-

! FJ‘

200300054 4w, 11111111 ~~~~ 11112111111 ~~~~~ 11111 ~~~~~~ If 9. JAN 2003

1; *cofoo7* It kagnng & 3:@ fet-h dd forProducingthe
Same ! Packaw nit and ackagi ﬁugg Z@@hzﬂﬂ? Equi ppe
Coi | R 2" Bt IHFHE | NVENTI Oy The"® pr nventi on lﬂ }’H [wm}a
packagi ng - strap coOidgoihi ch is made up of a helically wound t

resin packaging strap and used in strapping various itens, and a He¥¥od
for producitng the 10 sane. The present invention also relates to a

pa%kagi ng,strap coil unit conprising the strap co---1 and further relates
to a packagin§2mcidiTed S pE¢iflt angi MathodtFap Rrotdus kel ffloe Saowi ng t he
strap coil an~ an autonmatic packagi ng machine. 15 A tape-like
thernopl astic resin packagreyastirep Stsapnpboyedrficy atdapping a corruga't ed
cardboard box or the like. The resin strap is usually manufactured by
ext r usi on- noul difrag kaag bhef Maich itneerBppl psédcwigdi stxap eCopdl Rpredpyl ene,
pol yet hyl ene terephthalate) into 20 a required flat tape shape, in which
case drawing and stretching of the resinis carried out at a rate
exceedi ng the extru5| on rate. The stretched resin

3 BACKGROUND OF THE INVENTION

The preseqt invention relates to a packaging
strap coil thch is made up of a helically wound
thermoplastic resin packaging strap and used in
strapping various items, and a method for producing the

10 same. The present invention also relates to a
5%¢kaging sfrap coil unit comprising the strap coﬁ@i{

and further relates to a packaging machine equipﬁg&9

g
ey

with a strap coil reel for loading the strap coil on,
an automatic pacraging machine.

15 - A tape-like thermoplastic resin packaging strap
is employed for strapping a corrugated cardboard box
or the like. The resin strap is usually manufactured

-by extrusion-moulding an clefinic thermoplastiE resin
(i.e. polypropylene, polyetﬂylene terephthalate)_into

20 a required flat tape shape, in which case drawing and
streﬁching.of the resin is carried out at a rate
exceeding the eztrusion rate. The stretched resin
strap is helically wound up on a tubular paper core to

form a strap coil.

25 The strap coil is loaded on an automatic packaging-=« .. - -



strap is helically wound up on a tubular paper core to forma strap coil.
25 The strap coil is |oaded on an automatic packaging.---: 2 nachine,
together with the tubul ar paper core. A strap therein is successively
drawn out to strap a corrugated -cardboard box or like item Wen the strap
coil runs out of the strap, it consistsz_of t he tubul ar paper core. 5 The
paper core has been marred by the strap and may not be reused as the core
of the packaging strap coil. If the paper core is stained with a synthetic
resi n-based, adhesive, it even fails to nake a material for recycled
paper. The tubakhingapergedihesr whittht hs meblidrgerai®ravar ¢ abl & sasc ap paper
core or a material for recycled paper, is only to be discarded. Di sposal
of the paper tikereinhbwever¢estiilve lnveduiamesotitans port & izoncamd gwest®
treating expenses. In view of the above probl ens, Japanese Patent 15
Appl i cation Ladddopen dNio:831bH690/ HOIbt édP- AMHeB815680F t rdipsclodses wn<or el ess
packagi ng strap coil and a manufacturing nmethod thereof, wherein a
packagi ng steap ¢85 thed iscaldpy, waundnsn sttheo absiencaitofl ar pefyerr erord i ke
core. As shown in Figs. 57 and 58, the coreless 20 strap coil 205 has a
cylindrical hbheopa266 abriet Baaxbsen mIheernnerubmsts enalp odndl hea gtrcap 204 i s
nel t-bonded at a nelt-bonded area 241 with another strap |ayer
be reused as the core of the paclkaging strap coil. If
the paper core is stained with a synthetic resin-based
adhesive, it even fails to make a material for recycled
paper. The tubular paper core, which 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 of the above problems, Japanese Patent
15 Application Laid-open No. 315690/1995 (JP-RA-7~315690)
discloses a coreless packaging strap coil and a
manufacturing method thereof, wherein a packaging
strap is 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



overlaid on the top side thereof. To produce this strap coil, a strap 204
is wund 25 on a winding roller 201 conprising a pair of separable 3
right/left roller conponents 203, 213. Firstly, the start of the strap 204
is wound in one. turn along the mddle of the axial |length of the w nding
roller 201 where the right/left roller tonponents 203, 213 are 5 joi ned.
Then, the strap 204 provi des another |ayer thereon. The |am nated strap

| ayers are nelted and bonded to each other by applying a heated iron,
thereby formng a nmelt-bonded area 241. Once the innernost end of the
strap 204 is ¥i%Bd/ & P celet erhi AedPloardtts 0f030 hé- st Fapsd4 i $hsound on
the entire surface of the wnding roller 201 to forma strap coil.
Finally, the sERght pPlfefths (&P cdhponentsurgd3in2dgeofutrheawondi e rol | er
201 are disjoined and renoved fromthe strap coil. Thus obtained is a
cor el ess packagifAgestorfap-levi3=285. 1¢65glth i § hpackiagd hggsteap ecoiddl t he
fixed innernbost end of the strap is not drawn out into the hollow at the
axi s. Theref oreerehd st rapsbdi/Lefenmiaisl ¥ r arand nesdls d @¥en2ddr iave
transportation. Wien this strap coil 'is | oaded on an automatic 20

packagi ng3machp hegdt-he Ttgmap Fsedsdawmrowd 04 rprrivheesotes pipst érdsand used

for strapping a corrugated cardboard box or like itens.
thereon. The laminated strap layers are melted and

bonded to each other by applying a heated iron, thereby
forming a melt-bonded area 241. Once the innermost end
of the strap 204 1is fixed, a predetermined length of
10 the strap 204 ié wound on the entire surface of the
winding roliér Zdl 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 packaging strap coil 205.
15 In this packaging strap coil, the fixed innermost
end of the strap ig not drawn out into thé hollow 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
outermost énd and used for strapping a corrugated
cardboard box 6r like items.
As mentioned above, a heated iron is used to heat
é predetermined area on.the laminated portion of.the

25 strap wound on the winding roller, so that the laminated



As mentioned above, a heated iron is used to heat a predeterm ned area on
the | am nated portion of the 25 strap wound on the winding roller, so that
the lamnated 4 strap portion is nelted and bonded together. However, as
the iron fails to give a stable heating tenperature, the bonding strength
of the lamnated strap |ayers may vary Trom batch to batch. Provided the

i nnernost end 5 of the strap is bonded too strongly, nanely, provided the
nel t - bonded area possesses too high a peeling strength, the bonded area
may not peel readily when used in the packagi ng machine. In sone cases,
the strap naystBéPpBPFF&FVylFomﬁléﬁﬁ andtihendedi dhgyebbaded Hpegveld
Actually, when a strap coil is |oaded on the automatic- packagi ng machi ne,
the strap is F duhe dutonlfionlg sitthg itsearotabllenhefitihe feedereltierss. |f the
| am nated |ayers of the strap are bonded too strongly, the feed rollers
may fail to peef »fhding straadtdyerfsthandawdmsd,ed s tdest ley ettremeel ves,
depending on the rotation power. The strap coil of the prior art nanlfests
nore defectsVapg Arsny 8F tcdi Itd Sygrepar eRir byitadi hhti hgngrmstsrtagnich a
spiral form it is somewhat extended in the axial direction. Al though the
i nner nost Send f thhes 20 agt Hapbis dsshded witttragl ayerane livayers viigwdat ed
thereon, the rest of the innernost rows of the strap coil which axially
nei ghbour thetbendedl stipapdendd areal gfdsgmsses too high a peeling

strength, the bonded areamay not peel readily when used

in the packaging machine. 1In some cases, the strap may

be partiaily torn off at the rigidly bonded area.

10 Actually, when a strap coil is loaded on the automatic
packaging méchine, the strap is drawn out along with

the rotation of the feed rollers. If the laminated
layers of the strap are bonded too strongly, the feed
rollersmay fail topeel off the strar layers, and worse,

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

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

20 strap is bondedwith a layer or layers laminated thereon,
the rest of the innermost rows of the strap coil which
axially neighbéur the bonded strap end are left un-
bonded with respect to the layers laminated thereon.
Sucﬁ a strap coil'may unwind or collapse at thé

23 non-bonded area.



bonded with respect to the layers |lamnated thereon. Such a strap coil may
unwi nd, or col | apse at the 25 non-bonded area. 5 For transportation or
storage, the prior art strap coils are laid horizontally and stacked on top
of each other as shown in Fig. 55, wth %he a.--."is oriented vertically.
Usual ly, a pair of strap coils 101 are 5%vertically stored in a package
(shown by imaginary |line). Each strap coil 101 has uneven side surfaces

by nature, where the edge of the strap 10la sticks out in some |ayers.
Wien a plurality of strap coils 101 are laid axiswi se vertically on top of
each other, as 10 sh&#n Fﬁa?F89r§§F%?ﬂe8agé§ﬂr§%%'sﬁ¥5b BD14Lprdf ecting
fromthe side surfaces of the strap coil 101 can be bent or deforned. The
strap coil 10%“WAPcH Iht? udEs A246r RS T it ak L depBEnBd a6 theedg®P i s | ess
i kely to ensure spooth supply of the strap 10la in the automatic 15
packagi ng macRine2 ¢ Prof &ct SPRE st B 5Ur Paoe¥ 160 Bhetaabs gilentsé strap
coil 101 is conventionally transported or stored in the formof a strap
coil unit shoWf%itn FigtY 56, URHRCRY i rfcl RR1EE afp&itradt e séspadd o applied
on each side 20 surface of the strap coil 101. Each disc pad 102 is nude
of cardboard ¥fd Pl wERTE cehf r &l Bl 'e® 2924 S h@tirche ok réggarfdsy t o t he

cylindrical hollow 10la at the .
line). Each strap coil 101 has uneven side surfaces

by nature, where the edge of.the strap 10la sticks out
in some layers. When a plurality of strap coils 101
are laid axiswise vertically on top of each other, as
10 shown in Fig. 55, the edge of the strap 10la projecting
from the side surfaces of the strap coil 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 thé strap 10la in the automatic
15 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 is
made of cardboard.and formed with a central hole 102a
which.corresponds to the cylindrical hollow 10la at the
axis of the strap coil 101. A pair of pads 102 are
integra;lly joined on the side surfaces of the strap coil

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



axis of the strap coil 101. A pair of pads 102 are integrally joined on

the side surfaces of the strap coi

Each strap 103 ties 6 the strap coil 101 and the pads 102 together,
passing axially through the hollow of the strap coil 101 and the hol es of
the pads 102 and then axially crossing the outer cylindrical surface of
the strap coil 101. 5 Since the cardboard pads 102 cover both side
surfaces of the strap coil 101, the edge of the strap 101la, even if
unevenly project or sink, is H$rotected from deformati on or damage.

Nonet hel ess, tRE préfa &9

25 101 by a plurality of straps 103.

it may

L stret parkayffgt 040 SERAP °Coi PaRfit™dis not

a sinple task, because the grocess requires positioning the pads 102 on
bot h side
together by a plurality of straps 103. As for an automatic packagi ng

586 Ne4= PR BhEtPAPSCH § THEIT AT Soper et B TS PREKL ng an
itemautomatically, the strap coil reel usually accomobdates a strap coi
conprising a SHIF&F Wolhbndaft6ddd sat timet a? f paper séoraR qhelsiPap coil reel

machi ne equip

includes a core element which is inserted into the paper 20 tube.

suffaédd Yoft it heug

r &P ec il 101 Hhdt bk Bef BARPeF Oty Ad X e

and

supports the sane. AdNfe EbFe Elicthmrdt Reds hay Ise vadopeedha sdydg ndri cal

structure which conprises

t han the

10

20

surfaces of the strap coil 101, the edge of the strap
10la, even if i£ may unévenly project or sink, is
protected from deformation or damage.

Nonetheless, the preparation of such packaging

strap coil units is not a simple task, because the

' process requires positioning the pads 102 on both side

surfaces of the strap coil 101 and thereafter tying them
together by a plurality of straps 103.

As for an automatic packaging machine equipped
with a strap coil reel and operated for packaging an
item automatically, the strap coil reel usually
accommodates a strap coil comprising a strap wound
around a tubular paper core. The strap coil reei
includes a core element which is inserted into the paper
tube and supports the same. As the core element, there
may be adopted a cylindrical structure which comprises
a cylinder whosé diameter is slightly smaller than the
inner diameter of the paper tube, a three-parallel-
roa structuré in which three parallel rods support the

inner cylindrical surface of the paper tube at three

a cylinder whose dianmeter is slightly smaller



i nner dianeter of - the paper tube, a three-parallel- rod structure in which
three parallel rods support the 25 inner cylindrical surface of the paper
tube at three 7 circunferentially evenly spaced positions, or a
flat-plate structure which conpri'ses a pair of parallel plates . Wen the
core element of the strap coil reel holfs a tubular paper core, the strap
coil reel is 5 rotated by the inertia force generated while the strap 1is
drawn out fromthe strap coil by the feed rollers. Unfortunately, in
inserting the core element into the hollow of the coreless strap coil,
friction wthcithkemdores el Aty mayeimducespaeedt rapsésitlontso urmsi nde 10 or
disintegrate on the inner cylindrical surface thereof. Besides, this core
el ement i s noflapplrilcai et ucomedl iegs cotrapl ©o$ la mhi cte has ra 1def or ned
oval section and thus an oval hollow, which is often observed during and
after transpoptatieen ofhdre e apoxcoi¢lehEnt5otftheéheosé relpeeritl afedhe strap
coil reel cannot be inserted into a defornmed hollow, it is inpossible to
| oad a def or medlsitsr ap toblhler tdrostrapreoi Itheektrlp facil rketlheiore
el ement conprises three parallel rods or a pair of flat plates, it can
enter 205 hoblkewest by stieapneaitli ahfeirmg g esidpiiey wieflor mede evalasect i on.
Nevert hel ess, under such circunstances, the inner cylindrical surface of
t he strap coiissgra@un@hngfrom the strap coil by the feed rollers.
Unfortunately, ininserting the core element into
the hollow of the coreless strap coil, friction with
the core element may induce the strap coil to unwind
10 or disintegrate on the inner cylindrical surface
thereof. Besides, this core element is not applicable
to a coreless strap coil which has a deformed oval
section and thus an oval hollow, which is often observed
during and after transportation of the strap coil. If
15 the core element of the strap coil reel cannot be
inserted into a deformed hollow, it is impossible to
load a deformed strap coil on the strap coil reel.
In fact, if the core element comprises three
parallel rods or a pair of flat plates, it can enter
20 a hollow of a strap coil having a slightly deformed oval
section. Nevertheless, under such circumstances, the
innercylindricélsurfaceof‘thestrapcoilsurrounding

.the deformed hollow cannot receive a circumferentially

equally dispersed force. As a result, when the strap

o]
wh

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



t he defornmed holl ow cannot receive a circunferentially equally dispersed
force., As a result, when the strap 25 coil gets thinner, the hollow of the

strap coi
section, as

may be 8

flat-plate structure, re- spectively. After all, the strap coil ree
draw 5 out a strap fromthe strap coil snpbothly. Mreover, the strap coi
reel fails to draw out the strap to the ultimte end for other reasons.
Since the rotation of the strap coil reel depends on the inertia force
generat ed in AMAWTRF SARETABREEtRpO 3 He NG Et+ap TOREEPOUPF My ITE2BE T ap

coil may bite into the core

further deformed into a triangular section or a square
| oaded on the core elenent of three- parallel-rod structure or

cannot

el enent and get entangl ed or disintegrated,

when the strifddiI"be@SmesCeRefne?? Rt hePrsr eS Lafiené thé Wirepcoil

reel is installed on the outside of the

aut omati c packagi ng machi ne,

t here

are some 15 pBsgiadil§tiESdoF LAMAN HIF aRr opératdrlathent rHe tumel,t -bonded end
inthe coreless strap coil is peeled off fromthe bonded |ayer, it may
viol ently sprPFR§Vackeldt onyE Rt t he tlot attiterp 6P ittheesirapneotidrael |

possi bly at an operator.

above proﬁiengpttﬁezﬁﬁéggnﬁrom the strap coil smoothly.

10

20

Moreover, the strap coil reel fails to draw out
the strap to the ultimate end for other reasons. Since
the rotation of the strap coil reel depends on the
inertia force generated in drawing out the strap, the
strapconstitutingthéstrapcoilmaybiteintothecore
element and'get'éntgngled or disintegrated, when the
strap coil becomes thinner. Furthermore, where the
strap coil reel'is installed on the outside of the
automatic packaging machine, there are some
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.

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

the strap is firmly fixed to prevent unwinding or

20 SUMMARY OF THE I NVENTION I n order to solve the



i nvention provides a packaging strap coil and a nmethod for producing the
same, wherein the innernost end of 25 the strap is firmly fixed to prevent
unwi nding or 9 disintegration of the strap coil, and further, the strap
is snoothly drawn out to the ultimate end when enployed for strapping an
item Another object of the present inventionis to 5 provide a packaging
strap coil unit, wherein it effectively prevents defornmation and bent at
the edge of the strap which constitutes the side surfaces of a packaging
strap coil conprising a helically wound strap. Besides, this strap coi
unit is manufacsangedmaionodi npte mamaer .cALfur eher fobjeerof tihre
present invention is to provide a packaging nachine equipped with a strap
coil reel, wherern itshe rcor ehégsdstmap ccdi [to even Wit defdenedd wham be
| oaded on the strap coil reel wthout sacrificing 15 its firmy coiled
state. Wth tanplstyreap Tofl steebping straptean be -drawn out safely and
stably to the wultimate end. In view of the above-nentioned objects, the
present invention phovitdes so'packagiodyg e apreseht 20vcompresi ag & nunber
of layers of a packaging strap wound helically and corel essly around a
hol | ow defdi ni pgoamn deaxias phkctihg istg ap togig , ddiel sturap bewmg nraide aft a
effectively prevents deformation and bent at the edge
of the strap which constitutes the side surfaces of a
packaging strap coil comprising a helically wound strap.
Besides, this strap coil unit is manufactured in a
10 simple manner.
A further object of the present invention is to
provide a packaging machine equipped with a strap coil
reel, wherein the coreless strap coil, even if deformed,
can be loaded on the strap coil reel without sacrificing
15 its firmly coiled state. With this strap coil reel,
a strap can be rdrawn out safely and stably to the
ultimate end.
In view of the above-mentioned objects, the
present invention provides a packaging strap coil
20 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

23 pierced in the vicinity of an innermost strap end



t hernopl astic resin at |east on an external surface thereof, wherein a'
plurality of perforations are 25 pierced in the vicinity of an innernost
strap end 10 through to a plurality of strap layers |am nated thereon,
and wherein the lamnated strap |ayers gre bonded to each other at a

nmel t - bonded area fornmed along the perigﬁ%ry of each perforation. In this
packaging 5 strap coil, it is desirable to provide a plurality of
perforations pierced in the vicinity of an outernost strap end through to
a plurality of strap layers |amnated thereunder. It shoul d be understood
that a thernophastigd® 10 resitd Yaekdgy ng 5t s&F adhplayEd S nLeRé ngrtesent
invention conprises at |least a thernoplastic resin. This neans that the
strap may conprfseca t ierdophaseie rtdsi nlaréneteBurtrovn thEesGheérr shand,
the strap nay be nade of a fibre, paper, etc. whose surface is coated with
a 15 thernoprastee Festachmtkovert a Retlie jrarkagiaty stfregrebidiona is
preferable to prescribe the perforation as to the <circunferential |ength,
confi gur at i ont aadeposticory ttherdedf pest Ief ftasnt-he Inufibér B caw i ed
strap layers 20 through which the perforation should extend. These
paranet er § aretdervercnilded iith 14 eéwsofrathkenheepralridet Bi ERRESS gt o dt h of
t he packagi ng strap. Thereby,

perforations pierced in the vicinity of an outermost
strap end through to a plurality of strap 1layers
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 means
that the strapmay comprise a thermoplasticresinalone.
But, on the other hand, the strap may be made bf a fibre,
raper, etc. whose surface is coated with a

15 thermoplastic resin.

Moreover, in the packaging strap coil, it 1is
preferable to prescribe the perforation as té the
circumferential length, configuration 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 stréngth.

25 As described above, the strap coill of the above



the lam nated strap | ayers exhibit a bal anced bonding strength and peeling
strength. 25 As descri bed above, the strap coil of the above 11 structure
is characterised in that the lamnated layers in the vicinity of the
i nnernost strap end are bonded together at the nelt-bonded area. The
mel t - bonded area provides a stable bonaﬂng strength and serves as the 5
core of the strap coil. As a result, the strap coil does not unw nd or
col |l apse on the inner cylindrical surface. Besides, the strap can be
stably lam nated on the bonded |ayers to forma solid strap coil. Wen
perforations aceugstovided fharheteirdismd yn 4i0a bft len Llemtieratsst Lstveas end
through to a plurality of underlying strap |ayers, the strap will not
unwi nd from thetbeterimdstitendf THis iarrangestnstrhpsesaveset hendecbubl e of
fixing the outernost strap end by taping or thermal nelt-bonding. 15 The
perforations apgejtdichbushy reddignetd¢ o shadad-  tTHee hallamde nded weers t he
bondi ng strength and the peeling strength at the bonded | ayers of the
strap. Therepopeides thes omelhandnpdtihg |samearad ed podt fenvels atshéhstrap is
nmut ual Iy bonded with a stable bonding 20 strength at the nelt-bonded area
formed al ong thee peritpherytobpt heiperf asati areswOnt t hehet hérapand,ilin  use
of the strap coil, the bonded strap | ayers peel off
does not unwind or collapse on the inner cylindrical
surface. Besidés,'the strap can be stably laminated
on the bonded layers to form a solid strap coil.
When perforations are provided in the vicinity
10 of an outermost strap end through to a plurality of
underlying $trap 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.

25 ' In this connection, the present invention



properly at the nelt-bonded area, instead of being forcibly torn away. 25
In this connection, the present invention 12 provides a production nethod
wi ndi ng an i nner nost
_ ty of layers on the
innernmost 5 strap end; piercing the | ai?nat ed strap layers with a

of the above strap coil which conprises the steps of:
strap end on a winding roller and |lam nating a plural

perforator heated to a predeterm ned tenperature, ther

perforation and nelt its periphery; w thdrawing the perforator fromthe

| ami nated 10 strap |layers to nelt-bond the periphery o

forma strap coil; and renoving the winding roller fromthe strap coil.

I n the producthorhnmetdmel; ishe Wwhrdisterol ¢€F may expan

diametrically. The dianeter of the wnding roller is expanded while the

eby to forma

f the perforation;
wi ndi ng a reqeipeddeengt hpodduhéistr ap tedd caf | yheoabpHe witmdicngaiol ler to

d or contract

strap is wound thevéonitrg horimaesihpap sorbp € ogad twarnd e nwwilndi ng

roller is dianetrically contracted and renoved fromthe

I nci dental |y, ahHelpevifrgrtatog aayl beaintiheff brmeref ca twéedienerm gt at e.

3 strap end;

20 strap coil.

piercing the laminated strap layers with a

perforator heated to a predetermined

thereby to form a perforation and melt it

temperature,

s periphery;

withdrawing the perforator from the laminated

10 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 ceil.

13 In the production method, the winding roller may

expand or contract diametrically. The diameter of the

winding roller is expanded while the strap is wound

thereon to form a strap 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 producing a packaging strap coil comprising

25 the steps of:

15



Further, the present invention provides another nethod for producing a
packagi ng strap coil conprising 25 the steps of: 13 w nding an innernost
strap end on a winding roller and lamnating a plurality of layers on the
innernost strap end; irradiating a | aser. beamon the |lam nated strap 5

| ayers, thereby to forma perforation and3mel t-bond its peri phery; w ndi ng
a required length of the strap helically on the winding roller to forma
strap coil; and renoving the winding roller fromthe strap coil. 10 In
this production nethod, too, the winding roller may expand or contract
diametrically. The wdinghgt @ nof N B ABTAI S hgaPaitern 3 viXphnded dhite t he
strap is wound thereon to forma strap coil. Thereafter, the w nding
roller is d|aﬁ@ﬂrﬁ@ahhya%bn@radlb@rahﬁtY1Pfréﬁﬁ@éé Pmoﬁhﬁhén§ﬁmm?%ﬁnl I n
any of the above production nmethods, it is inportant to prescribe the

ci rcunferenti altrdaengid / configuration and position of the perforation as
well as the nunber of |Iam nated | ayers of the strap through 20 which the
perforation shoul d extrerila Thegea pazanetieesm anetdet érmiined €ch stizp of t he

material, thickness and w dth of the packaging strap.. Thereby, the
| am nat ed 3 layers, thereby to form a perforation and melt-bond its

periphery;
winding a gequired length of the strap helically
on the winding roller to form a strap coil; and
removing the winding roller from the strap coil.
10 In this producfion method, too, the winding
roller may-expand_or contract diametrically. The
diameter of the winéing roller is expanded while the
strap is wound thereon to forma strap coil. Thereafter,

the winding recller 1s diametrically contracted and

—
¥/}

removed from the strap coil.

In any of the above production methods, it 1is
important to prescribe 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 determihed in view of the material, thickness and
width of the paékaging strap. Thereby, the laminated
strap layers exhibit a balanced bonding strength and
peeling strength.

25 In these production methods, a needle-shaped



strap layers exhibit a bal anced bonding strength and peeling strength. 25
In these production nethods, a needl e-shaped 14 perforator provides a
perforation of circular section, and a plate-shaped perforator provides a
perforation of rectangular section or gther section corresponding to the
section of the perforator. AlternativeI34 | aser 5 beamirradi ation can
provide a perforation of smaller dianeter by renoving the conponents in
the irradiation area. In another aspect, conpared to the use of
needl e- shaped or pl ate-shaped perforators, the |laser beam application
requi res | esspexpenrddiy e pormpichentss p et ofradm @motther rgeilmr ok oriiew, t he
present invention provides a strap coil which conprises a nunber of |ayers
of a packagi ngnst rap lwoiancs e € dap by fane toor ¢l essl §e s ar opad fa rhdlilcow
defining an axis of the strap coil, the. strap being nmade of a

t her nopl asti cofeseéntangudast s tlbo am exdterarals sur facect hepepbndilrar ei n a
portion of the strap which constitutes an inner cylindrical surface
surroundi ng the tod Isew ti iso pedl abé o ondedt by . anA ladhesitier¢ by adetster
portion of the strap. In this strap coil, the adhesive-bonding can be 20
effected i5n vaerkous raenrhiersio Foraexanpl édeaapoetfonatdfort g stwadp ehel i cal |y
wound in the vicinity of the hollow my be peel ably bonded by an adhesive
t o anot her diameter by removing the components in the irradiation

area. In another aspect, compared to the use of

needle-shaped or piate—shaped perforators, the laser

beam application requires less expendable components.

10 From another point of view, the present invention

provideszisfrapcoilwhichcomprisesainumberoflayers

of a packaging strap wound helically.and corelessly

a;ound a hollow defining an axis of the strap coil, the

strap being made cf 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 strép helically wound in the vicinity of the

hollow may be pe.elably_bon_ded by an adhesive to another

portion of the strap laminated on a top side thereof.

Otherwise, aplurality<oflayersof the strap laminated

25 along each axial end of the hollowmay be bonded mutually



portion of the strap lam nated on a top side thereof. Oherw se, a
plurality of layers of the strap | am nated 25 al ong each axial end of the
hol | ow may be bonded mutually 15 peelably by an adhesive. Alternatively, a
plurality of adjacent rows of the helically wound strap may be bonded
mutual | y peel ably by an adhesive which i1$ ap- plied on the inner
cylindrical surface surrounding the 5 hollow The adhesives for the above
enbodi ments nay be solvent-type or hot-nelt-type. Still another nethod for
produci ng a packaging strap coil conprises the steps of: 10 wi nding an
i nner most st reapeénd lheld cad h yadheaivei.ndrig erold ey ve by f ornPan riadnierymost
strap layer; applying an adhesive on a top side of the strap wound on the
wi nding rollerf wdijdicenta regei p€dthengiehl iofaltlhe wivuap bekirpalmay b5 on t he
adhesi ve-applied portion of the strap to form a strap coil; and renoving
t he wi ndi ng robhéedf romdhelysbegpatdiy .by lant hehalbdwe priodeict enawet hod,
the adhesive may be coated by pressing a coating roller of an applicator
20 agai nst thelirdesnoshestinapr|ayeinwoiund lonutiiecw adirmgundilderthd nst ead,
t he adhesive may be continuously injected between the innernost strap
| ayer wound onofhew .
The adhesives for the above embodiments may be
solvent—-type or hot-melt-type.
Still another method for producing a packaging
strap coil comprises the steps of:
10 winding an innermost strap end helically on a
winding rolier to form an innermost strap layer;
applying an adhesive on a top side of the strap
wound on the winding roller;
winding a required length of the strap helically
13 on the adhesive-applied portion of the strap to form
a strap coil; and
removing the winding roller from the strap coil.
In the above production method, the adhesive may
be coated by pressing a coating roller of an applicator
20 agalnst the innermost strap layer wound on the winding
roller. Instead, the adhesive may be continuously
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 which moves along

23 the latter.



winding roller and a strap which is being |lamnated thereon, wth the use
of an applicator which noves along 25 the latter. 16 "|et another nethod
for producing a packaging strap coil conprises the steps of: w nding an
i nnernost strap end on a winding roller, wth applying an adhesive on a
plurality of layers of 5 the strap | amlfated al ong each axial end of the
winding roller; winding a required |length of the strap to form a strap
coil; and renoving the winding roller fromthe strap coil. 10 Herein, the
adhesive can be sprayed on the layers of the strap |am nated al ong each
axial end of the wiadi rhoohéer meNowdt ie rdgscosdiptiog taur psckega rpackagi ng
strap coil unit of the present invention. The packaging 15 strap coi
unit conpri sestrappackiagi agmptiapscaiHe cotgps sbig a packaging strap wound
helically and corelessly around a hollow defining the axis of the strap
coil, the strap beingndiadeaofirand fret 5o t@asip @ ndeshm ati nlkdeast roan ean
external 20 surface thereof, and a pair of disc-shaped pads,
concentri cal | yitpospilgnety and peed ablry bondedl byaan tadbesileg «ars eath
3 the strap laminated along each axial end of the winding
roller;
winding a required length of the strap to form
a strap coil; and
removing the winding roller from the strap coil.
10 Herein, the adhesive can be sprayed on the layers
of the strap laminated along each axial end of the
winding roller.
Now, the description turns to a packaging strap
coil unit of the present invention. The packaging
L3 strap coil unithéomprises:
a packaging strap coil comprising a packaging
strap wound helically and corelessly around a hollow
defining the azis of the strap coil, the strap being
made of a thermoplastic resin at least on an external
20 surface thereof, and
a pair 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



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 17 which
are folded into the hollow defining the axis of the strap coil. Desirably,
each pad may include, on the outer cirg§nference thereof, a plurality of
external flaps which are folded on the odter 5 cylindrical surface of the
strap coil. Another packaging strap coil unit of the present invention
conprises: a packaging strap coil conprising a packaging strap wound
helically and corelessly around a hollow defining the axis of the strap
coil, the strYyplFd Beind edred ofn kot hlee nopl Asti eefédiim datt Neasti orP an
external surface thereof; and a shape retention plate for substantially
covering the FRfers'C3AR nelpt tal Dsaiftadd ysuradothdbag ThE hoklowe Weeh t he
shape retention plate is rolled and inserted into the hollow 15 of the
strap coil, ifhies eaps e cofr suppborenng t heeirmedr @yl PAdiriaddlt wurdfface of
the strap coil with a resilient ~force in an unrolling direction.
Preferably, thetshapel rélensi owhpladte das afmitdea | yoronheet alolveegport i on
at each |l engthw se end portion. Further, the shape 20 retention plate may
conpri se & paFiléfndtieslf arimddcien o ff hehei ekniby cofiland oriented parall el
to one wdthwi se side, and a pair of extensions projecting fromthe other
Another pachkaging 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 thereof; and a shape retention plate
for substantially covering the innsr cylindrical
surface surrounding the hollow. When the shape
retention plate is rolled and insertad 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 inanunrolling direction. Preferably, the shape
retention plate has a mutually connectable portion at
each lengthwise end portion. Further, the shape
20 retention plate m'ay. comprise a pair of slits formed in
the vicinity of and oriented parallel to one widthwise
side, and a pair of extensions projecting fromthe other
widthwise side. When the shape retention plate 1is

rolled and inserted into the hollow, the extensions are

25 fitted in the slits. 1In addition, the shape retention



wi dt hwi se side. When the shape retention plate is rolled and inserted into

the hol |l ow,

the extensions are 25 fitted in the slits. |In addition,

t he

shape retention 18 plate may conprise a plurality of edge pieces provided
on each | engthw se side thereof for holding a wi dthwi se edge of the strap

coil. Finally, the description is directéd to a 5 packag

i ng machi ne. The

packagi ng machine of the present invention is equipped with a strap coi
reel which accommpdat es a packaging strap coil conprising a packaging
strap wound helically and corelessly around a hollow defining an axis of
the strap coiblathemstyr apmnbd ised age hade Loft va'o ft hdgroplastiscPreyiiveat | east
on an external surface thereof. Wile the packagi ng machine automatically
straps an itedn adhehstaapthgideanhdeuthentohgt o the tdieng at @t domwdfs € he

strap coil. The strap <coil reel conprises a core elenment which can
contract 1; deédgetpifcdlly $hrap keddt- one end thereof so as to be inserted
into the hollow of the strap coil, and which can dianetrically expand

i nside the hollow iRtoadlwir culer -Seettr dpteyhi ndesi cdll rehapel saca@as 2 0 be
pressed against a portion of the strap which constitutes an 20 inner

cylindrical

spaftieg isw r owrdiing: t he hod | peckdpinag desthnabée packag

ng

machi ne equi pped with the strap coil reel, the core elenent is conposed of

10

—
n

20

present invention is equipped with a strap coil reel
which accommodates a packaging strap coil comprising
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
extergal suffacethgreof. . While the packaging machine
automatically strapé an i1tem, the strap is drawn out
along with the rotation of the strap coil. The strap
coil reel comprises a core element which can contract
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 pressed
against a portion of the strap which constitutes an
inner cylindrical surface surrounding the hollow.
For a.desirable packaging machine equipped with
the strap coil reel, the cofe element is composed of
a plurality of «core plates which constitute a
cylindricalcircumferenceoftheexpandédcoreelemeﬂt,

each core plate being displaceable in the radial



a plurality of core plates which constitute a cylindrical circunference of
the expanded core el enent, 25 each core plate being displaceable in the
radial 19 directions. In this strap coil reel, the core plates may be
di spl aced ,by a Iink mechanismor by air, pressure. Furthernore,-in the
strap coil reel nounted on a desirable 'packagi ng machi ne, the core el enent
may be 5 conposed of a plurality of core pieces which together constitute
a truncated cone when confronted with each other. The core element of this
arrangenment can contract dianetrically when an extrene end of each core
pi ece cones cHasercttionhe olhethiwherea® the lcoee 110 téleemente dra expand
dianetrically when an extrene end of each core piece separates farther
away from t hemagtbherdighéapackaygiang imachend aofi stithe rpy eseint piresention | S
advant ageously equi pped with the strap coil reel as 15 described above.
Since the strap coi Furgdie pnoper |'ynt éhsi Grisc dhec patkagengmstumaed tdre strap
is prevented frombiting into the strap coil. Therefore, the strap coi
| oaded t herei a dssheiatdler pdefloxrgredg ine slech e ont herco nawolkde at rtdg beaner
cylindrical surface. Besides, by 20 designing the core elenent to
contract/ expandmpdisaetsf cald yufal et yt hé doamepéecels tvhe toregelwment can
be reduced and increased) , the strap coil reel can
constitute a truncated cone when confronted with each
other. The core element of this arrangement can
contract diametricéllywhenemqextremeend of each core
piece comes closer to the other, whereas the core
10 element can expand diametrically when an extreme end
of each core piece separates farther away from the
other.
The packaging machine of the present invention
is advantageously equipped with tﬁg strap coil reel as
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 coil, while

effectively preVenting unWinding thereof on the inner

25 cylindrical surface. To be specific, when the core



be | oaded with a. deforned eccentric strap coil, while effectively
preventing unw nding thereof on the inner 25 cylindrical surface. To be
specific, when the core 20 elenment is dianmetrically contracted, it can be
inserted wth respect to the deforned |l ow of the strap coil.

Thereafter, the core elenment is dianmetrivcally expanded and pressed agai nst
the inner cylindrical surface of 5 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
part of the abbveepdckagdhgmstragaddiy coanid akited 2(U8) cis e destdored of t he
mai n part of another packaging strap coil. Fig. 3(a) is a side view of a
perforator fovifornesgex pard ¢hat Herd oimmecéd plakkagt hd st sdy awidoidf- 15 t he
invention; Fig. 3(b) is a plan view thereof; and Fig. 3 (c) is a plan view
of the perforabkorafforared the cohe péefemdt os. dFhge t4(ia)kr lilsy g xpiadalad ew of
anot her perforator for formng a perforation in the packaging strap coil
20 of the inventi pmeskiegd adAgébhsikstaepliamend ew 1 hedeofalandrFiare £4{c) is a
pl an view of the perforation formed by the perforator. Fig. 5(a) is a side
vi ew of stiil | tanotsherap coil. -

BRIEF DESCRIPTION‘OF THE DRAWINGS
Fig. 1 is a perspective view of the appearance
of a packaging strap coil of the present invention 
10 Fig. 2(a) is a section of the main part of the
above packaging strap coil; and Fig. 2(b) is a section
of the main part of another packaging strap coil.
Fig. 3(a) is a side view of a perforator for
forming a perforation in the packaging strap coil of
15 the invention; F;g. 3(b) is a plan view thereof; 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; Eig. 4(b) is a plan view thereof; and
Fig. 4(c) is a plan view of the perforation formed by
the perforator;
Fig. 5(a) 1s a side view of still another
perforator for forming a perforation in the packaging

25 strap coil of the invention; Fig. 5(b) is a plan view



perforator for formng a perfaration in the packaging 25 strap coi

i.nventi on; .

of the

Fig. 5(b) is a plan view 21 thereof; and Fig. 5 (c) is a plan

view of the perforation forned by the perforator. Fig. 6 (a) is a side

vi ew of yet another perforator

strap coi

for forpging a perforation in the packaging
5 of the invention; Fig. 6 @B) is a plan view thereof; and Fig.

6(c) is a plan view of the perforation formed by the perforator.. 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
t hereof; and FhgreP {icprnidsFadpl ancviewaoplehe” bey foor hieope Fépmed iy t he

perforator.

Fig. 8(a) is a side viewof a still further perforator for

form ng a perferacidorPy nthherpadkagitar - 15 strap coil of the invention;

Fig. 8(b) is a plan view thereof; and Fig. 8 (c) is a plan view of the

f or medFby -t Réapet $ or atde. viey.o DYg)L, ahsthegi gerfrewtefr a yet
further perforator for formng a perforation in the packaging 20 strap
coil of the ifAvenfremird ¢ pHHAcfat sopl an Vhiewshbpreohy atdal goid (c) is
a plan view of the perforation fornmed by the perforator. Fig. 10(a)
devel opnemt shéwkhg theeptnem; Fig. 6(b) is a plan view thereof; and

perforation

10

20

Fig. 6(c) is a plan view of the perforation formed by
the perforator.. -

Fig. 7(a) is a side view of a further perforator
for forming a perforation in the packaging strap coil
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 perforatcr.

Fig. 8(a) is a side wview of a still further
perfiorator for forming a perforation in the packaging
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. 9(a). is a side view of a vyet further
perforator for forming a pepforation in the packaging
strap coil of the invention; Fig. 9(b) is a plan view
theréof; andE&g. 9(c) is aplanview of the perforation
formed by the perforator.

Fig. 10(a) is a development showing the inner
cylindrical sﬁrface surrounding the hollow 1lb in a

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

is a



cylindrical surface surrounding the hollowlib in a 25 packaging strap
coil; and Fig. 10(b)-(g) are 22 devel opnents each show ng the inner
cylindrical sur- face surrounding the hollow llb in the packaging strap
coil 11 of the present invention. Fig. 11l(a)-(e) relate to conparative
enbodinents. 5 Fig. 11(a) is a devel opf#nt showing the inner cylindrical
surface surrounding a hollowin a conventional paper-core strap coil, with
t he tubul ar paper core renoved; and Fig. 11 (b) - (e) are devel opnents
each showi ng the inner cylindrical surface surrounding 10 a hollowin a
conventi onal €derellesgnsttapeesinl shkiviind2ths anmad e showi ngckhe stuest
results regarding to the enbodi nents of the present invention and a
conventi onal fecknehogy Wescrgbste ine Flgy 110 and tehe aconprirad isverap
enbodi ments described in Fig. 11. Fig. 13 shows various bondi ng patterns at
the end of acthérnidplattioer egies sty apnasnwebln.as the peeling strength
nmeasured at the bonded areas, each pattern being different in the nunber
and position of theFigerforfabti-de(skelette tQ@drigprddive enbgd aphnshow ng
the relationship between the dianeter of the perforation and the peeling
strength at tHeégnel ti-lbendediar ea i detvka opackayi nghstiap coiel lhrofrthe
present invention.

cylindrical surface surrounding a hollow in a

conventional paper-core strap coil, with the tubular
paper core removed; and Fig. 11(b)-(e) are developments
each showing the inner cylindrical surface surrounding

10 a hollow in a conventional coreless strap coil.
Fig.-iZ 1s a table showing the test results
regarding to the embodiments of the present invention
and a conventional technology described in Fig. 10 and

the comparative embodiments described in Fig. 11.

....
h

Fig. 13 shows various bonding patterns at the end

of a thermoplastic resin strap as well as the peelihg
strength measured at the bonded areas, each pattern
being different in the number and position of the
perforation(s), etc.
20 Fig. 14 ié a . graph showing the relationship
between the aiaméter of the perforation and the peeling
strength attheinelt—bondedarealethepackagingstrap
coil 11 of the present invention.

Fig. 165 is.a graph showing the relationship

25 between the widthwise tensile strength of the packaging



Fig. 15 is a graph showing the relationship 25 between thew dthw se
tensile strength of the packaging 23 strap |la and the peeling strength at
the nelt-bonded area in the packaging strap coil 11 of the present
invention. Fig. 16(a)-(f) schematically qﬁécribe a series 5 of production
steps of the strap coil 11 in one enbodihent 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 stBltragndtieranengolinent iof theeprédent FheeRBildmbRided19 is.a
partly broken-away perspective view of the appearance of another packagi ng
strap coil of arga the pheésackayenyi erram gco20 19 @ Sekhkowrsfsame main
part of the strap coil. Fig. 21 is a schematic conceptual view of an

appar atus for ipreduciag-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(&)id-s kb 6ectidn efhamettheraappatatusiber a series

(]}

of production steps of the strap coil 11 in one
embodiment of the present invention.

Fig. 17(a)-(g) schematically describe a series
of production steps of the strap coil 11 in another
embodiment of the présent invention.

10 Fig. 18 (a)-(g) schematically describe a series
ofproductionstepsofthestrapcoilllinstillanother
embodiment of the éresent invention.

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

of the appearance of another packaging strap coil of

._.
in

the present invention.

Fig. 20 is a section of the main part of the strap
coil.

Fig. 21 1is a schematic conceptual view of an
apparatus for producing the strap coil.
20 Fig. 22(a)-(e) schematiéally describe a series
of production steps of a strap coil with the use of the
apparatus.

fig. 23(5) is a section of another apparatus for
producing the strap éoil of Ehe present invention; and

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



produci ng the strap coil of the present invention; and 25 Fig. 23(b)
illustyrates an operation thereof. 24 Fig. 24 is a perspective view of the
appearance of still another packaging strap coil of the present invention.
Fig. 25 is a schematic conceptual view qf an 5 apparatus for producing the
strap coil. Fig. 26 is a section of the ffai n part of the strap coil. Fig.
27 is a 'perspective view of the appearance of yet another packaging strap
coil of the present 10 invention. Fig. 28 is a section of the main part of

the strap coil. Fig. 29 is a perspective view of the appearance of a
further packagi ng stiap ¢&dilisofa Plee sresehve theiwnvénthenarPegra3G-ds a
section of the main part of the strap coil. Fig. 31 is a partly

br oken- away pefspédtilvevdeneropathegdppeartance ofiad packagi pgestardp coi l
unit of the 20 present invention. Fig. 32 is a perspective expl oded view
of the strapioeiEntum!®. Fig. 33.is a plan view of a pad enployed in the
Fig. 25 1s a schematic conceptual view of an
k) apparatus for producing the strap coil.
Fig. 26 is a section of the main part of the strap
coil.
Fig. 27 is a perspective view of the appearance
of yet another packaging strap coil of the present
10 invention.
Fig. Zé is a section of the main part of the strap
ccil.
Fig. 29 is a perspective view of the appearance
of a further packaging strap coil of the present
13 invention.
Fig. 30 isa 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 plén view of a pad employed in the
strap coil unit.

235 Fig. 34 is a perspective view showing a production



strap coil unit. 25 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 another 5 strap coil unit of the present invention, wherein
the enbodiment of Fig. 36(a) enploys a28hape retention plate |onger than

the inner circunference of the strap <coil, and the enbodi nent of Fig. 36
(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

enpl oyed in theept bap tad Istihap. cbiL Q. w38 t(a)idis Bhpeuspecti vaevipew .Of
anot her shape retention plate enployed in the strap coil unit; and 15
Fig. 38(b):-is a seetiigontshereaf pnanseiekr bfg anddhes paschepabiyed
conceptual view for showing the operation of an automatic packagi ng
machi ne of then phesentrapveatiionniki.g. 40(a) and (b) are schematic views
showing 20 two nodes of installing a strap coil reel on the packaging
machi ne of the preseny.i M) 08ndFi(®.) 4lrd SfacsecCtiiiwdfoa shoaheaoi | reel

for accomopdating the strap coil unit of the present
3 strap coil unit of the present invention, wherein the
embodiment of Fig. 36(a) employs a shape retention
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
employed 1in the strap coil unit.
Fig. 38(a) is a perspective view of another shape
retention plate employed in the strap coil unit; and
15 Fig. 38(b):1is a section thereof in use.
Fig.39fj;aschematicconceptualviewforshowing
the operation of an automatic packaging machine of the
present invention.
Fig. 40(a).and (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 st;ap coil reel for
accommodating the strap coil unit of the present

invention.

25 Fig. 42(a) 1s a section of the strap coil reel,



invention. 25 Fig. 42(a) is a section of the strap coil reel, 26 wth the
strap coil and the cover renoved; and Fig. 42 (b) 1is a side viewthereof
taken in the direction of the arrow Ain Fig. 42(a). Fig. 43(a) is a
section show ng the operation of 5 the %t'rap coil reel; and Fig. 43(b) is
a side view thereof taken in the direclzi on of the arrow Ain Fig . 43 (a)
Fig. 44 (a) is a side view of the cover of the strap coil reel; and Fig.
44 (b) is a front view thereof taken 10 in the direction of the arrow A in
Fig. 44(a). Fig. 45(a) and (b) are sections showing the process of |oading
the strap coi F15h the StFap oil 2péethe coipr 26mMed)e Endn@by L ar ¢ ¥ toht vi ews
showing a strap coil re-forned through the |oading process. 15 Fig. 47 is
a side view ofSafoffHére st+ap EBRFePéeltalfgy igecohfrodatrAg itthe st rdpe coi l
unit of the present invention. Fig. 48 (a) is a side view of the strap
coil reel fofratormodat FAg- tHe (Strap coil unit, with the strap 20 coil
and the cover renoved; and Fig. 48 (b) is a front view thereof taken in the
direction of the arFéwW- A4S alFilg. a48¢taf1iof ghoad (&)this opesiatel ¥ivemf of the
strap coil reel, '
5 the strap coil reel; and Fig. 43(b) 1is a side view
thereof taken in the direction of the arrow A in Fig.
43 (a) .
Fig. 44 (a) is a side view of the cover of the strap
coil reel; and Fig. 44(b) is a front view thereof taken
10 in the direction of the arrow A in Fig. 44 (a).
Fig. 45(a) -and (b) are sections showing the
process of loading the strap coil on the strap coil reel.
Fig. 46 (a) and (b) are front views showing a strap
coil re-formed through the loading process.
15 Fig. 47 is a side view of another strap coil reel
for accommodating the strap coil unit of the present
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 showing its operation, with

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



partially broken away for showing its operation, with 25 the strap coil
and the cover renoved; and Fig. 49(b) 27 is a front view taken in the
direction of the arrow A in Fig. 49(a). Fig. 50 (a) is a side view of the
cover of the strap coil reel; and Fig. 50 (b) is a front view thereof
taken 5 in the direction of the -arrow &% n Fig. 50(a). Fig. 51(a) and (b)
are side views showing the process of loading the strap coil on the strap
coil reel. Fig. 52(a) is a section of still another strap coil reel for
accommodating the strap coil unit of the 10 present invention; and Fig.
52(b) is a framst avifewntt hetreoftakeég. 1b3ths adisekenstd ® fconoceptuad v view of
yet another strap coil reel for accommbdating the strap coil unit of the
present inventlinor,ias #dyated on-an 15 autonmatic packagi ng machi ne. Fig.
54(a)-(g) illustrate a process of |oading and unloading the strap coil
W th respect to therstg.apo (@0i Lsreelidarikheo stutap cooidr udi thewhterepn Fi g.
54(a) and (b) are a section and a front view, respectively, 20 show ng an
i ntroductory step; rkieg.; 24 Figndspdlp)ate a e sect ivineanthar ds dDnta vé 8w,
respectively, showing a succeeding step; Fig. 54(e) and (f) are a section
and a frant vinewhe espeetitvelny,o Showt ngraofvunt Her Fig. 50(a) .
Fig. 51(a) and (b) are side views showing the
process of loading the strap coil on the strap coil reel.
Fig. 52(a) 1is a section of still another strap
coil reel for accommodating the strap coil unit of the
10 present invention; and Fig. 52(b) 1is a front view
thereof.
Fig. 53 1is a schematic conceptual view of vyet
another strap coil reel for accommodating the strap
coil unit of the present invention, as mounted on an
I3 automatic packaging machine.
Fig. 54 (a)-(g) illustrate a process of loading
and unloading the strap coil with respect 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 intrbductory 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



succeedi ng step; and Fig. 54(g) and (h) are a section 25 and a front view,
respectively, showing a still further 28 succeeding step. Fig. 55 is a
perspective view of conventional strap coils in storage. Fig. 56 is a
perspective view of a conventional 5 strap coil unit. Fig. 57 is a
per spective view of a conventional str&® coil. Fig. 58 is a perspective
view show ng a step of w nding the strap end according to a nmethod of
producing 10 the strap coil of Fig.. 57. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The preferred enbodi nents of the present invention
are herei naf t e¥cdescrirgeds WePh reference to 15 the drawi ngs. 1. PACKAG NG
STRAP COL AND I TS PRODUCTI ON METHOD Fig. 1 is a perspective view of the
appear ance of a paEkédgi i st?ap ©eidsrsfct heeprésento f ngenveonio2G IThe
strap coil 11 conprises a plurality of layers of a packaging strap Ila
helical | y woundrarowvd las hoh| eWworlagleb whi ch defines the axis thereof . The
strap Ila is nade of thernoplastic olefinic resins including
pol ypropyl enes, pol fam-dé$ ard apokyestind eites tei epho 25at hahake tilinchl have
been drawn out about five to ten tines
5 strap coil unit.
Fig. 57 is a perspective view of a conventional
strap coil.
Fig. 58 is a perspective 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

15 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 apackaging strap 1la helically wound around a hollow
11b which definés the axis thereof. The strap lla is
made of thermoplastic olefinic resins including
polypropylenes, polyamides'and polyeéhylene tereph-

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



29 in the longitudinal direction to remarkably enhance their tensile
strength. The strap ha has a. wdth of about 10 to 20 mm and a thickness
of about 0.3 to 1 mm The strap Ila 5 can be nmade of any thernopl astic
resin which inproves its tensile strength by draw ng/stretching. A strap
| la of about 1, 000 to 2, 500 m |l ong i s2®ound helically to give a strap
coil 11 having an axial length of about 100 to 250 mm an inner dianeter
of about 200 to 410 10 nm (as the dianmeter of the hollow Il b defining the
axis thereof) , an outer diameter of about 300 to 650 mm and a wei ght of
about 10 to 25nk@g.heThechphepnosiz lerntd of ct henstrap anax k dehy es nak ndve
m ddl e of the axial length of the hollowllb. 15 Fig. 2 (a) is a section of
the strap || athshewittegns alpostiremditrh t he nei ghbour hood of the hollow Ilb in
the strap coil 11. A perforation Ild is pierced in the innernost end of
the strap |l a surrolhéi g tde hbh |l bas kBl bidithr cuglrtout pPukal i2tly myf | ayers
of the strap Il a 20 laninated on.the top side of the innernost end. The
t hus | am nat edndaygerth iof khbessbifapblolua dr.e3 bomdedmmt ogéhherstatapalla
nmel t-bonded area Ile forned along the periphery of the perforation |id.
The perforsati oanl be ande e pelyt thended reai £l ees25 ahéchoimed oe i er ci ng
the lamnated | ayers of the strap

its tensile strength by drawing/stretching. A strap

lla of about 1,000 to 2,500 m long is wound helically
to give a strap coil 11 having an axial length of about
100 to 250 mm, an inner diameter of about 200 to 410
10 mm (as the diameter of the hollow 11lb defining the axis
thereof), ah outer diameter of about 300 to 650 mm and
a weight of about 10 to 25 kg.
The innermost end of the strap 1la locates at the

middle of the axial length of the hollow 1llb.

—
(¥ ]]

Fig. 2(a) i1s a section of the strap 1la, showing
a portion in the neighbourhood of the hgllow 11b in the
strap coil 11. A perforation 11ld is pierced in the
innermost end of the strap lla surrounding the hollow
11b, through to a plurality of layers of the strap 1la
20 laminated on thé.top side of the innermost end. The
thus>laminéted layers of the strap lla are bonded
together at a melt-bonded area 1lle formed along the
periphery of the perforation 11d.

The perforatipﬁ 11d and the melt—boﬁded area lle

25 are formed by piercing the laminated layers of the strap



30 lia with a heated perforator fromthe hollowllb side or fromthe top
side of the lam nated portion of the strap lla, or by irradiating a | aser
beam Practically, the only requirenent for the 5 perforation|lldis to
pi erce through the innernost end of the%ogtrap |la and at | east one
| am nated | ayer of the strap Ila so as bond the. |am nated. |ayers
together at the nelt-bonded area Ile. Therefore, as shown in Fig. 2 (a)
the perforation lid may pierce through the 10 entire thickness of two
| ayers | am nated on the innernost end of the strap Ila. Alternatively, as
shown in Fig. 123 b)Y th héqrerddrag ¥ barkkh rmdy otteitmiendted 1 dvh e sidkll e of
the second | ayer |am nated on the innernost end of the strap lia. 15 The
perforation |Pd ifsopr cviieletdomi s hdehe fusenoflami pet£dr ALeL 138 'ofA the
circular-section pin-type perforator 38 having a sharp point (Fig. 3 (a) )
is held perpefidiacullardy en avholderd B9t {Foga 3= awinheated above the
melting point of the strap Ila. This 20 perforator 38 is inserted fromthe
i nsi de of the holl oRradthl ¢t byt hetwedt lowilse cemtwerefmente ifrrer nose end of
the strap |la, thereby formng a perforation lid in the wdthw se centre
of the striap bleaf(cRiatidic)dd iGn tappliiecats drhwfugine Hredtred: per $ bratdr 38
into 25 the innernost end of the strap |la and the | ayer(s)

of the strap l1lla and at least one laminated layer of

the strap 1la so as to bond the laminated layers together
at the melt-bonded area l1lle. Therefore, as shown in
Fig. 2(a), the perforation 11ld may pierce through the

10 entire thickness of two layers laminated on the
innermost end of the strap 1lla. Alternatively, as
shown in Fig. 2(b), the perforation 11lb 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
11b into the widthQise centre of the innermost end of
the strap 11a, ﬁhereby forming a perforation 11d in the
widthwise centre of the strap lla (Fig. 3(c)).

On application of the heated perforatér 38 into

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



31 lamnated thereon, the periphery of the perforator 38 nelts to provide
a nelt-bonded area lie for bonding the I|amnated |ayers of the strap Il a.
Where the innernost end and the overl apping |ayer(s) of the strap Ila are
5 bonded by the nelt-bonded area lie forged along the periphery of the
perforation lid, the annular nelt- bond@d area lie effectively serves as a
core for wwinding the strap ilain the formof a coil. Due to the bonding,
the innernost end of the strap Ila is neither drawn out 10 nor unwound. As
the perforator 38, there may be al so used a circular-section pin-type

per f orat or haviang rea thedri thgpheni ctbhropnd)ppeimt ofFitgpe peax)fnstich 38 hel d
perpendi cularly on a holder 39 (Fig. 4(b)). This 15 perforator 38 is

| i kewi se heat ed lalxove pheviield ange L pebnhdefd theastitapf¢f daminasdre ed from
the inside of the hollowlib into the widthw se centre of the innernost
end of the stnamidas;ed herwebys fot mhegs araperfor atitonc ¢ itthe Annlpe i dt hwi se
centre of the strap 20 Ila (Fig. 4(c)) The section of the perforators 38
is not limtednd ande s rcwd arasethgobags rnent icdnedealsovmp Rilgs.alse to 9
illustrate flat plate-type perforators 38 which provide slot-Ilike
perforati ons. pbheidd at v pkatertsyipe- 2bn pedf arator: 138 Ofrked. aSpa)g ande (b) has

an obl ong section
periphery of the perforation 11d, the annular melt-
bonded area 11egffectivelyservesas a core for winding
the strap lla in the formof a coil. Due to the bonding,
the innermost end of the strap 1lla is neither drawn out
10 nor unwound.

As thé perforator 38, there may be also used a
circular-section pin-type perforator having a hemi-
spheric (round) point (Fig. 4(a)) which 1is held
perpendicularly on a holder 39 (Fig. 4(b)). This

15 perforator 38 ié likewise heated above the melting
point of the strap 1la and inserted from the inside of
the hollow 1lb into the widthwise centre of the
innermost end of the strap lla, thereby forming a
perforation 11d in the widthwise centre of the strap

20 1la (Fig. 4(c)).

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

provide slot-like perforations. The flat plate-type

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



32 and conprises rounded sides in the thickness direction. This _
perforator 38 is applied into the widthw se centre of the innernpost end of
the strap Ila, with the thickness direction of the perforator 38 being
aligned with the 5 width direction of th§ strap Ila. As shown in Fig. 5 (c)
, the thus forned perforation |id ext erds al ong the | ongitudinal
direction of the strap |Ila and has an oblong section with two rounded
ends. The flat plate-type perforator 38 of Fig. 6(a) 10 and (b) has a
triangul ar section and a thickness gradually dimnishing fromone side to
the other. Thi3d perpPsi&tessy r38ngiedesidensr t arfgld ah1isddSsonperficériation |id
along the length of the strap Ila (Fig. 6(c)) . The flat plate-type
perforator 38Tbfsppgripra)cnnd (b)atmsied ansecthom icdipriss ¢ ones squar e
end and an opposite triangular end. The resulting perforation |id extends
al ong the | engfh-lo¢ itree smpap d1do fopee erid deilAg -shapedh ¢ fha chrianyl e
(Fig. 7(c)). The flat plate-type perforator 38 of Fig. 8(a) 20 and (b)
conpri ses roudded cSiides ¢ the pdrEknessor dier betiingn ads awedd waist fart letiged
piercing head. This perforator 38 can easily form an obl ong-section
perforatiadn | wdadwirt Airewtdeth efidshalsomper hé al-endsshsofwntimeFsorap(Ela (Fig.
8(c)). The flat plate-type 25 perforator 38 of Fig. 9(a) and (b) has a
rectangular the thus formed perforation 1lld exztends along the

longitudinal direction of the strap 1la and has an

oblong section 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(diminishing fromone side to the other. This
perforator 38 gives a triangular-section perforation
11d along the length of the strap 11la (Fig. 6(c)). The
flat plate-type perforator 38 of Fig. 7(a) and (b) has

15 a section comprising one square end and an opposite
triangular end. The resulting perforation 11d extends
along the length of the strap 1lla, 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 1in the thickness
direction as well as an edged piercing head. This
perforator 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

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



33 section and conprises an edged piercing head sloping fromone side to
the other. The resulting perforation |ld has a rectangul ar section
extending along the Ilength of the strap 11la (Fig. 9(c)). 5 The perforator
38 for formng the perforation Ild is made of a material of high thernmal
conductivity (e . g . pre-shaped plat ea3copper). Due to its high thernal
conductivity, the whole part of the perforator 30U heats up quickly and
uniformly to a prescribed tenperature. 10 As a result, it efficiently forns
the perforation lid and the nelt-bonded area Ile in a short tine. Fig.
10(a) is-a devetoppentarshowimgr i hesi aneedgeyl ipndri cialg sueddcelobitnize strap
coil 11 surrounding the hollow lib. The innernost end of the strap |Ila 15
| ocat es at t heraimdehe of dtheo axialo drengt h ie tdwes bbbt 1 ow p¢ ¥ Ho r At iohme
i nnernost strap end, a single perforation I|ldis forned in the w dthw se
centre of theistiramdla, radesehylthe sanetonsteenanointhe Istr@ptihlea and
the layers |lamnated thereon are nmutually bonded at the nelt 20 bonded
area lie.. Onéhgtot ker taadstiBpt heastemipy codkc) i1l of the present
invention, a plurality of perfora- tions lid are provided in the inner
cylindrical surfacernefpéheostrap £0ifdod¥ oxudirroyndienget e rlacd lcowlllid,
together with the nelt-bonded areas Ile fornmed al ong 25 the periphery
t hereof . Thi sisthagé WeaavdteBial of high thermal conductivity (e.g.
pre-shaped plated copper). Due to its high thermal
conductivity, the whole part of the perforator 38 heats
up gquickly and uniformly to a prescribed temperature.
10 As a result, it éfficiently forms the perforation 11d
and the melt-bonded afea 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
13 locates at the middle of the axial length of the hollow
llb. At the innermost strap end, a single perforation
1ld is formed in the widthwise centre of the strap 1la,
whereby the innermost end of the strap 11a 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 11 surrounding the hollow 1llb,

together with the melt-bonded areas lle formed along

25 the periphery thereof. This structure avoids



34 unwi nding or disintegration of the strap |lia helically wound around
the hollow |llb. By way of illustration, the strap coil 11 of Fig. 10(b)
i ncludes three perforations Ild, one forned in 5 the innernost strap end
and the others in the edgewi se rows along the axial ends of the hollow IIlb.
Each perforation Ild is aligned with tB¢ others in the axial direction of
the hollow lib. The nelt-bonded areas |ie are provided along the periphery
of the perforations 10 lid. The strap coil 11 of Fig. 10(c) includes five
perforations lid, one forned in the innernost strap end and the others
formed in pai nawiimdihey edgemissiontraaywsaalongo £ tthes axtirad p érids hefl itdwe ol | ow
|1 b. The perforations Ild 15 in the edgewi se rows are circunferentially
di sl ocated fwomntcheapetfior ahieomdllldbw nlte i nnernost strap end. The
mel t - bonded areas lie are |ikew se provided along the periphery of the
perforations |ld. Adgi¥kgnaklylluFigati0nd) tekows rapconbilnatioh Bifg t he
structures of Fig. 20 10(b) and (c). Further, the strap coil 11 of Fig.
10(e) includeso (®)plivtal asysot hperf ereaticanst 1 o dswhiidh ame formed in
circunferentially equally spaced in the edgewi se rows along the axial ends
of the hold owthkbinflke st sap €oip 25d Lard afhdicgh ) fin proviedessva p ural ity
of (e . g . three)

rows along the axial ends of the hollow 1llb. Each

perforation 11d is aligned with the others in the axial
direction of the hollow 11lb. The melt-bonded areas lle
are provided along the periphery of the perforations

10 11d.
The strap coil 11 of Fig. 10(c) includes five
perforations 11d, one formed in the innermost strap end
and the others formed in pairs in the edgewise rows along

the axial ends of the hollow 11b. The perforations 11d

._
n

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

Further, the strap ceil 11 of Fig. lO(e).includes
a plurality of perforations 11d which afe
circumferentially equally spaced in the edgewise rows
along the axial,end; of the hollow 11b. The strap coil

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



35 perforations lid in every axially adjacent row of the strap |Ila around
the hollow 11b, each being aligned with the others in the axial direction
of the hollow 11b. Furthernore, the strap coil 11 of Fig. 10 (Qg)
interposes 5 perforations |lid between the axially aligned perforations lid
of Fig. 10 (f) , in the central row and3%edgewi se rows in the axial
direction of the hollow Illb. In order to achieve a desired peeling strength
(nel t-bonding strength) and a widthwise tensile 10 strength at the

mel t - bonded area |l e where bonding is effected between the | am nated | ayers
of the strap péaforthe opes foratimnsvéetd areaptesedibegnitn roer 98 <t he
configuration, dinension, nunber, position, etc., depending on the

materi al, thickness]1aiadtdynetahe bb1l1l5w hebsteaphldealndhre istreghWédin s 11 of
Fig. 10(a)-(g) based on different patterns of the perforation (s) lid and
t he melt-bondedeaveaes)s lile wes eatesledifrerct vdbraf i omerksisprandépo -
transportation resistance, loadability on a conventional strap coil reel

in an 20 aut omatibepackagi nthemachiapecpdiunt set Ftigst 10 (andinpackageasbil ity
in an automati c packagi ng machine as |oaded on the strap coil reel

( machi ne- packageabirkittiyp n 4 est))Ld Theettaste r estihtes weke addnpi | edigmel g. 12,
wherein Exanples 1-7 correspond to the strap coil 11 25 of Fig. 10(a)-(g9),
respectivel y.pdheocanpaims ived of Fig. 10(f), in the central row and

edgewise rows in the axial direction of'the hollow 11lb.

In order to achieve a desired peeling strength
(melt-bonding strength) and a widthwise tensile

10 strength at the melt-bonded area lle where bonding is
effected befweenthe'laminated layers of the strap 1lla,

)

the perforations 11d are prescribed in terms of the
configuration, dimension, number, position, etc.,
depending on the material, thickness, width, etc. of
15 the strap l1la. The sfrap 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

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



36 exanpl es were conducted using packaging strap coils 211 of Fig . 11
(a) - «(e) , each showi ng the devel opnent of the inner cylindrical surface
surrounding the hollow lib. The strap coils illustrated in Figs. 10 and 11
5 were nmade of a pol ypropyl ene strap. Ig Conpar ative Exanples, it should be
understood that the innernost strap en 9 200 of all strap coils 211 were
positioned at the mddle of its axial length, where the strap ends 200
were |left unsecured or secured 10 in various manners. I n Conparative
Example 1 (Fig. 11 (a)) , the innernost strap end 200 was fixed on a
t ubul ar paper<é8r@ LE&fot eSKonA} dBY tRehns 168 Rastapie s2p2P(SapFe W dth 10
mm. On the other hand, Conparative Exanples 2 to 5 enpl oyed corel ess
strap 15 coi |l 8£2819 | hl Canpdrdti ¢& Exampive ' (g derve (aPment thle thsiner nost
strap end 200 was |eft unsecured. In Com parative Exanple 3 (Fig. 11(c)),
t he i nner nost 18neapcydid RUO- wass befecansecaredding taytnéalldd v Before wound
into a strap coil, for 10 mnutes at 80~_C to prevent 20 its contraction
and deformati on. | nTGsnparratd veo 1 Exahphless rEfigd 11 Fayy -, 1Ohérichner nost
strap end 200 was secured with the adjacent rows of the strap coil 211 by
a kraft tadpe 262e hadGonpérat bvé yBramy kede (FEgap-11(e)), the innernost
strap end 200 was secured with 25 the all wdthwi se rows of the strap coi
211 by a craft In Comparative Examples, it should be understood
that the innermost strap ends 200 of all strap coils
211 were positiéned'at the middle of its axial length,
where the strap ends 200 were left unsecured or secured
10 in various manners. In Comparative Example 1 (Fig.
11 (a)), the innermost strap end 200 was fixed on a
tubular paper core (not shown) by means of a stapler
201 (staple width 10 mm). On the other hand,
Comparétive Examples 2 to 5 employed coreless strap
13 coills 211. In Comparative Example 2 (Fig. 11 (b)), the
innermost strap end 200 was left unsecured. In Com-
parative Example 3 (Fig. 11l(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. 1In Comparative Example 5 (Fig.

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

]
W

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



37 tape 202. [TEST PROCEDURES] Vibration Test Each sanple strap coil was
hori zontally laid on 5 a 250-mmdi aneter cylindrical nount placed on a
vibration plate. The vibration plate was vertically vibrated 100
times/mn. in the range of 15 mm The ~adi ng was based on the follow ng
criteria. The sanples graded O did not 'unwind or collapse on the inner 10
cylindrical surface after 1 hour of vibration; the sanples graded G had
the inner cylindrical surface unwound after 30 mnutes to 1 hour of

vi bration; and the sanples graded X had the inner cylindrical surface
unwound withi A28F mM%tes of vibration. 15 Transportation Test Each sanple
was packed in a corrugated cardboard box (length x width x depth: 465 x
465 x 210 (m) ) and TESamdporEBHRBY la I orry over a distance of 500 km
Each 20 Exanpl e enpl oyed five sanples in this test. The re- sults in Fig.
12 i ndi cat e t Bébdabeebofes&npl es whose inner surface had unwounded or

col | apsed during transportation. 25 Drum Set Test 38
' Each sample strap coil was horizontally laid on

5 a 250-mm-diameter cylindrical mount placed on a

vibration plate. The vibration plate was vertically
vibrated 100 times/min. in the range of 15 mm. The
grading was based on the following criteria. The

samples graded(Q did not unwind or collapse on the inner

10 cylindrical surface after 1 hour of vibration; the

A,

samples graded A had the inner cylindrical surface

unwound after 30 minutes to 1 hour of'vibration; and

the samples graded X had the inner cylindrical surface

unwound within 20 minutes c¢f vibration.

._.
th

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

transportation.

25 -Se est



The drum set test exami ned the handling property of the strap coil during a
|.oadi ng operation on a drum of an autonatic packagi ng machi ne. The
automati c packagi ng machi nes used were: NAIGAI Ell (hereinafter 5 referred
to "Machine A") , N CH RO SX-500 ("thhb_e B") and STRAPACK RQ 8(" Machi ne
C'). Each Exanple enployed two sanples™™n 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 |oading. Mchine-packageability Test
The machi ne- packageability test exam ned the incidence of troubles during
normal packagi ng op&r&- AISTiSGT, t&Fche s miarel BIRGcRARG L ¢ RE =T ¢ed
rollers or the Iike. Each exanple enployed two sanples in Machines A B
and C. respecPiftveh§. STRER &84}t §4rd 1 @ 1 opd Yehresert t 1 Ak Aunbe&tt ot
sanpl es which caused any such - trouble. 20 As apparent fromFig. 12, the
strap coils 12fofant @ yRedeht PREMIBRIasdqdiier at &S n2F @RI D) - (g)
gave remarkabl e results. None of themhad the inner cylindrical surface
unwound. . BesPdé&dadiich Maedl Pasans 98 Aat 6ret PECPAcKadi nGermechiateie § hey
caused no trouble 39 1ike bl ocking.
5 referred to "Machine A"), NICHIRO SX-500 ("Machine B")

and STRAPACK RQ-8 ("Machine C"). Each Example employed

two samples in this test. The results in Fig. 12

indicate the number of samples whose inner surface had

unwounded or collapsed before completion of the

10 loading.

chine~-packageabilit est
The machine-packageability test ezxamined the
incidence of troubles 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 résults in Fig.
12 represent the number of samples which caused any such
frouble.
20
As apparent from Fig. 12, the strap coils 11 of
the present invention as illustrated in Fig. 10(b) -
(g)gaveremarkableresults; None of them had the inner
cylindrical surface unwduna, Besides, when used in an

25 automatic packaging machine, they caused no trouble



In addition, the peeling strength of the thernoplastic strap end was
nmeasured using the test pieces 311 as shown in Fig. 13(a)-(f) nade of a 5
pol ypropyl ene strap. The test pieces 311 had their strap ends secured in
di fferent manners, for exanple, by varéing t he nunber and position of the
perfora- tion(s). The pol ypropyl ene str as used in the above-nentioned
tests such as the vibration test was 10 wound around a 200- nm di anet er
core, wherein the strap end was nelt-bonded by the perforation(s) |ld at
20 mm inside fromthe innernost edge of the strap, according to the
patterns showniike FilgpciBfa)-(e). For conparison, 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 I313.adkhiet t@st pibeesp3ELl g e stretehéd odowhiet ds at a
rate of 50 mimn. until the bonded area peeled off. The thus neasured
val ues are showernnmvpghesticghtreg wmd ofa ki geak3ir20 s onyt heeviteagoi nt  of
t he appearance, the perforation.lld preferably has a small circul ar
section, whiehedoes natl standsloutni nint h& ist.r ap3l(lad.- Henceadiheo £f ii shed
strap coil |ooks alnost |ike conventional coreless strap coils. 25 In the
ci rcul ar - sect ben yerd oy aéhens trap as Bhowned4l pireddgs3i1B had 4hdiwe
peeling strength at the nelt- '
strap ends secured in different manners, for example,
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 melf—bonded by the perforation(s) 11d at 20 mm
inside from the innermost edge of the strap, according
to the patterns shown in Fig. 13(a)-(e). 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 testlpieces 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 l1la. Hence, the
finished strap coil looks almost like conventional

coreless strap coils.

25 In the circular-section perforations 11d as shown



bonded area Il e depends on the circunferential length of the perforation
lid, which is prescribed in accordance with the material and thickness of
the strap 5 Ila. Therefore, a required peeling strength can be achieved
sinmply by cal cul ating the dianeter of tg§ perforation lid fromthe
prescribed circunferential Iength thereof and then formng a perforation
lid of such dianmeter, which gives the required nelt-bonded 10 area Ile
along its periphery. Fig. 14 is a graph showing the relationship between
the dianmeter of the perforation |id and the peeling strength at the

nel t - bonded atBafloe. Thea"St fap T&6i IPSRH" RePé&iliT p?%pgpédmﬁ}tﬁélically
15 winding a polypropylene strap |la having a thickness of 0.65 nmmand a
width of 1.5.B°RfAEY ATER ¢ 18t PP CET oM tHE G Uil S58BE6H p&EMSrati on
lid and the nelt- bonded area I|le were forned by piercing a pin-type
perforator 38°6f EP§. BeCaPT@fd-{b) Which WRSCPrehdat BAS26 abGe tHe

nelting tenperature of the strap |la. The eeling strength at the

. P
nel t - bonded af€4°FIe& NS ¥ ifeastireB2 A8 T4 2dt PBRECH? hghP&fé of DU ShfidR n. As
shown in Fig. 14, a 0.4-mmdianeter perforation Iid showed a peeling
strength P, oflabouffhers B00° gf 2af (e 1f t PBBAdEd &gty A2an be

0. 6-mdi aneter 41 perforation |lid showed a peeling strength P_ of
achieved simply by calculating the diameter of the

about
perforation 11d from the prescribed circumferential
length thereof and then forming a perforation 11d of
such diamefer, which gives the required melt-bonded

10 area lle along its periphery.

Fig. 14 is a graph showing the relationship
between the diamester of the perforation 11d and the
peeling strength at the melt-bonded area 1lle. The
strap coil .used herein was prepared by helically

I5 winding a polypropylene strap 1lla having a thickness
of 0.65 mm and a width of 15.5 mm. In this strap coil,
the circular—sectidn perforation 11ld and the melt-
bonded area lle were formed by pilercing a pin-type
perforator 38 of'Fig. 3 (a) and (b) which was preheated

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

As shown in Fig. 14, a O0.4-mm-diameter
perforation 11d showed a peeling sfrength P, of about

25 300 gf at the melt-bonded area l1le. A 0.6-mm-diameter



380 gf . In these cases, the bonded |ayers of the strap ila were snoothly
peel ed off and not torn in the |longitudinal direction. Further, the
peeling 5 strength at the nelt-bonded area |lie can be increased by

enl argi ng the dianeter of the perforatigﬂ I1d. A 0.8-nmdianeter
perforation |l d showed a peeling strength P3 of about 550 gf, and a
1.0-mmdianeter perforation Ild showed a peeling strength P, of about 10
700 gf. In these cases, however, the bonded | ayers could not be peel ed off
fromeach other, and one of the |layers was torn away in the |ongitudinal
direction. |nPg4irdrobPastie FBEIFSIser B S { 1D @Xxahpl b: © °'%

pol ypropyl ene), a thinner strap Ila is nore 15 vulnerable to the

| ongi t udi nal t&& 9EFhef e 6PE5S R2fFSpoF tFoRC 8ot dEEredse vt THerP

t hi ckness of the strap I|la, the dianeter of the perforation |lid should be
di mi ni shed t olfddutereheSpeefihy teehgth il t R8d P t- bfded ar €' i e.
Ther eby, the bonded | ayers of 20 a thinner strap can be safely. peel ed off
from each ot héP%itt4Hhe ARl t -boheiet afea IieFﬂfgﬁﬁﬁv bef g t &5F vy in
the longitudinal direction. According to Fig. 14, a 0.65-nmmthick

pol ypr opyl¥ene S$tiedpd 11 o2 keepg e peePPREG e Ser&fytit ofC HOB YR GF 9833 at t he
nmel t-bonded area lie, 25 when the dianeter of the perforation Ildis 0.6 nm
or 42 less. Py @fslaediRe $&fe Pedls iR st fehfehPegfpmntion 11d. A

0.8-mm-diameter perforation 11ld showed a peeling
strength P, of'éboqt 550 gf, and a l.0-mm-diameter
perforétion 11d showed a peeling strength P, of about

10 700 gf. In these cases, however, the bonded layers
could not be'peeled off from each other, and one of the
layers was torn away 1in the longitudinal direction.

In a thermopiastic resin strap lla (for example,

made of polypropylene), a thinner strap lla is more

r—
tn

vulnerable to the longitudinal tear. Thérefore, in
proportion to the decrease of the thickness of the strap
1la, the diameter of the perforation 11ld should be
diminished to reduce the peeling strength at the
melt-bonded area lle. Thereby, the bonded layers 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 longitudinél direction. According to Fig. 14, a
0.65~-mm-thick polypropylene strap lla keeps a peeling
strength of 400 gf or less at thé melt-bonded area lle,

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



mmt hi ck PET (pol yethyl ene terephthalate) strap Ila should have a
perforation lid with a dianeter of 1.2 mmor |less. 5 As herei nbefore
descri bed, by reducing the diameter of the perforation lid, the

mel t-bonded area |le fornmed along its % ri phery becones snaller and
exhibits a | ower peeling strength. In sd€h circum stances, a desired
peeling strength can be obtained by 10 formng a plurality of perforations
lid, which, as a whole, provide the peeling strength at the nelt-bonded
area ile. Although the above description has been focused on the

circul ar-sect 66 Sper fB? aBn6H 1S dth¢ heames Rt bREtL iSdFE 198 shéwP i Figs. 5
to 9 can al so achieve a desired peeling strength at the nelt-bonded area
lle and w dt i $é itBhsPFE dpredngtinwferhetsredy Iialake) wWhré® the2 bonded
| ayers of the strap |la are safely peeled off but not torn away. According
to the same 20hgrilitcilptes, ather Epretioer éntd af L Fengt Al ad6nfEigwiatl oh,
nunber, position, etc. of the perforation |id are designed in view of the
mat eri al, thi@kness landsthe w dth of the scrap lia. The perforations lid
of Figs. 5 to 9 have a section 25 elongated in one direction, as described
above. In 43 orderatso pegedmtbaherst raps fFabkdom bl ng etdoydi eyt he

diameter of the perforation 11d, the melt-bonded area
lle formed along its periphery becomes smaller and
exhibits a lower peeling strength. In such circum-
stances, a desired peeling strength can be obtained by
10 forming a plurality of perforations 11d, which, as a

whole, provide the peeling strength at the melt-bonded

Although the above description has been focused

on the circuiar—section perforation 11d, . the

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

a desired peeling strenagth at the melt-bonded area lle

and widthwise tensile strength of the strap lla, at

which the bonded lavers of the strap 1lla are safely

peeled off but not torn away. According to the same

20 principles,thecircumferentiallength,configuration,

number, position, etc. of the perforation 11ld 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

25 elongated in one direction, as described above. 1In



the longitudinal direction of the perforation Il d should be aligned with
the longitudinal direction of the strap lla. 5 Fig. 15 is a graph show ng
the relationship between the widthwi se tensile strength of the strap Ila
and the peeling strength at the nelt-bo%gﬁd area lle, wth respect to the
perforations |Ild of circular section an® those of rectangul ar section. The
values. 10 of the circular-section perforations |lid are indicated by A
(diameter: 0.55 nm and A: (dianeter: 1.00 mm). The val ues of the
rectangul ar-section perforations Il1d are indicated by B, (0.55 x 5 nm and
B, (0.55 x 8 AWFer tTheP FeEEARglhgr S$€@h ont pefForaPFoRS iH°PF ave Xheir 15
| ongi tudi nal sides aligned with the longitudinal di- rection of the strap
lla. As for th&ecitenpatisecidbondpercforiett ors | Fde Pepehist bhoBf 11
diameter results in increasing the peeling strength at the nelt-bonded
area |le as wehlowd( gz= theiandehwilsed tdmsilenstrengihlofitve Siqapila. In
contrast, as for the rectangul ar-section perforations |ld, elongation of
t he | ongitudi hale sitdese hatdly af- fects the peeling strength at the
mel t-bonded area |le (the value substantially remains at about 400 gf) .
On 25 the dther handid-helw dishwirsestrensi st rengtineof rehet4pngtyap Il a
increases in proportion to the increase of
between the widthwise tensile strength of the strap 11la
and the peeling strength at the melt-bonded area lle,
with respect to the perforations 1ld of circular
section and those of rectangular section. The values.
10 of the circular-section perforations 11d are indicated
by A, (diaméter: 0.55-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 11ld have their
15 longitudinal sides aligned with the longitudinal di-
rection of the strap lla.

As for the c¢ircular-section perforations 11d,
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. 1In
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

NS
W

the other hand, the widthwise tensile strength of the



the longitudinal length. Incidentally, it is desirable for a O.
65-mmt hi ck- pol ypropylene strap. Ila to have a peeling strength at 5 the
nmel t - bonded area Il e of 400 gf. or less and a wi dt hwi se tensile strength of
the strap lie of about 2,000 gf. In cagﬁ of the rectangul ar-section
perforation 11d, these values are suitabl'y achieved by adjusting the
|l ength of its longitudinal sides. Proper 10 conbi nation of the peeling
strength and the widthwise tensile strength not only ensures safe peeling
and tear prevention between the bonded | ayers of the strap Ila, but also
prohi bi ts unwanteg unvd ndipgeefetshe nstoraypcoilonllio BbBSi desr9ase het
rectangul ar-section perforation 15 lid, the wdthwi se tensile strength of
the strap |ietheanldieyinedéaséd Upngtending its |ongitudinal |ength,
i nstead of adding nore perforations. Additionally, the strap coil 11 of the
present invention maygiideludel g, per fierd¢ s dDnabilg fortahe . 6atem-t20ick
cylindrical surface thereof. The perforation |Ild is pierced in the
nei ghbour hoodpofl vicheo oyt enabstrepdl lhroughvieo at heedndear Isydmend alyexs of the
strap Ila, thereby bonding these |ayers at the nelt-bonded area 1Ile
formed al anhg ithe pesipheoyndekhi sraer angenerit 260 prgévents ltdwes oangr ndst
strap end from being drawn out 45 wunnecessarily. Hence, a conventi onal
strap end widthwise tensile strength of the strap 1la of about
2,000 dgf. In case of the rectangular-section
perforation 11d, these values are suitably achieved by
adjusting the length of its longitudinal sides. Proper
10 combination of the peeling strength and the widthwise
tensile stréngth noct only ensures safe peeling and tear
prevention between the bonded lavers of the strap 1l1la,
but also prohibits unwanted unwinding of the strap coil
11. Besides, in the rectangular-section perforation
15 11d, the widthwise tensile strength of the strap 1lla
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 1ld in the outer
20 cylindrical surface thereof. The perforation 11d is
pierced in the neighbourhood of the outermost end
through to the underlying layers of the strap 1la,
thereby bonding these layers at the melt-bonded area

lle formed along 1its periphery. This arrangement

25 prevents the outermost strap end from being drawn out



securing process such as taping or separate thernofusing is no |onger
required. Fig. 16(a)-(f) is a series-of schematic views 5 show ng
production steps of the strap coil 11. These steps are carried out, for
exanple, by using a wwinding roller 31 showmn in Fig. 16(a). The w nding
roller 31 has a hollow cylindrical shaﬂ@ conposed of four equival ent
cylinder franes 3la obtained by 10 circunferentially quartering a cylinder
of suitable axial length. Each cylinder frame 3la is spaced along a
single circunference with a circunferential gap 3lc to constitute a
cylinder of cPRegc&sssEetibn. THedour <yldoneentianed 334 ramy arrgedl al ong
a single 15 circunference can contract the dianeter of the
ci rcul ar - sect ¥8auEH NdeProwes® al Fowdd tessl it ind wadd t Repaxias-of the
cylinder. On the other hand, the <contracted cylinder is dianetrically
expanded by Shedmedushiengyhsnder forames Bdauouewardl y. An aperture 20 31d
is formed beforehand in the mddle of each cylinder franme 3la. The w ndi ng
roll er 31 accommpdafeg -f ous (dbt dé)sis3%k =eacheof okhichhémebsct lvd edd i nder
frame 31la and holds a circular-section perforator 38 in place. Simlar to
25 t he cybi ndehofiae® 31dict henf sephobdetse39 thiawe ca 146 1 lour FdEse
configuration and spaced along a single cir-

steps are carried out, for example, by using a winding

roller 31 shown in Fig. 16(a). The winding roller 31
has a holiow cylindrical 'shape composed of four
equivalent cylinder frames 31la obtained by
10 circumferentially quartering a cylinder of suitable
axial length. Each cylinder frame 31la is spaced along
a single circumference with a circumferential gap 31c

to constitute a cylinder of circular section. The four

cylinder frames 31la arranged along a single
15 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 3la outwardly. An aperture

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

fhe 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



cunference with a circunferential gap to constitute a cylinder of circular
section. The holders 39 are also slidable in the radial directions. The
perforator 38 5 is mounted on the outer surface of each holder 39 in such
a manner that it can project radially through the aperture 31d forned in
the cylinder frame 3la. Al - though not &fown in the figure, a heater is
provi ded inside each holder 39 for the purpose of heating the 10
perforator 38, and the outer surface of the holder 39 is covered by a heat
insulating material. In order to wind the strap Ila on the winding roller
31, a fixturecB83vies atdmthedribs ithe sstarspatethelogta ap $iagle. eidnner nost
end of the strap coil 11) 15 guided by a strap guide 34 . Then, as shown in
Fig. 16 (b) thefepdmderwitrlanes i3aunferahitowddgte $loi densdtiiaret y al ong
a single circunference to forma circular-section cylinder. Inside the
wi ndi ng rol | eey3indere cfokdersi139 spaitntan n o ipe operd yr spited o ellata onshi p
wth respect 20 to the cylinder frames 3la, thereby keeping the
perforators 38l1awap ff¢ am the: oydd iwlerd fraoesodka. The pkinfuras- 83 H t ached
at the start of the strap llais fitted into the gap 31c created between a
pai r of el ghbouwdui €yl bndenef pares Ila; fand ¢ husasecupésetrhed 25 st art  of
the strap Ila in the mddle of the axial length 47 of the winding roller
31. Wth theseupmodi fhansheinag it can project radially through the
aperture 31d formed in the cylinder frame 3la. Al-
though not showh'in_the figure, a heater is provided
inside each holder 39 for the purpose of heating the
10 perforator 38, and the outer surface of the holder 39
is covered by a heat insulating material.
In order to wind the strap lla on the winding
roller 21, a fixture 33 is attached to the start of the
strap 1lla (i.e. innermost end of the strap coil 11)
15 guided by a strap guide 34. Then,asshowninFig.lE(b),
the cylinder frames 3la are allowed to slide 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 cylinder 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



made, the winding roller 31 may start to rotate in the direction of the
arrow T in Fig. 16 (b) and wind the strap |la thereon. 5 After the strap
|la has made a plurality of layers .around the mddle of the axial length
of the winding roller 31 (Fig. 16 (c)) the winding roller 31 is stopped
at such a position that the apertures ng in the cylinder franes 3la

| ocate face to face wth the perforators 38 10 projecting fromthe hol ders
39. In the next step shown in Fig. 16 (d) , the holders 39 which hold
heated perforators 38 are allowed to slide in the radial direction towards
the cylinder Pfakes31andiTHerpéirdr dlor s¥38haFBefreREaVEd 1400V E S HE el ti ng
15 point of a thernoplastic resin constituting the strap Ila. For exanple,
for a pol ypr opgFeéne t&te ap Ndidng taret L per¥ orriorsst B8t dre Idat el it Hhout

200C, which is higher than the nelting point of polypropylene. To- gether
wi th the out wdideditsipt aednehe frehd kol ey s 139(b 2@ rche: perfiot &t6r3P 38
advance through the apertures 31d of the cylinder frames 3la and stick
into the plurala |tArimted | ayers of the strap |la wound on the w nding
roller 31. In consequence, four circunferentially equally spaced
perforations |id (sédtRigth?)shreprfbladd 28agiensinhvedbsty ¢ Hh H&ye Tan nat ed

| ayers of the strap Ila, 48 |I|eaving the periphery thereof in the nelted
st at e. around the middle of the axial length of the winding

roller 31 (Eij. 1l6 (c).) , the winding roller 31 is stopped
at such a position 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 perforat’ors 38 are allowed to slide
in the radial direction towards the cylinder frames 31la.
The perforatocrs 38 are preheated above the melting
15 polnt of a thermoplastic resin constituting the strap
lla. For example, for a polypropylene strap 1lla, 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 perforatbrs 38 advance through the apertures 31d
of the cyli.nder. frémes 3l.a and stick.into the plural
laminated layefs of the strap lla wound on the winding
roller 31. In consequence, four circumferentially
eciually spaced perforations 11d (see Fig. 2) are form.ed

25 simultaneously in the laminated layers of the strap 11la,



Next, as shown in Fig. 16(e) , the holders 39 are allowed to slide away
fromt:he cylinder frames 3la, with retracting the perforators 38 fromthe
apertures 31d. 5 Following the withdrawal of the perforators 3Ul, the
mel ted areas along the periphery of the perforations 1ld solidify to form
mel t-bonded areas |Ile (see Fig. 2 ) , i ch bond the | am nated | ayers of
the strap 1 1 a. Thereafter, the wnding roller 31 is rotated until a 10
predeterm ned |l ength of the strap Ila is wound thereon. Wile the w nding
of the strap Ila proceeds, the strap Ilais axially reciprocated along the
wi nding roll etea3inso-hharerhehstvapgidmed s hel toal Mg Moihds 6Atehe
cylindrical surface of the winding roller 31 in a 15 prescribed axial
| ength thereof. AftBex& peedehemm nedEliengll (¢ + kdsshrdiddsa 3% 25fund on
the winding roller 31, the diameter of the wnding roller 31 is reduced by
sliding the cglilederd thrahkde3la ¥ dward thhec ki sdehefedfetH . ¥6(FH). The
20 dianmetrically contracted winding roller 31 is renmoved fromthe axis of
the helical | yraourd strapthé ape ThosatobtsaBAefrios: aheorpkessirsty 3 coil 11
whose axis is defined by a hollow lIb. In formng the perforations |ld in
t he | am nat edFo28 dvaiyrey st bf whehstraapllaf the cediguratien3Snurdier, 49
position, etc. of the perforators 38 are suitably

melted areas along the periphery of the perforations

11d solidify to form melt-bonded areas lle (see Eig;

2), which bond the laminated layers of the strap 1lla.

Thereafter, the winding roller 31 is rotated until a
10 predetermined length of the strap 11la is wound thereon.

While the winding of the strap 1la proceeds, the strap

l1la is axially reciprocated along the winding roller

31, so that the stfap 1la is helically wound on the

cylindrical surface of the winding roller 31 in a
15 prescribed axial length thereof.

After a predetermined length of the strap 1la is

wound on the winding roller 31, the diameter of the

winding roller 31 is reduced by sliding the cylinder

frames 31la toward the axis thereof (Fig. 16(£f)). The
20 diametrically contracted winding roller 31 is removed

from the axis of the helically wound strap lla. Thus

obtained is a coreless strap coil 11 whose axis 1is

defined by a hollow 1lb.
In forming the perforations 11d in the laminated

25 layers of the strap lla, the configuration, number,



adj usted so as to hold a bal ance between the peeling strength (or
W dt hw se tensile strength of the strap [|1a) and the bonding strength at
the melt-bonded area 5 1le. Hence, use can be al so nmade of one or nore
perforators 38 of Figs. 5 to 9. As an alternative enbodi nent, the hol ders
39 holding the perforators 38 may be rdPated in synchroni sation with the
winding roller 31, thereby 10 elim nating the step of aligning the cylinder
frames 3la with the holders 39. This arrangenent enhances the operation
efficiency, because the perforations |Ild are fornmed while the w nding
roller 31 is PAsisgtiatni onetThe pér frdraat brr38 riago for AENG The spértfadrldtion |id
15 may be applied either at the bottomside of the innernmost strap lla as
described in &lguste(h)s¢f3s(ktoehofidom e areng sostdeeof thike pwiedding rol | er
31) , or at the top side of the lamnated |ayers of the strap 1la as
descri bed insFrgnagkh (&r(g}dtRO iFke tmrodiucd i onrsheps siowmrs 5 tRiap
17(a)-(g) are carried out by using a winding roller 31 which conprises
four cylinderiframesd3tde s rshiovy snréEngthlt(ahe. nFhe -boyldaterrfa ames
3la can slide outwardly along a single circunference to constitute the
winding rollet181 ofH@bceircu$ar csectben {Hg. mddeEb)9f lom= herdimenetrical |y
50 expanded winding roller 31, the start of the strap Ila

perforators 38 of Figs. 5 to 9.

As an alternative embodiment, the holders 39
holding the perforators 38 may be rotated in
synchronisation with the winding roller 31, thereby

10 eliminating the step of aligning the cylinder frames
3la with the holders 39. This arrangement enhances the
operation efficiency, because the perforations 11d are
formed while the winding roller 31 is in rotation.

The perforator 38 for forming the perfeoration 11d

i) may be applied either at the bottomside of the innermost
strap lla as described in Fig. 16(a)-(£f) (i.e. £rom the
axis side of the winding roller 31), or at the top side
of the laminated layers 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 ocutwardly alohg a single

circumference to constitute the winding roller 31 of

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



gui ded by the strap guide 34 is fixed in the mddle of the axial |length of
the winding roller 31 by fitting the fixture 33 attached to the start of
the strap into 5 the gap 31c between the nei ghbouring cylinder frames 3la.
The perforator 38, held in the vicinity of the wnding roller 31 by a
suitable holder, is able to advance an@% ecede in the radial directions of
the 10 wnding roller 31. After the start of the strap lla is fixed 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 Ila
makes a pl urakpyhdofd lvayed snaroahte t hel i tdo es o rt hef axials tjay dnige h of
the winding roller 31. Then, the winding roller 31 is stopped at the
position showguiini ekl ¢y The )t rafhe yiefd araticr f38edvhirchhes mhishiled b a
heater to a predeterm ned tenperature, is allowed to approach the w nding
roller 31 fromhkhe:externahgshdeft héereofi rahich@0r ¢ blpredéebiyn fiike iregmi nat ed
| ayers through to the start of the strap |Ila. In consequence, a
perforation | kde i£S «ftormed 3 r ttthecH adn thatede [ssyeers of tthe sstragp iddeg
| eaving the periphery thereof in the nelted state. Then, the perforator 38
is allowed tothecede frlombebwehe whedined gradderi3d3d andipdlelred route of t he
| am nated 51 |ayers of the strap |Ila, whereby the nelted area around

3la.

The perforator 38, held in the vicinity of the
winding roller 31 by a suitable holder, is able to
advanée and recede in the radial directions of the

10 winding roller 31. After the start of the strap 1lla
isfixedcnltﬁeoutercylindricalsurfacecﬂfthewinding
roller 31, the winding roller 31 is allowed to rotate
in the direction of the arrow T until the strap 11la makes

a plurality of layers around the middle of the axial

—
h

length of the winding roller 31. Then, the winding
roiler3l isstoppedan:thebositionshownjleig.l7(b).
The perforatﬁr 38,IWhich is heated by a heater to a
predetermined temperature, is allowed to approach the
winding roller 31 from the external side thereof and
20 to pierce in the laminated layers through to the start
of the.strab lla. 1In consequence, a perforatioﬁ lid
is.formed in.tHe laminated layers of the strap 1ia,
leaving the periphery thereof in the melted.state.
Then, the pefforator 38 is allowed to recede from

25 the winding roller 31 and pulled out of the laminated



t.he perforation lid solidifies into a nelt-bonded area |le: Follow ng the
formation of the first perforation 1lid, the winding roller 31 effects a
quarter of rotation 5 (i.e. rotation of 90") in the direction of the arrow
T (Fig. 17 (c)) , and stops again. At t i‘s position, the preheated
perforator 38 is allowed to approach th wi nding roller 31 and pierce
anot her perforation Ild into the |lam nated | ayer of the strap Ila, and
then the 10 perforator 38 is allowed to recede in the opposite. direction
and pulled out of the strap Ila. The formation of the perforation Ild is
repeated, asl3Wewd PA Firg.s7El d)l and Ne)eky ddrordilitg d 6 relfeabondicng
cycle which conprises rotating the winding roller 31 15 by 90 degrees (i.e.
a quarter of ¥oearebAPrapilercilag sphé didrifer dtnéro 38me At o bomelddamirsat ed

| ayers of the strap I|la to forma perforation lid (see Fig. 2), and
wi t hdr awi ng theeper Feratori @8 thepfirtrhe tsitame fl Faet birgolper fyratieint - bonded
area lle (see Fig. 2) . In the 20 end, there are provided a total of four

ci rcunferen- }iallyhequaldyngpaddd: perf ef deicdrsa |dwk arelr w6l tobended ar eas
.1le. Followng the formation of four perforations lid and nelt-bonded
areas |lep theliwendiregatoldero819P8) 26 tomt idiucusi yom ot &t edet e rwiond a
predeterm ned length of 52 the strap Ila into a coil (Fig. 17(f)). Wen
t he | T (Fig. 17{(c)), and stops again. At this position, the
preheated perforator.38 is allowed to approach the
winding roller 31 and pierce another perforation 11d
into the laminated léyer of the strap 1la, and then the
10 perforator 38 is allowed to recede in the opposite
direction aﬁd pulled out of the strap 1lla.
The formation of the perioration 11d is repeated,
as shown in Fig. 17(d) and (e), according to the bonding
cycle which cohprises rotating the winding roller 31
15 by 90 degrees (i.e. a quarter of rotation), piercing
the perforator 38 into the laminated layers of the strap
1la to form a perforation 11d (see Fig. 2), and
withdrawing the éerforator 38 from the sfrap l1la 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 perfqrations 11d and melt-bonded
areas 1lle. |
Following the formation of four perforations 11d

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

23 continuously rotated to wind a predetermined lengfh of



winding roller 31 ceases to rotate, the winding roller 31 is dianmetrically
contracted by sliding the cylinder franmes 3la toward the axis of the
winding roller 31 (Fig. 5 17(g)). The contracted winding roller 31 is
renoved fromthe axis of the heIicaIIy5 und strap Ila. Thus obtained is
a coreless strap coil 11 whose axis is efined by a hollow lib. Instead of
the heated perforator 38, a |aser beam 10 nay be applied fdr the formation
of the perforation lid and the nelt-bonded area lie, as illustrated in
Fig. 18(a)-(g). This enbodinent |ikewi se utilises the wnding roller 31.
conprising founrecytinater 1ipanest3la qH Y. (F&9(-a)y7 (fEach AHemdéhefrane
3la is operated to 15 slide in the radial directions by an air cylinder 36
accommpdat ed vhnthegwrndileg Bél Fers3E. tWhipeathe thendingirgl Fedl3x is
dianetrically contracted by sliding the cylinder frames 3la toward the
axis of the M nd$npiaottercdllythentinstanesl 8% bsidtitngched tpltihee20 start
of the strap Ila guided by the strap guide 34. Thereafter, as shown in
Fig. 18 (b) ,ftheesy}liaderwvdranmes a8la af ¢ heuvwaddhy o Spraced (dliang a
single circunference by the air cylinder 36 to constitute a

circul ar-sectiongw)ndi mger addrerr8dthdvivagdamgexgranded 25 diameterv.edrhe
fixture 33 is fitted into the gap 31c 53 created between the nei ghbouring
cylinder franeso8lahe axis of the helically wound strap lla. Thus

obtained.is a coreless strap coil 11 whose axis 1is
defined by a hollow 1llb.

Instead of the heated perforator 38, a laser beam

10 may be applied for the formation of the perforation 11d

and the melf—bonded area lle, as illustrated in Fig.

l18(a)-(g).: This embodiment likewise utilises the

winding roller 31 comprising four cylinder frames 3la

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

winding roller 31 1is diametrically contracted by
sliding the cylinder frames 31la toward the axis of the
winding roller 31, the fixture 33 1is attached to the
20 start of the strap lla guided by the strap guide 34.
Thereafter, assh@wﬁ.inEiq. 18 (b), the cylinder frames
31la are outwardly displaced along a single
circumference by the air cylinder 36 to constitute a
circular-section windiné roller 31 having an expanded

25 diameter. The fixture 33 1s fitted into the gap 3lc



to fix the start of the strap Ila in the mddle of the axial length of the
wnding roller 31. Referring to Fig. 18(c), a laser oscillator unit 5 35
is disposed in the vicinity of the winding roller 31, with orienting the
direction of its |aser beam irradiatiog -along the radial direction of the
winding roller 31. Further, the | aser SC|IIator unit 35 is able to
advance and recede with respect to the winding 10 roller 31. Wth securely
hol ding the start of the strap [la on the outer cylindrical surface of the
winding roller 31, the winding roller 31 is allowed to rotate in the
direction of ‘Fﬁéaélerdo\)vert‘ﬂ?ﬁﬂltbﬁe“@@ﬂé}ﬁqqral‘?mk@éllaﬁéﬁt frRPEE tdrns
around the mddle of the axial length 15 thereof. After the winding roller
31 ceases to ¥othis, thehetlkaser fosbiel Barer ddia 135 tihe alidsMed atfo tayspr oach
~the winding roller 31 and to irradiate a |laser beam on the |am nated
| ayers through=telt Herinher mbsthend iofdithe ratigy 18lla. The | aser beamnelts
a portion of the 20 lam nated | ayers and the innernost end of the strap lla
and provides a perfBedeironiid dandda Asltc)bordédsareas cliilé.a tFhe Unafi nat ed
| ayers are thus bonded together at the nelt-bonded. area lie (see Fig. 2)
al ong the 5 peBbpher ylicfe ahedpenf bhat Ve inid Y see FHig.wR)dips APtldret he
formation of the first perforation lid, 54 the winding roller 31 effects a
quarter of roBationfhiorienting the direction of its laser beam
irradiation along the radial direction of the winding
roller 31. Further, the laser oscillator unit 35 is
able to advance and recede with respect to the winding
10 roller 31. With securely holding the start of the strap
lla 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 1la makes
about three turns around the middle of the axial length
15 thereof. After thewinding roller 31 ceases to rotate,
the laserl 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 1l1lla. The laser beam melts a portion of the
20 laminated layers and the innermost end of the strap 11la
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 11d (see Fig. 2).

23 After the formation of the first plerforation 11d,



rotation of 90") in the direction of the arrow T (Fig. 188(d)), and stops
again.' At this position, the laser oscillator unit 35 irradiates a | aser
beamon the 5 lam nated | ayers of the strap Ila to form anot her
perforation Iid and a nelt-bonded area Ll,e along its periphery. The
formation of the perforation |lid is repéated according to the bonding
cycle which conprises rotating 1 0 the winding roller 3 1 by 9 0 degrees
(i . e. aquarter of rotation) and irradiating a | aser beam by the |aser
oscillator unit 35, thereby to forma perforation-11d and a nelt-bonded
area |l e al onghet'sl peinghes yLlekrough fedte pathated dfavelrs tof°ot he Strap
I'la. I'n the end, 15 there are provided a total of four circunferentially
equal | y spacedopertfigrmatd Hrsd1)i d nahdeneiralsdridet of édse A9V Ther@ef ter, the
| aser oscillator unit 35 is allowed to recede fromthe winding roller 31
(Fig. 20 18(&p)d)and drhee i oels rgga dhl erAB1thésrpratéd cdonttifudiisisgr t o wi nd
a predetermned length the strap | lainto a coil (Fig. 18(f)) . After the
wi ndi ng rol | epsc3llceases ung. trod at e rnavei i pdi mg Fdsker PFRMson the
dianetrically contracted by sliding the cylinder 25 frames 3la toward its
axi s (Fig.’ 181leg))natefhe 15% econe fadtred akndieng ¥al Ifer BaAris arafdved from
the axis

perforation 11d and a melt-bonded area lle along its

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 quarter of

rotation) and irradiating a laser beam by the laser

cscillator unit 3%, thersby to form a perforation-114d

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

the laminated layers of the strap 1lla. In the end,
15 there are provided a total of four circumferentially

equally spaced perforations 11d and melt-bonded areas

lle.

Thereafter, the lasgr oscillator unit 35 1is

allowed to recede from the winding roller 31 (Fig.
20 18 (e) ), and the winding roller 31 is rotated

continuousiy 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 is

diametrically contracted by sliding the cylinder

25 frames: 31la - toward 1its axis (Fig. 18 (g)) . The



af the helically wound strap Ila. Thus obtained is a coreless strap coi

11 whose axis is defined by a hollow Ilb. 5 As has been described, a |aser
beamirradiated fromthe |laser oscillator unit 35 can forma smaller
perforation Ild in a nore stable and efficient manner. |In addition, the

| aser oscillator unit 35 is conposed oP5l ess expendabl e parts and thus
easy to maintain. 10 As the laser oscillator unit 35, there may be used a
CO_laser oscillator unit which enploys CO2 gas as the |aser nedium The

Co- laser oscillator unit irradiates a | aser beam of 27W out put power at a
wavel engt h of cd@trallod pmasioperat édrbylaiecureentvesf fkoroAheTheils
irradiation tinme of the laser beamis in the range of about 0.1 to 5
seconds, preferabhy akauicOl by wecondstatpwhieh t Thest hetladserd iirs a&di ati on
hardly affects the winding rate of the strap Ila. In addition to the Co-,

| aser oscil | atereurids stthenp 20 iexanpltess ©fa:die ilsagerf iasci bl at ap lunit 35
include a heliumneon |laser. oscillator unit, a sem conductor | aser
oscillator unitband the like. Fig. 19 is a partially cutout perspective
view show ng anot her enbodi nent of the packaging strap coil 25 of the
present irvention. he the ivyes ndstceybkendrizcaladbr iseshaceretitahiess strap

coil 11, the strap Ilais helically
from the laser oscillator unit 35 can form a smaller
perforation 11ld in a more stable and efficient manner.
In addition, the'laser oscillator unit 35 is composed
of less expendable 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 mediumnm. The CO: laser oscillator unit
irradiates a laser beam of 27W output power at a
wavelength of 10.5-10.7 um as operated by a current of
15 6A. The irradiation time of the laser beam is in the
range of about 0.1 to 5 seconds, preferably about 0.5
''''' second, at which Eime thé lasef irradiation hardly
affects the winding raté of the strap 1lla.
In addition to the Cdzlaser oscillator unit, the
20 examples of the laser oscillator unit 35 include a
helium-neon laser oscillator unit, é semiconductor
laser oscillatér unit and the like.
Fig. 15 is a partially cutout perspective view
showing another embodiment of the ﬁackaging strap coil

235 of the present invention. Inthe innermostcylindrical



wound .around the hollow Ilb fromone a::ial end to the

other a:.:ial end.

Anot her | ayer of the strap Ila is thereafter helically |amnated on the
top side of the 5 innernost strap layer. In this way, the strap lla is

wound helically and continuously to formthe strap coi

11. In the strap

coil" 11 of Fig. 19, an adhesive Ilc is58pplied, along the entire axial

| ength of the strap 10 coil 11, on the top side of the innernost rows of
the strap Ila which constitute the inner cylindrical surface of the strap
coil 11 surrounding the hollow lib. Fig. 20 shows a partial section of the
strap coil 1llsueaatedowi thié ke raghesiivell| chelbe ragheshavies hked itm Iprwvi des
an adhesive laver on the top side of the innernost rows of the strap Ila
whi ch is heligauhy wowithq afpeingb 1 hewhob bowrbibohe @eristl tatte tdheHainer

cylindrical surface of the strap coil 11, and simlarly

on the top side of

a couple of strap: ayersil spunat edodthdherepar thie adhestvepl Llaa sis
pressure-sensitive and bonds the |am nated |ayers of the strap ila with an
appropri ate adhesiewes t5d ¥ engl hca OMyng ah@ ntdtee aAdhesine Hdie e exttidits an
appropriate adhesive strength, the innernost helical 25 rows of the strap
lia which conshintui® $thes + PRer154erCyl tAdeheal way,f ace swdrqundiag 4 he

hollow lib are

wound helically and continuously to form the strap coil

11.

In the strap coil 11 of Fig. 19, an adhesive llc

is-applied, along the entire axial length of the strap

10 coil 11, on the top side of the innermost rows of the

strap 1lla which constitute the inner

cylindrical

surface of the strap coil 11 surrounding the hollow 11lb.

Fig. 20 shows a partial section of the strap coil 11

coated with the adhesive 1lilic. The &dhesive 1llc

15 provides an adhesive layer on the top

side of the

innermost rows of the strap 11la which is helically wound

around the hollow 11b to constitute

the inner

cylindrical surface of the strap coil 11, and similarly

on the top side of a couple of strap layers laminated

20 thereon. The adhesive llc is pressure-sensitive and

bonds the laminated layers of the strap
appropriate adhesive strength.

Owing to the adhesive 1lc which

1la with an

exhibits an

appropriate adhesive strength, the innermost helical

23 rows of the strap 1la which constitute

the inner



bonded to the strap |ayers |amnated on the top side thereof. Hence, the
start of the strap ila (i.e. innernost end of the strap coil 11) does not
unwind into 5 the hollow 11b. Mreover, the innernost helical rows of the
strap lia are adhesive-bonded in its en%krety to several layers |am nated
on the top side thereof. As a result, e strap coil 11 will not unwound
around the hollow lib. 10 Wien used in a packaging nmachine for autonmati -
cally strapping a corrugated cardboard box or like itens, the
adhesi ve-bonded strap coil 11 is |oaded on a strap coil reel nounted on
t he aut omat i ccpadkagiimp 1 naghifmee | nuoperatiiow, tre 69tdrtbst 18t PdF end on
the 15 outer cylindrical surface of the strap coil 11 is drawn out by the
feed roll ers bPndiea dust onee i et packagiveg s dﬁﬁhhm%teglﬁ@ethﬁetpép5§ﬂﬁé of the
innernost strap layer surrounding the hollow lib is adhesive-bonded to
t he | am nat edthayerst wi t Heaceni f ohen adivesti vefstitengshra®0 the (1.e.
adhesi ve-bonded portion is safely peeled off and not torn away while the
strap |la is drnasnrrout eAsi pEntheredr @bowe,l the daaermpsturendndfintte strap
|l'a, which locates on the inner cylindrical surface surrounding the hollow
li b which idef kheshbhé caxilsllof 2 tdevstr apheoihndimostiobled inotl peats of f so
easily from58 the strap layers lam nated on the top side thereof . But,
of the strap lla are adhesive-bonded in 1ts entirety
to several layers laminated on the top side thereof.
As a result, the strap coil 11 will not unwound around
the hollow 11b.

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 re=l mounted on the automatic packaging
machine. In cperation, the outermost 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 11b is adhesive-bonded to
the laminated layers with a uniform adhesive strength,

20 the -adhesive-bonded portion is safely peeled off and
not torn away WHile_the strap lla is drawn out.

As mentioned above, the innermost end of the strap
lla, which locates .on the inner cylindrical surface

surrounding the hollow 11lb which defines the axis of

25 the strap coil 11, should not peel off so éasily from



on the other hand, it should peel off fromthe bonded portion with a
proper:tensile strength. So far as this requirenent is satisfied, the
speci es of the adhesive 5 11c is not strictly limted. Desirable adhesives
anong the solvent-type and nonfsolventB ype include, for exanple,
hot - mel t -t ype adhesives and |iquid- soli"dified-type adhesives. The
sol vent -t ype adhesi ves include rubber-based 10 adhesives such as natural
rubber, a styrene-butadi ene rubber, apolyisobutylene rubber and an
i soprene rubber, acrylic adhesives such as copol yners conprising 2-
et hyl hexyl ackikateras laapefadiqml nabadreer tharder silldcbhebasdd adivesi ves
conprising a rubber-like si 15 | oxane or a resinous siloxane as a nain
constituent. oAsttieeoddlameritadidr ¥Fubberubdsededdhési eon ther & omeled be used
volatile oils for rubbers, trichloroethylene, toluene, n-hexane, nethyl
et hyl ket one mnd ttihen Wiiker aTheopen-sohvehe hbrenpslth-t yge adhess vidsts 20
preferably conprise a block polynmer having a high nelting point and nelt
fluidity, sucheags itdmnenpolynexsisbiedtykbrespsopreene-fsttyleepgihesive
styl ene- but adi ene- styl ene, styl ene-ethyl ene-butyl ene-styl ene, ethyl-
ene-vi nyl 3acetateiamd it e diidel y Addiittieghal IDg s jpodlyl 2% ddtde/l ene ampd @and
paraffin may be enpl oyed. Preferably, 59 the nelting point of the
hot - mel t -t ypeta@éhesd Vesnitstype and non-solvent-type include, for
example, hot-melt-type adhesives and liquid-
solidified-type adhesives.
The solvent-type adhesives include rubber-based
10 adhesives such as natural rubber, a styrene-butadiene
rubber, a polyisobutylene rubber and an isoprene rubber,
cacrylic adhesives such as copolymers comprising 2-
ethvlhezyl acrylafe as a principal monomer, and
silicon-based adhesives comprising a rubber-like si-
13 loxane or a resinous siloxane as a maln constituent.
As the solvent 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-stylene, stylene-butadiene-
stylene, stylene-ethylene-butylene-stylene, ethyl-
ene-vinyl acetate and the like. Additionally, poly-

23 ethylenevuﬂ<andparaffinmayfnaemployed. Preferably,



|.ower than that of the strap Ila, particularly -not higher than 100"C. In
this respect, a strap Ila nmade of polypropylene (PP) prefers a -
| ow nol ecul ar-wei ght 5 pol yet hyl ene, EVA, paraffin and the like. A strap
|la made of polyethyl ene terephthalate gPET) advant a- geously utlllses a
| ow nol ecul ar - wei ght pol yet hyl ene, PP and the |ike. As
non-sol vent -t ype adhesi ves, use nmay be further 10 nade of
| i quid-solidified-type polyester-based adhe- sives or acrylic adhesives.
I nstead of the adhesives |lc of solvent-type, hot-nelt-type and
non- sol vent - typemetihel dot poeht pEsitrhe naytbeeilrdepamrdend hgs emplsoyied as t he
adhesive 1l1c. By 15 way of exanple, a hot-nelt resin which is the sane as
or simlar tolbthernattesmakhaft the sthraptddap (Blg. pPpolypropytereset s
enployed in a state heated above its nelting point . when injected between
the strap | ayeighext herarel 1@d a.esiim bonids tdesectayerstirppalpeerable 20
manner. The adhesive-coated strap coil 11 is produced wth the use of a
wi ndi ng rol | es£3poantapapphecars) p2@fshove ilwwHnpledulinevapplhitcat or 20
conprises a pan 21 filled with the adhesive |lc, a feed roller 22 25
di sposed tshergbnyanth gl €oat iggay gdd e f P3nasnanged ko0 Aoemmgt Mid h the
top of the feed roller 22. The
made of polyethylene terephthalate (PET) advanta-
geously utilises a low-molecular-weight polyethylene,
EVA, PP and the like.
As non-solvent-type adhesives, use may be further
10 made of liquid-solidified-type polyester—-based adhe-
sives or acrylic adhesives.
Instead of the adhesives 1lc of solvent-type,
hot-melt-type and non-solvent-type, the hot-melt resin
may be independently employed as the adhesive 1lc. By
15 way of example, a hot-melt resin which is the same as
or similar to the material of the strap lla (e.g.
polypropylenes) is employed in a state heated above its
melting point. When injected between the strap layers,
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 1lc, a feed roller 22

™
(9]

disposed therein and a coating roller 23 arranged in



~adhesive Ilc in the pan 21 is carried on the surface of the feed roller

rotating in a given direction and eventually supplied

the coating 5 roller 23. The winding roller 31 for winding the strap |la

is rotatably disposed in the vicinity of the applicator
roller 31 has a hollow cylindrical shaEQ conposed of f

on the surface of

20. The w ndi ng
our equi val ent

22

cylinder franmes 31a 10 obtained by circunferentially quartering a cylinder

of suitable axial length. Each cylinder frame 3la is

spaced al ong a

single circunference with a circunferential gap 31c to constitute a
cylinder of c¢pntalcar sedchi ophe Theod oaf cyld ndeed rapese3la? ar 19 raanged

al ong a single circunference can contract the dianeter

ci rcul ar-sect adheegylvender ¢ whenhhal palnowred itso o 4 diee d onar hehe vadiasof t he
cylinder. Each cylinder franme 3la includes a nunber of pores 31b. An air
nozzl e assenbby BReiSesdcur blyrdi dposedti20 v tehign vere dviireditnigem gl er  31.
The air nozzle assenbly 32 conprises four nozzles 32a extending radially
from the axisvehttlee W ndiupg Iricdd epn31theAi suirS aajecbéd fromeora nd ps of
the nozzles 32a toward the cylindrical surface of the winding roller 31.

of the

25 The appl i cab@ne20 a3 sposed in the vicinity of the 61 wnding roller 31

is horizontally slidable in the

The winding roller 31 for winding the strap lla

20

N
W

is rotatably disposed in the vicinity of the applicator
20. The winding roller 31 has a hollow cylindrical
shape composed of four equivalent cylinder frames 31la
obtained by 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 3la ar-
ranged along a single circumference can contract the
diameter of the cirﬁular—section cylinder, when al-
lowed to slide téwa;d the axis of the cylinder. Each
cylinder frame 3la includes a number of pores 31b.

An air nozzle assembly.32 is securely disposed
within the winding roller 31. The air nozzle assembly
32 compriseé four nozzles 32a extending radially from
the axis of the winaing roller 31. Air is ejected from
the tips of the nozzles 32a toward the cylindrical
sufface of the winding roller 31.

The applicator 20 disposed in the vicinity of the



approachi ng/receding directions with respect to the wnding roller 31.
When the applicator 20 approaches the winding roller 31, the coating
roller 23 is pressed 5 against the outer cylindrical

roller 31,

townd the strap Ila on the winding r

surface of the wi nding
substantially along the enti e axial length thereof. In order
I'l' er 31, the cylinder franmes 3la

are firstly allowed 10 to slide outwardly along a single circunference to

forma cylinder of circular section. As shown in Figs.

21 and 22 (a)

t he

start of the strap Ila (i.e. innernost end of the strap coil 11) is fixed

on the wi ndi ngindhlngr rg1llsy the flisxtiupeil33nwhildly i s1idebdd i heo thise gap

31c 15 between a pair of neighbouring cylinder franmes 3la . In the
meant i e,

Under this condition,

reci procat ed shengitHénw mdildgr Bol | ehe3doasonuhatlihe 33 riappliea siesd

helically lam nated on the entire cylindrical surface of the w nding

roll er

25 3lag62nsAf ttere thetstrapllilnadissdkelseaftyewolindhenvtithaing

10

20

roller 31, substantially along the entire axial length
thereof.

In order to wind the strap lla on the winding

"roller 31, the cylinder frames 3la are firstly allowed

to slide outwardly along a single circumference to form
a cylinder of circular section. As shown in Figs. 21
and 22 (a), the start of the strap lla (i.e. innermost
end of the strap co;l 11) is'fixéd on the winding roller
31 by the fixture 33 which is fitted into the gap 3lc
between a pair of neighbouring cylinder frames 3ia. 1In
the meantime, the applicator 20 remains detached from
the winding foller 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
lla.

-Whilé.the winding of the strap lla proceeds, the
strap 1lla iS axially reciprocated along the winding
roller 31, so that the strap 11la is helically laminated
on thé entire cylindrical surface of the winding roller

31.

t heapppbiacdtiorg 20ereraings et achednfr orht it hee swadrE ngor dlhlser 31.
the winding roller 31 is rotated in the direction of
the arrow T shovwnnon tfRilgser P1. arfth®? {lag apphindtap €Reaprrapch2G || a.
While the winding of the strap ila proceeds, the strap llais axially



entire surface of the winding roller 31 to formthe innernost |ayer of the
strap coil 11, the rotation of the winding roller 31 is stopped
tenporarily. In the 5 neantine, the applicator 20 is allowed to approach
the wnding roller 31, until the_coatié% roller 23 is pressed against the
strap |Ila wound on the winding roller 3T (Fig. 22(b)). Once the contact
relationship is established, the rotation of the winding roller 31 10 is
resuned to wind the strap Ila helically on the winding roller 31. During
t he second w nding stage, wherein'the coating roller 23 is held against
the top side of therffmmertiostsSErap llayeks woBhd con ltthe' @k r 8 cyishdri cal
15 surface of the winding roller 31, the winding roller 31 causes the
rotati on of thetéoatiswr Fattepf23henhi ohdingr EREr cdausest P héoFst dtfin of
the feed roller 22. Accordingly, the adhesive 11c contained in the pan 21
is first carriedebyotsfe Isaxydncet ofhe het fepdepdlill &4, 22020 rened e Slur f ace
of the coating roller 23. . At the sane tinme, the coating roller 23, which
is pressed agahmastinthad op siee dF 1hes sepppdliampodsd ony t hel Witi ng
roller 31, coats the adhesive Ilc thereon. In the end, the adhesive |lc
i s coat edon nhenstimep |tHree weumidi ont ¢ he2 @5 outlero wd i rrd eiread © st fidte of t he
winding roller 31, 63 substantially along the entire axial |ength thereof
in winding roller 31, until the coating roller 23 1is

pressed against the strap lla wound on the winding

roller 31 (Fig. 22(b)). Once the contact relationship

is established, the rotation of the winding roller 31

10 is resumed towind the strap 11la helically on the winding
roller 31.

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

13 surface of the winding roller 31, the winding roller
31 causes the rotation of the coating roller 23, which
further causes the rotation ofvthe 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 thé coating roller 23. At the same
time, the coating roller 23, which is pressed against
the top side of the strap 11la 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

N
|9 ]]

outer cylindrical surface of the winding roller 31,



a desired circunferential length. The winding roller 31 rotates to nake a
few nore |ayers under the application of theadhesive Ilc. Then, 5 the
rotation of the winding roller 31 is stopped again. This tine, as shown in
Fig. 22(c), the applicator 20" is displ ﬁed'amay fromthe winding roller 31
and breaks the contact between the coat’™ng roller 23 and the strap Ila
wound on the winding roller 31. After the coating 10 roller 23 is detached
therefrom the winding roller 31 resunmes to wind the strap Ila helically
and continu- ously (Fig. 22 (d)) . During the third wi nding stage, air is
sprayed ontostbe teydt nalt L gad 1 sugface oft the av il ng roth érmedeo £ 15 as
ejected fromthe nozzles 32a of the air nozzle assenbly 32 inside the

wi nding roll es 3%sikedecispeciffeirgntirel aiengtécted fromthe nozzles 32a
passes through a nunber of pores 31b in the cylinder frames 3la and
reaches the strap | raewsuind iony thel Wi ndihgatodtes 29 @&lke Fhd i mosyw ay
pronotes volatilisation of a solvent in the solvent-type adhesive |lc

whi ch has beenageatsednden the siphpcktaonMeqirbie deheas vehbn. i nTFeg, 22(d),
a predeter- mned length of the strap Ila is wound on the winding 25

rol l er 31 undemnet hetaitri aprdytheom hhéngozel ésr32a.1i STye opb et @ryta imuous air

spray allows the adhesive |1lc to
This time, as shown in Fig. 22(c), the applicator 20
is displaced away from the winding roller 31 and breaks
the contact between the coating roller 23 and the strap
l1la wound on the'winding roller 31. After the coating
10 roller 23 is detached therefrom, the winding roller 31
resumes to Qind the strap 1lla helically and continu-
ously (Fig. 22(d)).
During thélthird wihding stage, air is spraved

cnto the cylindrical surf

fu

ce of thes winding roller 31,
15 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 qf pores 31lb in the cylinder frames
3;aandreachesthestrapllawoundonthewindingroller
20 31. . Theair'spraypfomotesvolatilisationof a solvent
in the solvent-type adhesive 1lc which has been coated

on the strap lia.
Meanwhile, as shown in Fig. 22(d), a predeter-
mined length éf the strép lla is wound on the winding

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



establish an appropriate adhesive strength, prior to the conpletion of the
winding of the strap Ila. Wien the strap Ila is wound in a predetermned 5
|l ength, the winding roller 31 is dianetrically con- tracted by sliding the
cylinder frames 3la toward its axis. The contracted. winding roller 31 is
removed from the strap Ila which has b&&n wound into a coil, thereby
giving the strap coil 11 of the present invention as 10 shown in Fig. 19.
As for the hot-nelt-type adhesives ilc, coating may be effected by the
applicator 20 in the sane manner shown in Fig. 22 (b) , while the strap
|la is being woundnuemson atihe wipndiyng arldldvey 3he Sianides titee hotlarelttc t ype 15
adhesive Il c does not require air spray for volatilisation, the w nding
‘roller 31 dispensesiwiH hantdepasprhazzl edasseindd ys 82endddi, t ipanad o t he
hot-nel t-type adhesive Ilc may be applied with the use of a cylinder
applicator 25tsbowRmp2C:thofki gf 23Ea)windengybiEnder appddecat ba.25 conpri ses
a cylindrical barrel 25a filled with the hot-nelt-type adhesive |Ilc and a
pl unger 25b slidablyhaecamedatetp 1nathe barurel 2baafpresqueeziimgout the
adhesi ve 11c. One end of the barrel 25a accepts the plunger 25b along 25
its axis, sandithegtothethendihsigrmadusl 1yrt apened dirdnge 65icalegniczal - f orm
In order to heat and nmelt the hot-
tracted by sliding the cylinder frames 3la toward its
axls. The contracted winding roller 31 is removed from
the strap 1la which has been wound into a coil, thereby
giving the strap coil 11 of the present invention as
10 shown in Fig. 19.
As for the hot-melt-type adhesives 1llc, coating
may be effected 5y the applicator 20 in the same manner
shown in Fig. 22(b), while the strap 1la is being wound
up on the winding roller 31. Since the hot-melt-type
15 adhesive llc does not require air spray for
volatilisation, the winding ;ollér 31 dispenses with
the air nozzle assembly 32.
Additionally, the hot-melt-type adhesive 1lc 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 filled with the hot-melt~-type
adhesive 1llc and a plunger 25b slidably accommodated
in the barrel 25a for squeezing out the adhesive lic.

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

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



mel t-type adhesive Ilc, the barrel 25a is covered by a heater 25c. This
cylinder applicator 25 is disposed in the 5 vicinity of the strap guide 34
forf guiding the strap lla to the winding roller 31. After the strap his is
wound on the entire surface of the winding roller 31 to nake the innernost
| ayer of the strap coil 11, the cyIind@5 applicator 25 interposes the
tapered tip of 10 the barrel 25a between the top side of the strap Ila
wound on the winding roller 31 and the bottomside of the strap |Ila guided
by the strap guide 34. At this position, the plunger 25b is squeezed into
the barrel 2bacwhichlcam@anns Iheohdexneld -ligpe adHesiale itlkee 15°oK€l t ed by
the heater 25c. The nelted adhesive Ilc is squeezed out of the tip of the
barrel 25a oni®ltheyptr apihdd avewouhd, onheheawinedi P ¥ ol 4 ezoBdreAsbghown in
Fig. 23(b), the barrel 25a can reciprocate in the axial directions of the
wi nding 20 rolheatd3t 2c0@as to follow the strap Ila which is helically and
continuously wound on the winding roller 31. Hence, the cylinder
applicator 25 contimues tgliappy dhmel hottpel 25t yipe didressve bhcthet only

on the top side of the innernost strap layer wound on the 25 w ndi ng
roll er 31sbutvatseiey bhe tiop st dep ofuadkewsnsroe 6611d ayer sheastnated
t her eon.
l1la to the winding roller 31. RAfter the strap lla is
wound on the entire surface of the winding roller 31
to make the innermost layer of the str;p coil 11, the
cylinder applicator 25 interposes the tapered tip of
10 the barrel 25a between the top side of the strap lla
wound on thé_winding roller 31 and the bottom side of
the strap 1lla guided by the strap guide 34. At this
position, the plunger 25b is squeezed into the barrel
25a which contains the Hot—melt—type adhesive 1llc
15 malted by the heater 25c. The melted adhesive 1llc is
squeezed out of the tié of the barrel 25a onto the strap
1la 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 foilow the strap lla which is
helically and continuously wound on the winding roller
31. Hence, the chinder applicator 25 continues to
apply the hot-melt-type adhesive llc not only on the

top side of the innermost strap layer wound on the

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



The adhesive |Ilc, be it the solvent-type or the hot-nelt-type, may be
coated only on a portion of the innernost strap |ayer constituting the
inner 5 cylindrical surface of the strap coil 11. In another arrangenent
shown in Fig. 24, the solvent-type or hot-nelt-type adhesive Ilc is
applied on several layers of the strad5¢la | am nat ed al ong the axial ends
the winding roller 31 (not shown) . For 10 exanple, the adhesive Ilc is
applied by nmeans of a spray gun 27 shown in Fig. ' 25, while the strap lie
is being wound on the winding roller 31 (not shown). In the spray gun 27,
t he adhesive ldyers theiseludd omhstabe- is supplied through an adhesive
feed hose 27a, and 15. conpressed air is supplied through an air feed hose
27b. The adhesi ve THe adhé¢ hevsol Ukl obestiat & hies sopreyed- f ypem octheheaper ed
tip of the spray gun 27 onto the side surface of the several innernost

| ayers in thest+mpleoklypkl mayn st iddataadtdrely asnangementont hé adhesi ve
11c 20 may be applied on the top side of the innernost |ayer of the strap
coil 11 as weldnasmontsevetakpi nnexyest dayetsthamingat edhal ongneach axi al
end of the winding roller 31. As shown in Fig. 26, when the adhesive Ilc
penetrates suffithentkyli ntor idee gapsthet weereg heostrap .25 | ayers | am nat ed
al ong the axial ends of the winding 67 roller 31, the adhesive |lc also
penetrates into tha&n another arrangement shown in Fig. 24, the

solvent-type or hbt—melt—type adhesive 1lc is applied

on several layers of the strap lla laminated along the
axial ends the winding roller 31 (not shown). Tor

10 example, the adhe;ive llc is applied by means of a spray
gun 27 showﬁ.in Fig;'25, while the strép lla is being
wound on the winding rclier 31 (not shown). In the
spray gun 27, the adhesive 1llc in the solution state

is supplied through an adhesive feed hose 27a, and

15 compressaﬂairissqbpliedthroumnanairfeedhose27b.
The adhesive 1lc in the solution state is sprayed 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 lic

20 may be applied on the top side of the innermost layer
of the strap coil 11 as well as on several innermost
layers laminatéd along each axial end of the winding
roller 31. As shown in Fig.l26, when the adhesive 11lc

penetrates sufficiently into the gaps between the strap

23 layers laminated along the axial ends of the winding



gaps hetween the adjacent rows of the innernost strap l|ayer helically
wound on the winding roller 31. In the case where the adhesive |Ilc is
applied on 5 the layers of the strap |la lamnated along the a:;ial ends
of the winding roller 31, the adhesive c may not necessarily cover the
entire circunference of the |am nated rap Ila, but instead cover a part
thereof. For exanple, as shown in Fig. 27, the adhesive 11c may 10 be
applied on each side surface of the strap coil 11 in the formof stripes
which stemfromthree circunferentially spaced positions and extend al ong
the whol e radialleength oha edistshapecbiF 21s0 petfisr2%? ¥ ahyefehte al
| ayers of the strap ila lam nated 1; along the axial ends of the w nding
roller 31 areddppdedt vesgether aly adran adirest vel [Hle (RIYErR8FE FRTREr t her
anot her arrangenent shown in Fig. ‘29, the hot-nelt-type adhesive lic is
coated in thelaettetieldtamiel nnwehedenti ity Wwinehedi AR edyldhdri cal
surface 20 of the strap coil 11. As illustrated in Fig. 30, the adhesive
l1c solidifies to bbmdthegetherviheeadphacenbesigws 1ok theahelliieal Py wound
strap ila which constitute the innernost cylindrical surface. As a nethod
of such adhesiive tameirsgo ft hdensltred 125 Hatnimdtedypbondhebpvesiipd is'
coated on the outer 68 «cylindrical surface of the wnding roller 31. The
ends of the winding roller 31, the adhesive 1lc may not

necessarily cover  rthe entire circumference of the
laminated strap l1lla, but.instead cover a part thereof.
For example, as shown in Fig. 27, the adhesive 1llc may
10 be applied on eéch side surface of the strap coil 11
in the fofm 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 1la laminated

along the axial ends of the winding roller 31 are bonded

—
i

together by the adhesive 1llc (Fig. 28).

In further another arrangement shown in Fig. 29,
the hot—melt—type adhesive 1lc 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 1llc solidifies to bond together the adjacent
rows of the helically wound strap lla which constitute
the innermost cylindrical surface.

As a method ofrsuch adhésive coating, the melted

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



strap lla is wound on the adhesive-coated winding roller 31 to formthe
strap coil 11. After the adhesive |Ilic cools and solidifies, the w nding
roller 31 is 5 dianetrically contracted and renoved out of the strap coi
11. This arrangenent facilitates the cqgfing of the adhesive Ilc, but it
does not adversely affect the renoval of the winding roller 31 fromthe
strap coil 11. 10 In all enbodi nents of the adhesive-bonded strap coil 11
as nmentioned above, it should be noted that the strap |la is peelably
bonded by the above-exenplified adhesives. As shown in Figs. 31 _and 32,
the strap coidY4indiisadht 3 heY<Fn Odnyt bt FH@CEHH%eEBé%EFig%H‘naﬁﬁ@rs my
have both side surfaces covered by a €air of pads 12. The resglting strap

coil unit 10 S%raRi tldF elforvo iR angPor tati G At ¥ oragé S 920" 27 C PREKAG NG
STRAP COL UNNT Wth reference to Figs. 31 and 32,"'a packaging strap coi
10 is prepar &P byepl heityfarpat he st paRsors 1dn bétit oS §BesiFFatéd®of the

strap coil 11. Each of the pads 12, which is nmade of corrugated cardboard,
etc . , 25 islkhape@lisn andi §6 lwdddel dut ef NG et @t "¥s 69 L Fubst antial Iy

the sane as that of the strap coil 11. 1In the centre of the pad 12, there
are fornmed twklameetrically contracted and removed out of the strap

coil 11. This arrangement facilitates the coating of
the adhesive 1l1lc, but it does not adversely affect the
removal of the winding roller 31 from the strap coil
i1.

10 In all embodiments of the adhesive-bonded strap
coil 11 as méntioned above, it should be noted that the
strap 1lla is pee}ably bonded by the above-exemplified
-adhesives.

As shown in Figs. 31 and 32, the strap coil 11

15 obtained in any of the above-described manners may have
both side surfaces cévered by a pair of pads 12. The
resulting strap coil ﬁnit. 10 1is suitable for

transportation and storage.

20 2. PACKAGING STRAé COIL UNIT
With teference to Figs. 31 and 32, a packaéing
strap coil 10 is prepared by placing a pair of pads 12
on both side suffaces of the strap coil 11. Each of
thepadle,whichisnmdéofcmrrugatedcardboard,étc.,

23 is shaped in a disc whose outer diameter is



central flaps 12a which can be folded into the cylindrical hollow |lib of
the strap coil 11. The 5 annul ar area surrounding the central flaps 12a
constitutes a ring 12b which is held against the side surface of the strap
coil 11. Fig. 33 is a plan view of the pad 12, with the central flaps 12a
unfol ded. The central flaps 12a are 10"folded along a circular dashed |line
12c given along a concentric circle of the pad 12 and which has a di aneter
substantially equal to that of the hollow Ilb defining the axis of the
strap coil 11. The area encircled by the dashed Iine 12c is cut along
twel ve divi dingostaes il whitcthe raghnal by ekeénd I ridra therzente elof 1t he
encircled area, so that the encircled area is circunferentially divided
into twel ve fam-shapednegquealo Sectorsadi 12, toenmtr ard |Hpend@ajyveTHe centra
flaps 12a are folded along the dashed line 12c into the hollow Ilb
defining 20 thenaxks of lkbe strap evbikhllcaat Reri §hiidgdgl énte t REe ring
12b whi ch surrounds the encircled central flaps 12a. As a result, the pad
12 provi des achpokedirdctahe hoenbwe ther edf wihe cls topanscehiough- t oThige hol | ow
| 1b. In order to secure the pad 12 on the strap coil 25 11, an adhesive is
applied os thengotbiet prafa oneustusfiagend0 tofe t heerpadall2 fheeh 1820 face
the side surface of the strap coil 11. The adhesive peel ably bonds the
pads constitutes a ring 12b which is held against the side
surface of the strap coil 11.
Fig. 33 is a plan view of the pad 12, with the
central flaps 12a unfolded. The central flaps 12a are
10 folded along a circular dashed line 12c given along a
concentric circle of the pad 12 and which has a diameter
substantially equal to that of the hollow 11lb defining
the axis of the strap coil 11. The area encircled by
the dashed line 12c is cut along twelve dividing lines
) which radially extend from the centre of the encircled
area, so that the encircled area is circumferentially
divided into twelve fan-shaped equal sectors (i.e.
central flaps 12a). "The central flaps 12a are folded
along the dashed line 12c¢c into the hollow 11b defining
20 the axis of the strap coil 11, at a right angle to the
ring 12b which surrounds the encircled central flaps
12a. As a result, the pad 12 provides a hole in the
centre thereof which opens through to the hollow 11b.

In order to secure the pad 12 on the strap coil

25 11, an adhesive is applied on the entirety of one surface



12 and the strap coil 11 together, wherein the rings 12b of the pads 12
are bonded to the side surfaces of 5 the strap coil 11, and the central
flaps 12a are bonded to the inner cylindrical surface of the strap coil 11
~surrounding the hollow lib. A nethod for producing the strap coil unit 10
is hereinafter described in detail. FifSt of all, a strap 10 ila is wound
into a strap coil 11. In the neantine, a pair of pads 12 shown in Fig. 33
are prepared and coated wth an adhesive, with the central flaps 12a
unfolded wth respect to the rings 12b. The pads 12 are then positioned,
as shown in FKg.t34,psdch2thal chhésadberdbestve- sbdeedugsdeicaces 6het he
rings 12b correspond to the side surfaces of the strap coil 11. The rings
12b are pressegdapgabngt the girde sdnéaces pketllad st riapndei thtlpads ef f ect
adhesi ve bondi ng between each other. Lastly, the central flaps 12a in the
pads 12 are 20 fahldedealsang:d hes dashedtbhresel2c,wiadraini ght anglhs to the
rings 12b, into the hollow |llb formed along .the axis of the strap coi
11. Thus obt ai medoEsthbepsidsap 2caide ditided c oftié gsi3&. shnfelkesstorfap coi
unit 10 described above, the 25 pads 12 are adhesive-bonded on the side
surfaces of tige7dtrsprapitoil, ldnanthpreventa deflormatlion agre bendesf t he
edges of the strap Ila locating at the side surfaces

to the inner cylindrical surface of the strap coil 11
surrounding the hollow 1l1lb.
A method for producing the strap coil unit 10 is
hereinafter described in detail. First of all, a strap
10 lla is wound into a strap coil 11. I@ the meantime,
a pair of padé 12 shown in Fig. 33 are prepared and coated
with an adhesive, with the central flaps 12a unfolded
with respect to the rings 12b. The pads 12 are then
positioned, as shown in Fig. 34, such that the adhe-
15 sive-coated surfaces of the rings 12b correspond to the
side surfaces of the strap coil 11. The rings 12b are
pressed against the side surfaces of the strap coil 11
to effect adhesive bénding between each other.
Lastly, the ceptral'flaps 12a in the pads 12 are
20 folded along the dashed lines 12c, at a right angle to
the rings 12b, into the hollow 11lb formed along the axis
of the strap coil 11. Thus obtained is the strap coil
unit 10 of Fig. 31.
In tﬁe strap'coil unit 10 described above, the

23 pads 12 are adhesive-bonded on the side surfaces of the



of the strap coil 11. Hence, during transportation or storage, a plurality
of strap coil unit 10 can be safely 5 piled up on one another, with their
axes aligned in the wvertical direction. Further in this strap coil unit

10 the central flaps 12a are turned into the hollow I|Ib fornmed along the
axis of the strap coil 11, and they ar &1 bonded by an adhesive to the

i nnernost | ayer of the 10 strap |Ila which constitutes the inner cylindrical
surface of the strap coil 11 surrounding the hollowllb . Due to the
adhesi ve-bonded central flaps 12a, the innernost end of the strap ila does
not unw nd bystitsgl Eciand isaddhe sévaptcokltothatemm nsr foentand sokid, even
15 when the innernost strap end is not fixed by nelt- bonding or the |ike.

Wien used in &dgayt erakine RACKAYI NYa NRéBhAEnlgorat atomnmtdcat byt strappi ng a
corrugat ed cardboard box or other itens with the strap |la, the strap coi

unit 10 20 i ¢ aaded o &S1ap coi lndeed, muni ed onathigo paekaginng r
machi ne. As the edge of the strap Ilais free from deformation or bent,

the strap |l a eapabe,sanot bt y1deaws sautad oMt he ist rapooble safe130. The
snmoot h drawi ng-out action of the strap Ila is not deterred by the presence

25 of thespads; 124Whp Chn e adhesive; honded 1o f hecesd da ithesunf aces of the
strap coil 11. This 1s because the bonding between the pads 12 and the
si de Surfacesv@itical direction. Further in this strap coil unit
10, .the central flaps 1l2a are turned into the hollow
1lb formed along the axis ofthe strap coil 11, and they
are bonded by an adhesive to the innermost layer of the
10 strap 1lla which constitutes the inner cylindrical
surface(oftﬁé sgraﬁcoil lisurrounding the hollow 1lb.
Die to the adnesive-bonded central flaps 12a, the
innermost end of the strap 1la does not unwind by itself
and so the strap coil 11 remains firm and solid, even
15 when the.innermost strap end is not fixed by melt-
boﬁding or the like.

When used in an automatic packaging machine for
autématically strapﬁing a corrugated cardboard box or
other items with the strap 1la, the strap coil unit 10

20 is loaded on a strap coil reel mounted on the packaging
machine. Aé thé edge of the strap lla is free from
deformationcnrbent,thestrapllacxnlbesmoothlydrawn
out fromthe strap coil unit 10. The smoothdrawing-out
action of the strap 1lla is not deterred by Ehe presence

25 of the pads 12 which are adhesive-bonded on the side



the strap coil 11 is efficiently established in such a small area, which
is the edge of the strap Ila 5 constituting the side surfaces of the strap
coil 11, that the strap Ila is not subjected to an excessive adhesive
strength.. Besides, the innernost end of,the strap |la peels off readily
fromthe central flaps 12a. Wen the strap Ila runs out in the strap coi
unit 10 10, there remain a pair of pads 12. Each pad 12 can restore the
original flat formby returning the central flaps 12a level to the ring
12b. As the pads 12 in flat formare suitable for transportation and
storage, it $4réasicsr 1b FeBs&trREémIehkat édl yThis A tHe“3dREsiViés coat ed
on one surface of the pad 12, use can be nade of conmon rubber-based
adhesi ves arRioBEAYIT @ oddtrR3l vERS TRESspécipgs! dfhsuth” adhest68° &fe not
strictly specified, provided they exhibit a required adhesive strength
with respect et Héragge ofl 2bl the sffapirrdlyTiis wivksFI8Imay F&ch
substituted by a both-sided adhesive tape. In this case, a both-sided
adhesi ve tape2 neyndlel segEke -onvFhehents r &ty ot d9fe Sur FA€e S'0i2R hé Fad 12,
prior to the formation of the dividing lines for central flaps 12a.
Thereafted, thensértreling thapslidgasard aans cuf orether8Bpedgad 112 al ong
the 73 dividing |lines given inside the dashed |ine 12c. Incidentally, the
materi al of theagadhe? ssrapt 1la is not subjected to an excessive
adhesive strength. Besides, the innermost end of the
strap 1la peels off readily from the central flaps 1l2a.
When the strap 1la runs out in the strap coil unit
10 10, there remain a pair of pads 12. Each pad 12 can
restore the original flat form by returning the central
flaps 12a level to the ring 12b. As the pads 12 in flat
form are suitable for transportation and storage, it
is easier to reuse them repeatedly.
15 As thé adhesives coated on one surface of the pad
12, use can be made of common rubber-based adhesives
and acrylic adhesives. The species of such adhesives
are not strictly spgcified, provided they exhibit a
required adhesive strength with respect to the edge of
20 the .strap lla. The adhesive may be substituted by a
both-sided adhesive tape. 1In this case, a both-sided
adhesivetapeméybestuckontheentiretyofonesurface
of the pad 12, prior to the formation of the dividing

lines for central fiaps 12a. Thereafter, the central

25 flaps 12a are cut out of the taped pad 12 along the



limted to corrugated cardboard paper. For exanple, the pad 12 can be nade
of relatively recyclable 5 materials such, as cardboard, polypropyl ene
(PP), polyethylene terephthalate (PET), polyethylene (PE) and other
thernoplastic resins. The pad 12 is shafgd in adisc with a thickness of
about 0.5 to 5 mm whose outer dianmeter~is about 10 mMmw th respect to
that of 10 the strap coil 11. In the above description, the pads 12 are
nounted .on the strap coil 11 by first positioning a pair of flat pads 12
with unfolded central flaps 12a on the side surfaces of the strap coil 11
and then i nwet@¥ydtolbdiligas ¢hecgennsaldd |Hps d2aheAs lamalternati ve
process, one of the pads 12 with folded central flaps 12a nmay be set on
one end of the w ndimgidendadflvw Vinelimytaaehinel tPpei BRYt 62t hé RPhdi ng of
the strap Ila. After the strap 1lla is wound into a strap coil 11 and the
wi ndi ng core Rimisederroverb fronithe serapocsid DARe¥ he Dthe?“PRALE2 is
mounted on the other side surface thereof to conplete the strap coil unit
10. Since thetipeesetdpa? 1Zarmpr &gentadeheo 5t replebively fFORY GARMPAG ng
during the production, the finished strap coil 11 already includes 25 a
preventivé stmactudie lagaisnsth i tas upwiosdiorrdr P LW EPAYEGP&t i 6RFduri ng
transportation and storage. Further, the second pad 12 can be set on the
t hus polyethylene terephthalate (PET), polyethylene (PE)
and othér thermoplastic resins. The pad 12 1is 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 flat
pads 12 with unfolded central flaps 12a on the side
surfaces of thestrap coil 11 and then inwardly folding
the central flaps 12a. As an alternative process, one
of the pads 12 with folded central flaps 12Za 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
1la is wound into a strap coil 11 and the winding core
20 is removed from the strap coil 11, the other pad 12 is
mounted on the other side surface thereof to complete
the strap coil unit 10. Since the preset pad 12
prevents the strap coil 11 from unwinding during the

production, the finished strap coil 11 already includes

25 a preventive structure against 1its wunwinding or



stabil.ised strap coil 11. Therefore, this arrangenment ensures efficient
productivity. 5 In case an adhesive is coated on the entirety of one
surface of the pad 12, it is advantageous to put release paper on the
adhesi ve-coated surface. The release Qﬁger prevents bondi ng between the
pads 12 piled up on top of each other ‘and thereby enables safe 10
transportation of a | arge nunber of the pads 12. As shown in Fig. 35, the
pad 12 nmay further o conprise a plurality of triangular external flaps 12d
whi ch project outwardly fromthe outer circunference of the pad 12 and
which are ci désrifrerent palloy edUilNg 15r3p&ESF $3 bt Bach Ot HerC T a% provi de a
strap coil unit 10, a pair of pads 12 are firstly positioned face to face
with one sidéusurtfeace ¢fhea heesepdp ool | 131.casek8ndisf The “déntTRAFST1 aps
12a are folded inwardly. Lastly, the external flaps 12d are fol ded onto
the outer 20sdéytindi$edlssuprparel bfl lt-he TShamplebft U1Lis PHE FARPAAF fl aps
12d are thereby adhesi ve-bonded to the outernost 'strap end as well as the
out er cylindeincalrssr edée cofentt heradpapieaditly -11. As a result, the outernost
end of the strap Ila is not drawn out fromthe strap coil 11. 25 Further,
the pad 12 may i ncludeascant raltrtevénigrosted of the eehtF&FYfPaps 12a,

provi ded the innermost end of the strap Ila is fixed by nelt-bonding, etc.
in one surface of the pad 12, it is advantageous to put

release papef on tHe adhesive-coated surface. The
release paper prevents bonding between the pads 12
piled up on top of each other and thereby enables safe

10 transportation of a large number of the pads 12.
As shdwn in Fig. 35, the pad 12 may further
Q comprise a plurality of triangular external flaps 12d
which project -outwardly from the outer circumference
of the pad 12 and which are circumferentially equally
15 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 11.
Secondly, the cgntral flaps 12a are folded inwardly.
Lastly, the external flapsl2d are folded onto the outer
20 cylindrical surface of the strap coil 11. The external
flaps 12d afe thereby adhesive-bonded to the outermost
strap end as weil as the outer cylindrical surface of
the strap coil 11. As a result, -the outermost end of
the strab 1la is not draWn out from the strap coil 11.

25 Further, the pad 12 may include a centre hole in



the strap coil 11 whose axis is defined by a hollow |lIlb. A pair of pads 12
whi ch includes a hole in place of the 5 central flaps 12 are |ikew se
positioned and bonded w th an adhesive to the side surfaces of the strap
coil 11. Wen the strap coil units 10 are piled up on one another, the
pads 12 of this kind also prevent defor®ation or bent of the edge of the
strap Ila 10 constituting the side surfaces of the strap coil unit 10.

Anot her enbodi ment of the strap coil unit 10 is described with reference
to Figs. 36 to 38. Fig. 36(a) is a front view show ng another strap coi
unit of the 15ipuesénthienventionl fravs detlaw b hodidhdpEheet 8ALEIIHPS pl at e

which is longer than the inner circunference of the strap coil; and Fig.
36(b) is a frend wvifewnef sthrap sameisptovieded ywneth tabovaden ¥ etEii i o pl at e
which is shorter than the inner circunference of the strap coil. 20 Fig.

37 is a front cvicewt ohpacshapel netent ion pliat e fappld ed & daheostirldp: coi l
unit. Fig. 38(a) is a perspective view of another shape retention plate;
and Fig. 38(h)phsracseptidenithencofr ascappkised hpla sbhrapaceo?f.t25 As
menti oned above, the strap coil 11 has the 76 innernost end of the strap
lia fixed Py seltt-londfpgps atx.as® askaet sko posi nido neddisidnteegrda €. The

s with an adhesive to the side surfaces of the strap coil
11. When the strap coil units 10 are piled up on one
another, the pads 12 of 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. 36(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 is a front.view of a shape retention plate

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

coil.

[\
(9]

As mentioned above, the strap coil 11 has the



coil unit of this enbodinent is characterised in conprising a flat shape
retention plate 92 which is 5 rolled and inserted into the hollow |Ilb of
the strap coil 11. The shape retention plate 92 is a plate nmade of a
synthetic resin such as pol ypropyl enes and polyesters, a netal such as a.
thin steel plate, a cardboard sheet or /8t her sheets conprising a m xture
10 of used paper and recovered plastics in a ground state. The |ength of
the shape retention plate 92 is substantially the same as the
circunference of the hollowlib of the strap coil 11, and its width is
subst anti al | yi thersase and hat tdfe tshe at rlapa coi+ed 1oy 1% Whehongliingd into a
cylinder, the shape retention plate 92 is constantly subjected to the
resilient foreectosoreacovwert the onvgndalo rf |ddts ishiaperaTher efbeestama t s
insertion into the hollow lib, the resilient force stresses the shape
retention platei®2 wagat nsdf t hé iisnnemb2@ icnd nndriscakhswefcdee iofed hd rstrap
coil 11, whereby the shape retention plate 92 supports the inner
cylindrical sorbaceiofg thersuraphagd AdtenThensirdpeca efenvhoghpliate 92
may be | onger than the inner circunference of the strap coil 11 and
overl ap each gptheedatrichel ener potit ians 2he Figl136 (ap) of Ohet lvératther
hand, it nmay be shorter than 77 the inner circunference of the strap coi
11 and | eave caigapibet maenshheeene tportiomp (Fig. 936{(h)d 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 le.ngth of 'th'e_ shape retention plate 92 1is
substantially the same as the circumference of the
hollow 11lb of the strap coil 11, and its width is
substantially the same as that of the strap coil 11.
15 When rolled into a cylinder, the shape retention plate
92 is constantly s.ubjected to the resilient fcrce to
recover the original flat shape. Therefore, on its
insertion into the hollow 1lb, the resilient force
stresses the shape retentionplate 92 against the inner
20 cylindrical surface of the strap coil 11, whereby the
shape retention plate 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

25 (Fig. 36{(a)). Onthe other hand, it may be shortexr than



Fig. 37. illustrates a nodification of the shape retention plate 92
ment i oned above. In the shape 5 retention plate 96, one end portion
thereof includes a pair of slits 93 oriented parallel to the w dthw se

si des, whereas the other end portion cogprises a pair of extensions 94
having a width corresponding to the slits 93. The shape retention plate 96
is rolled and 10 inserted into the hollow |Ilb, with the extensions 94
fitted in the slits 93. Wen the shape retention plate 96 is stressed by
the resilient force against the inner cylindrical surface of the strap
coil 11, the extennnsronsr9dngrees ered easfed Her emnare collilt 4 193ndTheagikape 15
retention plate 96 advantageously prevents slide or slippage of the, end
portions. Foratbepsamevwsamposes the ewmd tports onEief kel Ishape retention
pl ate may conprise a pair of inverted L-shaped extensions, which are
hooked wi th each otheg.207inilhescoklted stmbdifARtotdrer fathangemer®t i s
possible, as far as the end portions of the plate are detachably

connect ed wi theeaah iatrthepla\ki | 2 t hengricbrpot t o’ eof  £he Ylat e hare

det achabl y connected, the shape retention plate nmay overlap at the end
portions 6r atethetdeom P25 nectabl enporhidops ronlgn 78er&p§. 180Uuskows a
further nodified shape retention plate 97 which conprises edge pieces 95
which stick o#dtpair 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
10 inserted into the hollow 1llb, with the extensions 24
fitted in thé slits 93. When the shape retention plate
96 is stressed by the resilient force against the inner

1

cylindrical surface of the strap coil 11, the exten-
sions 94 are released £from the slits 93. The shape

15 retention plate 96 advantadeously prevents slide oz
slippage of the end portions.

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

20 intherélledstate. Anyotherarrangementisposéible,
as far as the end portions of the plate are detachably
connected with.each other. While the end portions of
theplatearedetachablyconnected,theshaperetention

plate may overlap at the end portions or at the con-

25 nectable portions only.



fromhboth | engthwi se sides of the shape retention plate 92. In this
enbodi ment, a strap coil can fit on shape 5 retention plate 97 between the
edge pieces 95. Therefore, the shape retention plate 97 does not slip out
fromthe strap coil, even when the str coil is repeatedly |oaded and
unl oaded with respect to the reel of t aut omati c packagi ng machine. In
addition, the 10 edge pieces 95 reinforce the edge of several innernopst
| ayers wound al ong the axial ends of the strap coil, and prevent the
di sintegration thereof. Any of the above-nentioned shape retention plates
92, 96 and 97 is reUisabl ¥ @itbt her dfgrid e GRshi it ¢ S N8BS dfvant hg8Bus. . As
specific exanples, three shape retention plates were made of a resin sheet
conpri si ng r ecoves el wiol gtestoarp ange 8sEl RISECTH B FALD 6F 153 Sanpl e 1
has a width of 190 nm a length of 700 nmmand a thickness 20 of 1 mm
Sanpl e 2 has fardrengtthh dfe 60N wis ei i b cHE CRG SEPPEST EFBRGER XPwidth: 35 a
30 mm each, parallel to the wdthwi se direction of the plate) are provided
at 50 mminsizle ofnoneiendnbheriesht ardstwePegPredsicans fHeRFt AM2R i dt h:
100 x 30 nm each) are integrally provided on 25 the other end. Sanple 3 has
the same di nenstensias tlpdar® Sihpltetvamd fluhehe?dPAcl B4&S=Chr de -
3-mm hi gh edge pieces equally spaced on each | engthw se side of the
Therefore, the shape retention plate 97 does not slip
out from the strap coil, even when the strap coil 1is
repeatedly loaded and unloaded with respect to the reel
of the automatic packaging machine. In addition, the
10 edge pieces 95 reinforce the edge of several innermost
layers wouna along the axial ends of the strap coil,
and prevent the disintegration therect.

Any of the above-mentioned shape retentionplates

92, 96 and 97 is reuséble 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 1 mm. Sample 2 has a length of 600 mm, in which two
slits (length x width: 35 % 30 mm each, parallel to the
Widthw.ise direction of the plate) are provided at 50
mm inside of one end thereof, and two extensions (length

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

235 the other end. Sample 3 has the same dimensions as the



pl ate.. Each Sanple was rolled and inserted into the hollow of a
pol ypropyl ene strap coil, where the Sanple 5 was pressed by its resilient
force against the inner - cylindrical surface of the strap coil. For the
| oadability test (drumset test), each é)l ypropylene strap coil unit was
| oaded on and unl oaded fromthe reel of“an automatic packagi ng nmachine.
After 10 tines of 10 | oadi ng/unl oadi ng, none of the strap coil backed by
Sanpl es 1-3 showed unwi nding or disintegration on its inner cylindrical
surface. In a conparative exanple perfornmed with respect to a |
pol ypr opyl enessstwhp doidndwhivel heas hotlbdeked byea ShaPe Hetenffr8f pl ate,
the 15 inner cylindrical surface of the strap coil was unwound after five
times of | oadiingten! eadiaig.y 33p MTOMAT| €2PACKAANG WMATHI NES The £ 6FFowi ng
description is directed to an 20 automatic packagi ng machine for strapping
a corrugat ed pcardboakd chox aarp 1ot hexs i tehs edi Rt R e dF $RECCSHPEl ess
strap coil 11 of the present invention. The operation of this automatic
packagi ng nmaché neoivso §chemat yeabby leind gstreat e iiln Fhgr=3§he2828R 15ut omat i ¢
packagi ng machine 40 includes a 80 stand 41 for resting an item 47 such as
a corrugated wgargbearst hoxy ands ane ak¢hedd WHde st@nEsssvenet RENPttem 47
pl aced on the stand 41. A cassette-type strap coil _

cylindrical surface of the strap coil. For the

loadability tesf (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. 1In a comparative example

performed with respect to a polypropylene strap coil

which was not backed by a shape retention plate, the

15 inner cylindrical surface of the strap coll was unwound

after five times of loading/unloading.

3. AUTOMATIC PACKAGING MACHINE
The following description is 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



reel 50 |loaded with the coreless strap coil 11 is 5 installed on the
external side of the stand 41. Wth the strap coil 11 | oaded on the reel
50, the strap Ila is drawn out by a pair of feed rollers 43 inside a keep
box 44 of the stand 41 and tenporarilysé%ored therein. The strap 1la held
in the keep box 44 is 10 conveyed by a Shooter 45 and a pair of draw out
rollers 46 to the arch 48. The strap 1lla proceeds along the arch 48 and
straps the item 47 placed on the stand 41. Fig. 40(a) and (b) illustrate
two types of packaging machi nes 40 which differ in the installation 15
position of tdteamsdrap Coirl reedlirg0.an ni Fey. 440spay 2st Fe SPimd¥atEer the
reel 50 is housed inside the stand 41. In Fig. 40 (b) , the spindle 49 for
the reel 50 praojdiesdsrdfipomdme axteeraiald Ssivbé cof sthadguPyrat FEephEREQI ng
machi ne 40. 20 The packagi ng machi ne of the present invention is equipped
with a strap «pidlaeed ahitte iss appldicablre case ot - typess bf apagkagi ng
machines. Fig. 41 is a section of the cassette-type strap coil reel 50,
with. the corsdesssstrapacedl wilkH oaded.co25lThe rsdalab0cis legut ppéd with a
cover 57 for covering 81 the side surface of the strap coil 11. Fig. 42
(a) is a sectimontoflthe areedh b0 mkthattheidovef BFcandative Strap coil 11

renoved, and Fig. 42 (b)
' With the strap coil 11 loaded on the reel 50, the
strap 1la 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 1lla held in the keep box 44 1is
10 conveyed by a shooter 45 and a pair of draw-out rollers
46 to the égch 48. The strép l1la proéeeds along the
arch 48 and straps the item 47 placed on the stand 41.
Fig. 40(a) and (b) illustrate two types of
packaging machines 40 which differ in the installation

15 position of the strap coil reel 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 packagingﬂmachine of the present invention
is equipped with a strap coil reel which is applicable
to both types éf packaging machines.

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

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

25 The reel 50 is equipped with a cover 57 for covering



is a side view thereof taken in the direction of the 5 arrow Ain Fig. 42
(a).. The strap coil reel 50 conprises a side plate 51 placed on the
external side of the stand 41 and a screw rod 52 which is rotatably
nount ed on and perpendicularly proj ectg1fromthe side plate 51. As
illustrated in Fig. 40(b), the screwrotd'52 is 10 integrally fitted on the
spindl e 49 which perpendicularly projects fromthe external side of the
stand 41. The rotation of the spindle 49 is stopped by a spindle brake 42.
The screw rod 52 is externally threaded and integrated at the extrene end
with a handl etdib 53 dfeorstufacngotthehscrewapdcb21Aldyl i ndrical sliding
menber 54 is screwed on the screw rod 52, whereby the sliding nenber 54
slides in the axial rdgreabi(@ns icf at hectdomewtr athe52 den. SGoperiati gireni th t he
turn thereof. The screw rod 52 is surrounded by four core plates 20 55
whi ch per pendteukar by shandhensthepskcde lphat eebbvedihencore gpl dked )55
constitute a core elenent which is inserted into the hollow Ilb defining
the axis of the acereleessistrapeeoblt Thkebhe rcortee pllatestbdnard cureved
such that they can locate along the inner cylindrical 25 surface of the
strap coils llarabten imsdrd edzi(a)t.he 18 e2shoklpowe 11br ¢ dkrsdot ompEacte cor e
plate 55 is linked with the sliding nenber 54 screwed on the screw rod 52
by a pair ofaparaklelatienki adscbb.onTheef Oueeeorma plakest the stand
41 and a screw rod 52 which is rotatably mounted on and
perpendicularly projects from the side plate 31. BAs
illustrated in Fig. 40(b), the screw rod 52 1is
10 integrally fitted on the spindle 49 which
perpendicularly prajects from the external side of the
stand 41. The rotation of the spindle 49 is stopped
by a spindle brake 42. The screw rod 52 is externally
threaded and integrated at the extreme end with a handle
15 53 for turning the screw rod 52. A cylindrical sliding
member 54 is screwed on the screw rod 52, whereby the
sliding member 54 slides in the axial directions of the
screw rod 52 in cooperation with the turn thereof.
The screw rod 52 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 11lb defining the axis of the
coreless strap coil 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



55, corresponding pairs of link rods 56 and sliding 5 nmenber 54 constitute
a‘parallel Iink nmechanism Accordingly, when the screwrod 52 is turned to
di spl ace the sliding nenber 54 away fromthe side plate 51, the parallel
| i nk mechanismuniformy brings the co pl ates 55 closer to the screw rod
52. On the other 10 hand, when the scr rod 52 is turned reversely to
di spl ace the sliding nenber 54 toward the side cover 51, the parallel |ink
mechani smuniformy brings the core plates 55 farther away fromthe screw
rod 52. Were the sliding nenber 54 | ocates closest to the side 15 plate
51, as illusth@tedwi nibi gheddofa) andh( bpre phetcobte igl dftesef5wsittwat e
renotest fromthe screw rod 52. Under this condition, the core plates 55
are circunferigfe &1abliygspacesk from saehwetthem glfongs areeoncendt PEcbeircl e
of the screw rod 52. 20 When the core elenent is inserted in the holl ow
lib of the st4 apuroidr Idaréheecorenpl abes 55.arehedispkacedeap@ytersom t he
screw rod 52 thereby to be pressed against the inner cylindrical surface
of the strapsgpikoltledgbidisgspatie,s tde cover rbasofs Fignd 4414d)yin25 and
(b) is put on the side surface of the strap coil 83 11. The cover 57
conpri sessa GRYEhedi $a e whi elitecar pespandsl t oithe reicdteasishace of the
strap coil 11. The cover disc 57a also includes, in the mddle of the
Accordingly, when the screw rod 52 is turned to

displace the sliding member 54 away from the side plate
51, the parallel link mechanism uniformly brings the
core plates 55 closer to the screw rod 52. On the other

10 hand, when the screw rod 52 1is turned reversely to
displace thé sliding member 54 toward the side cover
51, the parallel link mechanism uniformly brings the
core plates 55 férther away from the screw rod 52.
Where the sliding member 54 locates closest to the side

15 plate 51, as illustrated in Fig. 43 (a) and (b), the core
plates55situateremotestfromthescrewrodSZ. Under
this condition, the core plates 55 are circumferen-
tiallyépacedfromeachotheralongzaconcentriccircle
of the screw rod 52.

20 - When the core element is inserted in the hollow
1lb of the strap coil 11, the core plates 55 are
displaced away from the screw rod 52 thereby to be
pressed against the inner cylindrical surface of the

strap coil 11. In this state, the cover 57 of Fig. 44 (a)

23 and (b) is put on the side surface of the strap coil



radi us thereof, four projections 57b which 5 perpendicularly extend from
the cover disc 57a and which are circunferentially equally spaced from
each other. The tip of each projection 57b forns a hook. While the core
pl ates 55 are displaced renotest from é@e screw rod 52, the projections
57b enter the space 10. defined by the re plates 55 and have their tips
hooked at the internal surfaces of the core plates 55. On this
cassette-type strap coil reel 50, the strap coil 11 is |oaded according to

the followng steps . In the reel 50, with the cover 57 is renoved, the
handl e 15 53 int egraked-onethé Textarepei ead ef adieeschéwSr ot 2¥ i &§hoper at ed
to turn the screwrod 52 in a'given direction. In this connection, the

sli di ng menbeto bdempwesiavay tife omddes si fecpl af et B2, shAdPt RELdorté -pl at es
55 uniformy slide closer to the screw rod 52. Consequently, the 20 core
pl ates 55 formmha covereHement7ef ateducedldidamet ém thewnik dlef efefEE to Fig.
45 (a) , in which the core plates 55 locate in the vicinity of the screw
rod 52 to formmdaueont ntacieso £ore ebement priohie stiaps coi 721 i ¥hfictted on
the core elenent, with allowing the core plates 55 25 to enter the hol | ow
lib fornmed al pagpthe iaxibaofyt kat®&hd sfrap ¢oid ddveTheisty ap’@orPU1 is
allowed to slide along the core elenent until its side surface contacts
with the 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 55.
On this cdssette-type strap coil reel 50, the
strap coil 11 is loaded according to the following steps.
Iin the reel 50, with the cover 57 is removed, the handle
15 53 integrated on the extreme end of the screw rod 52
isoperatedtoturnﬁhescrewrod52jjmagivendirection.
In this connection, the sliding member 54 moves away
from the side plate 51, and the core plates 55 uniformly
slide closer to the screw rod 52. Consequently, 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

on the core element, with allowing the core plates 55

23 to enter the hollow llb formed along the axis of the



side cover 51. Next, referring to Fig. 45(b), the 5 handle 53 is operated
to turn the screwrod 52 in the reverse direction. This tinme, the sliding
menber 54 noves toward the side plate 51, and the core plates 55

uniformy slide anay fromthe screw rody52. Conse- quently, the core plates
55 expand the dianmeter of the 10 core efenent. At this nonent, the externa
surfaces of the core plates 55 uniformy cone in contact wwth the inner
cylindrical surface of the strap coil 11 surrounding the hollow lib. By

di splacing the core plates 55 still further away fromthe screw rod 52,
the 15 core plaf@8 581dre bressed harder against the inner cylindrical
surface of the strap coil 11. The screw rod 52 can be.turned un%kl t he
sliding nmenber 54 conesStERBsESEY &l He SildeP taler® 51t 1R £h&"End %t he core
pl ates 55 which are slidable in a uniformand 20 sgnchronised manner
constitute a EYFenetPEEIN Core Llelidiermtt &t i cafarCSREFFER, “WidYy &BY t he
core elenent presses on the inner cylindrical surface of the strgp coi

11 to shape t+hedholclosi@ T i Bli nt &% toi r EBFAF Tdéct i oh. TFHus,? T hR) coé'%el enent

conposed of the core plates 25 55 can rectify the deformation of the

hol low i | B ofh2anelgs53stisapPErated SPowAT PntEPgS cA6Y( &P Skhér t*H€ hol | ow
lib, which should be circular in section, is deforned into an oval
section, the strapseoidizdchagna sThipaflijpe, the sliding member 54

moves toward the side plate 51, and the core plates 55
uniformly slide away from the screw rod 52. Conse-
quently, the core plates 55 expand the diameter of the

10 core element. At this moment, the external surfaces
of the core'plates 55 uniformly come in contact with
the inner cylindrical surface of the strap coil 11
surrounding the hollow 1lb. By displacing the core
plates 55 still further away from the screw rod 52, the

15 core plates 55 éfe pressed harder againét 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 core
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 strap
coil 11 to shape the hollow 115 into a circular section.
Thus, the core element composed of the .core plates

25 55 can rectify the deformation of the hollow 11lb of the



def orned oval section. Nonetheless, the core elenent 5 is inserted into the
hollow | I b by reducing its dianeter. Once inserted in the hollowlib,
the-core elenent is dianetrically expanded by displacing the core plates
55 away fromthe screwrod 52 in a uningn1and synchroni sed manner.
Eventual ly, the core elenment 10 re-for the hollow Ilb and the strap coi
11 into a circular section (Fig. 46(b)). After the strap coil 11 is fixed
into a circular section, the cover 57 is put on the strap coil 11. As
shown in Fig. 45 (b) , the surface of the cover disc 57a 15 which nounts
the projecti onsrBPblis phsitheved T dde t d 6 face “Rith tikehsilde s dtPace of
the strap coil 11. inside the core elenment provided q% di spl acing the core
plates 55 fawhhest shwayl d femctie Wotevi It gtk G210k hel prof €eFM6As 1 "57b are
al l owed to advance into the space therein, with 20 nmaintaining contact with
the internal sorbacds nécthen,cores pthres 51} nlHubacouw selmMthérddver disc
57a conmes in contact with the side surface of the strap coil 11, in which
state the hooks fatrrtehi otvigs sefc ttitven pr dj et Flonses57btBReER ' EhB L FREE™a
surfaces of the core plates 55 25 as shown in Fig. 41. The cover 57 is thus
hel d on the 86s icoserekenemts twist hofhewcbie rsgusztadcoverd R dhersi de
surface of the strap coil 11. Follow ng the | oading of the strap coil 11,
t he Once inserted in the hollow 1llb, the core element 1s
diametrically expanded by displacing the core plates
55 away from the screw rod 52 in a uniform and
synchronised manner. Eventually, the core element
10 re-forms the hoilow 11b and the strap coil 11 into a
circular section (Fig. 46(b)).
After the strap coil 11 is fixed into a circular
section, the cover 57 is put on the strap coil 11. As
shown in Fig. 45(b), the surface of the cover disc_57a
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 therein, with
20 maintaining contact with the internal surfaces of the
core plates 55. 1In 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 projections

57b check the internal surfaces of the core plates 55

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



reel 50 is nounted on the spindle 49 of the packaging 5 machine 40. Wile
the strap Ila is drawn out fromthe 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 10 on the entire
external surface of the core elenent conposed of the, core plates 55, and
thereby stressed into a circular sectional shape. Accordingly, even when
the strap Ila is consuned to the innernost |ayer or neighbouring |ayers
thereon, the strap coil 11 15 remains firmand solid and enabl es the strap
lla to be stabiy srammndutv i bhttHee iGries iskits @fd.2 FRE Srddld 50'S § 1A ef erabl y
made of a light material such as alum nium except the screw rod 52 and
some other menberset bdt Yexus Feari girdilt yi,1 whereby the reel 50 20 rotates
efficiently in drawing out the strap lie from the strap coil 11 but it
stops readi |y when Foltapiagy By s derddiang The tleel s502pf cPhilslénbsAitment is
designed to accommodate a strap coil 11 of the follow ng 25 .
speci fi cati orcedheS 8t fapmeainit el oirs tpveeparietd by 87 chetheabd g apadidng t he
strap Ila. Strap 1la Material : polypropyl ene
3 machine 40. While the strap lla is drawn out from the
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
10 on the entire ekfernél surface of the core element
composed of the core plates 55, and thereby stressed
into a circular sectional shape. Accordingly, even
when the strap 1la is consumed to the innermost layer
or neighbouring layers thereon, the strap coil 11
15 remains firm and solid and enables the strap lla to be
stably drawn out to the innermost end.

The reel 50 is preferably made of a light material
sudﬁasaluminium,exceptthescrewrodSZandsomeother
members that require rigidity, whereby the reel 50

20 rotates efficiently in drawing out the strap l1la 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

25 specification. The strap coil 11 1is prepared by



% Length . 2,000 m Wdth . 15.5 mm Thickness : 0.65 mm Strap coil 11

I nner- di ameter . 250 mm 10 (diameter of the hollow lib) Quter dianeter .
455 mm Weight . 9.6 kg In the reel 50, the core plates 55 are designed to
give 15 a core elenent having an outerB?ianeter of 250 mm as neasured
when the core plates 55 | ocate renotest“from the screwrod 52. In order to
test the packageability of the specially designed reel 50, the packagi ng
machi ne 40 20 was practically operated to strap various itens, as equipped
with the reel 50 which was | oaded with the above pol ypropyl ene strap coi
11. In each potyproepylvenaindtnaptbei StrBEP the2 i nner nbst and out er nbst ends
of the strap |Ila were bonded as shown in Fig. 1 by the 25 nelt-bonded
areas ile formed along the periphery of the 88 perforations lid. The strap
coils 11 were then de- fornmed into an oval section, respectively, with an
eccentricity staatap afial. 00, 1.05 'and 1.10 (calculated as the ratio of

| ongest i nner dianmeter/shortest inner 5 dianmeter in the hollowllb). The

test proved thatgterial : polypropylene

| 5 Length : 2,000 m
width : 15.5 mm
Thickness : 0.65 mm

St b _coi

Inner diameter : 250 mm
10 (diameter of the hollow 11b)
. Outer diameter : 455 mm

Welght 1 2.6 kg

In the reel 50, the core plates 55 are designed to give
13 a core element having an outer diameter of 250 mm, as
measured when the core plates 55 locate remotest 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 ;oil 11. In each polypropylene
strap coil 11, the iﬁnermost and ocoutermost ends of the
strép lla wéré'bohded as shown in Fig. 1 by thé

25 melt-bonded areas 1le formed along the periphery of the



while the deforned strap coils 11 were | oaded on the reel 50, none of them
showed unwi nding or disintegration of the strap |la on the innernost
cylindrical surface of the strap coil 11. Besides, 10 every strap coil 11
in the reel 50 allowed the packagi ng ngghine 40 to draw out the strap Ila
snoothly to the innernost end. Fig. 47°FPs a side view of another strap
coil reel 60, with the strap coil 11 | oaded 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 renoved; andrFpgati48id)lig.-a Fhentsthaw ofLiiErg.l48{:)e t GREA PF the 20
direction of the arrow A. Fig. 49(a) is a side view of the reel 60,
partially brokenmavayifor descriptiemctéfon.tstoperatiion’n thithe 3dtrap
coil and the cover renoved; and Fig. 49(b) is a front view of Fig. 49(a)
taken in the dtreatirdniofythetasrofv A 0Thel redlasd 251PneFades s ew rod
62 which is externally threaded 89 at the extrenme end and adj acent portion
t hereof, and aa dhscxshaped f ired ol tatie 163 whiagte t T $8BQFEG St LPHE T basal
end of the screw rod 62. The screw rod 62 and the fixed plate 63 are

posi tioned pedpendited at hytivet IhcBl Yaespetb)to &aeh torherpraiedeitmathe screw
rod 62 extends

while the deformed strap coils 11 were loaded on the
reel 50, ~ none of them showed =~ unwinding of
disintegration of the strap 1lla on the innermost
cylindrical surface of the strap coil 11. Besides,
10 every strap coil 11 in the reel 50 allowed the packaging
machine 40 ﬁo draw out the strap lla smoothly to the
innermost end.
Fig. 47 is a side view of another strap coil 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 il.
Fig. 48 (a) is a side viéw of the reel 60, with
the strap.coil 11 and the cover 67 removad; and Fig.
48 (b)) is a front view of Fig. 48 (a) taken in thé
20 direction of the arrow A. Fig. 49(a) 1s a side view
of the reel.60, partially broken away for description
of its.operatibn, with the strap coil and the cover
removed; and Fig. 49(b) is a front view of Fig. 49(a})
taken in the direction of the arrow A. The reel 60

25 includes a screw rod 62 which is externally threaded



t.hrough the centre of the fixed plate 63. The whole circunference of the
fi xed plate 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 r %pect to the axis of the screw rod
62. The disc-shaped fixed plate 63 is e% i pped with a pair of core hal ves
64 which surround the screw rod 62 and which constitute a core elenent to
be inserted 15 into the hollow lib of the strap coil 11. Each of the core
hal ves 64 conprises a nearly half-cylindrical core. plate 64a_and g
hal f - annul ar % ane &84BT Sfiferdih ae 29V ARG "6 B8 pridi et out har Ay and
perpendicularly from the basal side of the core plate 64a fitte h-in t he
fixed 20 platd e B3¢ -Pher corffirof ol 8 beefchEtimdy 15 Fai v of 2br &"%hal ves
64 constitute a hollow core element in the form of a truncated cone. The
basal side ofceaeh enfe ofl difte 6uar avr F8dnds - aTha SEGFEun? erBncd6f the
guide portion 63a of the 25 fixed plate 63. At both ends of the, basal
side, the 90 trorfl ptatel 4a §3 apieysred O 1 e RAARRN POFHELEA 143416y  pi ns
65, such that the extrene side of one core plate 64a can approach and
recede wi th respeetttootdrech counter parer of nthee GtHEY cOrk opl atEe648. The
| ateral 5 sides of each core plate 64a are inclined relative to
through the centre of the fixed plate 63. The whole
circumference of the fizxedplate 63 is definedby 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 respect to the
axis of the.screw rod 62.
The disc-shaped fixed plate 63 is equipped with
a pair of core halves 64 which surround the screw rod
62 and which constitute a core element to be inserted
13 into'the hollow 1lb 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 perpendicularly from
the basal side of the core plate 64a fitted in the fixed
20 plate 63. When confronted to each other, a pair of core
halves 64 constitute a hollow core element in the form
of a truncated.cone:
The basal side of each core plate 64a surrounds

a half-circumference of the guide portion 63a of the

25 fixed plate 63. At both ends of the basal side, the



the flange 64b, so that the core plates 64a can form a truncated cone when
the extrenme sides thereof are allowed to approach nutually. As shown in
Fig. 47, the threaded extrenme end of 10 the screwrod 62 is screwed with a
nut 68, after the core elenent is conpletely fitted with the strap coi

11 and then with the cover 67. Fig. 50(29 is a side view of the cover 67,
and Fig. 50(b) is a front view of Fig. 50(a) taken in the 15 direction of
the arrow A The cover 67 conprises a cover disc 67a which includes a hole
67b in the centre for passing the screw rod 62. Fromone surface of the
cover disc 67ara pakkeofsiguiite pplvattesd 6ic Projeecide pee pendincaBar by at two
opposite positions on a 20 concentric circle of the hole 67b. Each guide
plate 67c i sosTtwsved, akarg the witreurf:erence 9fdéhefconeenbriecpleicecl e of
"the hole 67b, and its width decreases gradually toward the head thereof.
Bet ween the gad de gt epBreach paid ofepadal welth 25 epusde pl atcestBed ext end

perpendicularly fromthe cover 91 disc 67a at two opposite positions with
respect to theouhekephtir Jherusitipdatesr&67dl ate taper edntowakdsatiheir
heads and project slightly longer than the guide plates 67c. 5 On this
strap coils reel 160, oFheastr ap reOid1altle iBia are inclined relative to
the flange 64b, so 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
10 the screw rod 62 1s screwed with a nut 68, after the
core element is completely fitted with the strap coil
11 and then with the cover 67.
Fig. 50(a) is a side view of the cover 67, and
Fig. 50(b) is a front view of Fig. 50(a) taken in the
15 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 €7a, a pair of guidé plates 67c-project
perpendicularly at two opposite positions on a
20 concentric ciréie of the hole 67b. Each guide plate
67c is curved along the circumference of the concentric
circle of the. hole 67b, and its width decreases
gradually toward the head thereof.

Between the guide plates 67c, a pair of parallel

25 push plates 67d extend perpendicularly from the cover



|.oaded through the follow ng process. Firstly, with reference to Fig.
51(a), the extrene sides of a pair of core halves 64 are pivotally
confronted to each other, so that the core plates 64a together constitute
a core 10 elenent in truncated cone for with one end being dianetrically
contracted. The core el enment conposed the confronted core plates 64a is
inserted, fromits contracted end, into the hollowlib of the strap coi
11. 15 Wien the core el enment advances in the hollowllb to a certain
degree., the side surface of the strap coil 11 cones in contact with the
fl anges 64b ofidhe toret thal wep &4 taspshdhors Figh 5&spBrt tAt thRi s
stage, the cover 67 is positioned to the core hal ves 64 such that 20 each
gui de pl at es t67ce G advEne e ulsét peen etshe’ oppostag e et epak rsisdeBest t he
core plates 64a. By sliding the cover 67 toward the strap coil 11, the
heads of the rpushs gl atpes Hdt entisght he Ispager érfcd vsédE by itkeepr takespl at es
64a, with pivotally displacing the core plates 64a in 25 the direction of
separating therextrene sides thereof 92 fromeach other. After a while,
the heads of the guide plates 67c advance al ong the opposing |lateral sides
of the coere pl ateso®daniw $hrppvoballl yedilspbackhg theagoceilplldtes 64a in
the direction of separating the extrene 5 sides thereof further from each
other. By slidbfgetthéhrough the following process. Firstly, with
reference to Fig. 51(a), the extreme sides of a pair
of core halves 64 are pivotally confronted to each other,
so that the core plates 64a together constitute a core
10 element in truncated cone form, with one end being
-diametrically contracted. The core element composed
of the confronted core plates 64a is inserted, fromits
contracted end, into the hollow 11lb of the strap coil
11.
) When the core element advances in the hollow 11b
to a certain degree, the side surface of the strap coil
11 comes in contact with the flanges 64b of the core
halves 64, as shown in Fig. 51(b). At this stage, the
cover 67 is positioned to the core halves 64 such that
20 each guide plates 67c can advance between the opposing
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 core plates

64a, with pivotally displacing the core plates 64a in

25 the direction of separating the extreme sides thereof



cover 67 to the limt, the push plates 67d and guide plates 67c. open the
contracted end of the core elenent conposed by the core plates 64a. Hence,
the core elenent is forced into a cylindrical formwhich has a 10 circul ar
section and an axially uniformdianeter,,In consequence, the external
surfaces of the core plates 64a are pr%%sed agai nst the inner cylindrical
surface of the strap coil 11 to retain the circular section thereof. 15
When the core plates 64a are oriented to forma core elenent in a
cylindrical form the flanges 64b of the core hal ves 64 stand
per pendi cul arfyoncca e sehew- rdEt6Z arthtbat dcte Wt v $hded8dRace of
the strap <coil 11. In this state, the extrene end of the screw 20 62
projects fromiabesodde Afgan6PaatRPGUERct ABPRELET G715 Spradvisde® S R &t he
centre thereof, while the cover disc 67a contacts with the other side
surface of thehstape rclod e 116 4 o viddripPéte ttel ¥ Sdditi? ©F "¢ HE SEP&F coi |
11, the 25 cover disc 67a is secured to the screw rod 62, as shown 93 in
Fig. 47, by setewengstke imut hg0Dise athe =yt eTRP2hAt18F the S8FERMd 62
projecting fromthe cover disc 67a. In packaging use, the strap coil reel
60 | oaded> wi¢hdehet Berap et S rguReed 6 Nthie s@l‘fnéllé%gl%fthas t he
packagi ng nmachi ne 40. .

cover 67 to the limit, the push plates 67d and guide

plates é7c open the contracted end of the core element
composed by the core plates 64a. Hence, the core
element is forced into a cylindrical form which has a

10 circular section and an azially uniform diameter. 1In
conseguence, the external surfaces of the core plates
64a are pressed against the inner cyvlindrical surface
of the strap coil 11 to retain the circular section
thereof.

15 When the core plates 64a are or;ented to form a
core element in a 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
coll 11. In this state, the extreme end of the screw

20 62 projects from the cover disc 67a through the hole
67b provided in the centre thereof, while the cover disc
67a contacts wifh the other side surface of the strap
coil 11i.

To complete thg.loading of the strap coil 11, the

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



The reel 60 of this enbodinent is designed to accommodate a strap coil 11
of the followng specification. . The strap coil 11 is prepared by
helically winding the strap Ila. 10 Strap |la Material : polypropyl ene
Length . 2,500 m Wdth : 15.5 nm 15 Thégkness 0.65 mMm Strap coil 11 Inner
dianeter . 200 mm (dianeter of the holrow lib) Quter dianeter . 450 mm 20
Weight 12 kg In the reel 60, the core plates 64a are designed to give a
core el enent having an outer dianeter of 200 nm as neasured when the core
pl ates 64a are expanded 25 dianetrically. 94 In order to test the
packageabi | i t §" oF 1€he {dpebivalicy et Grighf reef 86, R he patkagCRG machi ne 40
was practically operated to strap various itens, as equhgped mﬁgh t he reel
60 whi ch was ¢ Badedl VI Av RS fFoPeE °9 Yot yp¥ dpyt B SR ¢824 n each

ol ypropylene strap coil 11, the innernpst and outernps nds of, the
POLYPTOPY ?n packaging use, the strap coEl ree& %O ioadeJ1

with the strap coil 11 is mounted on the spindle 49 of

5 the packaging machine 40.
The reel 60 of this embodiment 1is designed to
accommodate a strap coil 11 of .the following
specification. The strap coil 11 1s prepared by

helically winding the strap lla.

10
St a
Material : polypropylene
Length : 2,500 m
Width : 15.5 mm
15 Thickness : 0.65 mm
St coi
Inner diameter : 200 mm
(diameter of the. hollow 1lb)
Outer 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 expanded

25 diametrically.



strap |la were.-bonded as shown in Fig. 1 by the nelt-bonded areas Ile

fornmed al ong the periphery of the

were then de 10 formed into an oval section, respectively, with an
eccentricity ratio of 1.00, 1.05 and 1.%2'(calculated as the ratio

'l ongest inner dianeter/shortest inner

rameter in the hollow lib).

test proved that, while the defornmed strap coils 11 were | oaded on

reel 60, none of them showed unw ndi ng or
on the innernost cylindrical ~surface of the strap coil 11. Besides,

perforations |lid. The strap coils 11

of
The
t he 15

disintegration of the strap Ila

every

strap coil 11 in thenreetd$0 dld owed tt hehgackagiageakdchine £F t 6ndraw out
the strap |la snoothly to the 20 innernost end. The reel 60 is preferably
made of a |i ghpemhbeédivalde simhe dsrak infAi umh sexcepta € hed cBPENRBEVES 64, the
fixed plates 63 and sone other nenbers that require rigidity, whereby the
reel 60 rotatwessepticiteéntd y1ynodeawitrf ok 25rfRe VSrie ' 3 | A*¢Rdm Bife strap
it stops readily 95 when rotating by inertia. In the above
embodi nent, tdeusppew wbthe2hé seede§Pgredch o drel Ppreedd bR tHE 3piPHE e 49 of
t he packaging machine 40. Alternatively, the screwrod 62 may be 5
integrated wigblyheoppilndhe 49rapr ddilmylpl ajnacdudl PebyerepPvk@espi ndl e

coil 11 but

49 and the

10

20

screw rod 62.

strap coil 11, the innermost and outermost ends of the
strap lla were. -b_opded as shown in Fig. 1 by the
melt-bonded areas llé formed along the periphery of the
pe'rforati'ons 11d. The strap coils 11 were then de-
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 hollow 11b). The test proved that,
while the deformed strap coills 11 were loaded on the
reel 60, none of 'thém showed unwinding or
disintegration of the strap '1la 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 dfaw out the strap lla smoothly to the
innermost end.

The réel 60' is preferably made of a light material
such as aluminiﬁm, except the coxe halves 64, the fized
plates 63 and some other members that reguire rigidity,
whereby the reel 60 rotafes .efficientlyl in drawing out

the strap 1la from the strap coil 11 but it stops readily



It shoul d be understood that the conponents of the core elenent in the
reel 60 are not limted to a pair of core halves . The core el enent nay be
canposed 10 of a plurality of core pieces (e.g. quarter core pieces).
Still another strap coil reel 70 is illg trated in Fig. 52 (a) and (b)
wherein Fig. 52 (a) is a section' and F 3. 52 (b) is a schematic section
taken along the 15 line B-Bin Fig. 52 (a) . The reel 70 includes a holl ow
shaft 71 which fits on the spindle 49 of the packaging machine 40. The
spindl e 49 extends through the inside of the shaft 71 and term nates on
t he outside theereofrotatThegshaftn2ttard the shaft 49 inserted therethrough
are 20 rotatable in. synchronism The distal end of the spindle 49, which
projects out of theIshaftte 7dbowve feoromedimenth & gy ooveed9aro®nézend of the
shaft 71 corresponding to the basal end of the spindle 49 concentrically
hol ds a di sc-sbapethesi de pkat £: 724 2bthleesshabitl e749i st Surer perded ibys f our
core plates 96 74 which constitute a core elenent to be inserted in the
hol l ow | i b of mthe istd ago coi h1tdrnEadkeafy t heheoserepl ates 74 hay be
substantially the same length as the axial length of the shaft 71, and
each is curvednicrgirthec &d cif eunt reenpiabi 1di Boct ioan iof ntshe relhaf ta Alia The
internal surface of each core plate 74 holds a pair of

role of the spindle 49 and the screw rod 62.

It should be understood that the components of

the core element in the reel 60 are not limited to a

pair of core halves. The core element may be composed
10 of a plurality of core pieces (e.g. quarter core
pieces) .

Still another strap coil reel 70 is illustrated

in Fig. 52 (a) and (b), wherein Fig. 52 (a) is a section
and Fig. 52 (b) is a schematic section taken along the
13 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 outside thereof.
The shaft 71 and the shaft 49 inserted therethrough are
20 rotatable in.éYnchronism. The distal end of the
spindle 49, whichprojects 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 493
concentrically holds a disc—sﬁaped side plate 72.

25 The shaft 71 is surrounded by four core plates



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. A 10 pair of sliding shafts 73 are slidably accommbdated in

a pair of cylindrical holders 75 nounted on the shaft 71. In all, four
pairs of holders 75 extend radially fr8mthe shaft 71, as
circunferentially equally spaced 15 from each other. In each pair, the two
hol ders 75 are separately disposed in the vicinity of the ends of the

shaft 71. Each sliding shaft 73 is slidably and hernetically fitted in the
hol der 75. A pai {in@krslddhfgi tabaf &S c 82 emeunineth Ot 6 hige coneeplatie i74 are
equi pped with 20 a pair of tension springs 76. The tension springs 76

stress the cofgephate ol thonard thke sshafd c6h1 The shafdh 2¥ itmed vdess an air
passage 7la which comrmunicates with every holder 75. Both ends of the air

passage 71a opeRtats ¥hendi shals €nde suilgoenh ofsdrfe 12higahaks the earirgispondi ng
to the distal end of the spindle 97 49. One end of the air passage 7l1a is

an air inlet 7lhqyt@quhppetieni thaaschack yabhveadandithewthesr endtrss an  air
outlet 71c which'is opened and closed by an air outlet cock 77. 5 Wen

conpressed aiL;i$ diEcd ik therakk oM ebr 7thef ronnan avt .nozzires the
air is then supplied into
internal surface 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. A
10 pair of sliding shafts 73 are slidably accommodated in
a pair of cylindrical holders 75 mounted on the shaft
71. |
In all, four pairs of holders 75 extend radially
from the shaft 71, as circumferentially equally spaced
L5 from each other. In each pair, the two holders 75 are
separately disposed in the vicinity of the ends of the
shaft 71. Eacg sliding shaft 73 1is slidably and
hermetically fitted in the holder 75. A pair of sliding
shafts 73 mounted on the core plate 74 are equipped with
20 a pair of tension springs 76. The tension springs 76
stress the core plate 74 toward the shaft 71.
The shaft 7;'includes an air passage 7la which
communicates with every‘holder 75. Both ends of the

air passage 71la open at the distal end surface of the

25 shaft 71 corresponding to the distal end of the spindle



the air passage 7l1la via the check valve. As the air outlet 71c is closed
by the cock 77, the conpressed air in the air passage 7l1la is supplied to
all of the holders 10 75. The air pressure allows the sliding shafts 73
fitted in the holders 75 to slide out |y against the stress of the
tension springs 76. The distal end of t spi ndl e 49 extending through the
shafts 71 is concentrically fitted with a disc- 15 shaped cover 78. The
cover 78 is secured on the spindle 49 by a nut 79 screwed down al ong the
groove 49a formed at the distal end of the spindle 49, with keeping in
contact with 4he celgesenf ¢he vord pleEtessaF4.7 1d then églr 70 16t t/Aibs
structure, the strap coil 20 11 is |oaded in the follow ng manner. To
begin with, <¢deipped7¥idid 4 heheoveral8ear @rndettdthedt heonerHe 1Spiamdl e  49.
At this stage, each core plate 74 is stressed toward the shaft 71 by the
t ensi on spri ngsr76utiltetted’ L onwhaiphi A soforsd neld ngnshafltes 8. bTherefadrte, the
core 25 el enent conposed of the core plates 74 is dianetrically 98
contracted anduapproachegs the shaft 71. Wiile the core plates 74 constitute
the core elenent of reduced dianeter, the strap coil 11 is fitted on the
core platés 74. Evemheh thepsesapceilr 15 has e tee deafrortied adwall ndect i on,
the contracted core elenent allows easy fitting of the strap coil 11.
71b from an air nozzle, the air is then supplied into
the air passage 7la via the check valve. As the air
ogtlet 71c is closed by the cock 77, the compressed air
in the air passag'e' 71la is supplied to all of the holders
10 75. The air pressure allows the sliding shafts 73
fitted in the holders 75 to slide outwardly against the
stress of the tension springs 76.
The distal end of the spindle 49 extending through
the shafts 71 is concentrically fittad with a disc-
15 shaped cover 78. The cover 78 is secured on the spindle
48 by a hut.79 screwed down 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 is 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



After the strap coil .11 is fitted on the core .plates 74, conpressed air
is supplied into the air passage 7la through the air inlet 71b which opens
at 10 the distal end surface of the shaft 71. Since the air outlet 71c
remai ns cl osed by the cock 77 throughouéathe air introduction, the air fed

into the air passage 7la is supplied t

all holders 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,

wher eby t he

sliding shafts 73 nounted in pairs on the core plates 74 outwardly

di spl ace the saneriagtednifor aprand charchrioni skeftmddner. As a result, the
core elenent conposed of the core plates 74 expands dianetrically, 20
until the external $bifigcetivd eack co¥etpfat’d 7Topstigpéssediagairast t he
inner cylindrical surface of the strap coil 11. In association with the
expansi on of elhmecdrefefeteaed dirmsketri dmob i §Pidpl Eoid L1t b
re-fornmed into a circular section, even if deformed 25 into an oval
section. 99 @nceheheost aptaiotd N4 obieemsif EhecuFapPséeetilon,l &as
injection is termnated at the air inlet 71b. OMng to the check valve at
the air indleta7dbfotrreechigvehasgetdionn the &iomtpasshge 72aSwWEREMEAE | eak
out. 5 Finally, the cover 7 is fitted on the spindle 49 to be in contact

with the sideaddpivaceafyt hétstingpof the strap coil 11.

10

After the strap coil 11 is fitted on the core
plates 74, compréssed air is supplied into the air
passage 7la through the air inlet 71b which opens at
the distal end surface of the shaft 71. Since the air

outlet 71c remains closed by the cock 77 throughout the

air introduction, the air fed into the air passage 7la

is supplied to all holders 75. The air pressure allows
the sliding shafts 73 fitted in the holders 75 to slide
cutwardly against the stress of the tension springs 76,
whereby the Sliding_shafts-73 mounted in pairs on the
core plates 74 cutwardly displace the same in'aliniform
and synchronised manner. As a result, the core element
composed of the core plates 74 expands diametrically,
until the external surface of each core plate 74 is
pressed against tﬁe 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, eveﬁ if deformed

into an oval section.



coil 11. The cover 78 is secured by screwmng the nut 79 along the groove
49a formed in the spindle 49. Now that the strap coil 11 is |oaded on the
strap 10 coil reel 70, the packagi ng nachine 40 can strap an item 47,
with drawi ng out the outernost end of t strap Ila . which | ocates on the
outer cylindrical surface of the strap coil 11. Wwen the-reel 70 runs out
of the strap Ila in the strap coil 11, the air charged in the air 15
passage 71a is discharged by operating the cock 77 to open the air outlet
71c. While the air flows out, each core plate 74 constltutlng the core
element yields to RPESstHess TGP §Opdi ]rlﬁfbttaelrfé? GnCSpFiAGE I8 “hRéreby t he
core elenent contracts dianetrically. 20 Fi 53 schmat i L IIustrates
further anot Hekr ldvasof heRt: of o " ap ac?ogpe el 1R if‘ ap 88|ll % eel

70" is basically simlar to the reel 70 shown in Fig 52.. The difference
lies in that The shafte M visd Ve ditbfr R&de W tH Bk s\ 'n&lhee A9 Tof "ERE SFackagi ng
machi ne 25 40 and that the spindle 49 includes an air feed Iine 100 49b
and an air disehaPge aiime 292 each 1éontiini catt ng® 2 OF the air passage 71a
in the shaft 71. Al though not shown in_the figure, tensjion springs are
fitted onda pair o$l§P8dNngL§th%%V?8 hBunbed 1o SEhcth cor® pPAPELSs 74.

The air feed line 49b and air discharge |ine 49c
49 to be in contact with the side surface of the strap

coil 11. The cover 728 1s secured by screwing the nut

79 along the groové'49a formed in the spindle 49.
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 11la
which locates on the outer cylindrical surface of the
trap coil 11. When the reelf70 runs out of the strap
lla in the Strap_coil 11, the air charged in the air
15 passage 7la is discharged by operating the cock 77 to
open the air outlet 71lc. 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 another
embodiment of the strap coil reel. The strap coil reel
70' is basically similar to the reel 70 shown in Fig.
52. The difference lies in that the shaft 71 is
. combined with the spindle 49 of the packagihg machine

25 40 and that the'spindle 49 includes an air feed line



in the spindle 49 are connected to a rotary joint 81. A conpressor 83
supplies conpressed air to the rotary joint 81, via an air filter 84, a
regul ator 85, an oiler 10 86 and an el ectromagnetic feed val ve 82. Passing
through the rotary joint 81, the conpressed air flows into the air feed
line 49b. On the other hand, the air cUW@ng fromthe air discharge |ine
49c flows out through the rotary joint 81 and an el ectromagnetic di scharge
15 valve 87. In order to load the strap coil 11 in the reel 70" , the nut
79 and the cover 78 are detached fromthe spindle 49, as shown in Fig. 54
(a) . By rel easbngrichean ed £ct ¢ brayAeiiec 1dirst e ges ¥ah veo8Muntilsa tairrg char ged
in 20 the holders 75 is discharged through the air discharge line 49c in
the spindle 49itAstaeresul pasthgecdle phattes shEf tdrist | Ut dhercor e
el ement are stressed toward the shaft 71 by the tension springs, and
reduce the dikameteriwfthbercoueecel erentiomhepelegbr amrgiettiteed 26n di schar ge
87 is closed thereafter. 101 At the next stage, the strap coil 11 is
fitted on thepdiianeis i€al iyngostadetsed X aiceu et eaeah earnposede gflatrwe core
pl ates 74. Even when the strap coil 11 has a deforned oval section as
shown in K g.734(b), the 5 contracted core elenent allows easy fitting of
the strap coil 11. Then, the cover 78 is put on the spindle

The air feed line 49b and air discharge line 49c

in the spindle 4§.are connected to a rotary joint 81.
A compressor 83 supplies compressed air to the rotary
joint 81, via an air filter 84, a regulator 85, an oiler
10 86 and an electromagnetic feed valve B82. Passing
through the rotary joint 81, the comp;essed air flows
into the air feed line 49b. On the other hand, the air
coming from the air discharge line 49c flows out through

the rotary joint 81 and an electromagnetic discharge

—
h

valve 87.

In order to load the strap coil 11 in the reel
70', the nut 79 and the cover 78 are detached from the
spindle 49, as shown in Fig. 54(a). By releasing the
electromagnetic discﬁarge valve 87, the air charged in
20 the-holders 75 is di;charged through the air discharge
line49ch1£hespindle49. As a result, the core plates
74 constituting the core element are stressed toward
the shaft 71 by ﬁhe tension springs, and reduce the
diameter of the core eiement. The electromégnetic

25 discharge 87 1is closed thereafter.



49 and secured by screwing the nut 79 along the groove 49a forned in the
spindle 49, thereby keeping in contact wth the side surface of the strap
coil 11. 10 After the strap coil 11 is fitted on the core elenent conposed
of the core plates 74 ( Fi g . 54 (c)-, (d)) , the electromgnetic feed
valve 82 is released to supply: conpred$dd air into the holders 75, through
the air feed line 49b in the spindle 49. As the air pressure allows 15 the
sliding shafts 73 fitted in the -holders 75 to slide outwardly, the core
plates 74 are outwardly displaced in a conbined and synchroni sed manner
and eventual |y pressetdhagaierst stheye nnehecykiragr iccall suy facef oftekde strap
coil 11 (Fig. 54(e)). Wiile the core elenent 20 conposed of the 'core

pl ates 74 di agetdh€adiymexpanda 1y ko tar oyt ¢ adesr ofe cémentacosposiedn, the
oval section of the strap coil 11 is re-fornmed into a circular section
(Fig. 54(f)).ocnoeetherstgapreoilia 11 obéaiwtse t hthe aitc aro iseatli am;s t he

el ectromagnetic 'feed valve 82 is 25 closed. 102 Follow ng the |oading of
the strap coid ddrothe Paskagi pgcrachi nes 40n6an Str aman 34 em 47chvhen the

reel 70" runs out of the strap Ila, the electromagnetic discharge valve 87
is released to,gdtsaharge theecaien Suohar gedoitds tdesholkders néd ¢ hr angh t he
air discharge line 49c (Fig. 54 (g) , (h)) . In consequence, the core
pl at es. strap coil 11. Then, the cover 78 is put on the spindle

49 and secured by screwing the nut 79 along the groove

49a formed in the spindle 49, thereby keeping in contact

with the side surface of the strap coil 11.

10 After the .strap_ coil 11 is fitted on the core
element comp.osed of the core plates 74 (Fig. 54(c), (d)),
the electromégn-eT-:ic‘ feed vélve 82 is released to supply
compressed air into the holders 75, through the air feed
line 49b in the spindle 49. BAs the air pressure allows:

15 the sliding shafts 73 fitted in the holdefs 75 to slide
outwardly, the core plates 74 are outwardly displaced
in a combined and synchronised manner and eventually
pressed against the inner cylindrical surface of the
strap coil 11 (E‘ig.. 54(e)). While the core element

20 composed of the 'core plates 74 diametrically expands
into a cylinder of circular section, the oval section
of the. strap coil l1l is re-formed into a circular section
(E’ig'. 54 (£)). .'Once the strap coil 11 obtains the

circular section, the electromagnetic feed valve 82 is

25 closed.



74 yield to the stress of the tension springs and thereby contract the
core elenent dianetrically. It should be understood that the node of the
10 present invention should not strictly limted to the enbodinents

her ei nbef ore descri bed. For exanple, tq% strap Ila of the strap coil 11,
which is made of an olefinic resin or otzner thernoplastic resins in the
above enbodi nents, nmay be prepared by coating a 15 thernoplastic resin on
the external surface of a base strap nade of paper or fibres. -103- \Wat
is clained is: 1. A packaging strap coil conprising a nunber of |ayers of a
packagi ng strap wounellhelingalthe drd tiorel @5sthe aF btAB 8°Rél Féw 88Fi ni ng an
axis of the strap coil, the strap 5 being made of a thernoplastic resin at
| east on an exdekpaingumfacikel phef Bof anwkdraim 3 pbFeRoh’of YheNstP&p which
constitutes an inner cylindrical surface surrounding the hollow.s

peel abl y bondeele by’ &h mdhesiwe otfotagos herPpbl &1 o tTet S RAPIeS 1 CA
packagi ng strap coil according to.claim1, wherein a portion of the strap
helically wodhschargie wakiai By 6fs tirel 4w ¢ dwtpPs dgseinan 92 bbhBed By an
adhesive to another 10 portion of the strap |am nated on a top _side
thereof. 3. Acpackagi hy Sie ap lobits d6cbrdpaght bhelad mhl s Rerds a1ae
plurality of layers of the strap |am nated al ong each axial end of the

hol l ow i s bonded mitwaldy(peel @bl . byl n & radhest vee - £ hAcpackadir®§ Sst r ap
coil according to claim1, wherein a plurality of adjacent rows of 15 the
helical | y wound ysiterlag tics t bendlede smitafak hy pers abhys iyl aas aditeshesemy ch i s
applied on the inner cylindrical surface surrounding the hollow

. contract the core element diametrically.

It should be understood that the mode of the

10 present in&ention sbould not strictly limited to the
embodiments.hereinbefore described. For example, the
strap 1lla 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

15 thermoplastic resin on the external surface of a base

strap made of paper or fibres.



5, A packaging strap coil according to claim1, wherein the adhesive is a
sol vent-type adhesive. 6. A packaging strap coil according to claim1,
wherein the adhesive is a hot-nelt- 20 type adhesive. 7. A nethod for
produci ng a packagi ng strap coil according to claim1, which conprises the
steps of: winding an innernost strap end helically on a winding roller to
forman innernost strap layer; 25 appi¥3ng an adhesive on a top side of
the strap wound on the winding roller; wnding a required |ength of the
strap helically on the adhesive-applied portion of strap to forma strap
coil; and r®imtisniginddaswi nding roller fromthe strap coil. 8 A nmethod for
produci ng a packaging strap coil according to claim7, wherein the 30
adhesive is coated by pressing a coating roller of an applicator agai nst
the innernbst sA pagkagiay efrap\uinebnisinge ntinibdi BOlayet bﬁ‘ﬁ packagi \A%s@ap WourRtt hod
for producing a Baﬁagl g strap coil according to claim?7, erein the
adhesive is contl{) ﬂ yan cPrﬁfeéﬂi’ ggupbt heltaw f“ffé‘”lgrﬁ?ef’rxﬂﬁfsftth%%t?aaﬁolldﬁl@ﬁtranound
on the winding yeplg Rhdend tﬁer&%ﬁl@sﬂw"i@ﬁgt leat Qﬁhﬁ‘&t&rﬂgﬂ sﬂﬁﬁ(?eqhérp%r GRGeinM LN
the use of an applicator which noves along the latter met hod f or
produci ng a packeRfirigp efithagraporhichogongtituiesran inngdybindricohpirfasesurtdveding theps  of -
wi ndi ng an inner ing an

adhesi 8e on a pll{a;‘ll}rgg\{lll§ o w&g{‘%ﬂgyd? é‘%g?rag%h‘ﬁa?ﬁln}r?g Ozﬁ%ﬁo%g each axi al
end of the ndlfhgaqi@glhestrap agilradéanding ta dajmi kedletegnsgpcbrtlorﬁ of the stedprteeficalty f or m

a strap coil; arkgou]ng ih ?tpéoylklﬂgy %Pﬁwvﬁioﬂg ngpef:(i)abl)Sa Bonde&) @ytag% ets{v% anotLer
10 portion of the strap laminated on a top side thereof.

3. A packaging strap coil according to claim 1, wherein a plurality of layers of the
strap laminated along each axial end of the hollow is bonded mutually peelably by
an adhesive.

4. A packaging strap coil according to claim 1, wherein a plurality of adjacent rows of

15 the helically wound strap is bonded mutually peelably by an adhesive which is

applied on the inner cylindrical surface surrounding the hollow.

5. A packaging strap coil according to claim 1, wherein the adhesive is a solvent-type
adhesive.
6. A packaging strap coil according to claim 1, wherein the adhesive is a hot-melt-
20 type adhesive.
7. A method for producing a packaging strap coil according to claim 1, which

comprises the steps of:
winding an innermost strap end helically on a winding roller to form an innermost
strap layer;

25 applying an adhesive on a top side of the strap wound on the winding roller;
winding a required length of the strap helically on the adhesive-applied portion of
strap to form a strap coil; and
removing the winding roller from the strap coil.

8. A method for producing a packaging strap coil according to claim 7, wherein the

30 adhesive is coated by pressing a coating roller of an applicator against the

innermost strap layer wound on the winding roller.



11. A method for producing a packaging strap coil according to claim 10,
wherein the adhesive is sprayed on the layers of the strap | am nated al ong
each axial end of the wnding roller.

- 104 -

9. A method for producing a packaging strap coil according to claim 7, wherein the
adhesive is continuously 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 which moves along the latter.

5 10. 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, with applying an adhesive on a
plurality of layers of the strap laminated along each axial end of the winding roller;
winding a required length of the strap to form a strap coil; and
10 removing the winding roller from the strap coil.

11. A method for producing a packaging strap coil according to claim 10, wherein the

adhesive is sprayed on the layers of the strap laminated along each axial end of the

winding roller.



