@i Hee t3RIFeehl aPWseefi BAS tRBSEMEEY Sivddgiret i ¢
feed valve 82 is 2~ cl osed. 102 Fol l owi ng the | oading of the strap coi
11, the packagieyermdhg hecddlyan ostcap rantie e 32 nghere ter reet 70' runs
out of the strap 1lla, the el ectromagne~i ¢ di scharge valve 87 is released to
di scharge the air chargédei aaskkevhel-gef&e78dbigsdutsh Ltlive igi rr@ildcattardge | i ne
49c (Fig. 54 (g) , (h) ) . In consequence, the core plates 74 yield to the
stress of the témsilaryespr iafgs end Tty ebla contkagteehaleoge taleemane 1
dianetrically. It should be understood that the node of the 10 present
i nventi on shoukddsobfsthiecviydinmg tedles 3he endodiment ve~hes giay befor e
descri bed. For exanmple, the strap 1lla of the strap coil 11, which is nade
of an ol efi ni cneesissaoriby herouverer tbpl ast f Ereesiiscums ¢ hengbovef the
enbodi nents, nmay be prepared by coating a 1~ thernoplastic resin on the
ext ernal surfatemima ddise saw dp avadher ofl npagEerd arofdthresart Sobsebtfut e
sheet - 3 January 2003 103 What is clained is: 1. A packaging strap coi
conpri sing a naslreexatndlayerss shoarb ipackaggi BF ,sthapavbersd tellilcakky and
corel essly around a holl ow defining an

10 be applied on each side surface of the strap coil 11

in the form of stripes which stem from three
circumferentially spaced positions and extend along
the whole radial length of the strap coil 11. 1In this
arrangement, all layers of the strap lla laminated

15 along the axial ends of the winding roller 31 are bonded
together by the adhesive 1llc (Fig. 28).

In further another arrangement shown in Fig. 29,
the hot-melt-type adhesive 1llc is coated in the melted
state on the entirety of the inner cylindrical surface

20 of the strap coil 11. As illustrated in Fig. 30, the
adhesive 1lc solidifies to bond together the adjacent
rows of the helically wound strap lla which constitute
the innermost cylindrical surface.

As a method of such adhesive coating, the melted

25 hot-melt-type adhesive 1llc is coated on the outer



axis of the strap coil, the strap being nmade of a thernoplastic resin at

| east on an external surface thereof, wherein a plurality of perforations
are pierced in the vicinity of an innernost strap end through to a
plurality of strap |ayers |am nated therggn, and wherein the | am nated
strap layers are bonded to 1o each other at a nelt-bonded area fornmed al ong
the periphery of each perforation. 2. A packaging strap coil according to
claim1l1, wherein a plurality of perforations are pierced in the vicinity of
an outernost strap end through to the plurality of strap |layers |am nated

t her eunder. 15c3limduakckadi ngrsarcap ¢bi Ehacoornd hgat godileiim 11 - whéhei n t he
perforation is prescribed as to a circunferential |length, a configuration
and a positionsthkerreot las el Woasdt hen nahigera dfies heel-amiatadkdvsndapd ayer s
t hrough which the perforation should extend, said paraneters being based on
a material, a thildkress and amicdtchs ofaphee phcklagi g st r dfre ehbeebye

sati sfying a 20 bal ance between a bonding strength and a peeling strength
of the | am nat édcstaaplbaperds.sall idl freebhod ther pioducing e Jpackayi ag strap
coil of claim1, which conprises the steps of: wi nding an innernost strap
end on a windi dgaradmicahtlyl annhatchngcaal8 pkmoalad yudf olfayeessomaphe

i nnernost strap end; piercing the |am nated strap |layers with a perforator
heated to a predetlenni.ned ienperaingsmethefabyl ioatesmcaspertaiatg of and
melt its periphery; withdrawi ng the perforator fromthe | am nated strap

| ayers to 30 neht- bané stihe= pard,pbery iaf dbhe perfoadatirer;l wkidierg ahrkequired
| ength of the strap helically on the winding roller to forma strap coil;
and renoving themeivizdi nor rohé erifid oAyt Belskrap Icidom tielbst byt eosheet - 3
January 2003 104 5. A nethod for producing a packaging strap coil according
to claim4, wherein the winding roller can expand or contract

dianetrically, the winding roller being dianetrically expanded while the
strap is waund thereon koif enBoaimediuap C@iHe, stk dhes epbheea berag
dianetrically contracted and renoved fromthe strap coil. 6. A nmethod for
produci ng a pagkagi ng st rePn€obhe@fawdabmds nd €ha cNproitses thie sheps of :
w nding an i nnernost strap end on a winding roller and lamnating a to
plurality of |ayees anat he bBREEMDSE oSt endicHd :ad Al digedp | gL gbeam on
the lam nated strap layers, thereby to forma perforation and nelt-bond its
peri phery; w ndipRgsavequired | ength of the strap helically on the w nding
roller to forma strap coil; and 15 renoving the winding roller fromthe
strap coil. 7. A metRedshQn,Prioduci fg. azpagkaghny stHaps«€oip asceording to
claim6, wherein the winding roller can expand or contract dianetrically,

the w nding robhek:heidgndi apeid keal Ly, exparded Wi & e the St k@R havwound
thereon to forma strap coil, and thereafter, being dianetrically

contracted and,fefoved el QPraces covered by a pair of pads 12. The

resulting strap coil unit 10 1is suitable for

transportation and storage.

20 2. PACKAGING STRAP COIL UNIT
With reference to Figs. 31 and 32, a packaging
strap coil 10 is prepared by placing a pair of pads 12
on both side surfaces of the strap coil 11. Each of
£hepad512,whidlismadeofcorrugatedcardboard,etc.,

25 is shaped in a disc whose outer diameter 1is
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5 piled up on one another, with their axes aligned in the
vertical dirsction. Furcther in this strap coil unit
10, the central flaps 12a are turned into the hollow
1lb formed along the axis of the strap coil 11, and they
are bonded by an adhesive to the innermost layer of the
10 strap lla which constitutes the inner c¢cylindrical
surface of the strap coil 11 surrounding the hollow 11b.

; the

1

Due to the adhesive-bonded central flaps 12

I

innermost end of the strap 1lla does not unwind by itsel
and so the strap ccil 11 remains firm and solid, even

13 when the innermost sctrap end 1s not fixed by melt-
bonding or the like.

When used in an automatic packaging machine for
automatically strapping a corrugated cardboard box cr
other items with the strap 1ia, the strap coil unit 10

20 is loaded on a strap coil reel mounted on the packaging
machine. As the edge of the strap 1lla is free from
deformation or bent, the strap 11a can be smecothly drawn
out fromthe strap coil unit 10. The smocthdrawing-out

action of the strap 1lla is not deterred by the presence

25 of the pads 12 which are adhesive-bonded on the side
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a small area, which 1s the edge of the strap 1lla

3 constituting the side surfaces of the strag ccil 11,

that the strap lla is not subjected to an excessive
adhesive strength. Besides, the innermost end of the
strap lla peels off readily from the central flaps 12a.

When the strap 1la runs out in the strap coil unit

1o 10, there remain a pair of pads 12. Each pad 12 can
restore the original flat form by returning the central
flaps L2a level to the ring 12b. As the pads 12 in £lat
form are suitable for transportation and storage, it
is easier to reuse them repeatedly.

15 As the adhesives coated on one surface of the pad
12, use can be made of common rubber-based adhesives
ard acrylic adhesives. The species of such adhesives
are not strictly specified, provided they exhibit a
reqguired adhesive strength with respect to the edge of

20 the strap lla. The adhesive may be substituted by a
both-sided adhesive tape. In this case, a both-sided
adhesive tape may be stuck on the entirety of one surface
of the pad 12, p;ior to the formation of the dividing

lines for central flaps 12a. Thereafter, the central

25 flaps 12a are cut out of the taped pad 12 along the
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5 materials such , as cardboard, polypropylene (PP),
polyethylene teraphthalate (PET), polyethvliens (PE)
and other thermoplastic resins. The pad 12 is shaped
in a disc with a thickness of about 0.5 to 5 mm, whose
outer diameter is about =10 mm with respect to that of
10 the strap coil 11.
In the above description, the pads 12 are mounted
on the strap coil 11 by first positioning a pair of f£lat
pads 12 with unfclded central flaps 12a on the side
surfaces of the strap coil 11 and then inwardly folding
135 the central flaps 12a. As an alternative process, one
of the pads 12 with folded central flaps 12a may be set

on one end of the winding core of a winding machine,

prior to the winding of the strap 1la. After the strap

(1]

l1la is wound into a strap coil 11 and the winding corzr
20 is removed from the strap coil 11, the other pad 12 is
mounted on the other side surface theresof to complete
the strap coil unit 10. Since the preset pad 12
prevents the strap coil 11 from unwinding during the
produétion,thefinishedstrapcoilllalreadyincludes

25 a preventive structure against 1its unwinding or
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stabilised strap coil 11. Therefore, this arrangement

ensures efficient productivity.

35 In case an adhesive is ccated on the entirety of

one surface oZ the pad 12, it is advantageous to put

release paper on the adhesive-coated surface. The

release paper prevents bonding between the pads 12

piled up on top of each other and thereby enasbles safe

10 transportation of a large number of the pads 12.

As shown in Fig. 35, the pad 12 may furtherx
comprise a plurality of triangular external flaps 12d
which project outwardly from the outer circumferencs
of the pad 12 and which are circumferentially equally

13 spaced from each other. To provide a strap coil unit
10, a pair of pads 12 are firstly positioned face to
face with one side surface of the strap coil il.
Secondly, the central flaps 1l2a are folded inwardly.
Lastly, the external flaps 12d are folded onto the outer

20 cylindrical surface of the strap coil 11. The external
flaps 12d are thereby adhesive-bonded to the outermost
strap end as well as the outer cylindrical surface of
the strap coil 11. As a result, the outermost end of

the strap 1lla is not drawn out from the strap coil 11.

25 Further, the pad 12 may include a cerntre hole in
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the strap coil 11 whose axis 1s defined by a hollew 11b.
A palr of pads 12 which includes a hole in place of the
3 central flaps 12 are likewise positioned and bonded
with an adhesive to the side surfaces ¢f the strap coll
11. When the strap coil units 10 are piled up on one
another, the pads 12 o¢f this kind also prevent
deformation or bent of the edge of the strap 1lla

10 constituting the side surfaces of the strap coil unit
10.

Another embodiment of the strap coil unit 10 is
described with reference to Figs. 36 to 38. Fig. 3€(a)
is a front view showing another strap coil unit of the

15 present invention, provided with a shape retention
plate which is longer than the inner circumference of
the strap coil; and Fig. 36(b) is a front view of the
same, provided with a shape retention plate which is
shorter than the inner circumference of the strap coil.

20 Fig. 37 1s a front view of a shape retention plate
applied to the , strap coil unit. Fig. 38(a) 1is a
perspective view of another shape retention plate; and
Fig. 38(b) is a section thereof as applied in a strap

coil.

25 As mentioned above, the strap coil 11 has the
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ccil unit of this embodiment 1s characterised in
comprising a f£lat shape retention plate 92 which is

rolled and inserted into the hollow 1lb of the strap

(W]}

coil 11. The shape retention plate 92 is a plate made
of a synthetic resin such as polypropylenes and
polyesters, a metal such as a thin steel plate, a
cardboard sheet or other sheets comprising a mixture
10 of used paper and recovered plastics in a ground state.
The length of the shape retention plate 92 1is
substantially the same as the circumference of the
hollow 1llb of the strao coil 11, and its width is
substantially the same as that of the strap coil 11.
15 When rolled into a ecylinder, the shape retenzion plate
92 is constantly subjected to the resilient force to
recover the original flat shape. Therefore, on its
insertion into the hollow 1llb, the resilient force
stresses the shape retentionplate 92 against the inner
20 cylindrical surface of the strap coil 11, whereby the
shape retentionplate 92 supports the inner cylindrical
surface of the strapcoil 11. The shape retentionplate
92 may be longer than the inner circumference of the
strap coil 11 and overlap each other at the end portions

23 (Fig. 36{(a)). ©On the octher hand, it may be shorter than
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109%<& () -z10%=& {Int 10L& (Jte 10%<&)t1idPEH above. In the shape

h) retention plate 96, one end portion thereof includes
a pair of slits 93 oriented parallel to the widthwise
sides, whereas the other end portion comprises a pair
of extensions 94 having a width corresponding to the
slits 93. The shape retention plate 96 is rolled and

1o inserted into the hollow 1lb, with the extensions 294
fitted in the slits 93. When the shape retention plate
96 is stressed by the resilient force against the innsr
cylindrical surface of the strap coil 11, the exten-

sions 94 are releassd from the slits 93. The shape

~1

13 retention plate 96 advantagecusly prevents sliide oz
slippage of the end portions.

For the same purpose, the end portions of the
shape retention plate may comprise a pair of inverted
L-shaped extensions, which are hooked with each other

20 in the rolled state. Any other arrangement is possiblie,
as far as the end portions of the plate ars detachably
connected with each other. While the end peortions of
the plate are detachably connected, the shape retention
plate may overlap'at the end portions or at the con-

25 nectable portions only.
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10<<! @10% & ()92. 1In this embodiment, a strap coil can f£it on shape
5 retention plate 97 between the edgs pieces 95.
Therefore, the shape retention plate 97 does nct slip
out from the strap coil, even when the strap coil is
repeatedly loaded and unloaded with respect to the reel
of the automatic packaging machine. 1In addition, the
10 edge pieces 95 reinforce the edge of several innermost
layérs wound along the axial ends of the strap coil,
and prevent the disintegration therect.
Ary of the above-mentioned shave retentionplates
@2, %6 and 97 is reusable and therefore economically
15 advantageous.
As specific examples, three shape retention
plates were made of a resin sheet comprising recovered
polyester and used paper in a ratio of 2:3. Sample 1
has a width of 190 mm, a length of 700 mm and a thickness
20 of L mm. Sample 2 has a length of 600 mm, in which two
slits (length x width: 35 x 30 mm each, parallel to the
widthwise direction of the plate) are provided at 50
mm inside of one end therecf, and two extensions (length

x width: 100 x 30 mm each) are integrally provided on

25 the other end. Sample 3 has the same dimensions as the
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hollow of a polypropylene strap coil, where the Sample

was pressed by its resilient force against the inner

5
cylindrical surface of the strap coil. For the
loadability test (drum-set test), each polypropylene

strap coil unit was loaded on and unloaded from the reel
of an automatic packaging machine. After 10 times of
10 loading/unloading, none of the strap coil backed by
Samples 1-3 showed unwinding or disintegration on its
inner cylindrical surface. In a comparative example
performed with respect to a polypropylene strap ccil
which was not backed by a shape retention plate, ths
15 inner cylindrical surface of the strap coil was unwound

after five times of loading/unloading.

3. AUTOMATIC PACKAGING MACHINE
The following description 1s directed to an
20 automatic packaging machine for strapping a corrugated
cardboard box or other items with the use of the coreless
strap coil 11 of.the present invention. The operation
of this automatic packaging machine is schematically
illustrated in Fig. 39.

25 An automatic packaging machine 40 includes a
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reel 50 loaded with tha coreless strap coil 11 1is
5 installed on the external side of the stand 41.
With the strap coil 1. loaded on the reel 50, the
strap lla is drawn out by a pair of feed rollers 43 inside
a keep box 44 of the stand 41 and temporarily stored
therein. The strap lla held in the keep box 44 1is
10 conveyed by a shooter 45 and a pair of draw-ouz rollers
46 to the arch 48. The strap lla proceeds along the
arch 48 and straps ths item 47 placed on the stand 41.
Fig. 40(a) and (b) 1illustrate two types of
packaging machines 40 which differ in the installatiocn
15 position of the strap coil reeX 50. 1In Fig. 40(a), the
spindle for the reel 50 is housed inside the stand 41.
In Fig. 40(b), the spindle 49 for the reel 50 projects
from the external side of the automatic packaging
machine 40.
20 The packaging machine of the present invention
is equipped with a strap coil reel which is applicable
to both types of packaging machines.

Fig. 41 is a section of the cassette-type strap

coll reel 50, with the coreless strap coil 11 loaded.

1~
n

The reel 50 is equipped with a cover 57 for covering
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cover 57 and the strap coil 11 removed, and Fig. 42(b)
is a side view thereof taken in the direction of the

arrow A in Fig. 42(a). The strap coll reel 50 comprises

i

a side plate 51 placed on the eXxternal side of the stand
41 and a screw rod 52 which is rotatably mounted on and
perpendicularly projects from the side plate 51. As
illustrated in Fig. 40(b), the screw zrod 52 1is
10 integrally fitted on the spindle 49 which
perpendicularly projects from the external side of the
stand 41. The rotation of the spindle 49 is stopped

bv a spindle brake 42. The screw rod 532 is externally

jag

threadsd and integrated at the extreme end with a handle

13 53 for turning the screw rod 52. A cylindrical sliding

member 54 is screwed on the screw rod 52, whereby the

sliding member 54 siides in the axial directions of the
screw rod 52 in cooperation with the turn thezeoZ.

The screw rod 32 is surrounded by four core plates

20 55 which perpendicularly stand on the side plate 51.

The core plates 55 constitute a core element which is

inserted into the hollow 1l1lb defining the axis of the

coreless strap coi1l 11. The core plates 55 are curved

such that they can locate along the inner cylindrical

25 surface of the strap coil 11, after inserted in the
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the sliding member 54 screwed on the screw rod 52 by
a palr of parallel link rods 56. The four core plates
55, corresponding pairs of link rods 56 and sliding
3 member 54 constitute a parallel lirk mechanism.
Accordingly, when the screw rod 52 1s turned to
displace the sliding member 54 away from the side plate
51, the parallel link mechanism uniformly brings the
core plates 53 closer to the screw rod 52. On the othex
10 hand, when the screw rod 52 is turned reversely to
displace the sliding member 54 toward the side cover
51, the parallel link mechanism uniformly brings the
core plates 55 farther away from the screw rod 52Z.
Where the sliding member 54 locates closest to the sicde

1

13 plate 51, as illustrated in Fig. 43 (a) and (b), the cor

®

plates 55 situate remotest from the screw rod 52. Under
this condition, the core plates 55 are circurferen-
tially spaced from each other along a concentriccircle
of the screw rod 52.

20 When the cgre element 1s inserted in the hollow
l1lb of the strap coil 11, the core plates 55 are
displaced away from the screw rod 52 thereby to be
pressed against the irner cylindrical surface of the
strap coil 11. 1In this state, the cover 57 of Fig. 44 (a)

25 and (b) is put on the side surface of the strap coil
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radius thereof, four projections 57b which

perpendicularly extend from the cover disc 57a and

n

which are circumferentially equally spaced from each

other. The tip of each projection 57b forms a hook.

While the core plates 55 are displaced remotest from

the screw rod 52, the projections 57b enter the space

10 defined by the core plates 55 and have their tips hooked
at the internal surfaces of the core plates 535.

On this cassstte-type strap coil reel 50, the

strapcoil 11 is loaded according to the following steps.

In the reel 50, with the cover 57 is removed, the handle

15 53 integrated on the extrems end of the screw rod &2

is operated to turn the screwrod 52 inagivendirection.

In this connection, the sliding member 54 moves away

from the side plate 51, and the core plates 55 uniformly

slide clossr to the screw rod 52. Conseguently, the

20 core plates 55 form a core element of reduced diameter.

With reference to Fig. 45(a), in which the core plates

55 locate in the vicinity of the screw rod 52 to form

a contracted core element, the strap coil 11 is fitted

¢n the core element, with allowing the core plates 55

25 to enter the hollow 1llb formed along the axis of the
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handle 53 1s operated to turn the screw rod 52 in the
reverse direction. This time, the sliding member 54
moves toward the side plate 51, and the core plates 55
uniformly slide away from the screw rod 52. Conse-
guently, the core plates 55 expand the diameter of the
10 core element. At this moment, the external surfaces
of the core plates 55 uniformiy come in contact with

1l surface of the strap coil 11

Jsi}

the inner cylindric
surrounding the hcllow 1lb. By dispvlacing the core
clates 53 still further away from the screw rod 52, the

15 core plates 55 gre pressed harder agains:t the inner
cylindrical surface of the strap coil 11. The screw

rod 52 can be turned until the sliding member 54 comes
closest to the side cover 51. In the end, the ccre
plates 55 which are slidable in a uniform and

20 synchronised manner constitute a cylindrical core
element of circular section, whereby the core element
presses on the inner cylindrical surface of the strac
c0il 11 to shape the hollow 11b into a circular section.
Thus, the core element composed of the coreplates

25 55 can rectify the deformation of the hollow 11lb of the
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synchronised manner. Eventually, the core element

10 re-forms the hollow 1lb and the strap coil 11 into =
circular section (Fig. 46(b)).

2fter the strap coil 11 is fixed into a circular

sectlion, the covex 57 is put on the strap coil 1. As

shown in Fig. 45 (b), the surxface ¢f the cover disc 57=a

15 which mounts the projections 57b is positioned face to

face with the side surface of the strap coil 11. Inside

the core element provided by displacing the core plates

55 farthest away from the screw rod 52, the projections

57b are allowed to advance into the space thexein, with

20 maintaining contact with the internal surfaces of the

core plates 55. In due course, the cover disc 57a comes

in contact with the side surface of the strap coil 11,

in which state the hooks at the tips of the preojections

57b check the internal surfaces of the core plates 55

as shown in Fig. 41. The cover 57 is thus held on the

N
h
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strap coil 11, the reel 50 rotates along with the strap
coil 11.

As specifically described above, the inner
cylindrical surface of the strap coil 11 is supported
on the entire external surface of the core element
composed of the core plates 55, and thereby stressed
into a circular sectional shape. EAccordingly, even
when the strap lla is consumed to the innermost layer
or neilghbouring layers thereon, the strag coil 11
remains firm and solid and enables the strap 1lla to be
stably drawn out to the innrnermost end.

The reel 50 is preferably made of a light material
such as aluminiun, except the screwrod 52 and some cther
members that require rigidity, whereby the reel 50
rotates efficiently in drawing out the strap lla from
the strap coil 11 but it stops readily when rotating
by inertia.

The reel 50 of this embodiment is designed to

accommodate a strap coil 11 of the following

specification. The strap coill 11 is prepared by

%& ()- 10< 10< 10<&9 10%& ()-
109%& ()-s+s10%& ()-'a # 10% b{b& ()-!

#

10%<& () - L$ZdEYNC 10!
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In the reel 50, the ccre pilates 535 are designed to give
[5 a core element having an outer diameter of 250 mm, as
measured when the core plates 55 locate remctest from

the screw rod 52.
In order to test the packageability of the
specially designed reel 50, the packaging machine 40
20 was practically operated to strap various items, as
equipped with the reel 50 which was loaded with the above
polypropylene strap coil 11. In each polypropylene
strap coil 11, the innermost and outermost ends of the
strap lla were bonded as shown in 7Fig. 1 by the

25 melt-bonded areas lle formed along the periphery of the



aBN@ 10(, “ 10%& () - F& 10%& ()- ' 10%& ()- & 10%& ()- "~ 10%& ()-!X g
109 <L<& ()- 9pdEN@ 10(,)s10%& ()-& ~10%& () - F3%

10%& () -, # 10%& ()-9! 10%& ()-3 10%& ()-@. JdEN@

10(510%& ()-310%& ()- 1 10%& ()- / 10%:& ()- & 10%<& ()- +10%& ()-. f
_@O(L10% & ()-'& 10% (& ()- 10%& ()- 1T% 10< 10<&9 10%é& () -

7 10%& ()-#htzX6_@0(! A&LOYPP& ()- ! A&LO%EPCP& ()- ! A&L0% <l <& ()-
AZL0988&' ()- | ARIOW)& ()- 8 @O% & ()-6uxY: 10(! & 10% & () -

L 10% & ()-S10% & ()- 10% & ()- 10% & ()- 10PP 10PP 10PPuL\aBxY: 10(!! &
109% & () - 310% &3 Lo520%@ Y )L BH109% 2 (Frrapoweg (9 -11swere then de-
10% (& ()-.edExY: 10(!9' "~ 10% & () - Y3%

109 & () -, #t 109%€ (3 9 &ETTIvE & ( PYIMLOK RE 19 0 QVECHEE {9+ SuHEX Y#EFH &8R10% &

()- 110% & ()-3/ 10% & ()-9-' 10% & ()-3+ 10% & ()-,) 10% & ()-y)bCLO(!
S10%' () - 109%& (‘E‘)CCQ@Q/&i(:)i--t Y1GE R X0 -&9 109C& @n5310% &'@L-du 321 0( !
109 ()-109% ()-!  109%&R ()-& 10%&k ()- 109k ()-!f 10%& ()-!90odEbC10(!

& 109&' ()- +91G%R e )MIOYE' ¢ J -1 1O9RE (IR he 9 109@e CpL&!ISTOURRE €3 T 6XnbT10( !
1090 () - _

3 diameter in the hollow 1llb). The test proved that,
while the deformed strap coills 11 were loaded on the
reel 50, none of them showed unwinding or
disintegration of the strap lla on the innermost
cylindrical surface of the strap cecil 11. Besides,

10 every strap coil 11 in the reel 50 allowed the packaging
machine 40 to draw out the strap lla smoothly to the
innermost end.

Fig. ¢7 is a side view of another strap co-l reel
60, with the strap coil 11 loaded thereon. The reel

15 60 also has a cover 67 for covering the side surface
of the strap coil 11.

Fig. 48(a) is a side view of the reel 60, with
the strap coil 11 and the cover 67 removed; ard rig.
48 (b) 1is a front view of Fig. 48(z) taken in the

20 direction of the arrow A. Fig. 49(a) 1is a side view
of the reel 60, partially broken away for description
of its operation, with the strap coil and the cover

removed; and Fig. 49(b) i1s a front view of Fig. 49 (a)

taken in the direction of the arrow A. The reel 60

N
wh

includes a screw rod 62 which is externally threaded
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10<y,,,-O --dEEhrough the centre of the fixed plate 63. The whole
circumference of the fixedplate 63 is defined by a guide
portion 63a which projects toward the extreme end of
the screw rod 62. The projecting edge of the guide
10 portion 63a is slightly inclined with respvect to the
axis of the screw rod 62.
The disc~shaped fixed plate €3 1s equipped with
a pair of core halves 64 which surround the screw rod
€2 and which cénstitute a ccre element to be inserted
13 into the hollow 11b of the strap coil 11. Each of the
core halves 64 comprises a nearly half-cylindrical core
plate 64a and a half-annular flange 64b, wherein the
flange 64b projects outwardly and perpendiculaxly fron
the basal side of the core plate 64a fitted in the fixed
20 plate 63. When confronted to each other, apaix of core

halves 64 constitute a hollow core element in the form
of a truncated cone.

The basal side of each core plate 64a surrocunds
a half-circumference of the guide portion 63a of the

25 fixed plate 63. At both ends of the basal side, the
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the flange 64b, sc that the core plates 64a can form
a truncated cone when the extreme sides thereof are
allowed to approach mutually.
As shown in Fig. 47, the threaded extreme end of
1O the screw rod 62 is screwed with a nut 68, after the
core element is completely fitted with the strapr coil
21 and then with the cover 67.
Fig. 50(a) is & side view of the cover 67, and
Fig. 50(b) is a front view of Fig. 50 (a) taken in thse
13 direction of the arrow A. The cover 67 comprises a
cover disc 67a which includes a hole 67b in the centre
for passing the screw rod 62. From one surface of the
cover disc 67a, a pair of guide plates 67c project
perpendicularly at two opposite positicons on a
20 concentric circle of the hole 67b. Each guide plate
$7c is curved along the circumference of the concentric
circle of the hole 67b, and 1its width decreases
gradually toward the head thereof.

Between the guide plates 67c, a pair of parallel

23 push plates 67d extend perpendicularly from the cover
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heads and project slightly longer than the guide plates

67c.

b On this strap coil reel 60, the strap coil 11 1is
loaded through the following process. Firstly, with
reference to Fig. 51(a), the extreme sides of a pair

of core halves 64 are pivotally confronted to eachother,
so that the core plates 64a together constitute a core

10 element in truncated cone form, with one end be:ng
diametrically contracted. The core elemant composed
of the confronted core plates 64a is inserted, fromits
contracted end, into the holiow 1lb of the strap coil
1.

L3 When the core element advances in the holliow 11b
to a certain degree, the side surface of the strapv coil
11 comes in contact with the flanges 64b of the core
halves 64, as shown in Fig. 51(b). At this stages, the
cover 67 is positioned to the core halves 64 such that

20 each guide plates 67c can advance between the oppcsing
lateral sides of the core plates 64a. By sliding the
cover 67 toward the strap coil 11, the heads of the push
plates 67d enter the space enclosed by the ccocre plates
6d4a, with pivotélly displacing the core plates 64a in

23 the direction of separating the extreme sides thereof
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sides thereof further from each other. By sliding the
cover 67 to the limit, the push plates 67d and guide
plates €7c cpen the contracted end of the core element
composed by the core plates 64a. Hence, the core
element 1s forced into a cylindrical form which has a
circular section and an axially uniform diameter. In
consegquence, the external surfaces of the core plates

=
race

64a are pressed against the inner cvlindrical sur
of the strap coil 11 to retain the circular section

1

rLereo

1t

T

When the core plates 64a are oriented to form a
core element in & cylindrical form, the flanges 64b of
the core halves 64 stand perpendicularly to the screw
rod 62 and contact with one side surface of the strap
coil 11. In this state, the extreme end of the screw
62 projects from the cover disc €7a through the hole
67b provided in the centre thereof, while the cover disc
67a contacts with the other side surface of the strap
coil 11.

To complete the loading of the strap coil 11, the

cover disc 67a is secured to the screw rod 62, as shown

IS
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In packaging use, the strap coil reel 60 loaded
with the strap co1l 11 is mounted on the spindle 49 of

3 the packaging machine 40,
The reel 60 of this embodiment is designed to
accommodate a strap coil 11 of the following
specification. The strap coil 11 is prepared by

helically winding the strap 1lla.

10
Strap lla
Material : polypropvlene
Length 2,500
Width : 15.5 mm
15 Tnickness : 0.65 mm
* o' 1
Inner diameter : 200 mm
(diameter of the hollow 1l1lb)
Cuter diametef : 450 mm
20 Weight : 12 kg

In the reel 60, the core plates 64a are designed to give
a core element having an outer diameter of 200 mm, as

measured when the core plates 64a are expandead

25 diametrically.



10bb! 7 10%b& ()-yiijjjjTkaBuv4d 1lp "!10%&& () - S 109 ()-L10%&& ()-!X
10%@e& () -s10%@& ()-10%&& ()-Tk Il mmmm}"?44

10@D&! 10%@&' ()-L7 10%@& ()-L510%@& () - L310%@& ()-! %&! 109&' () -!

%&! 10%& () - mmmmmmndoj K4 1 10@VL0% & ()- 10% & ()-'y 10% (& ()-MO% & () -
10%4 & ()- 10@ 10@ocoop?pwppaBKs 1 10@ %

104 & ()-,# 10% & ()-& 910% & ()- 10% & ()-!Kkl

10% (& ()- 10% & ()-pgPgqq’ rdrdEK4 1 10@ 10% & ()- 1s10% & ()- 3/

104 & ()-&:10% & ()- +MLOAQ & ()-"t10% & ()-drrrrrrrs9sbhC 1 10@

10%<& () -109%<& () - 91@/&(&'0(1:)(:1'65: 10%<8 £33t e 1Haclg8pility of the
10%4 & ()-9ssspttu>u}"?bC 1 10@'t10%& ()-,t10%& ()- F& 10%& ()-! pF&
10%i<d<&' () - 3535@5’/&&.£iiif&Qe$Q%%& (r)e‘eH_US&UJVFﬁ/Né‘V\Béanglnjgo@acnlne a0
9-110%<wW<& ()-! 9-110%<& ()-3+s10%& ()-,)s10%& ()-!pF3%

10%6<d<&’ () - QMRS £ & £ FWaWMMWAF XA to strap various items, as

equipped with the reel 60 which was loaded with the above

polypropylens strao coil 1l1l. In each polypropylene

W

strap coil 11, the innermost and outermost ends of the
strap lla were bonded as shown in Fig. 1 by the
melt-bonded areas lie formed along the perighery of the
perforations 11d. The strap coils 11 were then de-
10 formed into an oval section, respectively, with an
eccentricity ratio of 1.00, 1.05 and 1.10 (calculated
as the ratio of longest inner diameter/shortest inner

diameter in the hcllow 11lb). The test proved that,

while the deformed strap coils 11 were loaded on the

15 reel 60, none of them showed unwinding or
disintsgration of the strap 1lla on the innermost
cylindrical surface of the strap coil 11. Besides,

every strap coil 11 in the reel 60 allowed the packaging
machine 40 to draw cut the strap lla smcothly to the
20 innermost end.

The reel60'ispreferablymade cf a light material
such as aluminium, except the core halves 64, the fixed
plates €3 and some other members that require rigidity,
whereby the reel 60 rotates efficiently in drawing out

23 the strap 11la from the strap coil 11 but it stops resadily
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In the above embodiment, the screw rod 62 1is
designed to be fitted cn the spindle 49 of the packaging
machine 40. Alternatively, the screw rod 62 may be

integrated with the spindle 49, or it may play a dual

W

role of the spindle 49 and the screw rod 62Z.
It should be understood that the components of
the core element in the reel 60 are not limited to a
palir of core halves. The core element may be composed
10 of a plurality of core pieces (e.g. gquarter core
pieces).

Still another strap coil reel 70 is illustrated

in Fig. 52 (a) and (b), wherein Fig. 52(a) is & section
ana Fig. 52(b) s a schematic section taken along the
I3 line B-B in Fig. 52(a). The reel 70 includes a hollow

shaft 71 which fits on the spindle 49 of the packaging
machine 40. The spindle 49 extends through the inside
of the shaft 71 and terminates on the ocutside thereof.
The shaft 71 and the shaft 49 inserted therethrough are
20 rotatable in synchronism. The distal end of the
spindle 49, which projects out of the shaft 71, is formed
with a groove 49a. One end of the shaft 71
corresponding to the basal end of the spindle 49
concentrically helds a disc-shaped side plate 72.

23 The shaft 71 is surrounded by four core plates
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74 which constitute a core element to be insertsd in
the hollow 1llb of the strap coil 11. Each of the core
plates 74 has substantially the same length as the axial
length of the shaft 71, and each is curved in the
circumferential direction of the shaft 71. The
internal surfacs of each core plate 74 holds a pair of
sliding shafts 73, each being appropriately spaced from
the other in the axial direction of the shaft 71 and
extending in the radial direction of the shaft 71. 2
pair of sliding shafts 73 are slidably accommodated in
a2 pair of cylindrical holders 735 mounted on the shaft
T1.

In all, focur pairs c¢f nolders 75 extend radially
from the shaft 71, as circumferentially egually spaéed
from each other. 1In each pair, the two holders 75 are
separately disposed in the vicinity of the ends of the
shaft 71. Each sliding shaft 73 is slidably and
hermetically fitted in the holder 75. A pair of sliding
shafts 73 mounted on the core plate 74 are equipped with
a pair of tension springs 76. The tension springs 7¢
stress the core plate 74 toward the shaft 71.

The shaft 71 includes an air passage 71la which
communicates with every holder 75. Both ends of the
alr passage 71la open at the distal end surface of the

shaft 71 corresponding to the distal end of the spindle
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air outlet 7l1lc which is opened and closed by an air

outlet cock 77.

wn

When compressed air is injected in the air inlet
71t from an air nozzle, the air is then supplied into
the air passage 7l1la via the check valve. As the air
outlet 71c is closed by the cock 77, the compressed air
in the air passage 7la is supplied to all of the holders
10 75. The air pressure allows the sliding shaZfts 73

fitted in the holders 75 to slide ocutwardly against the
stress of the tension springs 7¢€.
The distal end of the spindle 49 extending through
the shafts 71 is concentrically fitted with a disc-
I3 shaped cover 78. The cover 78 is secured on the spindle
49 by a nut 79 screwed dewn along the groove 49a formed
at the distal end of the spindle 49, with keeping in
contact with the edges of the core plates 74.
In the reel 70 of this structure, the strap coil
20 11 is loaded in the following manner. To begin with,
the nut 79 and the cover 78 are detached from the spindle
49. At this stage, each core plate 74 1is stressed
toward the shaft 71 by the tension springs 76 fitted
on a pair of sliding shafts 73. Therefore, the core

25 element composed of the core plates 74 is diametrically
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passage 7la through the air inlet 71lb which opens at

10 the distal end surface of the shaft 71. Since the air
. outlet 71lc remains closed by the cock 77 throughout the
air introduction, the air fed into the air passage 71la

is supplied to all holdexs 75. The air pressure allows

the sliding shafts 73 fitted in the holders 75 to slide

15 outwardly against the stress of the tension springs 76,
whereby the sliding shafts 73 mounted in pairs on the
core plates 74 outwardly displace the same in a uniform

and synchronised manner. As a result, the core element
composed of the core plates 74 expands diametrically,

20 until the external surface of each core plate 74 is
pressed against the inner cylindrical surface of the
strap coil 11. 'In association with the expansion of

the core element, the section of the strap coil 11 is
re-formed into a circular section, even if deformed

25 into an oval section.
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Now that the strap coil 11 is loaded on the strap

10 coil reel 70, the packaging machine 40 can strap an item
47, with drawing out the outermost end of the strap 1la
which locates on the outer cylindrical surface of the
strap coil 11. When the reel 70 runs out of the strap
1la in the strap coil 11, the air chargsd in the air

15 passage 71la is discharged by operating the cock 77 to
open the air outlet 71c. While the air flows out, each
core plate 74 constituting the core element yields to
the stress of a pair of tension springs 76, whereby the
core element contracts diametrically.

20 Fig. 53 schmatically illustrates further ancther
embodiment of the strap coil reel. The strap coil reel
70" is basically similar to the reel 70 shewn in Fig.
52. The difference lies in that the shaft 71 is
combined with the spindle 49 of the packaging machine

25 40 and that the'spindle 49 includes an air feed line
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10 - 86 and an electromagnetic feed valve 82. Passing
through the'rotary joint 81, the compressed air flows
into the air feed 1line ¢9p. On the other hand, the air
coming from the air discharge line 49c flows out through

the rotary jeoint 81 and an eslectromagnetic discharge

—
(W ]]

valve 87.

In order to load the strap coil 11 in the reel
70', the nut 72 and the cover 78 are detached from the
spindle 49, as shown in Fig. 54(a). By releasing the
electromagnetic discharge valve 87, the air charged in
20 the holders 75 is discharged through the air dischaxge
line 49c in the spindle 49. As aresult, the coreplates
74 constituting the core element are stressed toward
the shaft 71 by the tension springs, and reduce the
diameter of the core element. The electromégnetic

25 discharge 87 is closed thereafter.
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strap coil 11 (Fig. S4(e)). While the core element

R Ro

()-
()-

& () -
& ()-
)_

20 composed of the 'core plates 74 diametrically expands
into a cylinder of circular section, the oval section
of the strapcoilll is re-formed into a circular section
(Fig. 354 (f)). Once the strap coil 11 obtains the
circular section, the electromagnetic feed valve 82 is

25 closed.
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packaging machine 40 can strap an item 47. When the
reel 70' runs out of the strap 1la, the electromagnetic
discharge valve 87 is released to discharge the air
charged in the holders 75 through the air discharge line
49c (Fig. 54 (g), (h)). In consequence, the core plates
74 yield to the stress of the tension springs and thereby
contract the core element diametrically.

It should be understood that the mode of the

present invention should not strictly limited to the

. embodiments hereinbefore described. For example, the

strap lla of the strap coil 11, which is made of an
olefinic resin or other thermoplastic resins in the
above embodiments, may be prepared by coating a
thermoplastic resin on the external surface of a base

strap made of paper or fibres.

6Ti nes
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What is claimed is:

1. A packaging strap coil comprising a number of layers of a
packaging strap wound helically and corelessly around a hollow defining an
axis of the strap coil, the strap being made of a thermoplastic resin at least on
an external surface thereof, wherein a plurality of perforations are pierced in
the vicinity of an innermost strap end through to a plurality of strap layers
laminated thereon, and wherein the laminated strap layers are bonded to
each other at a melt-bonded area formed along the periphery of each
perforation.

2. A packaging strap coil according to claim 1, wherein a plurality of
perforations are pierced in the vicinity of an outermost strap end through to
the plurality of strap layers laminated thereunder.

3. A packaging strap coil according to claim 1, wherein the
perforation is prescribed as to a circumferential length, a configuration and a
position thereof as well as the number of the laminated strap layers through
which the perforation should extend, said parameters being based on a
material, a thickness and a width of the packaging strap, thereby satisfying a
balance between a bonding strength and a peeling strength of the laminated
strap layers.

4. A method for producing a packaging strap coil of claim 1, which
comprises the steps of:

winding an innermost strap end on a winding roller and laminating a
plurality of layers on the innermost strap end,;

piercing the laminated strap layers with a perforator heated to a
predetermined temperature, thereby to form a perforation and melt its
periphery;

withdrawing the perforator from the laminated strap layers to
melt-bond the periphery of the perforation;

winding a required length of the strap helically on the winding roller to
form a strap coil; and

removing the winding roller from the strap coil.
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5. A method for producing a packaging strap coil according to claim
4, wherein the winding roller can expand or contract diametrically, the winding
roller being diametrically expanded while the strap is wound thereon to form a
strap coil, and thereafter, being diametrically contracted and removed from
the strap coil.

6. A method for producing a packaging strap coil of claim 1, which
comprises the steps of:

winding an innermost strap end on a winding roller and laminating a
plurality of layers on the innermost strap end;

irradiating a laser beam on the laminated strap layers, thereby to form
a perforation and melt-bond its periphery;

winding a required length of the strap helically on the winding roller to
form a strap coil; and

removing the winding roller from the strap coil.

7. A method for producing a packaging strap coil according to claim
6, wherein the winding roller can expand or contract diametrically, the winding
roller being diametrically expanded while the strap is wound thereon to form a
strap coil, and thereafter, being diametrically contracted and removed from
the strap coil.



