
; !"#$%&e3eu<u**+t23t<6F<T<kBh1 21 May 2003 Packaging Strap Coil and Method
for Producing the Same, Packaging Strap Coil Unit and Packaging Machine
Equipped with Strap Coil Reel BACKGROUND OF THE INVENTION The present
invention relates to a packaging strap coil which 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 packaging strap coil unit comprising the strap coil, and
further relates to a packaging machine equipped with a strap coil reel for
loading the strap coil or. an automatic packaging machine. 15 A tape-like
thermoplastic resin packaging strap ?0 is employed for strapping a
corrugated cardboard boss or the like. The resin strap is usually
manufactured by extrusion-moulding an olefinic thermoplastic resin (i.e.
polypropylene, polyethylene terephthalate) =nto a required flat tape shape,
in which case drawing and stretching of the resin is carried out at a rate
exceeding the extrusion rate. The stretched resin strap is hell tally wound
up on a tubular paper core to form a strap coil. 2~ The strap coil is
loaded on an automatic packaging     21 May 2003 machine, together with the
tubular paper core . A strap therein is successively drawn out to strap a
corrugated cardboard box or like item. When the strap coil runs out of the
strap, it consists of the tubular paper core. The paper core has been
marred by the strap and may not be reused as the core of the packaging s
trap coil . Ii 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 1~ Application paid-open No.
315690/1995 (J?-A-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. i r. 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 stray layer 



overlaid on the top side thereof. To produce this strap coil, a strap 204
is wound 23 on a winding roller 201 comprising a pair of separable   21 May
2003 right/left roller components 203, 213. Firstly, the start of the strap
20a is wound in one turn along the middle of the axial length of the
winding roller 201 where the right/left roller components 203, 213 are
joined. Then, the strap 209 provides another layer thereon. The laminated
strap layers are melted and bonded to each other by applying a heated iron,
thereby forming a melt-bonded area 2a1. Once the innermost end of the strap
209 is fixed, a predetermined length of 10 the strap 209 is wound on the
entire surface of the winding roller 201 to ,form a strap coil. Finally,
the right/left roller ccmponents 203, 213 of the winding roller 201 are
disjoined and removed from the strap coil . Thus obtained is a coreless
packaging s trap coil 20S . 1~ In this packaging strap coil, the fixed
innermost end of the strap is not drawn out into the 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 end and used for
strapping a corrugated cardboard box. or like items . As mentioned above, a
heated iron is used to heat a predetermined area on the laminated portion
of the 25 strap wound on the winding roller, so that the laminated   21 May
2003 strap portion is :pelted and bonded together. However, as the iron
fails to give a stable heating temperature, 



the bonding strength of the laminated strap 1 avers may vary from batch to
batch. Prodded the innermost end of the strap is bonded too strongly,
namely, provided the melt-bonded area possesses too high a peeling
strength, the bonded area may not peel readily when used in the packaging
machine . In some cases, the strap may be partially torn off at the rigidly
bonded area. 10 Actually, when a strap coil is loaded on the automatic
packaging machine, the strap is drawn out along with the rotation of the
feed rollers. If the 1=_minated 1 avers of the strap are bonded too
strongly, the feed rollers may fail to peel off the strap is drawn out
along with 1~ destroy themselves, depending on the rotation power. The
strap coil of the prior art manifests more defects. Fs a strap coi1 is
prepared by laminating a strap in a spiral form, it is somewhat a :tended
in the axial direction. rlthough the innermost e..^.d of the 20 strap is
bonded with a layer or layers laminated thereon, the rest of the inn2rmos t
rows of the s crap coil which a:~ially neighbour the bonded strap end are
left ur. bonded with resdect to the layers laminated thereon. Such a strap
coil may unwind or collapse at the 2~ non-bonded area.   21 May 2003 For
transportation or storage, the prior art strap coils are laid horizontally
and stag:ed on top of each other as shown. in Fig. 55, with the a::is on
ented vertically. Usually, a pair of strap coils 101 are j vertically
stored in a pack:age (shown by imaginary line). Each strap coil 10l has
uneven side surfaces by nature, where the edge of the strap 101a sticks out
- in some layers. When a plurality of strap coils 101 are laid axiswise ver
tically on top of each other, as 10 shown in Fig. 55, the edge of the strap
101a projecting from the side surfaces of the strap coil 101 can be bent ar
deformed. The strap coil 101 which includes a strap tent or deformed oz the
edge is less likely to ensure smooth suppl y of the s tr~n 101a in the
auto:,tatic 1j 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 Fi g. 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 wi th a central hole 102a which corresponds to the cylindrical
hollow 101a at the axis of the strap coil 101. r pair of pads 102 are
integrally joined on the side surfaces of the strap coil 2j 101 by a
plurality of straps 103. Each strap 103 ties   21 May 2003 the strap coil
101 and the pads 102 together, passing a::ially through the hollow of the
strap coil 101 and the holes of the pads 103 and then a:~ially crossing the
outer cylindrical surface o. the strap coil 1C1. 5 Since the cardboard pads
10? cover both side surfaces of the strap coil 101, the edge of the strap
101a, even if it may unevenl y project or sing, is protected from
deformation or damage. Nonetheless, the preparation of such packaging 10
strap coi 1 units is not a simple task, because the process requi res
positioning the pads 102 on both side surfaces of the strap coil 101 and
thereafter tying them together by a plurality of straps 103. :.s for an
aeto:;.at_c packagi ng :r.achir.e ecuipped 1~ with a s trap coil reel and
operated for pac}:aging an item automatically, the strap coil reel usually
accommodates a strap coil comprising a strap wound around a tubular paper
core. The strap coil reel includes a core el ement which is inserted into
the paper 20 tube and supports the same. As the core element, there may be
adopted a cylindrical structure which cornpri ses a cylinder whose diameter
is slightly smaller than the inner diameter of the paper tube, a
three-parallei rod structure in which three parallel rods support the inner
cylindrical surface of the paper tube at three 



21 May 2003 circumferentially evenly spaced positions, or a flat-plate
structure which comprises a pai~ of parail el places. When the core element
of the strap coil reel holds a tubular paper core, the strap coil reel is
rotated by the inertia force gene=aged while the strap is drawn out from
the strap coi 1 b_~ the =eed rollers . Unfortunately, i n i nserting the
core el ement 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 ~o a coreless strap cell which has a deformed oval secti on and
thus an oval hollow, which is often observed du=i r.: and ater
transpo=ration o. the strap coil . If 1~ 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 fac t, if the core element
comps i ses thr ee 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 inner cylindrical surface of
~he strap coil surrounding the deformed holl ow cannot receive a
circumferenti al ly equally dispersed rorce. As a result, when the straw ~5
co i 1 gets thinner, the hollow of the strap coil may be   8 21 May 2003
further deformed into a tr iangular section or a sauare section, as loaded
on the core element of threeparallel-rod structure or flat-plate structure,
re specti vely. ~:f ter a11, the strap coil reel cannot draw out a strap
fror,^, the strap coil smoothly. Moreover, the s trap coil reel fai 1 s to
draw out the strap to the ultimate end for other reasons. Since 



w the rotation of the strap coil reel depends on the inertia force
generated i n drawing out the strap, the 10 strap cons tituting the strap
coil may bite ~ nto the core element and~get entangled or disintegrated,
when the strap coil beccmes thinner. Furthermore, where the strap coil reel
is installed on the outside of the aL:tO:,l3ti C p3Cr;'uGi.^.y m C:InE,
t~'1r are SG::le 1~ possibilities of hurting an operator. When the
melt-bonded end in the coreless strap coil is peeled off from the bonded
layer, it may viol ently spri ng back along with the rotation of the strap
coil reel, possibly at an operator. 20 SUMMARY OF THE INVENTION In order to
solve the above problems, the present invention provides a packaging strap
coil and a method for producing the same, wherein the innermost end of 2~
the strap is firmly fixed to prevent unwinding o.   21 May 2003
disintegration of the strap coil, and further, the s~rap is smoothly drawn
out to the ultimate end when. employed fen strapping an item. Another
object of the present invention is to f provide a pac~:agizg strap coil
unit, wherein it effectively prevents deformation and bent at the edge of
the strap which constitutes the side surfaces ef 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 packagi ng n~,achi ne eauipped with a strap coil
reel, wherein the corel ess strap coil, even if deformed, car. be 1 oaded
cn the strap coil reel wi t!-:out sacrif_cir.g 1~ its firmly coiled state.
With this strap coil =gel, a strap can be drawn 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 a~:is 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 2~ pierced in the vicinity of an innermost
strap end   10 21 May 2003 through to a plurality Of Strap layers laminated
thereon, and wherein the laminated strap layers are bonded to each other at
a melt-bonded area =ormed along ' the periphery of each perforation. .n
this pac1~:aging strap coil, i t is desirable to provide a plurality of
perforations pierced in the vicinity of an outermost strap end through to a
plurality cf strap layers ' laminated thereunder. It should be understood
that a thermoplastic 10 resin packaging strap employed in the present
invention comprises at least a thermoplastic resin. This means that the
strap.:~ay cor.^,prise a thermoplasti c resi r. alone. Hut, on the other
hand, the strap may be made of a fibre, pa~e~, etc. :chose surface is
coated with a 1~ thermoplastic resin. Moreover, in the packaging strap
coil, i~ is preferable to prescribe the perforation as to the
circumferential length, configuration and position thereof as well as the
number of 1 aminated strap layers 20 through which the perforation should
e::tend. These parameters are determined in view of the mater?al, thickness
and width of the packaging strap. Thereby, the laminated strap layers
exhibit a balanced bonding strength and peeling strength. 2~ As described
above, the strap coil of the above   11 21 May 2003 structure is
characterised in that the la:~inated layers in the vicinity of the innermos
t s trap end are bonded together atthemelt-bondedarea. The melt-bondedarea
provides a stable bonding strength and serves as the ~ core of the strap
coil. F.s a result, the strap coil does not unwind or collapse on th4 inner
cylindrical surface. Besides, 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 strap layezs, the strap will not unwind from the
outermost end. This arrangement thus saves the trouble of fixing the
outermost strap end by taping or ther:~al melt-bonding. . 1~ The
perfcrations are judiciously designed to hold the balance between the
bonding strength and the I peeling strength at the bonded layers of the
strap. Therefore, on the one hard, 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 bei:,g forcibly torn away. 2~ In this
connection, the present invention   21 May 2003 provides a production
method of the above strap coil which comprises the steps of: tai nding an i
nnermos t s trap end on a winding roller and la.ai nating a~ pluralit ~~ cf
1 avers on the i nnermost strap end; piercing the laminated strap layers
with a perforator heated to a predetermined temperature, thereby to form a
perforation and melt its periphery; withdrawing the perforator from the
laminated . 10 strap layers to melt-bond the periphery of the perforation;
winding a requ'_red length of the strap hel ically cn t'.^_e winding rol
ler to form a strap coi 1; and rE!.^.JG=:?= t}"le w1.^..^~._:'!g =G~ ~r
=r~J:.^. t~': s~=~~ CO=1 . 1~ Tn 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 s;.rap 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 2~ the steps of:
r~ cr.z n d ~ n g a 7 ^ n n a 21 Il~laY 20p3 a`~a ~am~'nating rfioSt strap
en stxa a plura, ,~ a n a w ~',ena; `z~y of la`_ers o '~ndi,~g~oZlex 1
zrradzatzng a n the =n~~~'"'gas aYers, the laser bea t pe.~;hery, xeQy ~
~ox.~n a pert m on the ldml.~~ate . , i . xatzn and mel4`  strap on th w
ndlng a req4;`e bond its a wz'~dzng roller d length of the s refio;~zn9'
the w . to ~ rm a stra trap ~'elica 11Y znd; P coz n a roll ~ this p1duc n9
taller frm t '~% .d er may ~e~ tzn meth, he strap coi ~ d;a~e; pang o~ nt .
to~ ~er of . co roc the w; s`ra the c~ynd~n t diRmetrz nd=ng zs woun,
thereo ; g roller Zs e~D tally) The a N~  n ~o f ~, . anded 1 =`d.r:ng r,~
~ T '~ a stxa wh'le the xemoved from th' e~ .~s dia.^~e`r~y^,p coil,
~,heree ft a s~. ~_ly er. i xn any of he~xaF coil. . . contracted . ~n~
fiPolxtant 4o pries r , ab;re Prduct 7 ~ cnfzg~`rat.io c^zbe the c r
methods. ; as tie num n qnd Posztion  xrcum;e,ential -t zs bex f th len h
10 whzch the pe og lam`raLed 'a a pexfaxat_on a gt are deter xfrat,~n
Should Yens ` the stra ` s wel ~ width o mzn@d in ~le~, o` extend. These p
~h`ough stxa f the Pac~;agina s the mater~al~ t pa'ametExs pee p layers
e'~hzb.i t trap  ~hereb~ hzCh~eS$ and 23 jzng strength. a blanced bna,~~
the laminated xn these px , zn9 strength n nd oduction me thuds. a
needle~sf aPed   14 21 May 2003 perforator provides a perforation of
circular section, and a plats-shaped perforator provides a perforation. of
rectangular section or other section corresponding to the section of the
perforator. Alternative) y, laser ~ beam irradiation can provide a
perforation of smaller diameter by removing the ccmpenents in the
irradiation area. In another aspect, compared to the use of needle-shaped
or plate-shaped perforators, the laser beam application requires less
e:~pendable components . 



10 From another point of view, the present inventi on provides a strap coil
which comprises a number of layers of a packaging strap wound helically and
corelessly around a hol 1 ow defining a^ axis of the strap coil, the strap
bei na made cf a ther:.^.onl as tic =esi n at least on 1~ an external
surface thereo~, 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. Tn this strap coil, the
adhesive-bonding can be 20 effected in various manners. For example, a
portion of the strap helically wound in the vicinity of the hol l ow may be
peelably bonded by an adhesive to another portion of the strap laminated on
a top side thereof. Otherwise, a plurality of layers of the strap laminated
2~ along each a tial er.d of the hollow may be bonded mutually   15 21 May
2003 peelably by an adhesive. Alternatively, a plurality of adjacent rows
of the helically wound strap may be bonded mutually peeiably by an adhesive
which is applied on the inner cylindrical surface surrounding the hollow.
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 roller to form an innermost strap layer; applying an adhesive on a
top side of the strap wound on the winding roller: windi ng a recuired
'_ength of the stray hel ica'_ly 1~ on the adhesive-applied portion of the
strGp to form a strap coil: and removing the wi riding roller from the
strap coil. In the above production method, the adhesive may 



be coated by pressing a coating roller of an applicator 20 against the
innermos t strap layer wound on the winding roller. Instead, the adhesive
may be continuously injected between the innermost strap layer wound en the
winding roller and a strap which is being laminated thereon, with the use
of an appl icator which moves along 2~ the latter.   21 May 2003 `let
another method for producing a packaging strap coil 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 a i al
end of zhe winding roller: winding a required length of the strap to form a
strap coil: and remo wing the windi ng roller from the strap coil . 10
Herein, the adhesive can be sprayed an the layers of the strap laminated
along each axial'end of the winding roller. Now, the description turns to a
packaging strap coil unit o; the p=esent inventier.. ^he packaging 1~ strap
coil~.unit~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 being made of a thermoplastic resin at least on an
external 20 surface thereof, and a pair of disc-shaped pads,
conce:~trically positioned and peelabl y bonded by an adhesive on each side
surface of the strap coil. _Tn this strap coil unit, each pad may include,
2~ in the centre hereof, a plurality of central flaps   21 May 2003 which
are folded into the hollow defining the a:.is of 



the strap coil. Desirably, each pad may include, on the outer circumference
thereof, a plurality of external flaps which are folded on the outer 5
cylindrical surface of the strap coil. Araother packaging strap coil unit
of the present invention comprises : a packaging strap coil comprising a
packaging strap wound helically and corelessly around a hollow defini.^.g
the axis of the strap coil, the strap 10 bei ng made or a thermoplastic
resin at least on ar. external surface thereof; and a shape retention plate
for substantially co.-zring the inner cylindrical surface surround=ng the
hollow. When the shape =a ten=icn plats.'_s rol 1 zd and i r.ser tad into
the hollcw 1~ of the strap coil, it i s capabl a of supporting the ~ nner
cyl indrical surface of the strap coil with a resilient force in an
unrolling direction. Preferably, the shape retention plate has a mutually
connectable portion at each lengthwise end portion. Further, the shape 20
retention plate may comprise a pair of slits formed in the vicinity of and
oriented parallel to one widthwise side, and a pair of extensions
projecting from the other widthwise side. When the shape retention plate is
rolled and inserted i nto the hollow, the extensi ons are 2~ fitted in the
slits . In addition, the shape retention   21 May 2003 plate may comprise a
plurality of edge pieces provided on each lengthwise side thereof for
holding a widthwise edge of the st=ap coil. Finally, the description is
directed to a pac~:aging machine. T:^.e packaging machine of the present
invention is equipped with a strap cc=1 reel which accommodates a packaging
strap coil comprising a packaging strap wound helical ly and tonelessly
around a hollow defining an axis of the strap coil, the strap 10 being made
of a' thermoplastic resin. at least on a:~ external surface thereof . Yuhi
l a the packaging machine 3utOmaLiCally Straps an Item, vrl2 st=ap .S drawn
Out alo:.g with the rotation of the s trap coil . The stn an cc'_1 reel
corn=ises a co=a ele~:,ent whi c'~ car. contrac= 1~ diametrically in at
least one end thereof so as to b~ inserted into the hollow of the s txap
coil, and which can diametrically e:rpand inside the hollow into a
circular-section cylindr i cal sl^.ape so as to be pressed against a
portion of the strap which constitutes an 20 inner cylindrical surface
surrounding the hollow. For a desirable packaging machine equipped with the
strap coil reel, the core element is composed of a plurality of care plates
which const=tute a cylindrical circumference of the expanded cope element,
2~ each core plate being displaceable in the radial 



21 May 2003 directions . In this strap coil reel, the core pl ates may be
displaced,by a link mechanism or by air pressure. Furthermore, in the strap
coil reel mounted on a desirabl a packaging machine, the core element :nay
be composed of a plurality of core p=eces which together constitute a
truncated cone when co;.fronted w=th each other. The core element of this
arrangement can contract diametrically when an extreme end of each core
piece comes closer to the other, whereas the core lU element can expand
d=ametricall y when an e:~treme end of each core piece separates farther
away from the other. ^he packaging :~achine of the present invention is
a.d;rantageously eru'_pced with the strap coil reel as 1~ described above.
Since the strap coil reel grope=lv tensions the packaging strap, the strap
is prevented from biting into the strap coil. Therefore, the strap coil
loaded therein is neither deformed ? n section nor unwound at the inner cyl
i ndrical surface. Besi des, by 20 designing the core element to
contract/expand diametrically (i.e. the diameter of the core ele:~er.t can
be reduced and increased) , the strap coil reel can be 1 oaded with a.
deformed eccentric strap coil, while effectively preventing unwinding
thereof on the ir.,^.er 2~ cylindrical surface. To be specific, when the
core   20 21 May 2003 element is diametri call y contracted, it can be
inserted with respect to the deformed hol low of the strap coi? . Thereat
ter, the core element is di ametrical l y e::panded and pressed against the
inner cylindrical surface o. the stray 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 a^other paCkcglng st=ap coil. eig. 3(a) is a side view of
a perforator fcr icr:~i:~r a perforation in t::e packaging stray coil o. ',
1~ the invention; Fig. 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 fo=ming
a perforation in the packaging strap coil 20 of the invention; Fig. 9 (b)
is a plan view thereof; and Fig. 4 (c) is a plan view of the perforation
formed by the perforator. Fig. 5(a) is a side view of still another
perforator for forming a perforation in the packaging 2~ strap coil of the
invention: Fig. 5 (b) is a plan view   21 21 May 2003 thereof: and Fig. 5
(c) is a plan view of the perforation formed by the perforator. Fig. 6 (a)
is a side view of yet another perforator for forming a perforation in the
packaging strap coil of the invention; Fig. 6 (b) is a pl an 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 forming a perforation
in the packaging strap coil 10 of the i nvention; Fig. .7 (b) i s a plan
view thereof; and Fig. ~ (c) is a plan view of the perforation formed by
the perforator. Fig. 8(a) is a side view o` a still further perfo=a.tor for
forming a perforate on in the packaging 1~ strap coil of the invention;
Fig. ~(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 yet
further perforator for forming a perforation in the packaging 20 strap coil
of the invention: F=g. 9(b) is a plan view thereof: and Fig. 9 (c) is a
plan view of the perforation formed by the perforator. Fig. 10(a) is a
development showing the inner cylindrical surface surrounding the hollow
11b in a 2~ packaging strap coil: and Fig. 10(b)-(g) aye   22 2 ~ May 2003
developments each showing the inner cylindrical sur face surrounding the
hollow 11b in ;.he packaging strap coil 11 of the present invention.
Fig.ll(a)-(e) relatetocomparative embodiments. Fig. 11(a) is a development
showing the inner cylindrical surface surrou:~ding 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.
12 is a table showing the test results r ^ r~; g ^3 ~^bod_r.^.er.ts o. the
present inver.~ior. e:a_.~_n to t.._ e.,. and a ccnventienal technology
described i n Fi g. 10 and 



Lh? CC~:~paraWE' e.^.:bCdlmentS deSC=ib2d in F:.g. 11 1~ Fig. 13 shows
various bonding patterns at the end of a thermoplastic resin strap as well
as the peeling strength measured at the bonded areas, each pattern being
different in the number and position of the perforation(s), etc. 20 Fig. 14
is a graph showing the relationship between the diameter of the perforation
and the peel ing strength at the melt-bonded area in the packaging strap
coil 11 of the present invention. Fig. 15 is a graph showing the
relationship 2~ between the widthwise tensile strength of the packaging
23 21 May 2003 strap 11a and the peeling strength at the melt-bcnded area
in the packag=r.g strap coil 11 of the present invention. Fig. 16(a)-(f)
schematicall_,r describe a series 5 of production steps of the strap coil
I1 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
embod=ment of the present invention. 10 Fig. '(a)-(g) schematically
describe a series of production steps of the strap coil 11 in still another
e.wboc:i,^.:er,t o. the prese:~t invention. g. 19 is ,a partly broken-away
perspective view ef t'.^.e appeara-ce of anothzr packac=ng strap co_1 of 1~
the present invention. Fig. 20 is a section of the main part of the strap
coil. Fig. 21 is a schematic conceptual view of an apparatus for producing
the strap coil. 20 Fig. 22(a)-(e) schematically describe a series of
production steps o~ a strap coil with the use of the apparatus. 



Fig. 23(a) is a section of another apparatus c. producing the strap coil of
the present invention: and 2~ Fig. 23(b) illustrates an operation thereof.
24 21 May 2003 Fig. 2~ is a perspective view of the appearance of still
another pac~;aging strap coil of the present invention. Fi g. 25 is a
schematic conceptual vi ew of an 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. 28 is a section of the main part of the
strap coil. F ig. 29 ~ s a perspective view of the appearance cf a
_Llrtl'ler pact:aging strap coi= of .zhe present 1~ inTfention. . Fig. 30
is 'a section of the main part of the strap '- coil. Fig. 31 is a partly
broken-away perspective view of the appearance of a packaging strap coil
unit or the 20 present invention. Fig. 32 is a perspective exploded view of
the strap coil unit. Fig. 33 is a plan view of a pad emplcyed in the strap
coil unit. 2~ Fig. 3a is a perspective view showing a production   25 21
May 2003 step of the strap coil unit with the use o the pad. Fig. 35 is a
plan view of another pad employed in the stray coil unit. Fi g. 36 (a) and
(b) are front views of another 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 e:lployed in the strap
cci~ u:~i t. F_g. 3 (a) is a perspective view of another shape retention
plate employed in ti:e strap coil ~uZit: and 1~ Fig. 38(b) is a sect=on
thereof in use. Fig. 39 i s a schematic conceptual view for showing ' the
operation of an automatic packaging machine of the present inven~ion. 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 strap coil reel for accommodating the strap coil unit of
tha present invention. 2~ Fig. 42(a) is a section of the strap coil reel,
26 21 May 2003 with the strap coil and the cover removed; and Fi g. 42 (b)
is a side view thereof tai:en in the direction of the arrow A in Fig.
42(a). Fig. 43 (a) is a section showing the operation of the strap coi 1
reel : and Fig. 43 (b) is a side view thereof taken in the directicn of the
a=row z 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 1 oad=:~g the strap coil on the strap coi 1 roe 1 .
Fig. 4o(a) and (b) are front views showing a strap coil re-formed through
the loading process. 1~ Fig. 47 is a side view of another strap coil reel
for accommodating the strap coil unit of the present invention. 



Fig. 4(a) is a side view of the strap coil reel for accommodating the strap
coil unit, with ti^,e strap 20 coil and the cover removed; and Fig. 48 (b)
is a front view thereof taker: in the direction of the arrow F i n Fig.
4H(a). Fig. ~9(a) is a side view of the strap coil reel, partially broken
away for showing its operation, with 2~ the strap coil and the cover
removed; and Fig. 49(b)   21 May 2003 is a front view tai:en in the
direction of the arroca ?. 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
tal~:en 5 .n the direction of the arrow A in Fig. 50(a). Fig. 51(a) and (b)
are side views showing the process of loading the strap coil or, 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 front view thereof. Fig. 53 is a sci^ematic conceptual view of
yet another strap coil reel for accommodating the strap COiI ly.^.it O~ Lle
prose.^." ?n~~.^.tiC.^., c;s mOl:nte',.1' C:1 cn 1~ automatic packaging
machine. Fig. 59(a)-(g) illustrate a process cf 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 introductory step; Fig. 59(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. 59(g) and (h) are a section 2~ and a front view, respecti
vely, showing a still fur then   2s 21 May 2003 



succeeding step. Fig. 55 is a pe=spectre T,;iew o~ conventiona? strap coils
in storage. Fig. 56 is a perspective view ef a conventional ~ strap coil
unit. Fig. 57 is a perspective view of a conver.ticnal strap coil. Fig. 58
is a perspective view showing a step of windi ng the strap end according to
a method of producing 10 the strap coil of Fig. 57. DETAILED DESCRIPTION Oc
T:iE PRE=ERRED EMBODIMENTS ^he preferred embodiments of the present i
nven~_on are hereinafter described with reference to 1~ the dracaings. 1.
PACKAGING STRAP COIL AND ITS PRODUCTION METHOD F=g. 1 is a perspective view
of the appearance of a packaging strap coil of the present invention. 20
The strap coil 11 comprises a plurality of layers of a packaging strap lla
hel icall y wound a=ound a hollow l lb which defines the axis thereof. The
strap 11a is made of thermoplastic olefinic resins including
polypropylenes, polyamides and polyethylene tereph2~ thal ate which have
been drawn out about five to ten times   29 21 May 2003 in the longitudinal
direction to remarkably enhance their tensile strength. The strap 11a has a
width of about 10 to 20 mm and a thickness of about 0.3 to 1 mm. The strap
11a can be made of any thermoplastic resin c~hich improves its tensile
strength by drawir.g/stretching. :. strap 11a of about 1, 000 to 2, 500 m
long is wound hel ically to give a strap coil 11 having an axial length of
about 100 to 250 mm, an inner diameter of about 200 to a10 10 mm (as the
diameter of the hollow 11b defining the axis there'of), an outer diameter
of about 300 to 650 mm and a weight of about 1C to ^_5 kg. The i nr.e=mos t
e..^.d of the strap l la iocaces a t the middle of the a::ial ler.3t!-: or
the hol 1 ow 11h. 1~ gig. 2 (a) is a section of she strap 11a, showing 



a portion in the neighbourhood of the hollow 11b in the ' strap coil 11. A
perforation 11d is pierced in the innermost end of the strap 1 la surrounds
ng the hollow 11b, through to a plurality of 1 avers o~ the s;.rap ll a 20
laminated on the ton side of the innermost end. The thus laminated layers
of the strap 11a are bonded together at a melt-bonded area 11e ~ormed along
the periphery of the perforation. 11d. The perforation 11d and the
melt-bonded area lie 25 are formed by piercing the 1 ami nated layers of
the s trap   30 21 May 2003 11a with a heated perforator from the hollow
11b side or from the top side of the laminated portion of the strap 11a, or
by irradiati^g a laser beam. Pract_cally, the only requi=ement for the
perforation l.d is to pierce through the innermost end of the strap 11a and
at least o..^.e laminated layer of the strap 11a so as to bond the
laminated layers together ' at the melt-bonded area 11e. Therefore, as
shown in Fi g. 2 (a) , the perforation 11d :nay pierce through the 10
ent=re thict;ness of two layers laminated on the innermost end of the strap
11a. r?ltern~tively, as shown in Fig. 2 (b) , the perforation I 1b may
terminate in the middle of the second laves 1 ani rated or, the nnerrncst
end of the scrap 11a. I~ The perforation. l Id is provi ded with the use o.
a perforator 38. r~ 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 melt=ng point of the strap 11a. This 20 perforator 38
is inserted from the inside of the hollow 11b into the widtr.wise Centre of
the =nnerrnost end or the strap lla, thzreby forming a perforati on 11d in
the widthwise centre of the strap 11a (Fig. 3(c)). On application of the
heated perforator 38 i nto 25 the innermost end of the strap 11a and the
layes(s)   21 May 2003 laminated thereon, the periphery of the perforator 3
melts to provide a melt-bonded area 11e for bonding the laminated layers of
the strap 11a. 4vhere the innermost end and the over lapping lave= ( s ) of
the s tr ap l la are bonded by the melt-bonded area 11e formed along the
periphery of the perforation 11d, the annular meltbonded area 11e
effectively serves as a core for winding the strap 11a in the form of a
coil . Due to the bonding, 



the innermost end of the strap 11a is neither drawn out 10 nor unwound. As
the perforator 3, there may be also used a circular-section pin-type
perforator having a h~:nisnheric (round) point (Fig. a(a)) which is held
pe=pendicularly on a holder 39 (Fig. 4(b)). This 1~ perforator 38 is
likewise heated above the melting point of the strap 11a and inserted from
the inside o~ the hollow 11b into the widthwise centre of the innermost end
of the strap 11a, thereby forming a perforation 11d in the widthwise centre
of the strap 2~ 11a (F=g. 4(c)). The section of the perforators 38 is not
limited to the circular section as mentioned above. Figs. 5 to 9 illustrate
flat plate-type perforators 38 which provide slot-like perforations. The
flGt plate-type 2~ perforator 38 of,Fig. 5 (a) and (b) has an oblong
section   32 21 May 2003 and comprises rounded sides in the thickness
directi on. Thi s perforator 3 is applied i nto the wi dthwise centre of
the innermost end o_` the strap 11a, with the thic~;ness di recti on of the
perforator 32 being al igr.ed wi th the width direction of the strap 11a.
..s shoc,rn in Fig. 5 (c), the thus formed peryoratiora 11d e::tends along
the longitudinal direction of the strap 11a and has an oblong section with
two rounded ends. The flat plate-type perforator 38 of Fig. 5(a) 10 and (b)
has a triangular section and a thickness . . gradually diminishing from one
side to the other. This pe=forator 38 gives a triangular-section
perforation 11d along the 1 ength o f the s trap 11a ( F=g . 6 ( c ) ) .
^he 1 at plate-type .pe_rc=aro= 3 o. Fig. 7 (a) and (b) has 1~ a section
coy-~pri si.^.g one sauare end and aZ opposite triangular end. The
resultingperforation 11d extends along the length of the strap 11a, one end
being shaped in a triangle (Fig. 7(c)). The flat plate-type perforator 38
0; Fig. 8(a) 20 and (b) comprises rounded sides in the thickness direction
as well as an edged piercing head. This perforator 3 can easily form an
oblong-section perforation 1 1 d with rounded ands along the length of the
strap 11a (Fig. 8(c)). The flat plate-type 2~ perforator 38 of Fig. 9(a)
and (b) has a rectangular   3 3 21 May 2003 



section and comprises an edged piercing head sloping from one side to the
other. The resulting perforation ltd has a rectangular section e:;te^ding
along the length of the strap 11a (Fig. 9(c)). The perforator 3 for forming
the perforation 11d is made of amaterial of high thern~.al conductivit_,r
(a.g. pre-shaped plated copper). Due to its high thermal conductivity, the
whole part of the perforator 3 heats up quickly and uniformly to a
prescribed' temperature . 10 rs a result, it efficiently forms the
perforation Ild and the melt-bonded area 11e in a short time. Fig. 10(a) is
a development showing the inner cylindrical surface of the strap coil 11
surrounding .' the hollow 11b. The i.^.ner~:ost er.d of the strap lla 15
locates at the middle of the alial length of the hollow 11b. At the
innermost strap end, a single perforation. 11d is formed in the widthwise
centre of the strap 11a, whereby the innermost end of the strap 11a and the
layers laminated thereon are t.^,utuall~,~ bonded at the mel t20 bonded
area 11e. , On the other hand, in the strap coil 11 of the present
invention, a plurality of perfo=a tions lId are provided in the inner
cylindrical surface of the strap coil 17, surrounding the hoiiow 11b,
together with the melt-bonded areas 11e formed along 25 the periphery
thereof. This structure avoids   34 21 May 2003 unwindi ng or
disintegration of the strap 11a hel ically wound around the hollow 11b. By
way of illustration, the strap coil 11 of Fig. 10(b) includes three
perforations 11d, one formed in the innermost strap end and the others in
the edge:a~se rows along the a 1=al ends of the hull ow llb. Each
perforation lld is ali gned with the others in the a:~;al direction of the
hollow 11b. The melt-bonded areas 11e are provided along the periphery of
the perforations 10 11d. The strap coil 11 of Fig. 10(c) includes five
pe=fOratiOns 11d, Cne formed in the 1. nne_:,'LOSt Strap 2n and the others
formed in pairs in the edgewi se rows al ong the afial ends Of th2 h01 IOCJ
11b. Th2 OerfOravi Ons ~ ld 1~ ir_ the edgewise rows are circumf erentially
dislocated from the perforatio:~ 11d in the innermost strap end. The
melt-bonded areas 11 a are likewi se provided along the periphery ef the
perforations 11d. tdditionaliy, Fig . 10 ( d ) shows a co:r.bina tion of
the structures of F is . 20 10 (b) and (c) . 



Further, the strap coil 11 of Fig. 10(e) _ncludes a plurality of
perforations 11d which are circumferentially equally spaced in the edgewise
rows along the axial ends of the hollow 11b. The s trap coil 2~ 11 of Fig.
10(f) provides a plurality of (e. g. three)   35 21 May 2003 perforations
il d in every a iall y adjacent row of the strap 11a around the hollow l.b,
each being aligned wi th the others in the a:;ial direction of the hollow
11b. Furthermore, the strap coil 11 of Fig. 10(g) interposes perforations 1
? d between. the a:~ially aligned perforations 1 ld of Fig. 10 (f) , in
tr,~ central row and edgewise rows in the axial direction of the hollow
11b. In order to achieve a desired peeling strength (melt-bonding strength)
and a widthwise tensile 10 strength at the melt-bonded area ile where
bonding is effected between the laminated layers of the strap 11a, the
perforations ltd are prescribed in terms of the co:~=iguration, dimension,
number, position, etc., .' depending on the material, thickness, width,
etc. of 1~ the strap 11a. The strap coils 11 of Fig. 10(a)-(g) based on
different patterns of the perforation (s ) 11 d ' and the melt-bonded
areas) 11e 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. lc, wherein E:~amples 1-7 correspond to
the strap coil '_1 25 of Fig. 10(a)-(g), respectively. The comparative   21
May 2003 tape 202. [TEST ?ROCEDURES] Vi_br~t~ on T~s~ Each sample strap
coil was hors=o^tally la=d on f a 250-mm-d'_ameter cylindrical mount placed
o,^, a vibration plate. The vibration plate was vertically vibrated i00
times/min. in the range of 15 mm. The grading was based or. the follcwing
criteria. ~he samples graded ~ did not unwind or coil apse on the inner 10
cylindrical surface after 1 hour of vibration; the samphes graded ~ had the
inner cylindrical surface unwound after 30~m_nutes to 1 hour of vicration;
and 



zhe sa:~ples g=aded X had the inner cyli ndri cal su=face L:nwQUnd within
~~ mlnut2s Of v'~bra~iOTl. li ~ransno_rtation 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. ~he re sul is in Fig. 12~ indicate the
number of samples whose inner surface had unwounded or collapsed during
transportation. 2~ Drum-Set Test   3$ 21 May 2003 The drum-set test
exami.^.ed the handling property of the strap coil during a loading
operation on a dr~.:m of an automatic packaging machine. The automatic
packaging mach...^.es used were: NAT_GAI F11 (hereinafter referred to
"~Iachir.e r") , NICr:T_RO S:t-500 ( "bIachi;.e B" ) and STRAPACK RQ- (
"Machine C" ) . Each E :ample empl oyed two samples in this test. The
results in FiQ. 12 indicate the number of samples whose inner surface had
unwounded or collapsed before completion of the 10 loading. `~'jh~
^e~zcka7e=b~ l~ tar ':eat The machire-packageabi lit_,r test ef.amined the
i:.cidence of troubles during normal packag'_ng operaI~ t'_oa, such as
tape-blocking in the pre-feed rollers or the lil;e. Each example employed
two samples in Machines A, B and C, respectively. The results in Fig. 12
represent the number of samples which caused any such trouble. 20 As
apparen~ from Fig. 12, the strap coils 11 of the present in~er.tion as
illustrated in Fig. 10(b) (g) gave remarkable results. Nape of them had the
inner cylindrical surface unwou.^.d. Besides, when used in an 2~ automatic
pac~:ag?ng machine, they caused no trouble   



39 21 May 2003 1 i ~:e blocking . T_n addition, the peeling strength of :he
thermoplastic strap end was measured using the test pieces 311 as sho~,an
in Fig . 13 ( a ) - ( f ) made of a polypropylene strap. .he test pieces
311 had their strap ends secured in differe.^.t manners, for eYamv?e, by
varying the number and position of the perfo;ation(s). The polypropylene
strap as used in she above-mentioned tests such as the vibration test was
IO wound around a 200-r~,m-diameter core, wherein the strap end was
melt-bonded bx the perforation (s) 11d at 20 mm inside from the in,ner.;.os
t edge of t::e s trap, accord_r.g tc the patterns showy. in Fig. 13(a)-(e).
For co:;,par_sen, t'.^.e s:rap e:.d of the test. piece 311 shown. I~ in
Fig. 13(f) was fi::ed on a paper core 312 by :weans of a stapler 313. The
test pieces 311 were stretched downwards at a rate of 50 mm/min. unti 1 the
bonded area peeled off. The thus r.^,easured values are shown in the right
column of Fig. '3. 20 From the viewpoint of the appearance, the perforation
11d preferably has a small circul ar section, which does not stand out in
the strap 11a. Hence, the finished strap coil looks almost like
convention=1 coreless strap coils. 2~ .r. the circul ar-section
perforations 11d as shown   40 21 May 2003 in Figs. 3 and 9, the peeling
strength at the melt bonded area 11e depends on the c=rcumferential 1 ength
of the perforation ild, which is presc=ibed in acccrdance with the material
and th=ckness of the strap 11a. Therefore, a required peeling strength can
be achieved simp'_y b_~ ca'_culating the diameter of the perforation 11d
from the prescribed circumferential - length thereof snd then forming a
perforation ltd of such diameter, which gives the required melt-bonded 10
area 11e along its periphery. Fig. 14 is a graph shoeing the r.eiationship
betcaezn the d=a:~ever of the r~erforat`.-on 11d and the peeling strength
at the :welt-bonded area 11e. The strap coil used herein was prepared by
h~lically 15 winding a polypropylene strap 11a having a thickness 



of 0.65 mm and a width of 15.5 mm. In this strap coil, the circular-section
perforation 11d and the melt bonded area 11e were formed by piercing a
pin-type perforator 38 of Fig. 3 (a) and (b) which was preheated 20 above
the melting temperature of the strap 11a. The peeling strength at the
melt-bonded area 11e was measured at a stretching rate of 200 :r.~;/min. As
show:: in Fig. i9, a 0.4-mm-diameter perforation 11d showed a peeling
strength P~ of about 2~ 300 gf at the melt-bonded area 11e. A
0.6-mm-diameter   21 May 2003 perforation 11d showed a heeling strength P=
of about 3~0 gf . In these cases, the bonded layers of the stray 11a were
smoothly peeled off and not torn in the longitudinal direction. Further,
the peeling 5 strength at the melt-bonded area 11 a can be increased by
enlarging the diameter of the perforation 11d. A 0.8-mm-diameter
perforation ltd showed a peeli:.g strength P~ of about 550 gf, and a
1.0-mm-diameter perforation 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 awa in tze 1~.^.gitudinal
d~recticn. In a thermoplasti c resin strap 11a (for example, made of
polypropylene), a. thinner strap 11a is more i~ vulnerable to th=
'-ongitudinal tea.. There=o=e, in proportion to the decrease of the
thickness of the strap 11a, the diameter of the perforation ltd should be
diminished to reduce the peeling strength at the melt-bonded area 11e.
Thereby, the bonded layers of 20 a thinner strap can be safely peeled off
from each other at the melt-bonded area 11e without being torn away i.^.
the longitudinal direction. According to Fig. 14, a 0.65-mm-thick
polypropylene strap 11a keeps a peeling strength of 400 gf or less at the
melt-bonded area l le, 25 when the diameter of the perforation ltd is 0.6
m~ or   42 21 May 2003 less. To ensure the same peeling strength, a 0.5
mm-thick: PET (polyethylene terephthalate) strap 11 a should have a
perforation 11d with a diameter of '-.2 mrn or less. As hereinbefore
described, by reducing the diameter of the perforation 11d, the melt-bonded
area 11e formed along its periphery becomes smaller and exhibits a lower
peeling strength. Tn such circum stances, a desired peel ing strength can
be obtained by10 forming a plurality of perforations 11d, which, as a 



whole, provide the peeling strength at the~melt-bonded area lie. ' zlthough
the above description has been focused on t'.^.e circular-section
perforation 11d, the 1~ pe=(orations 11d shown i n Figs . 5 to 9 can also
achi eve a desired peeling strength at the melt-bonded area 11e arid
widthwise tensile strength of the strap ila, at which the bonded layers of
the strap 11a are safely peeled off but not torn away. According to the
sar;.e 20 principles, thecircumferential length, configuration, number,
position, etc. of the perforation 11d are designed in view of the material,
thickness and the width of the strap 11a. The perforations 11d of Figs . 5
to 9 have a section 25 elongated in one d=rection, as described above. In
43 21 May 2003 order to prevent the strap 11a from being torn away, the
longitudinal direction of the perforation 11d should be aligned with the
longitudinal direction of the strap 11a. cig. 15 is a graph showing the
relationship between the widthwise tensile strength of the strap 11a and
the peeling strength at the melt-bonded area lie, with respect to the
perforations 11d of circular section and those of rectangular section. The
values 10 of the circular-section perforations 11d are indicated by
A:~(diameter: 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 11d ha~e
their 1~ longitudinal~sides aligned with the longitudinal di rection of the
strap 11a. As for the circular-section perforations 11d, exnar.sion of the
diameter results in increasing the 



peeling strength at the melt-bonded area 11e as well 20 as the widthwise
tensil a strength of the s trap 11a . _Tn contrast, as for the
rectangular-section perforations 11d, elongation of the longitudinal sides
hardly af fects the peel ing s trength at the melt-bonded area 11e (the
value substantially remains at about 400 gf ) . On 2~ the other hand, the
widthwise tensile strength of the   44 21 May 2003 strap 11a increases in
proportion co the increase of the longitudinal length. Incidentally, it is
desirabl a for a 0. 65-m:~-thick polypropylene strap 11a to have a peeling
strength at the melt-bonded area 11e of S00 gf or less and a widthwise
tensile strength of the strap 11a or about 2,000 gf. In case of the
rectangular-section perforation 11d, these values are sui tably achieved by
adjusting thelengthof itslongitudinalsides. Proper 10 combination of the
peeling strength and the widthwise tensile strength not cnly ensures safe
peel i ng and tear prevention between the bonded laers of the strap 11a,
but also prohibits unwanted unwinding of the strap coi 1 .11. Resides, in
the rectangular-section peroration 1~ ,11d, the widthwise tensile strength
of the strap 11a car, be increased by extending its longitudinal length,
instead of adding more perforations. Additionally, the strap coil 11 of the
present invention may include a perforation 11d i n t`~e outer 20
cylindrical surface thereof. The perforaticn 11d is pierced in the
neighbourhood of the outermost end through to the underlying layers of the
strap 11a, thereby bonding these layers at the melt-bonded area 11e formed
along its periphe=y. This arrangement 



2~ prevents the outermost strap end from being drawn. out   45 21 May 2003
unnecessarily. ~ !fence, a conventional strap end securing process such as
taping or separate the=mofusing is no longer required. Fig. 16(a)-(f) is a
series of schematic views showing producr.ion steps of the strap coil li.
These steps are carried out, for a sample, b_~~ usi ng a winding roller 31
shown in Fig. 16 (a) . The winding roller 31 has a hollow cylindrical shape
composed of four equivalent cylinder frames 31a obtained by 10
circumferentially quartering a cylinder of suitable axial~length. Each
cylinder frame 31a is spaced along a singl a circumference with a ci
rcumferential gap 31c to constitute a cvl finder of circular section . The
four cyl._r.der Lrames 31a arranged along a single 1~ circumference car.
ccntract the diameter o~ the circular-section cylinder, when allowed to
sl'_de toward the a:tis of the cyl finder. On the o then hard, the
contracted cylinder is diametrically e::panded by sliding the cylinder
frames 31a outwardly. r.n aperture 20 31d is formed beforehand in the mi
ddl a of each cyli nder frame 31a. The winding roller 31 accommodates four
holders 39, each of whi ch aces the cyii nder frame 31a and holds a
circular-section perforator 3E in place. Similar to 2~ the cylinder frames
31a, the four holders 39 have a   46 21 May 2003 curved configuration and
spaced along a single circumference with a circumferential gap to
constitutz a cylinder of circular sect'_on. The holders 39 are also
slidable in the radial directions. The per~orator 38 is mounted on the
outer surface of each holder 39 in such a manner that it can project
radially through the aperture 3Id formed in the cylinder frame 31a.
rlthough not shown 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 hol der 39 is covered by a heat insulating material. . In order to
wind the strap 11a on the wi:~ding roll e= 31, a =i ::tu=a 33 i s attac~:ed
to the s tart o. tl^.e strap 11a (_.e. , ir.r~er^:ost e.nd o. the strap
co_1 1.) 15 guided by a strap guide 34 . Then, as show: in Fig. ? 6 (b) the
cylinder frames 3 1 a are all owed to slide outwardly along a singl a
circumference to form a circular-section cylinder. Inside the winding
roller 31, the holders 39 maintain a pronsrly spaced relationship with
respect ZO to the cylinder fra:~es 31a, thereby ~:eeping the perforators 38
away from the cylinder frames 3ia. The fixture 33 attached at the s~art of
the strap 11a is fitted into the gap Sic created between a pair of
neighbouring cylinder frames 31a, and thus secures the Z~ start of the
strap 11a in the middle of the axial length  



47 21 May 2003 of the winding roller 31. With these pro~isior.s bei ng
made, the winding roller 31 may start to rotate i n the direction of the
arrow i in Fig. 16 (b) and wind the strap 11a thereon. f ter the strap 11a
has made a plural ity of layers arcund the t^,iddle of the axial length of
the winding roller 31 (Fig. 16(c) ) , the winding roller 3i is stopped at
such a position that the apertures 31d in the cylinder f=awes 31a locate
face to face with the perforators 3 10 projecting from the holders 39. In
the next step,shown in Fig. 16 (d) , the holders 39 :which hold heated
perforators 38 are allowed to sl i de in the =adial direction towards the
cylinder frames 3ia. ih2 p2=f~~at0=8 3v are preheated abo'J2 the mel t=W:3
1~ point of a ther^~,oplastic resin const_tut_ng the strap 11a. For
example, for a polyprcp_,;lene strap 11a, the perforators 3B are heated to
about 200`C, which is higher than the melting point of polypropylene. To
gether with the outward displacement of the holders 39, 20 the perforators
38 ad~ance through the apertures aid of the cylinder frames 31a and stick
into tl^~e plural laminated layers o. the strap 11a wou^d on t::e winding
roller 31. In consequence, four circu~nferer.tial'y equally spaced
per=orations ltd (see Fig. 2) are formed 25 s imul taneously in the 1
aminated layers of the s trap 11 a,   4$ 21 May 2003 leaping the
peripher.,r thereof in the melted state. Ne:.:t, as shown in Fig. 16 (e) ,
the hol dens 39 are allowed to slide a:aay from the cylinder frames 31a,
with retracting the perforators 3 from the apertures 31d. 



5 Following the withdrawal of the perforators 3, the melted areas along the
periphery of the perforatio.^.s ild solidify to form melt-bonded areas 11e
(see Fig. 2 ) , which bond tt^.e laminated layers of the strap 11a .
Thereafter, the winding roller 31 is rotated until a 10 predetermined
length of the strap 11a is wound thereon. . 4uhi 1 a the windi ng of the
strap 11a proceeds, the strap . lIa is axially reciprocated along the
winding roller 31, so that the strap 11a is helically wound on the
cy1'_ndr_cal surface of c',^.e sai^d_ng ro l ler 3? .n a 1~ prescribed
axial length thereof. After a predetermi ned length of the strap 11a .s
wound on the winding roller 31, the diameter of the winding roller 31 is
reduced by sliding the cylinder frames 3ia toward the afis thereon (Fig.
16(_) ) . The 20 diametrical ly contracted windi ng rol 1 er 31 is removed
from the axis of the helically wound strap lia. Thus obtained is a coreless
strap coil 11 whose axis is defined by a hollow 11b. In forming the
perforations 1 1d in the l ami noted 2~ layers of the strap 11a, the
configuration, number,   49 21 May 2003 positi on, etc. of the perforators
38 are s~,:itably adjusted so as to hold a balance between. the peeling
strength (or widthwise tensile strength of the strap 11 a) and the bonding
strength at the melt-bonded area j 11e. Hence, use can be also made of one
or acre 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 al'_gnir.g
the cylinder frames 31a with the holders 39. This arrangement enhances the
operation effici~enc~:, because the pero rations ltd a=a 



formed while the winding roller 31 is ir. rotation. The perforator 3 for
torrn_ng the perforation 11d 1~ may be applied either at the bottom side of
the inner:ncs t strap 11a as described in Fig. 16(a)-(f) (i.e. from the
axis side of the winding roller 31) , or at the top side of the laminated
layers of the s trap 1 1a as descri bed in Fig. 17(a)-(g). 20 The
production steps shown in Fig. 17 (a)-(g) are carried out by using a
winding rol ler 31 which comprises four cylinder frames 31a, as shown in
Fig. 17 (a) . The cylinder frames 31a can slide outwardly along a sincle
circumference to constitute the winding roller 31 of 2~ circular section
(Fig. 17(b)). In the diametrically   50 21 May 2003 e::panded winding rcll
er 31, the start of ~he strap l la guided by the s trap guide 34 is fi ed
in the mi ddl a of the arial length of the w?nding roller 31 by fitting the
fitore 33 attached to the start of the strap into the gap Sic between the
neighbouring cylinder frames 31a. The perforator 38, held in the vicinity
of the winding roller 31 by a suitable holder, is able to advance and
recede in the radial directions of the lU winding roller 31. After the
start of the strap 11a i s fihed on the outer cylindrical surface of~the wi
r.ding roller 31, the winding roller 31 is al lcwed to rotate in the
direction of the arrow T until the strap 11 a makes a plu=al 7.ty Of
latler5 arOUnd the .T.ldd~ e, C~ the a~i al 1~ length of the winding rcller
31. Then, the winding roller 31 is stopped at the positi on shown in Fig.
17 (b) . The perforator 3, which is heated by a heater to a predetermined
temperature, is allowed to approach ~he cainding roller 31 from the
external side thereo and 20 to pierce in the 1 aminated 1 avers through to
the s tart of the strap 11a. In conseauence, a perforation 11d is formed in
the laminated layers of the strap 11a, 



leaving the periphery thereof in the mel~ed state. Then, the perforator 38
is allowed to recede from 2~ the w i nding roller 31 and pulled out of the
? aminated   51 21 May 2003 layers of the strap 11a, whe=eby the melted
area around the perforation 11d solidifies into a melt-bonded area 11e .
Followi ng the formation of the firs t per (oration 1~ d, the winding
roller 31 effects a quarter of rotation (i.e. rotation o~ 90'') in the
direction of the ar=ow 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 layer of the strap
11a, and then the 10 perforator 3 is allowed to recede in the opposite
direction and pulled .out of the strap 11a. 1 ^e fG=alct=O.^. Gi t:12
p2=ZOrati On 11d 1S repeated, as shown i n Fig. 17 (d) and (e) , accordi ng
to the bondi ng cycl C Hhi ch co~:prises rotati nc the wi:.d=r.g collar 31
1~ by 90 degrees (i.e. a Gaarter of rotation), piercing the perforator 38
into the lami nated layers of the s trap 11a to form, a perforation 11d
(see Fig. 2), and withdrawing the perforator 38 from the strap 11a to so' i
dify a mel t-bor_ded a=ea 11e (see F' g. 2 ) . In the 20 end, there are
p=ovided a total of four circumfexentially equally spaced perforaticns 11d
and melt-bonded areas 11e. Following the formation o= four perforations 11
d and melt-bonded areas 11e, the winding roller 31 is 2~ conti nuoasly
rotated to wind a predetermined l ength of   52 21 May 2003 the strap lla
'_nto a coil (Fig. 17(~)). When the winding roller 31 ceases to rotate, the
wind=ng roller 31 is diametrically contrac~ed by sliding the cylinder
frames 31a toward the ai s of the winding rol ler 31 ( Fig. 17(g)). The
contracted winding roller 3i is removed from the a::is o~ the heiically
wound strap 11a. T?:us obtained is a corel ess strap coil 11 whose a::is is
defined by a hollow 11b. Instead of the heated perforator 38, a laser beam
10 may be applied for the formation of the perforation. ild . and the
melt-bonded area 11e, as illustrated in Fig. . 1B (a)-(g) . This
erabod~r"ent 1=kewise utlises the w~.r.d=ng roll er 31 co:~prising four cyl
finder frames 31 a (: i g. i (a) ) . Eac:-~ cl,~l ; r.de= .yra:~e 31a i s
operated to 1~ slide in the rad_al directions by an air cylinder 36
accommodated in the winding roller 31. While the winding roller 31 is
diametrically contracted by sliding the cyli nder frames 31 a toward the
a:,:is of the winding roller 31, the fi:~ture 33 is attached to the 



20 start of the strap 11a guided by the strap guide 34. Thereafter, as
shown in Fig. 18 (b) , the cyl=nder fra:~es 31a are outwardly displaced
along a single circumference by the air cylinder 3o to constitute a
circular-section winding roller 31 having an expanded 2~ diameter. The
f?:~ture 33 is fitted into the gap 31c   53 21 May 2003 created between the
neighbouring cylinder frames 31a to fi:t the start_of the strap 11a in the
middl a of the a::ial length o~ the winding roller 31. Referring to Fig.
1(c), a laser oscillator unit 5 35 is disposed in the Jicinity of the
winding roller 31 , with orienting the direction. of its lace= beam irradi
ation along the radial direction of the winding roller 31. Further, the
laser oscillator unit 35 is able to advance and recade wi th respect to the
winding 10 roller 31. With securely holding the start of the strap ila on
the outer cylindrical surface of the winding roller 31, the trinding roller
31 is allowed to =otate in the direction of Lhe arrow T until the stray 11a
:.takes abGL:t three turns arOUnd the m7.ddie Of the a:ilal 1 ength i~
thereof . After the cainding roller 31 ceases to rotate, the laser
oscillator unit 35 is allowed to approach tha winding roller 31 and to
irradi ate a laser beam on the laminated layers through to the innermost
end of she strap 11a. The laser beam melts a portion of the 20 laminated
layers and the innermos t end of the strap 11a and provides a perforation
11d and a melt-bonded area 11e. The laminated layers are thus bonded
together at the melt-bonded. area lie (see Fig. 2) along the periphery of
the perforation 11d (see Fig. 2). 2~ After the formation of the first
perforati on 11d,   



54 21 May 2003 the winding rol ler 31 effects a quarter of rotation (i. e.
rotation of 90") in the direction of the arrow T (Fig, 18 (d ) ) , and s
tops again.. :.t this position., the 1 user oscillator unit 35 irradiates a
laser beam on the 5 laminated layers of tha strap 11a to form another
perforation 11d and a melt-bonded a=ea lle along its periphery. The
formation of the perforation 11d is repeated according to the bonding cycle
which ccmprises rotating 1Q the winding roller 31 by 90 degrees (i.e. a
auarter of rotation.) and irrad=ating a laser beam by the laser OSCi 1 1
atOr uni i. 35, t:.^.erby t0 fOr"l a pwrf0_at'_On il d and a melt-bonded
area 11e along its periphery through the la:.^,in ated ? a_mrs o_ the strap
l la. ~ r, the end, 15 there are provided a total of four
circumferentia?1L~ equally spaced perforations 11d and milt-bonded araas
11s. Thereafter, the Laser oscillator unit 35 is allowad to recede from the
winding roller 31 (Fig. 20 1B(e)), and the ,winding roller 31 is rotated
continuously to wind a p_edetermined length the strap 11a 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 2~ frames 31a
toward its axis (Fig. 12(g)). The   55 21 May 2003 contracted winding
roller 31 is removed from the a::is of the helically wound strap 1 la. Thus
obtai ned is a coreless strap coil 11 s~hose a:cis is defined by a hollo.J
11 b. As has been descr'_oed, a laser beam irradiated from the 1 aser oscil
l ator unit 35 can form a st^,aller perforation 11d 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 1 user
oscillator unit 35, there may be used a CO.~laser oscillator Lnit which
employs CO, gas as the laser medium. The CO= iase= oscillator unit
'_=radiates a laser beam of 27W output power at a wavelength ef 10.5-10.7
u:.t as operated by a~currer.~ cf 1~ 6A. The irradiation time of the laser
beam is in the range of about 0. 1 to 5 seconds, preferabl y about 0 . 5
second, at which time the laser irradiation hardly 



affects the winding rate of the strap 11a. In addition to the CO= laser
oscillator unit, the 20 e:{a:~ples of the laser osc=llator unit 35 include
a helium-neon laser oscillator unit, a semiconductor laser oscillator unit
and the like. fig. 19 is a partially cutout perspective view showi ng
another embodiment o f the packaging s trap co i 1 2~ of
thepresentinvention. Intheinnermostcylindrical   56 21 May 2003 surface of
this strap coil 11, the strap 11a is helically wound around the hollow 11b
From one a::ial end to the other a::ial end. :mother layer of the strap 1la
is thereafter helical ly 1 aminated or, the top side of the 5 i nnermost
strap lager . T_n this caay, the strap i1a i s sound hel_cally and
continuousl y to form the strap coil 11. In the strap coi 1 11 of Fig. 19,
an adhesive 11c is applied, along the entire a:~i al length of the strap 10
coil 11, on the top side of the innermost rows of the strap 11a which
constitute the inner 'cylindrical sur~Gce of the strap coil 11 s~sr~ounding
the hol lo:a llb. Fig. 20 shows a partial section oT the strap coil 11
cowed with th= adhesiLe 1 ic. The ad'.^.~Jlve. '._1 c if provides a.^.
adhesive 1 aver on the top side of the innermost rows of the strap 11a
which is helically wound around the hollow 11b to constitute the inner
cylindrical surface of the strap coil 11, and similarly on the tep side of
a couple of strap layers laminated 20 thereon. The adhesive 11c is
pressure-sensitive and bonds the laminated layers of the strap 11a with an
appropriate adhesive strength. Owing to the adhesive 11c which exhibits an
appropriate adhesive strength, the innermost helical 2~ rows of the strap
11a which constitute the inner  



21 May 2003 cylindrical surface surrounding the hollow 11b are bonded to
the strap layers laminated on the top side the=eof. Hence, the start of the
strap 11a (i.e. innermost e.nd of the strap coil 11) does not unwind into
the hollow 11b. b!oreover, the i nnermost helical rows of the strap 11a are
adhesive-bonded in its entirety to several layers laminated on the top side
thereof. As a result, the strap coil I1 will not unwound around the hollow
11b. 10 When used in a packaging machine for automati cally'strapping a
corrugated cardboard boy: or like items, the adhesive-bonded strap coil 11
is loaded on a strap coil reel mounted on the automatic packag=ng
:~ach_r.e. I~ eFe_-ation, ;.he pate=:r~ost strap end on the 1~ outer
cylindrical surface of the strap coil 11 is drawn out by the feed rol lers
of the autor^ati c packaging ' machine. Since the top side of the innermost
strap layer surrounding the hollow 11b is adhesive-bcnded to the laminated
layers with a uni form adhesive strength, 20 the adhesive-bonded portion is
safely peeled off and not torn away while the strap 11a is drawn out. As
mentioned above, the innermos t end of the strap 11a, which locates on the
inner cylindrical surface surrounding the hollow 11b which defines the axis
of 2~ the strap coil 11, should not peel off so easily from   21 May 2003
the strap layers laminated or. the top side thereof . But, on the other
hand, it should peel off from the bonded portion cai th a proper tensile
stren~=th. So far as thi s requirement is satisfied, the species of the
adhesive 11cis notstrictlylim'_ted. Desirableadhesives among the
solvent-type and ncn-solvent-t_rpe include, for example, hot-melt-type
adhesives and liquidsolidified-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,
acryl i c adhes iv es such as copo'_ymers ccmpris i ng 2 



ethylhex.yl acrylate as a principal monomer, and sil iG0^-baSP~ adf:eSlveS
CO:`.lprl S1I':C a ~u.~..:rc''?"-ll.k S'  15 loXane or a reSinOUS S11OXane
as a male COnStituenz. r~.s the solvent for rubber-based adhesives, there
may be used volatile oils for rubbers, trichloroethylene, toluene,
n-hexane, methyl athyl ketone and the like. The non-solvent hot-melt-type
adhesives ZO preferably cox,prise 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, ethylene-vinyl acetate and the like.
Additionally, poly 25 ethylene waX and paraffin may be employed.
Preferably,   59 21 May 2003 the melting point of the hot-melt-type
adhesives is lower than that of the strap 11a, particularly not ' higher
than 100"C. In this respect, a strap 11a roads ef polypropylene (PP)
prefers a low-molecular-;weight polyethylene, EVi, paraf fin and th= like .
~ strap 11 a made of pol_rethylene terephthalate (PET) advantageously
utilises a low-molecular-weight polyethylene, EVA, PP and the like. As
non-solvent-type adhesives, use may be further 10 made of
liauid-solidified-type polyester-based adhe lives' or aervlic adhesives .
Instead of the adhesiv=s '_.c cf sol~~ent-tlpe, hot-:pelt-type and
non-solvent-type, the hot-melt resi n m,ay be =ndepen:;antly employed as
the ad;les=ve 11c. By 1~ way of e:~ample, a hot-melt resin which is the
same as or similar to the material of the strap 11a (e. g. '
polypropylenes) is employed in a state heated above its mel ting point.
G~lhen injected between the strap layars, the melted resin bonds these
layers in a peelable 20 manner. The adhesive-coated strap coil 11 is
p=oduced with the use of a winding roll er 31 and an appl icator 20 shown
in Fig. 21. The applicaZOr 20 comprises a pan 21 filled with the adhesive
11c, a feed roller 22 ZS disposed therein and a coating roller 23 ar=anged
in   60 21 May 2003 



contact with the top of the feed roller 22. Tha adhesive 11c in the pan 21
i s carried on the surface of the feed roll er .2 rotati rig in a given
direc~ion and eventually supplied or. the surface of the coating roller 23.
The winding roller 31 for winding the st=ap 11a is rotatably disposed in
the vicinity of the appli cator 20. The winding roller 31 has a hollow
cylindrical shape composed of four equival ent cylinder frames 31a lU
obtained by circumferentiall~t quartering a cylinder of suitable a:~ial
length . Each cylinder frame 31a is spacad along a s=r.gl a cT rcumference
s~T th a circumferential gap 31c zo constitute a cylinder o~ Ci=C~~lar
SeC~=On. the fOUr Cylinder _ra:aeS ~la a= 1~ =anged along a single
circumference can contract the diameter of the circular-section cylinder,
wizen al lowed to slide toward the a::is of the cyli rider. Each cylinder
frame 31a includes a number of pores 31b. An air nozzle assembly 3? is
securely disposed 20 within the winding roller 3i. The air nozzle assembly
32 comprises four nozzles 32a extending radial ly from the a::is of the
winding rol 1 er 31. Air is ejected from the tips of the nozzles 32a toward
the cyli ndrical surface of the winding roller 31. 25 The applicator 20
disposed in the vicinity of the   21 May 2003 winding roller 31 is
hori~or.tally slidable in the approaching/receding directions with respect
to the winding rollzr 31. When the appli cator 20 approaches the winding
roller 31, the coating roller 23 is pressed against the outer cylindrical
surface of the winding roller 31, substantially along the entire aial
length thereof. In order to wind the strap 11a on the winding roller 31,
tha cyli nder frames 31a are firstly allowed 10 to sli de outwardly alor_g
a single circumference to form a cylinder of circulax section. As shown in
Figs. 21 ar.d 22(a), the start of the scrap 11a (i.e. innermost end of the
strap coi 1 11) i s fixed on the winding roller 31 by the fi:rturc 33 which
is fitted into the gap 31c 1~ between a pair of neighbouring cyl i nder
frames 31a . In the meantime, the appl icator 20 remai ns detached from 



the winding roller 31. Under this condition, the winding roller 31 is
rotated in the direction of the arrow T shown in Figs. 21 and 22 (a) to
wind up the strap 20 11a. While the winding of the strap 11a proceeds, the
strap 11a is axially reciprocated along the winding roller 31, so that the
strap 11a is helically 1 aminated on the entire cylindrical surface of the
winding roller 2~ 31 .   62 21 May 2003 After the strap 11a is helically
wound cn t!^.e entire surface of the s~ind_ng roller 31 to fo=m the
innermost layer of the strap coi'_ 11, the rotator. cf the winding roller
31 is stopped temporarily. .n the meantime, the applicator 20 is allowed to
approach the ~.rinding roller ,31, until the coating roller 23 is pressed
against the strap 11a wound on the winding roller 31 (Fig. 22(b)). Once the
contact relationship is established, the rotation of the winding roller 31
10 i s resumed to wind ti:e s trap 11a helically on the wind=ng . roller
3i. During the second winding stage, wherein the coat'_r.g roller 23 is
held against the top side of the n:~ermest s trap 1 aver around on the
entire cy l indri cal 15 surface of the winding roller 31, the winding
roller 31 causes the rotation of the coating rol ler 23, whi ch further
causes the rotation of the feed roller 22. According) y, the adhesive 11c
contained in the pan 21 is first carried by the surface of the feed roller
22 ?0 onto the surface of the coating rol 1er 23. At the same time, the
coating roller 23, ~dhich is pressed agains t the top side o~ the strap 11a
wound on the winding roll er 31, coats the adhesive 11c thereon. In the
end, the 



adhesive 11c is coated on the strap 11a wound on the ?5 outer cylindrical
surface of the winding roller 31,   63 21 May 2003 substantially along the
entire a:~ial length thereo= in a desired circumferentia'_ length. The
winding roll er 31 rctates to maL;e a few morn layers under the appli
cation of the adhesive 11c. Then, 5 the rotation of the wi nding rol 1 er
31 is stopped again. This time, as shown ~ r. Fi g. 22 (c) , the applicator
20 is displaced away from the winding rol ler 31 and breaks the contact
between the coating roller 23 and the strap 11a wound on the'winding roller
31. After the coating 10 roller 23 is detached therefrom, the winding roll
er 31 resumes to wind the strap 11a helically and continu ously (Fig.
23(d)) During the third winding stage, air is sprayed Cr.to L^e CfJ~
_ndr=Cal S',yr:cC Of t^ 4ilnd_I:,^7 roller 31 , 1~ as ejected from the
nozzles 32a of the air nozzle assembly 32 inside the winding roller 31. To
be speci fic, the air ejected from the nozzles 32a passes through a number
of pores 31b in the cylinder frames 31a and reaches the strap 11a wound or.
the windi ng roll er 20 31 . The air spray promotes vol atilisation of a
solvent in the solvent-type adhesive 11c which has been coated on the strap
11a. Meanwhile, as shown in Fig. 22(d), a predeter mined length of the
strap 11 a is wound on the windi ng 2~ roller 31 under the air spray from
the nozzles 32a. The   64 21 May 2003 continuous air , spray allows the
adhesi ve 1 1c to establish an approp=iate adhesive strengt'~, p=for to the
completion o. the winding of the strap 11a. 6~Ther. the strap 11a is wound
in a predetermined 5 length, the winding roller 31 is diametrically co.^.
tracted by sliding the cylinder frames 31a toward its a:~is. The contracted
winding rel let 31 is removed from the strap 11a 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 1'1 c, coating may be effscted by
the applicator 20 .n the same mar.ne= shown in F i g. 22 (b) , while the
strap 11 a is being taound up on the wi.^.ding teller 31. Si:~ce the
fiot-melt-type 1~ adhesive 11c does not require air spray or
volatilisation, the winding roller 31 dispenses w`._th the air nozzle
assembly 32. Additi onally, the hot-melt-type adhesive 11c may be appl i ed
with the use of a c~~linder applicator 25 showr. 20 in Fig. 23(a). The
cylinder applicator 25 comprises a cylindrical barrel 25a filled with the
hot-melt-type adhesive 11c and a plunger 25b slidably accommodated in the
barrel 25a for squeezing out the adhesive 11c . One end of the barrel 25a
accepts the plunger 25b along 2~ its axis, and the other end is gradually
tapered into   65 21 May 2003 a conical form. In order to heat and melt the
hot melt-type adhesive 11c, the barrel ?5a is covered by a heater 25c. This
cylinder applicator 25 is disposed in the 5 vicinity of the strap guide 34
for guiding the strap 11a to the winding roller 31. After t'.^.e strap 11a
is wound on the entire surface of the winding roller 31 to make the
innermost layer of the strap coil 11, the cylinder applicator 25 interposes
the tapered tip of 10 the barrel 25a between. the too side of the strap lla
wound'on the winding roller 31 and the bottom side of t'.^.e strap 11a
guided by the strap guide 3~. Ft this posit`_on, the plunger 25b is
squeezed i nto the barrel .5a v.rh_ch coztai ns the hot-melt-t;,.fpe
adhesive 11c 1~ melted by the heater 25c. The melted adc!esi ve 1Ic i s
squeezed out of the tip of the barrel 25a onto the strap 11a wound on the
winding roller 31. is shown in Fig. 23(b), the barrel 25a can reciprocate
in the axial directions of the winding ?0 roller 31 so as to follow the
strap 11a which is helically and continuously wound on the windi ng roller 



31. Hence, the cylinder applicator 25 continues to apply the hot-melt-type
adhesive 11c not only on the top side of the innermost strap layer wound on
the 2~ wind=ng roll er 31 but also on the top side of a few more   66 21
May 2003 layers laminated thereon. The adhesive 11c, be it the solvent-type
o. ~ha hot-melt-type, may be coated only on a portion o the innermost strap
layer cons~ituting the i.^.~er cylindrical surface of the strap coil 11. In
another arrangemen~ shown ir. Fig. 2~, ;.he solvent-type or hot-melt-type
adhesive 11c is applied on several layers of the strap 11a laminated along
the axial ends the zainding roller 31 (not shown) . For 10 example, the
adhesive 11c is applied by means o. a sp=ay gun '27 shown in Fig.. 25,
while the strap 1 1a is being wound on tre windin g rol ler 3i (;,ot
sh04dn) . .n t^e spray gun 27, the adhesive llc in the solution. stage is
sL_L'~pl led t:''_=Oi:gh a.^. adf:~Si~c =eed '.hOSe 21a, ai d I~ compressed
air is supplied through an ai r feed hcse 27b. The adhesive 11c in the
solution state i s so=aved from the tapered tip of the spray gun 27 onto
the s~d~ surface of the several innermost .layers in the stray coi'_ 11. In
still another arrangement, the adhesive 11c 20 may be applied on the top si
da of the innermost layer of the strap tail 11 as well as on several
innermost layers laminated along each axial end of the cainding roller 31.
As shown in Fig. 26, when the adhesivz l is penetrates sufficiently into
the gaps between the strap 2~ layers laminated along the axial ends of the
winding   21 May 2003 roller 31, the adhesive llc also penetrates into the
gaps between the adjacent rows of the innermost strap layer helically wound
on the winding roller 31. In the case where the adhesive 11c is applied cn
the layers of the strap l l a laminated aloe g the a::ial ends of the
winding roller 31, the adhesive 11c may nor necessarily cover the entire
circumference of the ' laminated strap 11a, but instead cover a part
thereof . For efample, as shown in Fig. 27, the adhesive 11c :nay 10 be
applied on each side surface of the strap coil 11 in the form of stripes
which stem from three circumf~rentia'_l~_.i spaced positi ons a:,d a
fte.^.d al eng the whole radial length of the strap coil 11. In this
a=rangement, ail lave=s o_ the strap 1? a la:ni:~ated 



1~ along the a~_ial ends of thz winding roller 31 are bonded together by
the adhesive 11c (Fig. ZE). In further another arrangement shown in Fi g.
29, the hot-melt-type adhesive 11c is coated i n the melted state on the
enti rety of the inner cylindri cal surface ZO of the strap coil 11 . Fs i
llustrated in Fig. 30, the adhesive 11c solidifies zo bond together the adj
acent rows of the helical 1y wound strap 11a which constitute the innermost
cylindrical surface. Rs a method of such adhesive coating, the melted 2~
hot-melt-type adhesive 11c is coated on the outer   68 21 May 2003
cylindrical surface of the winding roller 31. The strap 11a is wdund on the
adhesive-coated winding roller 31 to form the strap coil lI. after the
adhesive 11c cools and solid_fies, the winding roller 31 is 5 diametrically
contracted and remo ved out of the strap coi 1 11. This arrangement faci
litates the coating of the adhesive 11c, but it does not adversely affect
the removal of the winding roller 31 from the strap coil 11. 10 In a11
embodiments of the adhesive-bonded strap coil 11 as mentioned,above, it
should be noted that the st=ap 11a is peel ab'_~i bonded by the
above-exemplified ad:~es i wzs . :.s shown in Figs. 31 and 32, t'.^^~e
strap C011 ~11 1~ obtained in any of the above-d=scribed manners may have
both side surfaces covered by a pai r of pads 12. The resulting strap coil
unit 10 is suitable for transportation and storage. ZO 2. PACKAGING STRAP
COIL UNIT With reference to Figs. 31 and 32, a packaging strap coil 10 is
prepared by placing a pai r of pads 12 on both side surfaces of the strap
coil 11. Each of the pads 12, which is made of corrugated cardboard, etc. ,
Z~ is shaped in a disc whose outer diame~er is   69 21 May 2003
substantially the same as that of the strap coil ii. _Tn the centre of the
pad 12, there are formed t:relve central flaps 12a c~rhich can be fol ded
into t:-~e cylindrical hollow ilb of the strap coil li. The annular 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 unfolded. The central flaps 12a are
10 folded along a ci rcular dashed 1 ir.e 12c given al ong a concentric
circle of the pad I2 and whi ch has a di ameter SubstaWlall~i 2CUal t0
t::at O. the h01 1 Cw 11b def? ninQ the a::is of the strap co_1 11. The
area encircl ed by 



the dashed line 12c is cut along twelve dividi ::g 1 fines if which radiall
y e:.tend from the centre of the enci=clad area, so that the encircled area
is circumferentiall y divided into twelve fan-shaped eaual sectors (i.e.
central flaps 12a) . The central flaps 12a are fol dad along the dashed
lire 12c into the hollow lib defining ZO the axis of the strap coil 11, at
a ri ght angle to the ring 12b which surrounds the encircled ce^~tral Llaps
12a. As a result, the pad 12 provides a hole i.^. the centre thereof which
opens through to the hollow 11b. In order to secure the pad 12 on the strap
coil 2~ 11, an adhesive is applied on the entirety of one surface   21 May
2003 of the pad 12 which is to face the side surface of t'.^.e strap coil
11. The adhesive peelably bonds the pads 12 and the strap coil lI together,
wherein the rings 12b of the pads 12 are boded to the side surfaces of 5
the strap coil 11, and the central flaps 12a are bonded to the inner
cylindr=cal surface of the strap coil 11 surrounding the hollow 11b. A
method for producing the s trap coil unit 10 is hereinafter described in
detail. First of a11, a strap 10 1 1a is wound into a strap coi 1 11. In
the mear.ti:;~e, a pair of pads 12 shown ~ n Fig. 33 are prepared and
ccated w i th an a4hesive, w_ch she central flags 12a unfolded with respect
to the rings 12b. The pads 12 are then rosi~io:~ed, as show^ in Fig. 3~,
such that the adhe 1~ sive-coated surfaces oy 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 coi 1 11 to effect adhesive bonding between
each other. Lastly, the central f 1 aps 12a in the pads 12 are 20 folded
along the dashed lines 12c, at a right angl a to the rings 12b, into the
hollow 11b formed along the axis of the strap coil 11. Thus obtained is the
strap coil unit 10 of Fig. 31. In the strap coil unit 10 described above,
the 2~ pads 12 are adhesive-bonded or. the side surfaces of the 



21 May 2003 strap coil 11 and prevent deformation ox bent of the edges of
the strap lIa locating at the side surfaces of the strap coil lI. hence,
during transportation or storage, a pl urality of strap coil unit 10 can be
safely piled up on one another, with their aces ali gr.ed in the vertical
direction. Further in this strap coil unit 10, the central flaps 12a are
turned into the hollow IIb formed along the axis of the strap coil lI, and
they are bonded by an adhesive to the innermost layer of the 10 strap 11a
which constitutes the inner cylindrical surface of the strap coil 11
surrounding the hollow lIb . Due to she adhes'_-re-bonded central flaps
12a, the inner:r,cst end of the strap 11a does not un,aind by i tself and
so vhe strap coil 11 remains Firm and solid, evzn 1~ when the innermost
strap end is pat fixed by melt bonding or the like. When used in an
automati c packaging machine for automatically strapping a corrugated
cardboard boy or other itsms with the strap 11a, the strap coil unit 10 20
i s loaded on a strap coil reel mounted on the packag=ng machine. As the
edge of the strap 11a is free from deformation or bent, the strap 11a can
be smoothly drawn out from the strap coil unit 10. The smooth drawing-ouz
action of the strap 11a is not deterred by the presence 2~ of the pads 12
which are adhesive-bonded on the side   ~2 21 May 2003 surfaces of the
strap coil 11. This is because the bonding between the pads 12 and the side
surfaces of the strap coil 11 is efficiently established in such a small
area, LJhich is the edge of the strap ila 



i constituting the side s~.:rfaces of the strap coil 11, that the strap 11a
is not subjected to an e.-.-cessive adhesive strength. Besides, the
innermost end of the strap 11a peels off readily from the central flaps
12a. When the strap 11a 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 1 = 1 r ' `~, ` i~g lib. _^-_s yre pads 12 in flay
_la~ s 2- e~, e_ ~_ she r .. ~ ;. form, are suitable For transportation and
storage, it .s eas'_er to =ease them repeatedly. 1J is the adheSiveS Coated
On Gi 2 sur=aCe Of the Dad 12, use can be made of common rubber-based
adhesives and acrylic adhesives. The species o. such adhesives are not
strictly specified, provided they exhibit a required adhesive strength with
respect to she edge of 20 the strap 11a. The adhesive may be substituted by
a both-sided adhesive tape. In this case, a both-sided adhesive tape may be
stuck on the entirety of one surface of the pad 12, prior to the formation
of the dividing 1 fines for central flaps 12a. Thereafter, the central 2~
flaps 12a are cut out of the taped pad 12 along the   21 May 2003 dividing
lines given inside the dashed line 1?c. Incidentally, the material of the
pad 12 is not limited to corrugated cardboard paper. For e::ample, the pad
12 can be made of rzlatively recyclable materials such, as cardboard,
polypropylene (PP), polyethylene terephthalate (PET), polyethylene (PE) and
other thermoplastic resins . The pad 12 is shaped in a disc with a
thickness of about 0.5 to 5 mm, whose outer diameter is about 10 mm with
respect to tr.at of 10 the strap coil 11. In the above description, the
pads 12 are mounted on the strap coi 1 11 by fi rst positioning a pair of
flat pads 12 with unfolded central flaps 12a on the side surfaces of the
strap coil 1 1 and then. i nward'_y fo 1 ding 1~ the central flaps 12a. As
an alternative process, one of the pads 12 with folded central flaps 12a
may be set 



on one end of the winding core of a winding machine, prior to the winding
of the strap 11a. After the strap 11a 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 incl odes 2~ a
preventive structure against its unwinding or   21 May 2003 disintegration
during transportation and storage. Further, the second pad 13 can be set on
the thus stabilised strap coil i1. Therefore, this arrangement ensures
efficient productivity. 5 In case an adhesive is coated or) the entirety of
one surface of the pad 12, it is advantageous to put release paper on the
adhesive-coated surface. The release paper pbevents bonding between the
pads 12 piled up on top of each other and thereby enables safe lU
transportation of a.large number of the pads 12. As shown in Fig. 35, the
pad 12 may further comp=i se a plurality cf tri angul ar elternal flags 12d
which project outwardly from the outer circumference of the pad 12 and
which~are circucferer.tiallv equally 1~ spaced from each other. To provide
a strap coil uni~ 10, a pair of pads 12 are firstly positioned face to face
with one side surface of the strap coil 11. Secondly, the central fl aps
12a are folded =nwardl y~. Lastly, the external flaps 12d are folded onto
the outer 20 cylindrical surface of the strap coi 1 lI. The e:rternal flaps
12d are thereby adhesive-bonded to the outermost strap end as well as the
outer cylindrical su=face of the strap coil 11. As a result, the outermost
end of the strap 11a is not drawn out fro: the strap coil 11. 2~ Further,
the pad 12 may include a centre hole in   21 May 2003 lieu of the central
flaps 1?a, provided the innermost end of the strap 11a is fi:ied by
melt-bonding, etc. in the strap coil 11 whose a:~is is defined by a hollow
11b. pair of pads i2 which includes a hole in place of the 5 central flaps
1? are li~:ewise positioned and bonded with an adhesive to the side
sun=aces of the strap coil il. 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 11a 10 constituting the side surfaces of the strap co'_1
unit 10. nnother embodiment of the strap coil unit 10 is described with
reference to Figs. 36 to 38. Fig. 36(a) is a front view sc:owing another
strap coil unit of the 1~ present invention, provided with a shape
retention plate which is longer than the inner circumference of the strap
coil: and Fig. 36 (b) i s a front view of the same, provided with a shape
retention. plate which is shorter than. the inner circumference of the
strap coil. ?0 Fig. 37 is a front view of a srape retention plate applied
to the,strap coil unit. Fig. 38(a) is a perspective view of another shave
retention plate; and Fig. 3~(b) is a section thereof as applied in a strap
coil. Z~ As mentioned above, the strap coil lI has the   21 May 2003
innermos t end of the strap 11a f i::ed by melt-bonding, etc. so as not to
unwind or disintegrate. The strap coil unit of this embodiment is
characterised in comprising a flat shape retention plate 92 which is rolled
and inserted into the hollow 11b of t:~e strab coi 1 11 . The shape
retention plate 92 is a plate made of a synthetic resin such as
polypropylenes and polyesters, a metal such as a thin steel plate, a
cardboard sheet or other sheets comprising a mixture 10 of used paper and
recovered plas tics in a ground state . The' length of the shape =etention
plate 92 is substa.^.tialT y the sar.te as the circuT~ference o~ the hollow
11b of the strap coal 11, and its w=dth is substantially the same as that
of~the strap co=1 li. 1~ Gv'hen rolled into a cylinder, the shape retention
pl ate 92 is constantly subjected to the resilient force to recover the
original flat shape. Therefore, on its insertion into the hollow 11b, the
resilient force s tresses the shape retention plate 92 aga=ns t the inner
20 cylindrical su=face of the strap coil 11, whereby the shape retention
plate 92 supports the inner cylindrical surface of the strap coil 1 I . The
shape retention plate 92 may be longer than the inner circumference of the
strap coil 11 and' overlap each other at the end portions 2~ (Fig. 36 (a) )
. On the other hard, it may be shorter that.   21 May 2003 



the inner circumference of the strap coil Il and leave a gap between. the
end portions (Fig. 36(b)). Fig. 37. i llust=aces a modification of the
shape retention plate 92 mentioned aoove. In the shape retention. plate 96,
one end port=on thereof includes a pair of slits 93 oriented parallel to
the w_dthwise sides, whereas the other end portion comprises a pair of
e~ctensions 94 having a width corresponding to th=_ slits 93 . The shape
retenti on plate 96 is rolled and 10 inserted into the hollow 11b, with the
e_ftensions 9a fitted in the slits 93. When. the shape retention plate 96
is stressed by the resilient fo=ce against the i:,ner cylindrical surface
of the strap coil I., the e:stensione 94 are released from the'slits 93.
The shape 1~ retention plate 96 advantageously prevents slide o. slippage
of the,end portions. For the same purpose, the end portions of the shape
retention plate may comprise a pair of inverted L-shaped e::ter_sior.s,
which are hooked wi th each other 20 in the rolled state. Any other
arrangement is possible, as far as the end portions of the plate are
detachabl y connected with each other . While the end portions o ` the
plate are detachably connected, the shape reten tien plate may overlap at
the end portions or at the con 2~ nectable portions only.   21 May 2003
Fig. 3 shows a further mothied shape retention plate 97 which comprises
edge pieces 95 which st=ci: out from both length:~ise sides of the shape
retention plate 9? . In this zmbodiment, a s trap coil can fi t or. shape j
r2tent7.On plate 97 between the edge pieces 95. Therefore, the shape
retention plate 97 does not slip out from the strap coil, even when the
strap coil is repeatedly loaded and unloaded with respect to the reel of
the automatic packaging machine. In addition, the 10 edge pieces 95
reinforce the edge of several innermost layers wound along the a:~ial ends
of the st=ap coil, ar.d prevent the disintegration thereof. .r.~r cf the
above-mentioned shape rete~ti on pl ates 2, 90' ar.d 97 is reusable and
therefore ecor.om~cally 15 advantageous. As specific e:tamples, three shape
rete.^.tior. - 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 znd 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, paral lel to the
widthwise 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 2~ the other end. Sample 3 has the same dimensions
as the 



79 21 May 2003 Sample 1 and further includes three 3-mm-high e~?ge pieces
equally spaced on each lengthwise side of the plate. Each Sample was rolle~
and inserted into the hollow of a polypropylene strap coil, where the
Sample 5 was pressed by its resilient force against zhe inner cylindrical
surface of the strap coil. For the loadability test (drum-set test) , each
polypropylene strap coil unit was loaded on and unloaded from the reel of
an automatic packaging machine. After 10 times of 10 loading/unloading,
nonce of the strap coil backed by Samples 1-3 showed unwinding or
disintegration on its inner cylindrical surface. In a comparative e:~amole
performed with respect to a polypropylene strap coil .~hich ~Y;as r.et
bac~:ed by a shape retention plate, the 1~ inner cylindrical surface of the
strap coi 1 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 bo:~ or other i
terns with the use of the core less strap coil 11 of the present invention.
The operatio.^. of this automatic pacl~:aging machine is schematically
illustrated in Fig. 39. 2~ An automatic pacl~:aging machine a0 includes a
21 May 2003 stand 41 for resting an item 47 such as a corrugated cardboard
bo and an arch 98 which stands over the item 47 placed on the stand 41 . ~
cassette-type strap coil reel 50 loaded with the coreless strap coil 11 is
5 installed or. the e::ternal s=d~ of the s ~a.^.d 41 , With the strap co_1
11 loaded on the reel 50, the strap 11a is drawn out by a pair of feed
rollers 43 insi de a keep box 44 of the stand 41 and temporarily stored
therein. The strap 11a held in the keep bo:i 44 is 



10 conveyed by a shooter. ~5 and a pair of draw-out rollers 46 to the,arch
48, .The strap 11a proceeds along the arch =.8 and straps the i tem 47
placed or. t'.^.e sand 4? . Fig. 40(a) and (b) illustrate two types of
packag=ng machir.~es 4G cah_ch di ffer in the instal l ation 1~ position of
the strap coi 1 reel 50. In cc^ig. 40 (a) , the spindle for the reel 50 is
housed inside the stand 41. In Fig. 40 (b) , the spindle 49 for the reel 50
projects from the external side of the automatic packaging machine 40. 20
The packaging machine of the prese:~t invention is equipped wi th a strap
coil reel which ~ s applicab 1 a to both types of packaging machines. Fig.
41 is a section of the cassette-~ype strap coil reel 50, w=th the coreless
strap coil 11 loaded. 2~ The reel 50 is eauipped with a cover 57 for
covering   21 May 2003 the side surface of the strap coil lI. Fig. 42 (a)
is a section of the reel 50, with the cover 57 and the strap coil 11
removed, and Fig. 42 (b) is a side view thereof tar:en in the direction of
the arrow =. in Fig. 4^ (a) . The strap coil reel SO compri ses a side
plate 5. pl aced on the external side of tha stand 41 and a screw rod 52
which is rotatably mounted on and perpendicularly projects from the side
plate 51. 3s illustrated in Fig. 40(b), the screw rod 52 .s 10 integrally
fitted on the spindle 49 which perpendicularly projects from the external
side of the stand C1. the rotation Of the. Spindle 49 is Stopped by a
spindle bral~:e 42. The screw rod 52 is a:t tern ally threaded ar.d
=ntegrated at the e::trsr;,e end with a handle 1~ 53 for turning the screw
rod 52. i cylindrical sliding member 54 is screwzd 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 11b defining the a:tis oz the careless strap coil 11. The core
plates 55 are curved such that they can locate along the inner cylindrical
2~ surface of the strap coil 11, after inserted in the 



82 21 May 2003 hollo~0 11b thereof. Each core plate 55 is lira;ed s~ith the
sliding member 54 screwed on the screw rod 52 by a pair of parallel 1 ink
rods 56. .he four core plates 55, corresponding pairs of lin'r: rods 5c and
sliding 5 member 54 co.^.stitute a pa=a11a1 li^r: mechanism. accordingly,
LJhen the screw rod 52 is tunn ed to displace the sl idi ng 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 is turned recersely to displace the sliding member 54 toward
the side cover 51, the para'_1 el '_inl~ meci-:anism uniforx.l y brings the
c~~re plates 55 fart::er aw~~r from the screw rod 52. i'iflel"2 the s
11d_.':g I::~:.^.Oer 5^-. iGCa~eS Closest t0 tL':e side 15 pl ate 51, as
illustrated i r F' g. 43 (a) and (b) , the core plates 55 situate remotest
from the scre~,~ rod 52. U^der this condition, the core plates 55 are
circumferen tially spaced from each other along a concentric circle of the
screw rod 52. 20 When the core element is inserted in the hollow 11b of the
strap coil li, the core plates 55 are displaced away from the screw rod 52
thereby to be pressed against the inner cflindrical surface of the strap
coil 11. In this state, the cover 57 of Fig. 44(a) and (b) is put on the
side surface of the strab coil   83 21 May 2003 11. The cover 57 comprises
a cover disc 57a which corresponds to the side surface of the strap coil
I1. The cover disc 57a also includes, in the middle of the 



radius thereof, four projections 57b which perpendicularly eatend from the
coc-er di sc 57a and which are circumferentially equally spaced from each
other. The tip of each projection 57b forms a hook. '; W:Zile 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 cassette-type strap
coil peel 50, the S traL'7 COi 1 1~ ~ S 1 Oaded aCCOrC:i ng t0 the r01 1
o'.Ji ng St2pS . T y a v r : i i y. ? r = . a s r7 ,- i^ n -1 v n ~'r... .e
1 50, .~_~h ~.~e cov 57 s r,.o ~e.., ,..~e h.. r.41 1~ 53 integrated on the
e-..treme end of the screw rod 52 is operates! to turn the screw rod 52 in
a gi ven direction. T_n this connection, the sliding member 54 moves away
from the side plate 51, and the core plates 55 uniforml y slide closer to
the screw rod 52. Consequently, the 20 core plates 55 form a core element
of reduced diameter. With reference to Fig. a5(a), in which the core plates
S5 locate in the vicini tv 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 2~ to enter the hollow 11b formed along the axis of the   84
21 May 2003 s trap coil 11 . The strap coil 11 is allowed to sl ide along
the core element until its side surface contacts .with the side cover 51.
Ne::t, referring to Fig. 95 (b) , the 5 handle 53 is operated to tu=n t;.e
scre;~ roci 52 in the reverse direction. This time, the sliding mamber 5L
moves toward the side plate S1, and the core plates 55 - uniformly slide
away from the screw rod 52. Conse quently, the core plates 55 a rpand the
diameter of the 10 core element. At this moment, the external surfaces of
the core plates 55 uniformly come in contact with the i.^.ner
cyi.'_r.drical sur`ace of the scrap coi'_ 11 surrounding the hollow 11b. By
displacing the core clues 55 stil l fu=t:-:er away from the screw rod 52,
the 1~ core plates 55 are pressed harder against 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 11b into
a c=rcular sect=on. Thus, the core el ement composed o` the core p1 Gtes 2~
55 can rectify the deformation of the hollow ilb of the   85 21 May 2003
strap 11 . ns shown in F=g. 46 (a) , when the hollow 11b, which should be
circul ar in section, is deformed into an oval secti on, the strap coi 1 11
has a similarly deformed oval sect=on. ~lonetheless, the core element is
inserted into the hollow 11b bl =educing its diameter. Once inserted in the
hollow 11b, the core element is 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 hollow 11b and the
strap coil 11 into a circular section (Fig. 46(b)). After the strap coil 11
is fixed into a ci rcular section, the cove. 57 is put on the strap coil 11
. As s~-:cv.n .n Fig. 45 (b), the s;:r=ace ef t~:e cower disc 57a 1~ which
mounts the projections 57b is positioned face to face with the side surface
of the strata coil 11. Ins_de the core element prop ided 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 co:ltact
with the internal surfaces of the core plates 55. In due course, the cover
disc 57a comes in contact with the side surface of the strap coil 11, in
which state the hooks at the tips of the projections 57b check the intarnal
surfaces of the core plates 55 as shown in r ig . 41 . The cover 57 is thus
hel d on the   



$6 21 May 2003 core element, wi th the cover disc 57a co-,rering or.e side
surface of the strap coil li. Following the loading o` the strap coil 11,
the reel 50 is mounted on the spindle 49 of the packaging machine 40 . Hlhi
le the strap 11a is drawr_ out from the strap coil 11, the reel 50 rotates
along with the strap coil 11. - Rs specifically described above, the inner
cylindrical surface of the strap coil 11 is supported 10 on the entire e~f
ternal surface of the core element composed of the core plates 55, and
thereby stressed into a circul ar secti oral s~-:ape. .'-_ccord~ngly, eJen
whet. the strap Il a i s consumed to the innermost layer or ne_c?^.bou=i
:~c layers t'-^.ereon, the s tray coi 1 ~11 1~ remains firm and solid and
enables t'r,e strap Il a to be stable drawn out to the innermost end. The
reel 50 is preferably made of a light material such as aluminium, e?:cept
the scre,o rod 52 and some other members that reauire rigidity, whereby the
reel 50 20 rotates efficiently i n drawing out the strap 1 la from tre
strap coil 11 but it stops readily when rotating by inertia. The reel 50 of
this eiL'.bOdiment is designed to accommodate a strap co_1 11 of the
following ?~ specification. The strap coil 11 is prepared by   21 May 2003
helically winding the strap ila. ~,t rah ~ ~ a~Iaterial
.polypropyleneLength .2,000 mPlidth .15.5 mmThickness :0.65 mm~ ra~,~oi1 ~
iTuner diameter . 250 mm10 (diameterof the hollow 11b)Outer diameter . Q55
mm  PleiC~f:t . a. a ::g =n the ree= 50, 'the core plates 55 are designed
to give 1~ a core element havi:~g an outer diameter o~ 250 mm, as measured
when the core pl ates 55 locate remotest from the screw rod 52. In order to
test the packageability of the , specially designed reel 50, the packaging
mact^_~ne 40 20 was practically operated to strap various i~ems, as
equipped with the reel 50 which was loaded with the above polypropylene
strap coil 11. In each polyprop~rlene strap coil 11, the innermost and
outermost ends of the strap 11a were bonded as shown in :ig. 1 by the 2~
melt-bonded areas 11e formed along the periphery of the   



$$ 21 May 2003 perforations 11d. The strap coils 11 were then deformed into
an ova? section, respecti vely, with an eccen~ricity ratio of 1. 00, 1 . G5
a::d 1. 10 (calculated as the ratio of longest ~ nner diameter/shortes t
inner diameter in the' ho 1 low 11b) . Th2 L2St proved ti:at, while the
deformsd strap coils 11 were loaded or. the reel 50, none of them shcwed
unwinding or disintegration of the strap 11a on the innermost cylindrical
surface of the strap coil 11. Besides, 10 every strap coil 11 i n the reel
50 allowed the packagi ng machine 40 to draw out the strap 11a smoothly to
the innermost end. Fi g. 47 is a side view of another strap coi 1 reel 60,
c~_~h the strap coi 1 11 1 oaded therecn. T'.^.e reel 1~ 60 also has a
cover 67 for covering the side surface of the strap coil 11. Fig. 48(a) is
a side view of the reel 60, with the strap coil 11 and the cover 67
removed; and Fig. 4(b) is a front view of Fig. 48(a) taken in the 20
direction of the arrow ~. Fig. 49(a) is a side view of the reel 60,
partially broken away for descr i ption of its operation, with the strap
coil and the cover removed; and rig. 49(b) is a front v=ew of Fig. 49(a)
taker, in the direction of the arrow A. The reel 60 2~ includes a screw rod
62 which is externally threaded   $9 21 May 2003 at the e::treme e.nd and
adjacent portion thereof, and a disc-shaped fi::ed plate 63 c~hich is
secured at the basal end of the screw rod 62. The stress rod 62 and the
fi:red plate 63 are positioned perpendi cul arty with respect to each
other, wherein the screw r~~d 52 e:: tends through the centre of the fi:<ed
plate 63. Tine c~rhole circumference of the fisted plate 63 ~ s defined by
a guide portion 63a which projzcts toward the extre:^e end of the screw rod
62. The projecting edge of the guide 10 portion 63a is slightly inclined
with respect to the a:tis of the screw rod 62. 



the disc-shaped fi::ed pl ate 63 is equipped wit'_^. a pair of core halves
6~ which surround the screw rod c'~ anti which constitute a cc re e'_emer.z
to be inse=ted 1~ into the hollow 11b of the strap coil 11. Each of the
core halves 6a comprises a nearly half-cyli ndrical core plate 6aa and a
half-annular flange 64b, wherein the flange 6~b projects outwardly and
perpendi cul arly from the basal side of the core plate 64a fitted in the
fi~:zd 20 plate 63. Hlhen 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 2~ fixed plate 63. At both ends of the basal side,
the   21 May 2003 core plate 64a is pivoted on the guide portion 63a by
pins 65, such that the e:ctreme side of one core pl ate 64a can approach
and recede with respect to the counterpart of the other core plate 64a. The
lateral S sides of each core plate 64a are inclined relative to the flange
64b, so that the core plates 64a car. form a truncated cone when the
e::treme sides the=ecf are allowed to approach mutually. As shown in Fig.
47, the threaded extreme end of 10 the screw rod 62 is screwed with a nut
68, after the core element is completely fitted with the strap coi 1 .1 and
ther_ with Lhe cover 67. rig. 50(a) is a side vie~fr of the cover 67, and
F'_g. :,0 (b) is a `runt view of rig. 50 (a) ~ taken i n ~h~ 15 direction
of the arrow ~. The cover 67 comarises a cover disc 67a which includes a
hole 67b in the cer.~re for passing the screw rod 62. From one surface of
the cover disc 67a, a pair of guide plates 67c project perpendicularly at
two opposite positions on a ?0 concentric circle of the hole 67b. Each
guide plate 67c is curved along the circumfere nce of the concentri c
circle of the hole 67b, and its width decreases gradually toward the head
thereof. Between the guide plates 67c, a pair of paral l el 



2~ push plates 67d e.:tend perpendicularly from the cover   21 May 2003
disc 67a at two opposite positions with respect to the hole 67b. The push
platas 67d are tapered towards their heads and project slightly longer than
the guide plates 67c. 5 On this strap coil reel 60, the strap coil 11 is
loaded through the Following process. Firstly, with reference to Fig.
51(a), the extreme sides of a pair of core halves 64 are pivotally
confronted to each other, so that the core pl ates 64a togethQr consti tute
a core 10 element in truncated cone fo=m, with one end being diametrically
contracted. The core element composed . o~ the confronted core plates 64a
is inserted, from its co.^.t=acted er.d, ,i.:~to the hollow 11b of the
strap co=1 11. 15 when the core element advances in the hollow il b to a
certain degree, the side surface of the strap coil I1 comes in contact with
the flanges 64b of t'r.~ core halves 64, as shown in rig. 5I (b) . At this
stage, the cover 67 i s 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. Hy 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 6^-.a .n 2~ the direction of
separating the e::treme sides thereof   92 21 May 2003 from each other.
after a while, the heads of the guida pl ates 67c advance along the
opposing lateral si des of the core plates 64a, with pivotally displacing
the core plates 6sa i n the direction of separating the e.:treme 5 sides
thereof further from each other. 3y sl iding the cover 67 to the _imit, the
push plates 67d and guide plates 67c open the contracted end of the core
element composed by the core plates 6sa. Hence, the core element is forced
into a cylindrical form wh-ch has a 10 circular secti on and an a::i al ly
uniform diameter . .n consequence, the el~ernal surfaces of the core plates
6Ca ~ro_ prasScd a~~a~nst Lhe i nnr CV1 '_L?d.lCal SL:rface o the strap
coil il to retain the circular section ~i~e r=o' . 1~ When the core pates
6~a are oriented to form a core element in a cyli ndri cal form, the f1
anges 6~b of the core halves 64 staid perpendicularly to the screw rod 62
and contact with one side surface Of the strap coil 11. In this state, the
extreme end of the screw 20 62 projects from the cover disc 67a through the
Y:ole 67b provided in the centre thereof, whit a the cover disc 67a
contacts with the other side surface of the strap coil 11. To complete the
loading of the strap coi 1 11, the 



2~ cover disc 67a is secured to the screw rod 62, as shown   g3 21 May 2003
in Fig. 47, by screwing the nut a'Sonthe e::treme endof the screw rod 62
projecting fromthecover disc 67a.In packaging use, the strapcoil reel 60
loadedwith the strap coil 11is mounted on the spindle 49 of5 the packaging
machine90.The reel c'G ofthis embodimentis desig.^.ed toaccommodate a
strapcoil 11ofthe followingspecification. , Thestrap coil11is prepared
byhelically winding thestrap 11a. 10 Strzn 11a L-Late=ial . polypropy=ene
Length . 2,500 m. 15.5 ^^ ~~: _ d c h . ~,.,. lj Thickness : 0.65 mm S~~
coil ~ 1 Inner diameter . 200 mm (diameter of the hollow 11b) Outer
diameter . 450 mm 20 6veight . 12 kg In the reel 60, the core plates 69a
are designed to give a core element having an outer diameter of 200 mm, as
measured when the core plates 64a are ejpanded 25 diametrically.   94 21
May 2003 T_n order to test the pac:ageability o~ the specially designed
reel 60, the packaging machine 40 was practically opzrated to strap various
items, as equipped with the reel 60 whi ch was loaded with the above j
polypropylene strap coil 11. .n each polyprop::lene strap coil 11, the
innermost and outermost er:ds of Lhe strap 11a were bonded as shown in Fig.
1 by the melt-bonded areas 11e formed along the periphery of the
perforations 11d. The strap coils 11 were then. de 10 formed into an
oval~section, respectively, with an eccentricity ratio of 1.00, 1.05 and
1.10 (calcula~ed as the ratio cr lor_gest i nner diameter/shortes~ =nner
c:ia:~.ete_ i:! the hollow lib) . The test proved that, t~rhile the
deforr.:ed scrap coils 11 were loaded o:. she lj neel 60, none of them
showed ur_w=riding or disintegration of the strap 11a on the innermost
cylindrical surface of the strap coil 11. Besides, every strap coil 11 in
the reel 60 allowed the packaging machine 40 to draw out the strap lla
smoothly to the 20 innermost end. The reel 60 is preferably made of a light
material such as aluminium, except the core halves 6a, the fied plates 63
and some ether members that require rigi dity, whereby the rest 60 rctates
efficiently i n drawing out 25 the strap I Ia from the strap coil 11 but it
stops reaail y   95 21 May 2003 



when rotating by inertia. In the above embodiment, the screw rod 62 is
designed to be fitted on the spindle 49 of the pac~:aging machine 40.
Alternatively, the screw rod 6. magi be integrated c~rith the spindle Q9,
or it may play a dual role of the spindle 49 and the screw rod 62. It
should b3 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 1~ of a plurality of core pieces (e. g. quarter core pieces).
Still 4ncther strap coil reel 70 is illustrated .n Fig. 53(a) and (b),
ta'.^.e rein Fia. 52(a) is a sectior. and Fig. 52 (b) =~s a scher.,a~=c
section taker. along the 1~ line B-B in Fig. 52 (a) . The reel 70 incl odes
a boll oar shaft 71 which fits on the ~pir.dle 49 of the packaging machine
40 . The spindle ~ 9 e~ tends through the i r.si de of the shaft 71 and
terminates on the outside thereof . The shaft 71 and the shaft ~9 inserted
the rethrouch are 2U rotatable in synchronism. The distal end of the
spindle 49, which projects out of the shaft 71, is for~r,ed with a groove
49a. One end of the shaft 71 corresponding to ti:e basal end of the spindle
49 concentrically holds a disc-shaped side plate 72. The shaft 71 is
surrounded by four core plates   96 21 May 2003 74 which constitute a core
element to be inserted in the hollow 11b of the strap coil 11. Each of the
core plates 74 has substantial ly the same 1 ength as the ai al length of
the shaft 71, and each i s cur ved .n the 5 circumferenc~.a1 di rection of
the shaft 71 . The into=nal surfaca of each co=a plate 74 holds a pair of
sliding shafts 73, each being appropriately spaces frog, the other in the
a:tial direction of the shaft 71 and extending in the radial direction of
the shaft 71. 10 pai r of sl idi ng shafts 73 are slidably accommodated i n
a pair of cylindrical holders 75 mounted on the shaft 71. 1:1 a11 , f 01r
pairs O. holders 75 e'f.teI:d raClal 1 x! f=Oi,l Lne Shaf t 7 1 , as
ClrCLi:T.=eren t=al ~ ~ eCUally SpcCed 1~ from each other. In each pai r,
th=_ two holders 75 are 



separately disposed in the vi cini ty of the ends of the shaft 71. Each
sliding shaft 73 is slidably and hermetically fi tted in the holder 75.
Apai r of sli di ng shafts 73 mounted on the core plate 74 are equipped wi
th 20 a pair of tension springs 76. The tension springs 76 stress the core
plate 74 toward the shaft 71. The shaft 71 includes an air passage 71a
which communicates with e~ery holder 75. Both ends of t~.e air passage 71a
open at the distal end surface of the 2~ shaft 71 corresponding to the di s
tai end of the spindle   21 May 2003 49. One end of the air passage 71a is
an air inlet 71b equipped with a checl~: valve, and the other end is an air
outlet 71'c which is opened and closed by an air outlet cock 77. 5 when
compressed air is inj ec ted in the air inlet 7Ib from an air nozzle, the
air is then supplied into the air passage 71a via the check: valve. As the
air ` outlet 71c is closed by the cock 77, the compressed air in the air
passage 71a is supplied to a11 of the holders 10 75. The air pressure
allows the sliding sha=is 73 fitted in the holders 75 ~o slide outwardly
against the s tress of t::e tension springs 76. T'.^.e dis tal end of the
spindle 4 9 e::tending through the shafts 71 is concentrically fitted with
a disc 1~ shaped cover 78. The cover 7 is secured on the spindle 4 9 by a
nut 79 screwed down along the groove 4 9a formed at the distal end of the
spindle 49, with keeping in contact with the edges of the core plates 74.
In the reel 7G of thi s structure, the strap coil 20 11 i s loaded i n the
foll owing 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
tha shaft 71 by the tension springs 76 fitted on a pair of sliding shafts
73. Therefore, the core 2~ element composed of the core plates 74 is
diametri tally   



9s 21 May 2003 contracted and approaches the shaft 71. While the core
plates 74 constitute the core element of reduced diameter, the strap coil
11 is fitted on the core plates 74. Ever, if the strap coil 11 has 5 a
deformed oval section, the contracted core element alloc~rs easy fitting of
the strap coil 11. After the strap coi~ 11 is fitted on the core plates 74,
compressed air is supplied into the air passage 71a through the air inlet
71b which opens at 10 . the distal end surface of the shaft 71. Since the
air outlet 71c remains closed by the cock 77 throughout the a~r
~lntrOdl.iGv.10:1, the ci'_' fed ~.nt0 the air paSSage 71a .s suppl'_ed to
al 1 ::ol de=s 7 5 . ~he air p=essure al 1 ows th2 S! )ding S::dfLS 73
f_LV.~C'.' =n the h01 dens 75 t0 Sllde 1~ outwardly against the stress of
the tension springs 76, whereby the sliding shaf is 73 mounted in pairs on
the ' core plates 74 outwardly displace the same in a uniform and
synchronised manner. As a result, the core element composed of the core
plates 74 expands diametrical) y, 20 until the e:;ternal surface of each
core plate 74 is pressed against the inner cylindrical surface of the strap
coil 11. 'In association with the expansion of the core element, the
section of the strap coil 11 is re-formed into a circular section, even if
deformed 25 into an oval section.   99 21 May 2003 Once the strap coil 11
obtains a circular secticn, air injection is termi rated at the air inl et
71b. Owing to the check: valve at the air inlet 71b, tt-~e air charged in
the air passage 71a will not leak cut. 5 Finally, the cover 7~ is fitted on
the spindle 



49 to be in contact with the side surface of the strap coil 11. The cover
78 is secured by screwing the nut 79 along the groove 49a formed in the
spindle 49. Now that the strap coil 11 is loaded on the strap 10 coil reel
70, the packaging machine 4p can strap an item 47, with drawing out the
outermost erd of the strap 1la ~~r_ch locates on the outer cylindrical
surface of the s ~=ap coil 1 1 . When the reel 70 runs out of the strap la
i n tl:z strap ,ccil 11, the air charged i n the air 15 passage ~ 1a '_s
discharged by operating the cock 77 to open the air outlet 71c. 6~1hi1e the
ai r flows out, each core plate 74 constituting the core element yields to
the stress of a pair of tens? on 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 shewr. in Fig. 52. The difference lies in
that the shaf~ 71 is combined with the spindle 49 of the packaging machine
2~ 40 and that the~spindle 49 includes an air feed line   21 May 2003 49b
and an air discharge line 49c each communicating with the air passage 71a
in the shaft 71. Although not shown in the figure, tension springs are
fitted on a pair of sliding shafts 73 mounted on each core plate 74. The
air feed line 49b and air discharge line 49c in the spindle 4~9 are
connected to a rotary joint 81. R compressor 83 supplies compressed air to
the rotary joint 81, vi a an air filter 84, a regulator 85, an oil er . 1~
~ 86 and an electromagnetic feed valve 82. Passing - through the rotary
joint 81, the compressed air flows in to the a=r feed l i ne 4 9b . On the
otr.er 1^.and, the air coining from the air discharge 1 ins 49c flows out
through 



the rotary joint 8i and an electro:r.agnetic discharge 1~ 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 discharge valve 87, the air charged in 20 the holders
75 is discharged through the air discharge line 49c in the spindle 49. As a
result, the core plates 74 constituting the core element are stressed
toward the shaft 71 by the tension springs, and reduce the diameter of the
core element. The electromagnetic 2~ discharge 87 is closed thereafter.
101 21 May 2003 At the nest stage, the strap coil I1 is fitted on the
diametrically contracted core element composed of the core plates 74. Even
when the strap coil 11 has a deformed oval section as shown in Fig. 54(b),
the 5 contracted core element allows easy fitting of the 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 composed of'the core plates 74 (Fig. 54
(c)., (d) ) , the electromagnetic feed valve 82 is released to supply
compressed air into the holders 75, through the air feed line 49b in the
spi:~dl~e 49. i.s the air pressure allows 1~ the sliding shafts 73 fitted
in the hol ders 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 thz strap coil 11 (Fig. 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 11 is re-formed into a circular section (Fig. 54(f)).
Once the strap coil 11 obtains the circular section, the electromagnetic
feed valve 82 is 2~ closed.   102 21 May 2003 Following the loading of the
strap coil 11, the packaging machine 40 can strap an item 47. When the reel
70' runs out of the strap 11a, the electromagnetic discharge valve 87 is
released to discharge the air charged in the holders 75 through the air
discharge line 49c (Fig. 54 (g), (h) ) . In conseauence, the core plates 74
yield to the stress of the tension springs and thereby contract the core
element diametrically. It should be understood that the mode of the 10
.present invention should not strictly limited to the .
embodiments.hereinbefore described. For example, the strap 11a of the strap
coil 11, which is made of an olsfinic resin or other thermoplastic resins
in the aao v.. em a bodi:aents, may he prepa=ed by coati..^.g z 15
thermoplastic resin on the e:~ternal surface of a base strap made of paper
or fibres.   103 21 May 2003 What is claimed is: 1. A packaging strap coil
comprising a number of layers of a 5 packaging strap wound helically and
corelessly around a hollow defining an axis of the strap coil, the strap
being made of a thermoplastic resin at least on an external surface
thereof, wherein a plurality of perforations are pierced in the vicinity of
an innermost strap end through to a plurality of strap layers laminated
thereon, and wherein the laminated strap layers are bonded to 10 each other
at a melt-bonded area formed along the periphery of each perforation. 2. A
packaging strap coil according to claim 1, wherein a plurality of
perforations are pierced in the vicinity of an outermost strap end through
to the plurality of strap layers laminated thereunder. 15 ' 3. A packaging.
strap coil according to claim 1, wherein the perforation is prescribed as
to a circumferential length, a configuration and a position thereof as well
as the number of the laminated strap layers through which the perforation
should extend, said parameters being based on a material, a thickness and a
width of the packaging strap) thereby satisfying a 20 balance between a
bonding strength and a peeling strength of the laminated strap layers. 4. A
method for producing a packaging strap coil of claim 1, which comprises the
steps of: winding an innermost strap end on a winding roller and laminating
a 25 plurality of layers on the innermost strap end; piercing the laminated
strap layers with a perforator heated to a predetermined temperature,
thereby to form a perforation and melt its periphery; withdrawing the
perforator from the laminated strap layers to 3o melt-bond the periphery of
the perforation; winding a required length of the strap helically on the
winding roller to form a strap coil; and removing the winding roller from
the strap coil.   



104 21 May 2003 5. A method for producing a packaging strap coil according
to claim 4, wherein the winding roller can expand or contract
diametrically, the winding roller being diametrically expanded while the
strap is wound thereon to form a 5 strap coil) and thereafter, being
diametrically contracted and removed from the strap coil. 6. A method for
producing a packaging strap coil of claim 1, which comprises the steps of:
winding an innermost strap end on a winding roller and laminating a to
plurality of layers on the innermost strap end; irradiating a laser beam on
the laminated strap layers, thereby to form a perforation and melt-bond its
periphery; winding a required length of the strap helically on the winding
roller to form a strap coil; and 15 ~ removing the winding roller from the
strap coil. 7. A method for producing a packaging strap coil according to
claim 6, wherein the winding roller can expand or contract diametrically,
the winding roller being diametrically expanded while the strap is wound
thereon to form a strap coil, and thereafter, being diametrically
contracted and removed from 20 the strap coil. 25 30
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