
;"#$%&'()e3eqBq00189n8B6nBTBjGg 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
iterns, 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 packing machine . l~ r tape-like
thermoplastic resin packaging strap is employed for strapping a corrugated
cardboard box or the like. The resin. strap is usually manufactured by
extrusion-rnoul ding an olefinic c thermoplastic resin (i.e, polypropylene,
polyethylene terephthalate) into 20 a required flat taps shape, in which
case drawings and stretching or the resin is carried out at a rate
exceeding the extrusion rate. The stretched resin strap is helically wound
up on a tubular paper core to form a strap coil. 2~ The strap coil is
loaded on an automatic packaging    2 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 strap coil. If the
paper core is stained with a synthetic resin-based adhesive, it even fails
to make a material for recycled paper. The tubular paper core, which is no
longer 10 available as a paper core or a material for recycled paper, is
only to be discarded. Disposal of the paper core, however, still requires
transportation and waste treating expenses. _n view of the above problems
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1~ Application paid-open No. 315690/1995 (JP-A-7-315690) discloses a
coreless packaging strap coil and a manufacturing method thereof, wherein a
packaging strap is helical ) y wound in the absence of a paper or like
core. As shown in Figs . 57 and 58, the coreless 20 strap coil 205 has a
cylindrical hollow 206 at its axis . The innermost end of the strap 2C4 is
melt-bonded at a melt-bonded area 241 with another strap layer overlaid on
the top side thereof. To produce this s trap coil, a strap 204 is wound 2~
on a winding roller 201 comprising a pair of separable   3 right/left
roller components 203, 213. Firstly, the start of the strap 204 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
204 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 24.. Once the innermost end of the strap 204 is filed, a
predetermined length of 10 the strap 20a is wound on the entire surface of
the winding roller 201 to ,form a strap coil. Finally, the right/left
roller components 203, 213 of the winding roller 201 are disjoined and
removed from the strap coil. Thus obtained is a coreless packaging strap
coil 205 . 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 



2~ strap wound on the winding roller, so that the laminated   4 strap
portion is melted and bonded together. However as the iron fails. to give a
stable heating temperature, the bonding strength of the laminated strap
layers may vary from batch to batch. Provided 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 rig=d=y 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 laminated layers of the
strap are bonded too strongly, the feed roller may  fall t0 pee Off the
strap layer worse 1~ destroy themselves, depending on the rotation power.
The strap coil of the prior art manifests more defects . As a strap coil is
prepared by laminating a strap in a spiral form, it is somewhat extended in
the axial direction. Although the innermost end of the 20 strap is bonded
with a layer or layers laminated thereon, the rest of the innermost rows of
the s trap coil which axially neighbour the bonded strap end are left un
bonded with respect to the layers laminated thereon. Such a strap coil may
unwind or collapse at the 2~ non-bonded area.   5 For transportation or
storage, the prior art 



strap coils are laid horizontally and stacked on top of each other as shown
in Fig. 55, with the axis oriented vertically. Usually, a pair of strap
coils 101 are 5 vertically stored in a package (shown, by imaginary line).
Each strap coil 101 has uneven side 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 vertically on top of each other, as 10 shown in Fig.
55, the edge of the strap 101a projecting from the side surfaces of the s
trap coil 101 can be bent or deformed. The strap coil 101 which includes a
strap bent or deformed on the edge is less likely to ensure smooth supply
of the strap 101a in the automatic 1~ 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 coi1 unit shown in Fig. 56,
which includes a pair of disc pads 102 applied on each side 20 surface of
the strap coil 101. Each disc pad 102 is made of cardboard and formed with
a central hole 102a which corresponds to the cylindrical hollow 101a at the
axis of the strap coil 101. A pair of pads 102 are integrally joined on the
side surfaces of the strap coil 2~ 101 by a plurality of straps 103. Each
strap 103 ties   6 the strap coil 101 and the pads 102 together, passing
axially through the hollow of the strap coil 101 and the holes of the pads
102 and then axially crossing the outer cylindrical surface of the strap
coil 101. Since the cardboard pads 102 cover both side surfaces of the
strap coil 101, the edge of the strap 101a, even if it may unevenly project
or sink, is protected from deformation or damage. Nonetheless, the
preparation of such packaging 10 strap coil units is not a simple task,
because the process requires positioning the pads 102 on both side surfaces
of the strap coil 101 and thereafter tying them; together by a plurality of
straps 103. Fs for an automatic packaging machine equipped 1~ with a strap
coil reel and operated for packaging an item automatically, the strap coil
reed usually accommodates a strap coil comprising a strap wound around a
tubular paper core. The strap coil reel 



includes a core element which is inserted into the paper 20 tube and
supports the same . As the core element, there may be adopted a cylindrical
structure which comprises a cylinder whose diameter is slightly smaller
than the inner diameter of the paper tube, a three-parallel rod structure
in which three parallel rods support the 2~ inner cylindrical surface of
the paper tube at three    circumferentially evenly spaced positions, or a
flat-plate structure which comprises a pair of parallel plates. When the
core element of the strap coil reel holds a tubular paper core, the strap
coil reel is rotated by the inertia force generated while the strap is
drawn out from the strap coil by the feed rollers . Unfortunately, in
inserting the core element into the hollow of the coreless strap coil,
friction with the core element may induce the strap coil to unwind 10 or
disintegrate or. the inner cylindrical surface thereof. Besides, this core
element is not applicable zo a coreless strap coil which has a deformed
oval section and thus an oval hollow, which is often observed during and
aster transporttation Of the Strap C011. 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 fact, if the core
element comprises three parallel rods or a pair of flat plates, it can
enter 20 a hollow of a strap coil having a slightly deformed oval section.
Nevertheless, under such circumstances, the inner cylindrical surface of
the strap coil surrounding the deformed hollow cannot receive a
circumferentially equally dispersed force. As a result, when the strap 2~
coil gets thinner, the hollow of the strap coil may be   



8 further deformed into a triangular section or a square section, as loaded
on the core element of threeparallel-rod structure or flat-plate structure,
respectively. After a11, the strap coil reel cannot draw out a strap from
the strap coil smoothly. Moreover the strap coil reel fails to draw out the
strap to the ultimate end for other reasons . Since the rotation of the
strap coil reel depends on the inertia force generated in drawing out the
strap, the 10 strap constituting the strap coi1 may bite into the core
element and get entangled or disintegrated, when the strap coil becomes
thinner. Furthermore, where the strap coil reel is installed on the outside
of the automatic packaging machine, there are some 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 violently spring back along with
the rotation of the strap coil reel, possibly at an operator. 20 SUMMARY OF
THE INVENTION In order to solve the above problems, the present invention
provides a packaging strap coil and a method for producing the same,
wherein the innermost end of 2~ the strap is firmly fixed to prevent
unwinding or   9 disintegration of the strap coil, and further, the strap
is smoothly drawn out to the ultimate end when employed far strapping an
item. Another object of the present invention is to provide a packaging
strap coil unit, wherein it effectively prevents deformation and bent at
the edge of the strap which constitutes the side surfaces of a packaging
strap coil comprising a helically wound strap. Besides, this strap coil
unit is manufactared in a 10 sample manner. A further object of the present
invention is to provide a packagingg machine equipped with a strap coi1
reel, wherein the coreless strap coil, even if deformed, can be loaded on
the strap coil reel without sacrificing 1~ its firmly coiled state. with
this strap coil. reel, a strap can be drawn out safely and stablyto the
ultimate end. In view of the above-mentioned objects, the present invention
provides a packaging scrap coil 20 comprising a number of layers of a
packaging strap wound helically and corelessly around a hollow defining an
axis of the strap coil, the strap being made of a 



thermoplastic resin at least on an external surface thereof, wherein a
plurality of perforations are 3~ pierced in the vicinity of an innermost
strap end   10 through to a plurality of strap layers laminated thereon,
and wherein the laminated strap layers are bonded to each other at a
melt-bonded area formed along the periphery of each perforation. .n this
packaging strap coil, it is desirable to provide a plurality o`
perforations pierced in the vicinity of an outermost strap end through to a
plurality of strap layers laminated thereunder. It should be understood
that a thermoplastic 10 resin. packaging strap employed in the present
invention comprises at least a thermoplastic resin. This means that the
strap may comprise a thermoplastic resin alone. But, on the other hand, the
strap may be made of a fibre, paper, etc. ;hose sun=ace is coated with a 1~
thermoplastic resin. Moreover, in the packaging strap coil, it is
preferable to prescribe the perforation as to the circumferential length,
configuration_ and position thereof as well as the number of laminated
strap layers 20 through which the perforation should extend. These
parameters are determined in view of the material, thickness and width of
the packaging strap. Thereby, the laminated strap layers exhibit a balanced
bonding strength and peeling strength. 2~ As described above, the strap
coil of the above   11 structure is characterised in that the laminated
layers in the vicinity of the innermost strap end are bonded together at
the melt-bondedarea. The melt-bondedarea provides a stable bonding strength
and serves as the core of the strap coil. As a result, the strap coil does
not unwind or collapse on the 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 layers, the strap will not
unwind form the outermost end. This arrangement thus saves the trouble of
fixing the outermost strap end by taping or thermal melt-bonding. 1~ The
perforations are judiciously designed to hold the balance between the
bonding strength and the peeling strength at the bonded layers of the
strap. Therefore, on the one hand, the laminated portion o. the strap is
mutually bonded with a stable bonding 20 strength at the melt-bonded area
formed along the periphery of the perforation. On the other hand, in use of
the strap coil, the bonded strap layers peel off properly at the
melt-bonded area, instead of being forcibly torn away. 2~ In this
connection, the present invention   12 provides a production method of the
above strap coil which comprises the steps of: winding an innermost strap
end on a winding roller and laminating a plurality of layers on the
innermost strap end; piercing the laminated strap layers with a perforator
heated to a predetermined temperature, thereby to form a perforation and
melt its periphery; withdrawing the perforator from the laminated 10 strap
layers to melt-bond the periphery of the perforation; winding a required
length of the strap helically on the winding roller to form a strap coil;
and r removing the winding roller from the scrap coil 1~ In the production
method, the winding roller may expand or contract diametrically. The
diameter of the winding roller is expanded while the strap is wound thereon
to form a stray coil. Thereafter, the winding roller is diametrically
contracted and removed f=om 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 coi1 comprising 2~ the steps of:   13 winding an innermost
strap end on a .winding roller and laminating a plurality of layers on the
innermost strap end; irradiating a laser beam on the laminated strap 1
avers, thereby to form a perforation and melt-bond its periphery: winding a
required length of the strap helically on the winding roller to form a
strap coil: and removing the winding roller from the strap coil. 10 In this
production method, too, the winding roller may expand or contract
diametrically. The diameter of the winding roller is expanded while the
strap is wound Thereon to form a strap coil. Thereafter, the winding roller
is diametrically con=ratted an:,; l~ removed from the strap coil. In any of
the above production. methods, it is important to prescribe the
circumferential length, configuration and position of the perforation as
well as the number of laminated layers of the strap through 20 which the
perforation should extend These parameters are determined in view of the
material , thickness and width of the packaging strap. Thereby, the
laminated strap layers exhibit a balanced bonding strength and peeling
strength. 2~ In these production methods, a needle-shaped   14 perforator
provides a perforation of circular section, and a plate-shaped perforator
provides a perforation of rectangular section or other section
corresponding to the section of the perforator. Alternatively, laser 



beam irradiation can provide a perforation of smaller diameter by removing
the component in the irradiation area. In another aspect, compared to the
use of needle-shaped or plate-shaped perforators, the laser beam
application. requires less expendable component is . 10 From another point
of view, the present invention provides a strap coil which comprises a
number of 1ayers of a packaging strap wound helically and corelessly a=ound
a hollow defining an axis of the strap coil, the strap being made of a
thermplastic resin at least or. 1~ an external surface thereof, wherein a
portion of the strap which constitutes an inner cylindrical surface
surrounding the hollow is peelably bonded by an adhesive to another portion
of the strap. In this strap coil, the adhesive-bonding can be 20 effected
in various manners. For example a portion of the strap helically wound in
the vicinity of the hollow may be 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 axial end of the
hollow may be bonded mutually   15 peelably by an adhesive. Alternatively,
a plurality of adjacent rows of the helically wound strap may be bonded
mutually peelably by an adhesive which is ap plied 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 apply=ng a.^. adhesive or. a ton side of the strap
wound on the winding roller: winding a required =ength of the strap
helically 1~ or. the adhesive-applied portion of the strap to form a strap
coil: and removing the winding roller from the strap coil. In the above
production method, the adhesive may be coated by pressing a coating roller
of an applicator 20 against the innermos t strap layer wound on the winding
roller. Instead, the adhesive may be continuously injected between the
innermost strap 1ayer wound on the winding roller and a strap which is
being laminated thereon, with the use of an applicator which moves along 2~
the latter.   16 Yet 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 axial end of the winding roller; winding a required length of
the strap to form a strap coil; and removing the winding roller from the
strap coil . 10 Herein, the adhesive can be sprayed on the layers of the
strap laminated along each axial e..^.d of the winding roller. Now, the
description turns to a packaging strap coil unit c. the present invention.
The 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 externa1 



20 surface thereof, and a pair of disc-shaped pads, concentrically
positioned and peelably bonded by an adhesive on each side surface of the
strap coil. In this strap coil unit, each pad may include, 2~ in the centre
hereof, a plurality of central flaps   17 which are folded into the boll ow
defining the axis of the strap coil. Desirably, each pad may include, on
the outer circumference thereof, a plurality of external flaps which are
folded or. the outer cylindrical surface of the strap coil. Another
packaging strap coil unit of the present invention comprises : a packaging
strap coil comprising a packaging strap wound helically and corelessly
around a hollow defining the axis of the strap coi1, the strap 10 being
made of a thermoplastic resin at least on an external surface thersof ; and
a shape retention plate for substantially covering the inner cylindrical
surface surrounding the hollow. l^7hen the shape retention plate is rol1 ad
and inserted into the boll ow 1~ of the strap coil, it is capable of
supporting the inner cylindrical 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 into the hollow, the extensions are
2~ fitted in the slits . In addition, the shape retention   18 plate may
comprise a plurality of edge pieces provided or. each lengthwise side
thereof for holding a widthwise edge of the strap coil. Finally, the
description is directed to a packaging machine. The pack;aging machine of
the present invention is equipped with a strap coil reel which accommodates
a packaging strap coil comprising a packaging strap wound helically and
corelessly around a hollow defining an a:{is of the strap coil, the strap 



10 being made of a' thermoplastic resin at least on an external surface
thereof. while the packaging machine automatically straps an item, the
strap is drawn out along with the rotation of the strap coil. The strap ,..
coil reel comprises a cope element which car. contract 1~ diametrically in
at 1eastone end thereof so as to be inserted into the hollow of the strap
coil, and which can diametrically expand inside the hollow into a
circular-section cylindrical shape so as to be pressed against a portion of
the strap which constitutes an 20 inner cylindrical surface surrounding the
hollow. For a desirable packaging machine equipeed with the strap coil
reel, the core element is composed of a plurality of core plates which
constitute a cylindrical circumference of the expanded core element, 2~
each core plate being displaceable in the radial   19 directions . `n this
strap coil reel, the core plates may be displaced,by a link mechanism or by
air pressure. Furthermore in the strap coil reel mounted on a desirable
packaging machine, the core element may be composed of a plurality of core
pieces which together constitute a truncated cons when confronted with 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 10 element can expand diametrically when an a extreme end of each core
piece separates farther away from the other. The packaging machine of the
present invention is advantageously equipped with the strap coil reel as 1~
described above. Since the strap coil reel properly tensions the packaging
strap, the strap is prevented from biting into the strap coil. Therefore,
the strap coil loaded therein. is neither deformed in section nor unwound
at the inner cylindrical surface. Besides, by 20 designing the core element
to contract/expand diametrically (i.e. the diameter of the core element can
be reduced and increased) , the strap coil reel can 



be loaded with a. deformed eccentric strap coil, while effectively
preventing unwinding thereof on the inner 2~ cylindrical surface. To be
specific, when the core   20 element is diametrically contracted, it can be
inserted with respect to the deformed hollows Of the strap coil .
Thereafter, the core element is diametrically expanded and pressed against
the inner cylindrical surface of 7 the strap 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
pare of the above packaging strap coil and Fig. 2 (b) is a section of the
main part of another packaging strap coil. Fig. 3(a) is a side view of a
perforator for forming a perforation in the packaging stray coil o= 1~ the
inventions Fig. 3(b) is a plan view thereof; and Fig. 3(c) is a plan view
of the perforation =ormed by the perforator. Fig. 4(a) is a side view of
another perforator for forming a perforation in the packaging strap coil 20
of the invention: Fig . 4 (b ) is a plan view 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 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. c' (b) is a plan view
thereof; and Fig. 6 (c) is a plan view of the perforation formed by the
perforator. 



Fig. 7 (a) is a side view of a further perforator for forming a perforation
in the packaging strap coil 10 of the invention; Fig. 7 (b) is a plan view
thereof; and Fig. 7 (c) is a plan view of the perforation formed by the
perforator. Fig. 8(a) is a side view of a still further perforator for
forming a perforation. '_:1 the packaging 1~ strap coil of the invention;
Fig. 8(b) is a plan view thereof; and Fig. 8 (c) is a plan view of the
perforate on formed by the perforator. Fig. 9(a), is a side view of a yet
further perforator for forming a perforate on in the packaging 20 strap
coil of the invention; Fig. 9(b) is a plan view thereof; and Fig. 9 (c) is
a plan view of the perforation formed by the perforator. Fig. 10(a) is a
development showing the inner cylindrical surface surrounding the hollow
11b in a 2~ packaging strap coil; and Fig. 10(b)-(g) are   22 developments
each showing the inner cylindrical surface surrounding the hollow 11b in
the packaging strap coil 11 of the present invention. Fia. 11(a)-(e) relate
to comparative embodiments. Fig. 11(a) is a development showing the inner
cylindrical surface surrounding a hollow in a conventional paper-core strap
coil, with the tubular paper core removed; and Fig. 11 (b) - (e) are
developments each showing the inner cylindrical surface surrounding 10 a
hollow in a conventional coreless strap coil. Fig. :.2 is a table showing
the test results regarding to the embodiment of the present invention and a
conventional technology described in F=g. 1C and the comparative
embodiments described in Fig. 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 peeling
strength at the melt-bonded area in the packaging strap coil 11 of the
present invention. Fig. 15 is a graph showing the relationship 2~ between
the widthwise tensile strength of the packaging   23 strap 11a and the
peeling strength at the melt-bonded area in the packaging strap coil 11 of
the present invention. Fig. 16(a)-(f) schematically describe a series of
production steps of the strap coil 11 in one 



embodiment of the present invention. Fig. 17(a)-(g) schematically describe
a series of production. steps of the strap coil 11 in another embodiment of
the present invention. 10 Fig. 18(a)-(g) schematically describe a series of
production steps of the strap coil 11 in still another embodiment of the
present invention. Fig. 19 is ,a partly broken-away perspective view of
,.h= appearance of another packaging strap coil o_ I~ the present
invention. Fig. 20 is a section of the main part of the strap coil. Fig. 21
is a schematic conceptual view of an apparatus for producing the strap
coil. 20 Fig. 22(a)-(e) schematically describe a series of production steps
of a strap coil with the use of the apparatus. Fig. 23 (a) is a section of
another apparatus for producing the strap coil of the present invention;
and 2~ Fig. 23(b) illustrates an operation thereof.   24 Fig. 24 is a
perspective view of the appearance of still another packaging strap coil of
the present invention. Fig. 25 is a schematic conceptual view of an
apparatus for producing the strap coil. Fig. 25 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 co-1. Fig. 29 is a perspective view
of the appearance of a further packaging strap coil of the present 1~
invention Fig. 30 is 'a section of the main part of the strap coil. Fig. 3.
is a partly broken-away perspective view of the appearance of a packaging
strap coil unit of the 20 present invent-on. Fig. 32 is a perspective
exploded view of the strap coil unit. Fig. 33 is a plan view of a pad
employed in the strap coil unit. 



2~ Fig. 34 is a perspective view showing a production.   25 step of the
strap coil unit with the use of the pad. Fig. 35 is a plan view of another
pad employed in the strap coil unit. Fig. 36(a) and (b) are front views of
another strap coil unit of she 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. 3'0 (b) employs
a shape retention plate shorter than the inner circumference 10 of the
strap coil. Fig. 37 is a front view of a shape retention plate employed .n
the strap coil unit. Fig. 3 (a) is a perspective view of another shape
retention plate employed in the strap coil unit; and 1~ Fig. 38(b) is a
section thereof in use. Fig. 3 is a schematic conceptual view for showing
the operation of an automatic packaging machine of the present invention
Fig. 40(a) and (b) are schematic views showing 20 two  modes of installing
a strap coil reel on the packaging machine of the present invention. Fig.
41 is a section of a strap coil reel for accommodating the strap coil unit
of the present invention. 2~ Fig. 42(a) is a section of the strap coil
reel,   26 with the strap coil and the cover removed; and Fig. 42 (b) is a
side view thereof tai;en in the direction of the 



arrow A in Fig. 42(a). Fi g. 43 (a) is a section showing the operation of
the strap coil reel; and Fig. 43 (b) is a side view thereof taken in t he
direction of the arrow A in Fig . 43 (a) . Fig. 44 (a) is a side view of
the cover of the strap coil reel; and Fig. 44 (b) is a front view thereon
taken lU in the direction of the arrow A in Fig. 44(a). Fig. 45(a) and (b)
are sections showing the process of loading the scrap coil on the strap
coi1 reel. Fig. 46(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. 48 (a) is a side view of the strap coil reel for
accommodating the strap coil unit, with the strap 20 coil and the cover
removed; and Fig. 48(b) is a front view thereof taken in the direction of
the arrow A in Fig. 48(a). Fig. 49 (a) is a side view of the strap coil
reel, partially broken away for showing its operation., with 2~ the strap
coil and the cover removed; and Fig. 49(b)   27 is a front view taken in
the direction of the arrow A in Fig. 49 (a) . Fig. 50 (a) is a side view of
the cover of the strap coil reel; and Fig. 50 (b) is a f=opt view thereof
taken in the direction of the arrow A in Fig. 50(a). Fig. 51(a) and (b) are
side views showing the process of loading the s trap coil on the strap coil
reel . Fig. 52(a) is a section of still another strap coil reel for
accommodating the strap coil unit of the 10 present invention; and Fig.
52(b) is a front view thereof. 



Fig. 53 is a schematic conceptual view of yet another strap coil reel =or
accommodating the strap coil unit of the present` invention, as mounted on
a^ 1~ automatic packaging machine. Fig. 54(a)-(g) illustrate a process of
loading and unloading the strap coil with respect to the strap coi1 reel
for the strap coil unit, wherein Fig. 54 (a) and (b) are a section. and a
front view, respectively, 20 showing an introductory step; Fig. 54(c) and
(d) are a section and a front view, respectively, showing a succeeding
step; Fig. 54(e) and (f) are a section and a front view, respectively,
showing a further succeeding step; and Fig. 54(g) and (h) are a section 2~
and a front view, respectively, showing a still further   28 succeeding
step. Fig. 55 is a perspective view of conventional strap coils in storage.
Fig. 50' is a perspective view of a conventional strap coil unit Fig. 57 i
s a perspective view of a conventional strap coil. Fig. 58 is a perspective
view showing a seep of winding the s crap end according to a method of
producing 10 the strap coil or Fig. 57. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS The preferred embodiments of the present invention
are hereinafter described with reference to 1~ the drawings. 1. PACKAGING
STRAP COIL AND ITS PRODUCTION METHOD Fig. 1 is a perspective view of the
appearance of a packaging strap coil of the present invention. 20 The strap
coi1 11 comprises a plurality of layers of a packaging strap 11a helically
wound around a hollow 11b which defines the axis thereof . The strap 11a is
made of thermoplastic olefinic resins including polypropylenes, polyamides
and polyethylene tereph 2~ thalate which have been drawn out about five to
ten times   29 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 :.0 1 mm. The strap 11a J car. be made of any
thermoplastic resin which improves 



its tensile strength by drawing/stretching. strap 11a of about 1, 000 to 2,
500 m long is wound helically to give a strap coil 11 having an axial
length of about 10C to 250 mm, an inner diameter of about 200 to 4.0 10 mm
(as the diameter of the hollow 11b defining the axis thereof ) , an outer
diameter of about 300 to 650 mm and a weight of about =0 to 25 kg. The
innermost end o`_' the scrap 11a locates at the middle of the axial length
of the hollow 11b. 1~ Fig. 2 (a) is a section of the 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 11a
surrounding the hollow 11b, through to a pluralityof layers of the strap 11
a 20 laminated on the top side of the innermost end. The thus laminated
layers of the strap 11a are bonded together at a melt-bonded area 11s
formed along the periphery of the perforation 11d. The perforation 11d and
the melt-bonded area 11e 2~ are formed by piercing the laminated layers of
the s trap   30 11a with a heated perforator from the hol1ow 11b side or
from the top side of the laminated portion of the strap 11a, or by
irradiating a laser beam. Practically, the only requirement for the
perforation 11d is to pierce through the innermost  end of the strap 11a
and at least one laminated layer of the strap 11a so as to bond the
laminated 1 avers together at the melt-bonded area 11e. Therefore, as shown
in Fig. 2 (a) , the perforation. 11d may pierce through the 10 entire
thickness of two layers laminated on the innermost end of the strap 11a.
Alternatively, as shown in Fig. 2 (b) , the perforation 11b may terminate
in the middle of the second layer laminated on the 



innermost end of the strap 11a. 1~ The perforation 11d is provided with the
use of a perforator 38. A circular-section pin-type perforator 38 having a
sharp point (Fig. 3 (a) ) is held perpendicularly or, a holder 39 (Fig.
3(b) ) and heated above the melting point of the strap 11a. This 20
perforator 38 is inserted from the inside of 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 11a (Fig. 3(c)). On
application of the heated perforator 38 into 2~ the innermost end of the
strap 11a and the layers)   31 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. Where the innermost end and the
overlapping layers) of the strap 11a are bonded by the melt-bcnded area 11e
formed along the periphery of the perforation 11d, the annular melt- bonded
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 38 there may be also
used a circular-section pin-type perforator having a hemispheric (round)
point (Fig. 4(a)) which is held perpendicularly on a holder 39 (Fig. 4(b)).
This 1~ perforator 38 is likewise hewed above the melting point of the
strap 11a and inserted from the inside of the hollow 11b into the widthwise
centre of the innermost 2nd of the strap 11a, thereby forming a perforation
11d in the widthwise centre of the strap 20 11a (Fig. 4(c)). The section of
the perforators 38 is not limited to the circular section as mentioned
above. Figs. 5 to 9 illustrate flat plate-type perforators 38 which provide
slot-like perforations. The flat plate-type 2~ perforator 38 of Fig. 51,a)
and (b) has an oblong section  



32 and comprises rounded sides in the thickness direction. This perforator
3 is applied into the widthwise centre of the innermost end of the s trap
11a, with the thickness direction of the perforator 38 being aligned with
the width direction of the strap 11a. As shown, in gig. 5 (c) , the thus
formed perforation 11d extends along the longitudinal direct=en of the
strap 11a and has an oblong section with two rounded ends. The flat
plate-type perforator 38 or Fig. 6(a) 10 and (b) has a triangular section
and a thickness gradually diminishing from one side to the other. This
perforator 38 gives a triangular-section perforation 11d along the length
of the strap 11a ( F=g . 6 ( c) ) . The flat plate-type perforator 38 of
Fig. 7(a) and (b) has 1~ a section comprising one square end and an
opposite triangular end. The resulting perforation 11d extends along the
length of the strap 11a, one end being shaped in a triangle (Fig. 7(c)).
The flat plate-Hype perforator 38 of Fig. 8(a) 20 and (b) comprises rounded
sides in the thickness direction as well as an edged piercing head. This
perforator 38 can easily form an oblong-section perforation 1 1 d with
rounded ends along the 1ength of the strap 11a (Fig. 8(c)). The flat
plate-type 2~ perforator 38 of Fig. 9(a) and (b) has a rectangular   33
section and comprises an edged piercing head sloping from one side to the
other. The resulting perforation 11d has a rectangular section extending
along the length of the strap 11a (Fig. 9(c)). The perforator 3 for forming
the perforation 11d is made of a material of high thermal conductivity (e .
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 ternperature . 10 As a result, it efficiently forms the
perforation 11d 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 hol1ow 11b. The innermost end of the strap 11a 1~ locates
at the middle o- the axial length of the hollow 11b. At the innermost strap
end, a single perforation 11d is formed in the widthwise centre of the s
trap 11a, whereby the innermost end of the strap 11a and the layers
laminated thereon are mutually bonded at the melt 20 bonded area 11e . . On
the other hand, in the strap coil 11 of the present invention, a plurality
of perfora 



tions 11d are provided in the inner cylindrical surface of the strap coil
.1 surrounding the hollow 11b, together with the melt-bonded areas 11e
Formed along 2~ the periphery thereof. This structure avoids   34 unwinding
or disintegration of the strap 11a helically 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 edgewise rows along the axial ends of the hollow 11b. Each perforation
11d is aligned with the others in the axial direction of the hollow llb.
The melt-bonded areas 11e are provided along the periphery of the
peforaticns t0 11d. The strap coil 11 of Fig. 10(c) includes five
perforations 11d, one formed in the innermost saran a a and the others
formed in pairs in the edgewise rows along the axial ends of the hollow 11
b . The perforations 11d 1~ in the edgewise rows are circumferentially
dislocated from the perforation 11d in the innermost strap end. The
melt-bonded areas 1 1 a are likewise provided along the periphery of the
perforations 11d. Additionally, Fig. 10 (d) shows a combination of the
structures of Fig. 20 10 (b) and (c) . Further, the strap coil 11 of Fig.
10 (e) includes a plurality of perforations 11d which are circumferentially
equally spaced in the edgewise rows along the axial ends of the hollow 11b.
The strap coil 2~ 11 of Fig. 10 (f) provides a plurality of (e.g. three)
35 perforations 11d in every axially adjacent row of the strap 11a around
the hollow 11b, each being aligned with the others in the axial direction
of the hol1ow 11b. Furthermore, the strap coil 11 of Fig. 10 (g) interposes
perorations 11d between. the axially aligned 



perorations 11d of Fig. 10 ( f ) , in the 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 waidthwise tensile 10
strength at the melt-bonded area 11s where bonding is effected between the
laminated layers of the strap 11a, the perforations 11d are prescribed in
terms of t con'iguration, dimension, number, position, etc depending on the
material, thickness, Tr~idth, etc. of 1~ t:~e strap 11a. The strap coils 11
of Fig. I0(a)-(g) based on different patterns of the perforation (s ) 11d
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. 12,
wherein Examples 1-7 correspond to the strap coil 11 2~ of Fig. IO(a)-(g),
respectively. The comparative   36 examples were conducted using packaging
strap coils 211 of Fig. 11 (a) -(e) , each showing the development of the
inner cylindrical surace surrounding the hollow 11b. The strap coils
illustrated in Figs. 10 and 11 were made of a polypropylene strap. In
Comparative E:~a:;vples, it should be understood that the innermost strap
ends 200 of a11 strap coils 211 were posi tinned at the middle of its axial
length, where the strap ends 200 were left unsecured or secured 10 in
various manners. In Comparative Example 1 (Fig. 11(a)), the innermost strap
end 200 was fired on a tubular paper core (not shown) by means of a stapler
20I (staple width 10 mm). On the other hand, Comparative Examples 2 to 5
emoioyed coreless strap 1~ coil s 211. I n Comparative Example 2 (Fig. 11
(b) ) , the innermost strap end 200 was left unsecured. In Co:.^,parative
Example 3 (Fig. 11(c)), the innermost strap end 200 was left 'unsecured,
but ar_neaied, before wou^d into a strap coil, for 10 minutes at 80'C to
prevent 20 its cor_traction and deformation. In Comparative Example 4 (
Fig. 11 (d) ) , the i nnermost strap end 200 was 



secured with the adjacent rows of the strap coil 211 by a kraft tape 202.
In Comparative Example 5 (Fig. 11(e)), the innermost strap end 200 was
secured with 2~ the a11 widthwise rows of the strap coil 211 by a craft
37 tape 202. [TEST ROCEDURES] Vibration mAst Each sample strap coil was
horizon~al ly laid on a 250-mm-diameter cylindrical mount placed on a
vibration plate. The vibration plate T..ras vertical_y vibrated 100
times/min. ~.n the range of 15 mm. `='ze grading was based or. the
following criteria. The samples graded did not unwind or collapse on the
inner 10 cyl indrical surface after 1 hour of vibration; the samples graded
~ had the inner cylindrical surface unwound after 30 minutes to _ hour of
vibration; and the sa.^.!ples g=ailed X rail the i nner cyii ndr ~ cal
surface unwound ,ait!-:in 30 mi notes or vibration. 1~ Transportation Test
Each sampl a was packed in a corrugated cardboard box (length x width x
depth: 465 x 4'o5 x 210(mm)) and transpcrced by a lorry over a distance of
500 km. Each 20 Example employed five samples in this test. The re sults in
Fig. 1 2I indicate the number of sampl es whose inner surface had unwounded
or collapsed during transportation. 2~ Drum-Set Test   38 The drum-se~ test
examined the handlir_a property of the strap coil during a loading
operatio:~ on a drum of an automatic packaging machine. The automa~ic
packaging machi nss used were: NAT_GAI F11 (hereinafter 



referred to "Machine A") , NICi:IRO S~t-500 ( "Machine B") and STRAP~.CK
RQ- ( "Machine C" ) . Each E:=ample empl oyed two samples in this test. The
results in Fig. 12 indicate the number of samples whose inner surface had
unwounded or collapsed before completion of the 10 loading.
PIachir.e-pac~:a~eability Test The machine-packageability test examined the
incidence of troubles during normal packaging opera 1~ tion, such as
tape-blocking in the pre-feed rollers or the like. Each example employed
two samples in Machines A, B and C, respectively. The results i ^ ~'ig. 12
represent the number of samples whi ch caused any such trouble. 20 As
apparent from Fig. 12, the strap coils 11 of the present invention as
illustrated -n Fig. 10(b) (g) gave remarkable results. None of them had the
inner cylindrical surface unwound. Besidss, when used in an 2~ automatic
packaging machine, they caused no trouble   39 like b'_ocking. In addition,
the peeling strength of the thermcplastic strap end was measured using the
test pieces 311 as shos~rn in F ig . 13 ( a ) - ( f ) mace of a
polypropylene strap. The test pieces 311 had the=r s trap ends secured in
diFferent manners, for e:~amGle, by varying the number and position of the
perforation(s). The polypropylene strap as used in the above-mentioned
tests such as the vibration test was 10 wound around a 200-mm-diameter
core, wherein the s crap end was melt-bonded by the perforations) 11d a~ 20
m:n ins i de f rom the in::armos ~ edge ef the s trap, accord_r_g tc the
patterns shown in Fig. 13(a)-(e). For co:~.:~ar_son, t::^.e s tray e:,d of
the test piece 3.1 shown 1~ in Fig . 13 ( f ) :~ras f i:~ec on a gape= core
312 by means of a s tapler 313. The test pieces 311 .~ers s tretched
downwards at a rate of 50 mm/min. until the bonded area peeled off . The
thus measured values are shown i n t:^.e right column of Fig. 13. 20 From
the Vle4lpCint of the appearance, the perforation 11d preferably has a
small circular section, which doss not stand out ~ n the strap 11a. Hence,
the finished strap coil looks almost like conventional coreless strap
coils. 2~ In the circular-section perforations 1 ld as sho.an   40 in Figs.
3 and 4, the peeling strength at the meltbonded area 11e depends on the ci
rcurnferential length of the perforation 11d, .~hich is prescribed in
accordance with the material and thickness of the strap 11a. Therefore, a
required peeling strength can be achieved simply by calculating the
d_ameter of the perforatior. 11d from the prescribed circumferential length
thereof and then forming a perforation 11d of such diameter, which gives
the required melt-bonded 10 area 11e along its periphery. Fig. 1a is a
graph showing the relationship bet.aeen the dia:r,e~er of the perforation 1
id and the peeling strength at the melt-bonded area 11e. ^he strap coil
used he-sin was prepared by helically 



1~ winding a polypropSrlene strap 11a having a thickness of 0.65 mm and a
width of 15.5 mm. 2n this strap coil, the circular-sect=on perforation 11d
and the meltbonded area 11e were formed by piercing a pin-type perforator
38 of Fig. 3 (aj and (b) which Haas preheated 20 above the melting
temperature of the strap 11a. The peeling strength at the melt-bonded area
11s was measured at a stretching rate of 200 mm/min. As shown in Fig. i4, a
0.4-mm-diameter perforation 11d showed a peeling strength P, of about 2~
300 gf at the mel L-bonded area 11e. A 0. 6-mm-diameter   41 perforation
11d showed a peeling strength P_ of about 380 gf . In these cases, the
bonded layers of the strap 11a were smoothly peeled Off and not torn in the
lcngitudinal d_rectio:~. Further, the peeli:~g strength at the melt-bonded
area 11e can be increased by enlarging the diameter of the perforation 11d.
A 0.8-mm-diameter perforation 11d showed a peeling strength P3 of about 550
gf, and a 1.0-mm-diameter perforation 11d showed a peeling strength Py of
about 10 700 gf. In these cases, however, the bonded layers could not be
peeled off from each other, and one of the layers was torn away in the
longitudinal direction. In a thermoplastic resin strap 11a (for exa_npl e,
made of polypropylene), a thinner strap 11a is more i~ vulnerable to the
longitudinal tear. Thererore, in proportion to the decrease or the thi
ckness of the strap 11a, the diameter o~ the perforation 11d 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 eac:~ other at the melt-bonded area 11e wi thout being torn away in
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 lie, 2~ when the diameter of the perforation 11d is 0 . o
mm or   42 less. To ensure the same peeling strength, a 0.5mm-thick PET
(polyethylene terephthalate) strap 11a should have a ~erforat~on 11d with a
diameter of 1.2 mm or less. As hereinbefore described, by reducing the di
ameter of the perforate on 11d, the melt-bonded area 11e formed along its
periphery becomes smaller and exhibits a lower peeling strength. In such
circum stances, a desired peel ing strength can be obtained by 10 forming a
plurality of perforations 11d, which, as a cahole, provide the peeling
strength at the melt-bonded area 112 . Although the abOVe description has
been focused on the c_rcular-section perforation 11d, the 1~ perforations
11d shown in Figs . S to 9 can al so achieve a desired peeling strength at
the mel t-bonded area 11 a and widthwise tensile strength of the strap 11a,
at which the bonded layers of the strap 11a are safely 



peeled off but not torn aw ay. According to the same 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 2~ elongated in one direction, as described above. In   43 order to
prevent the strap lla from being torn away, the longitudinal direction of
the perforation 11d should be aligned with she longitudinal direction of
the strap 'la. Fig. 15 is a graph showing the relationsh=p between the
4iidthwlSe tensile strength of the strap 11a and the peeling strength at
the melt-bonded area 11e, 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 mn). The values of the rectangular-section
perforations 11d are indicated by B. (0.55 x 5 mm) and B_ (0.55 x 8 mm) .
The rectangular-section perforations 11d have their l~ longitudinal sides
aligned with the longitudinal di rection of the strap 11a. As for the
circular-section perforations 11d, expansion of the diameter results in
increasing the peeling strength at the melt-bonded area lle as well 20 as
the widthwise tensil a strength of the strap 11 a. In contrast, as for the
rectangular-section perforatior_s 11d, elongation of the longitudinal sides
hardly af fects the peeling strength at the melt-bonded area 11e (the value
substantially remains at about 400 gf) . On 2~ the other hand, the
caidthwise tensile strength of the 



44 strap 11a increases in proportion to the increase of the longitudinal
length. Incidentally, it is desirable for a 0 . e5-mm-thick polypropylene
strap 11a to have a peeling strength at the melt-bonded area 11e cf 400 gf
or less and a wid~hwise tensile stre.^.g~h of the strap 11a of about 2,000
gf. In case of the rectangular-section perforation 11d, these values are
suitably achieved by adjusting the length o =is longitudinal sides. Proper
10 combination of the peeling strength and the width~~~i se tensile
strength not only ensures safe peeling and tear prevention. between the
bonded la~~!ers of the strap lla, but also prohibits unwanted unwinding of
the strap coil 11. Besides, in the rectangular-section perforation 1~ 11d,
the widthwise tensile strength of the strap 11a can be increased by
extending its 1 ongitudinal length, instead of adding more perforations.
Additionally, the strap coil il of the present invention may include a
perforation 11d in the outer 20 cylindrical surface thereof. The
perforation 11d is pierced in the neighbourhood of the outermost end
through to the underlying layers of the strap 11a, thereby bonding these
layers at the melt-bonded area 11e formed along its periphery. This
arrangement 2~ prevents the outermost strap end from being drawn out   45
unnecessarily. - hence, a conventional strap end securing process such as
taping or separate thermofusing is no longer required. Fig. 16(a)-(f) is a
series of schematic views showing production steps of the strap coil 1..
These steps are carried cut, for e:.ampl e, by using a winding roller 31
shown. in ~ i c. 1 6 (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 single circumference saizh a ci
rcumferenti a= can 31c to constitute a cylinder of circular sect'_on. The
four cylinder frames 31a arranged alo^g ~ single 1~ circumference can
contract the diameter of the circular-section cylinder, w hen allowed to
slide toward the axis of the Cylinder. On the other hand, the contracted
cylinder is diametrically expanded by sliding the cylinder frames 31a
outwardl y. fin aperture 20 31d is formed beforehand in the mi ddle of each
cylinder frame 31a. The winding roller 31 accommodates four holders 39,
each of which faces the cyli nder frame 31a and holds a circular-section
perforator 38 in place. Similar to 2~ the cylinder frames 31a, the four
holders 39 have a   46 



curved configuration and spaced along a single circumference with a
circumferentiai gap to constitute a cylinder of circular section. The
holders 39 are also slidable in the radial d~rectior.s. The perforator 38
is mounted on she outer surFace of each holder 39 in such a manner that it
can project radially through the aperture 31d formed in the c;rlinder frame
31a. A1 though r_ot shown in the figure, a heater is provided inside each
holder 39 for the purpose of heating the IO perforator 33, and the outer
surface of the holder 39 is covered by a heat insulating material'. In
order to w=r_d the strap 11a on the wi-ding ro=ler 31, a fi:~ture 33 i s
attached to the start ef the s trap i~.a ( i . a . , ir.nerr~.ost end o=
the sLrac cc~.l 11 ) I~ guided by a strap guide 34 . Then, as shown in ,ig.
16 (b) , the cylinder frames 31a are all owed to slide outwardly along a
single circumference to form a circul ar-section cylinder. Inside the
winding roller 31, the holders 39 maintain a properly spaced relationship
with respect 20 to th2 Cylinder frames 31a, thereby keeping the perforators
38 away from the cylinder frames 31a. The fixture 33 attached at the start
of the strap lia is fitted into the gap 31c created between a pair of
neighbouring cylinder fzames 31a, and thus secures the 2~ start of the
strap 11a in the middle of the axial 1 ength   47 of the winding roller 31.
~~lith these provisions being made, the winding roller 31 may start to
rotate in the direction of she arro:a T in Fig. 16 (b) and wind the strap
11a thereon. After the strap 1 1 a has made a plurality of layers arcund
the middle othe axial length o; the winding roller 31 (Fig. 16(c) ) , the
winding roller 3i is stopped at such a position that the apertures 31d in
the cylinder frames 3ia locate face to face with the perforators 3 10
projecting from the holders 39. In the next step.shown in aF ig. 16 (d) ,
the holders 39 whi ch hold heated perforators 38 are allowed to sl ide 



i n ~hs radial direction. towards the cylinder frames 31a. T1'16
Tic=fOratOrs 3~ arc'' preheated abOV2 the mel t=ng 1~ point of a
thermoplastic resin constituting the strap 11a. For example, for a
polypropylene strap ila, the perforators 38 are heated to a'oout 200"C,
which is higher than the meting point of polypropylene. Together with the
outward displacement of the holders 39, 20 the perforators 38 advance
through the apertures 31d of the cylinder frames 31a and stick into the
plura laminated layers of the strap lIa wou^:d on the winding roller 31. In
consequence, four circumferentially equally spaced perforations 11d (see Fi
g. 2) are formed 2~ simul taneously in the laminated layers of the strap
~la,   48 leaving the periphery thereof in the melted state. L~ext, as
shos~n in Fig. 16 (e) , the hol ders 39 are allowed to slide away from the
cylinder frames 31a, :with retracting the perforators 3 from the apertures
aid. Following the withdracral of the perforators 3, the melted areas along
the periphery of the perforations 11d solidify to form melt-bonded areas
11e (see Fig. 2 ) , which bond the lami hated layers of the strap i1a .
Thereafter, the winding roller 31 is rotated until a !0 predetermined
length of the strap 11a is saound thereon. While the winding of the strap
11a proceeds, the s trap 11a is axially reciprocated along zhe ~aind_ng
roller 31, so that the strap 11a is hel_cally wound on the cylindrical
surface of she ,~inding roller 31 in a 1~ prescribed axial length thereof.
After a predetermined 1 ength of the strap 11 a is wound on the winding
roller 31, the d=ameter of the winding roller 31 is reduced by sliding the
cylinder frames 31a toward the axi s thereof ( F ig . 1 6 ( ) ) . The 



20 diametrically contracted windi ng roller 31 is removed from the axis of
the heli cally wound strap 1-a. Thus obtained is a coreless strap coil 11
whose axis is defined by a hollow 11b. In forming the perforations 11d in
the 1 aminated 2~ layers of the strap 11a, the configuration, number,   49
position, etc. of the perforators 38 are suitably adjusted so as to hold a
balance between the peeling strength (or widthwise tensile strength cf the
strap 11a) and the bonding strength at the melt-bonded area 11e. Hence, use
can be also made of one or more 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 3i, thereby 10
eliminating the step of aligning the cylinder frames 31a with the ho 1 dens
39.. This arrangement enhances the operation efficiency, b=cause the
perforations 11d are formed while the wi.^.dina rcller 31 is =r. rotation.
The perforator 3 for forming the peroration 11 d 1~ may be app'_ied either
at the bottom side of the innermost strap 11a as described in Fig.
lo'(a)-(f) (i.e. from the axis side of the winding roller 31) , or at the
top side of the laminated layers of the strap 11a as described in cFig.
17(a)-(g). 20 The production steps shown. in Fig. 17(a)-(g) are carried out
by using a wi nding roller 31 which comprises four cylinder frames 31a, as
shown in Fig. 17 (a) . The cylinder frames 31a can slide outwardly along a
single circumference to constitute the winding roller 31 of 2~ circular
section (Fig. 17(b)). ~n the diametrically   50 expanded winding roller 31,
the start of the strap 11a 



guided by the stray guide 34 is fired in the m_ddl a of the axial length of
the cainding roller 31 by fitting the fi:rture 33 attached to the start of
the strap into the gap 31c between the neighbouring cyl=nder 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 directi ons of
the lU winding roller 31. After the start of the strap lia is fixed on the
outer cylindrical surface of the wir.d_ng roller 31, the winding roller 31
is allcwed ~o rotate in the direction of the arrow T until the strap 11a
makes a plurality of layers around th= middle of the axial 1~ length of the
winding rcller 31. Then, the winding roller 3I is stopped at the position
shown i n Fig. 17 (b) . The perforator 38, which is heated by a heater to a
predetermined temperature, is allowed to approach ~he winding roller 31
from the external side thereof' and 20 to pierce in the laminated 1 avers
through to the start of the strap 11a. In consequence, a perforation 11d is
formed in the laminated layers of the strap 11a, leaving the periphery
thereof in the melted sate. Then, the perforator 38 is allowed tc recede
from 2~ the winding roller 31 and pulled out of the laminated   51 layers
of the strap 11a, whereby the melted area around the perforation 11d
solidifies into a melt-bonded area lle . F ollowing the formation of the
firs t perforation 11 d, the winding roller 31 effects a auarter of
rotation (i.a. rotation of 90") in ti:e direction of the arrow T (Fig. 17
(c) ), and stops again. At this position., the 



prel^.eated perfo~a for 3 S 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 38 is a11 o.aed to recede in the opposite
direction and pulled .out of the strap 11a. T:Ze forLTlatlO='1 Of t:12
p2rL^vratl0:1 Zld 1S r2pc''ated, as s hosan i n Fig . 17 ( d ) and ( a ) ,
according to the bonding cycle which comp=ises rotating the cainding roller
31 1~ by 90 degrees (i.e. a quarter of rotation), piercing the perforator
38 into the lami nated 1 avers of the strap 11a to form a perforation 11d
(see Fig. 2), and withdrawing the perforator 38 from the strap 11a to
solidi fy a melt-bonded area 11e (see Fig. 2) . In the 20 end, there are
proJided a total of four circumferen tially equallyspaced perforaticns 11d
and melt-bonded areas 11e. Followi ng the formation of four perforations
11d and melt-bonded areas 11e, the winding roller 31 is 2~ continuously
rotated to wind a predetermined length of   52 the strap 11a into a coil
(Fig. 17(f)). ~rlhen the winding zoller 31 ceases to rotate, the soinding
roller 31 is diametrically contracted by sliding the cylinder frames 31a
toward the a fis of the winding roller 31 ( Fi g . 17(g)). The contracted
winding roller 31 is removed from the axis of the helically wou^d strap
11a. Thus obtained is a coreless strab coil 11 whose axis is defined by a
hollow 11b. Instead of the heated perforator 38, a laser beam. 10 may be
applied fdr the formation of the perforate on ild and the melt-bonded area
11e, as illustrated in F=g. 1B (a)-(g) . his embodimer.~ 1 i k~wise utili
ses the winding roller 31 comprising four cylinder frames 31 a (Fig. i (a)
) . ..ach cyl irder frame 31a is opera~ed to 1~ slide in the radial
directions by an air cylinder 30' accommodated in the winding roller 31.
~rlhile the winding roller 31 is diametrically contracted by slide ng the
cylinder frames 31a toward the a::_s of the 



winding roller 31, the fixture 33 is attached to the 20 start of the strap
11a guided by the strap guide 3~. Thereafter, as shown in Fig. 18 (b) , the
cylender frames 31a are outwardly displaced along a single circumference by
the air cylinder 36 to constitute a circular-section winding roller 31
having an expanded 2~ diameter. The fi:~ture 33 is fitted into the gap 31c
53 created between the neighbouring cylinder frames 31a to fix the start,
of the strap 11a in the middle of the a.rial length of the w_nding roller
3i. Referring to cig. 1 (c) , a laser oscillator unit 35 '_s disposed in
the vicinity of the winding roller 31, with orienting the direction of its
laser beam irradiation along the radial direction of the wi nding roller
31. Further, the laser oscillator unit 35 is able to advance and recede
with respect to the winding 10 roller 31 . With securely holding the start
of the strap 11a on the outer cyl_.ndrical surface of the winding roe 1er
31, the wind-ng rosier 31 is allosaed to rotate in the direction of the
arrow T until the stray 11 a makes about three turns around th` middle of
the axial 1 enath 1~ thereof. After the cdinding rol ler 31 ceases to
rotate, the laser oscill ato= unit 35 is allowed to approach the winding
roller 31 and to irradi ate a laser beam on the laminated layers through to
the innermost end of the strap 11a. The laser beam melts a portion of the
20 laminated layers and the innermost end of the strap 11a and provides a
perforation 11d and a melt-bonded area 11s. The laminated layers are thus
bonded together at the melt-bonded. area 11e (see Fig. 2) along the
periphery of the perforation 11d (see Fig. 2). 2~ After the formation of
the first perforation 11d,   



54 the winding rol ler 31 effects a quarter of rotation. (i.e. rotation of
90") in the direction of the arro~,,~ T (Fig. 18 (d) ) , and s tops again.
At this posi~ior., the laser oscillator un=t 35 irradiates a laser beam on
the lam=nated layers cf the strap 11a to form, ano~her perforation 11d and
a melt-bonded area ?le along its periphery. The formation of the
perforation 11d .s repeated according to the bonding cycle which comprises
rotating 10 the winding roller 31 by 90 degrees (i.e. a quarter of
rotation) and irradiating a laser beam by the laser OSO.ill ator unit 35,
th2rby t0 form a per'_`OratlOn 11d ar.d a melt-bonded area 11e along its
periphery t'r:rough the laminated layers of the strap 11a. In tl^_e end, 1~
there are provided a total of four circumferentially equall y spaced
perforations 11d and melt-bonded a-eas Ile. Thereafter, the laser
oscillator unit 35 is allowed to recede frem the winding roller 31 (Fig. 20
18(e)), and the winding roller 31 is rotated continuously to wind a
predetermined length the strap 11 a into a coil ( Fig. 18 ( f ) ) . After
the winding rol ler 31 ceases to rotate, the winding roller 3i is
diametrically contracted by sliding the cylinder 2~ frames 31a toward its
axis (Fig. 18(g)). The   55 contracted winding roller 31 is removed from
the a:~is of the helically wound strap 11a. Thus obtained is a cereless
strap coil 11 whose a:~is is defined by a hollow llb. As has been
described, a laser beam irradiated from the laser oscillator unit 35 can
form a smaller perforation 11d in a more stable and efficient manner. In
addition, the laser oscillator unit 35 is ccmposed of less expendable parts
and thus easy to maintain. 10 Rs the laser oscillator unit 35, there may be
used a CO~ laser oscillator unit which employs CO~ gas as the laser medium.
The CG- laser oscillatcr unit i=radiates a '-aser beam of 27W output power
at a wavelength of 10.5-10.7 um as operated by a current of 1~ 6R. The
irradiation time cf the laser beam i s in the range of about 0. 1 to 5
seconds, preferabl y about 0. 5 second, at which t_me the laser irradiation
hardly affects the winding rate of the strap 11a. In additicn to the CO~
laser oscillator un_t, the 20 examples of the laser oscillator unit 35
include a helium-neon laser oscillator unit, a semiconductor laser
oscillator unit and the like. 



Fig. 19 is a partially cutout perspective view showing another embodiment
of the packaging strap coi 1 2~ of the present invention. In the innermost
cyl indrical   56 surface of this strap coil 11, the strap 11a is
he'_ically wound around the hollow 11b from one axial end to the other
axial end. Another layer of the strap 11a is thereafter helically laminated
on the top side of the innermost strap layer. In this way, the strap 11a is
wound helically and continuously to form the strap coil 11. In the strap
coil 11 of Fig. 19, an adhesive 11c is appli ed, along the entire ax'_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 surface of the st=ap
coil II surroundi::g the hollo~a lib. Fig. 20 shows a partial section of
the strap coil 1~. COat2d wlth the adheslVe 11C. the ad::e5lTJe .1C 1~
provides an adhesive layer on the top side of the innermost rows of the
strap 11a which is helically wound around the hollow 11b to constitute the
in:~e= cyl indrical sur~ace of the strap coil 11, and similarly on the top
side of a couple of strap layers laminated 20 thereon. The adhesive 11c is
pressure-ser_sitive 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   57 cylindrical surface surrounding the
hollow 11b are bonded to the strap layers laminated on the top side thereo.
hence, the start of the strap 11a (i.e. i.^.nermost end of the strap coil
li) does r,ot unwi:~d i r.to the hollow llb. Moreover, the innermost
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 11 will not unwound arou::d the hollow 11b. 10 rnlhen used in a
packaging machine for automati cally strapping a corrugated cardboard box
or like items, the Gdhesive-bonded strap coil 11 is loaded on a strap coil
reel mounted on the automatic packaging machine. In opera~ior., the
cutermost strap end on the 1~ outer cylindri cal surface of the strap coil
11 is d~awr 



out by the feed rollers of the automatic packaging machine. Since the top
side of the innermost strap layer surrounding the hollow 11b is
adhesive-bonded to the laminated layers with a uniform adhesive strength,
20 the adhesive-bonded portion is safely peeled off and not torn away while
the strap 11a is drawn out. As mentioned above, the innermost 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 1., should not peel
off so easily from   58 the strap layers 1 aminated on the top side thereof
. But, on the other hand, it should peel off from the bonded portion with a
proper tensile strength. So far as this requirement is satisf'_ed, the
species of the adhesive 11c is not strictl~,~ limy ted. Desirable adhesives
among the solvent-type and non-solvent-type include, for example,
hot-melt-type adhesives arid 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, acrylic adhesives such as copolymers comprising 2 et^~il
Y:exyl acrvlate as a principal monomer, and S? 1 lCOr_-baS_~: adf:eS~.V25
CO::~prlS_.ng a rubber-like Sl  1J lOXarl2 Or a r2SlnOUS S11OX~I12 aS a
male COnStltuenL. As the solvent for rubber-based adhesives, there may be
used volatile oils for rubbers, trichloroethylene, toluer_e, n-hexane,
methyl ethyl ketone and the like. The non-solvent hot-melt-type adhesives
20 preferably comprise a block polymer having a high melting poi nt and mel
t fluidity, such as the copolymers of stylene-isoprene-stylene,
stylene-butadiene stylene, stylene-ethylene-butyler.e-stylene,
ethylene-vinyl acetate and the like. Additionally, poly 2~ ethylene wax and
paraff_n may be employed. Preferably,   



59 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 made ef polypropyl ene (PP) prefers a ' ow-molecular-~,aei ght
polyethylene, EVA, paraffin and the like. A strap 11a made of polyethylene
terephthalate (PST) advanta geously utilises a low-molecular-weicht
polyethylene, EVA, PP and the like. As non-solvent-type adhesives, use may
be further 10 made of liquid-solidified-type polyester-based adhe sives~or
acrylic adhesives. Instead of the adhesives 1 1c cf sol ve..^.t-type,
hct-melt-type andnon-solvent-type, thehot-meltresin may be independently
employed as the adhesive 11c. By I~ vray of example, a hot-melt resin which
i s the same as or similar to the material of the strap 11a (e. g.
polypropyl er.es) is employed in a state heated above its melting point.
Plhen injected between the strap layers, the melted resin bonds these
layers in a peelable 20 manner . The adhesive-coated strap coil 11 is
produced with the use of a winding roller 3I and an applicator 20 shown in
Fig. 21. The applicator 20 comprises a pan 2'_ filled with the adhesive
11c, a feed roller 22 2~ disposed therein and a coating ro1'_er 23 arranged
in   60 contact with the top of the feed roller 22. The adhesive 11c in the
pan 21 is carried or. the surface of the feed roller 22 rotating in a given
direc~.ion and eventually supplied on the surface of the coating 



roller 23. The winding roller 31 for winding the strap 1.a is rotatabl y
disposed in the vicinity of the applicator 20. The winding roller 31 has a
hollow cylindrical shape composed of four equivalent cylinder frames 31a lU
obtained by ci rcumferentially quartering a cylinder of suitabla axial
length. Each cylinder frame 31a is spacsa along a single circumference with
a circum=erential gap 31c to constitute a cylinder of c=rcular section. ^he
four cylinder frames 31a ar 1~ ranged along a single circumference can
contract the diameter of the circular-section. cylinder, when al lowed to
slide toward the axis of the cylinder. mach cvlinder frame 31a includes a
number of pores 31b. A n air nozzle assembly 32 is securely disposed 20
within the winding roller 3I. The air nozzle assembly 32 comprises four
nozzles 32a extending radially from the axis of the winding roller 31. Air
is ejected from the tips of the nozzles 32a toward the cylindrical surface
of the winding roller 31. 2~ The applicator 20 disposed in the vicinity of
the   61 winding roller 31 is horizontally slidable in the
approaching/receding directions with respect to the winding roller 31. When
the applicator 20 approaches the winding roller 31, the coating roller 23
is pressed against the outer cylindrical surface of the winding roller 31,
substant'_all y along the entire axi al length thereof. In order to wind
the strap 11a on the winding roller 31, the cylinder frames 31a are firstly
allowed 10 to sli de outwardly alor_g a si ngle circumference to form a
cylinder of circulax section. As shown in Figs. 21 ar,d 22 (a) , the start
of the strap 11a (i.e. i nnermost end of ~he strap coi 1 11) i s fixed on
the winding rol ler 



31 bt:-:e fi_~ture 33 ~,~riuich is fitted into the gap Sic 1~ between a
pair of neighbouring cylinder frames 31a. In the meantime, the appl icator
20 remains 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 t:~,e winding
roller 31, so that the strap 11a is helically laminated on the entire
cylindrical surface of the windi ng roller 2~ 31 .   62 After the strap 11a
is helically wound on the entire surface of the :winding roller 31 to fcrm
the innermost layer of the strap coil 11, the rotation cf the winding
roller 31 is stopped temporari ly. T_n the meantime, the applicator 20 is
a'_lowed to approach the caindir.g rot 1er ,31, unti 1 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 is resumed to wind the s crap 11a helical ly o:~ the
winding roller 3i. During the seCOnd winding stage, Wherein the coating
roller 23 is held against the top si de OL the innermost strab 1 aver wound
on the entire cvl _ndri cal 1~ surface of the winding roller 31, the
winding roller 31 causes the rotation of the coati ng roller 23, which
further causes the rotation of the feed roller 22. Accordingly, the
adhesive 11c contained in the pan 



is first carried by the surface of the feed rcl l er 22 20 onto the surface
of the coating roller 23. At the same time, the coating rcller 23, which is
pressed against the top side of the strap 11a wound on the winding roller
31, coats the adhesive 11c thereon. In the end, the adhesive 11c is coated
on the strap 11a wound on the Z~ outer cylindrical surface of the winding
ro_ler 31,   63 substantially along the entire axial length thereof in a
desired circumferential length. The winding roll er 31 rotates to mad;e a
few more layers under tE:e appl ication of the adhesive 11c. Then, the
rotation of the wi nding rol ler 31 is stopped again. This time, as shown
in Fig. 22(c), the applicator 20 is displaced away from the wi nding roller
31 and brews the contact between the coating roller 23 and the strap 11a
wound on the'winding roller 31. After the coating LO roller 23 is detached
therefrom, the winding roll er 31 resumes to wind the s.r.rap 11a helically
and conti nu ously (Fig. 22(d)). During the third winding stage, air is
sprayed Yi r ` F t'.^.a wir.di ng roller 3i onto z::e c~rli:~d_ ca 1 su
_ace o~ _, 1~ as ejected from the nozzles 32a of the air nozzle assembly 32
inside the winding roller 3'. To be specific, the air ejected from the nozz
1 es 32a passes through a number o~ pores Sib in the cylinder frames 3 1 a
and reaches the strap 11a wound or. the winding roller 20 31 . The air
spray promotes volatilisation. 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 11a is wound on the winding 2~
roller 31 under the air spray from the nozzles 32a. The  



64 continuous air ,spray allows the adhesive 11c to establish an
appropriate adhesive streng~h, prior to the completion o the winding of the
strap lia. When the strap 11a is wound in a predetermined .7 length, the
winding roller 31 is diametrically contracted by sl iding the cyl~.nder
frames 31a toward its a:;is . The contracted winding roller 31 is removed
from. the strap 11a which has been wound into a coil, thereby givi.^.g the
strap coil 1i of the present invention as 10 shown in Fig. 19. As for the
hot-melt-type adhesives 11c, coating may b2 2ffacted by the appl icato r 20
ir~ the same manner shown i n F ig. 22 (b) , whil a the strap 11a is being
wound up on the winding rol 1 er 31. Since tha hot-melt-type 1~ adhesive
1'_c does not require air spray ~or volatilisation, the winding roller 31
dispenses w_th the air nozzle assembly 32. Additionally, the hot-melt-type
adhesive 11c may be appli ed with the use of a cylinder applicator 25 shown
20 in Fig. 23(a). The cylinder applicator 25 comprises a cyl indrical
barrel 25a illed 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 intc   65 a conical form. In order to
heat and melt the hot melt-type adhesive 11c, the barrel 25a is covered by
a heater 25c. This cylinder applicator 25 is disposed in the vicinity of
the strap guide 34 for guiding the strap 11a to the winding roller 31.
After the 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 tob side of
the strap 11a wound or. the wi ndi ng r.oller 31 and the bottom side of the
strap ;la guided by the strap guide 34. At this position, the plunger 25b i
s squeezed into the barre'_ G5G yrh_ch contains tha hot-malt-typa adhasiva
11c 



1~ mel ted by the heater 25c . The melted adheSlve 11c i s squeezed out of
the tip of the barrel 25a onto the strap 1Ia wound on the winding roller
32. As shown in cc^ig. 23 (b) , the barrel 25a can reciprocate in the axial
directions of the winding 20 roller 31 so as to follow the strap 11a which
is helically and continuously wound on the winding rol ler 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~
winding roller 31 but also on the top side of a few more   66 layers
laminated thereon. The adhesive 11c, be it the sol ve:.t-ty~~e or ~he
hot-melt-type, may be coated only on a por clop of the innermost scrap
layer constituting ti:e i.^.ner cylindrical surface o. the strap coi'_ 1?.
In another arrangemen~ shown in Fig. 2~, ohe solvent-type or hot-melt-type
adhes i ve 11c is appl red on several layers of the strap 11a laminated
a-ong the axial ends the winding roller 31 (not shown) . For 10 example,
the adhesive 11c i s applied by means o. a spray gun 27 shown in Fig. 25,
while the strap 11 a is bei ng wound on the wi:!ding rclier 31 (nor.
sho.dn) . In the spray gun 27, the adhesive 11c in the solution stage is
suppl led through an ad'.^.esi~~e feed hose 27a, ar.d 1~ compressed air is
supplied through an air feed hose 27b. The adhesive ? 1c in the solution
state is sprayed from the tapered tip or the spray gun 27 onto the si de
surface of the several innermost layers in the strap coi 1 11. In still
another arrangement, the adheSlve 11c 20 may be applied on the top side of
the innermost Iay2r of the strap coil 11 as well as on several innermost
layers laminated alcng each axial end of the winding roller 31. As shown in
Fig. 26, when the adhesi ve 11c penetrates sufficiently into the gaps
between the strap 2~ layers laminated along the axial ends of the winding
67 roller 31, the adhesive 11c also penetrates into the gaps between the
adjacent rows of the i nnermost strap layer helically wound on the winding
roller 31. In the case whe=a the adhesive 11c is app'_isd on the layers of
the strap 21a laminated along the a.lial ends of the winding roller 31, the
adhesive 11c may not necessarily cover the entire circumference of the
laminated strap 11a, but ins read cover a part thereof . 



For e:~ample, as shown in rig. 27, the adhesive 11c may 10 be applied on
each side surface of the strap coil 1i in the form of stripes which stem
from: three circumferentia'_1l spaced positions and e_jts.__^.d a=ong the
whole radial length of the strap coi= 11 . In thi s arrar:gement, a11
layers of the strap 11a laminated 1~ along the ax.iai ends of the winding
roller 31 are bonded together by the adhesive 11c (Fig. 28). In further
another arrangement shoran in Fig. 29, the hot-melt-type adhesive 1 1 c is
coated in the melted state on the entirety of the inner cylindri cal
surface 20 of the strap coil 11. As illustrated in Fig. 30, the adhesive
11c solidifies to bond together the adjacent rows of the helically wound
strap 11a which constitute the innermost cylindrical surface. As a method
of such adhesive coating, the melted 2~ hot-melt-type dhesive 11c is coated
on the outer   68 cylindrical surface of the winding roller 31. The strap
11a is wbund on the adhesive-coated winding roller 31 to form the strap
coil 11. After the adhesive 11c cools and solidifies, the winding roller 31
is .7 diametrically contracted and remo ved out of the strap coil 1.. This
arrangement facilitates the coating of the adhesi ve 11c, but it does not
adversely affect she removal of the winding roller 31 from the strap coil
11. 10 In a11 embodiments of the adhesive-bonded strap coi 2 11 as
mentioned,above, it should be noted that the strap 11a is peelar~_y bonded
by the above-exemplified adhesives. As shown in Figs. 31 and 32, the strap
coil 11 1~ obtai ned in any of the above-descri bed manners may have both
side surfaces covered by a pair of pads .2. The resulting strap coil unit
10 is suitable for transportation and storage. 20 2. PACKAGING STRAP COIL
UNIT With reference to Figs. 31 and 32, a packaging strap coil 10 is
prepared by placing a pair of pads 12 on both side surfaces of the strap
coil 11. Each of the pads 12, which is made of corrugated cardboard, etc. ,
2~ is shaped in a disc whose outer diameter -s   69 substantially the same
as that of the strap coil 11. In the centre of the pad 12, there are formed
tcJ2lve central flaps 12a which can be folded into the cylindrical hollow
11b of the strap coil 11. The annular area surrounding the central flaps
12a constitutes a ring 12b which is held against the s=de surface of the
strap ccil 11. Fig. 33 is a plan view of the pad 12, with the central flaps
12a unfolded. The central flaps 12a are 10 folded along a circular dashed 1
ine 12c given along a 



concentric circle of the pad 12 and which has a di ameter substantia'_ly
eaua'_ tc that o. the hollow llb defining the a is of the s trap co'_1 11 .
'"%:e area ancircl ed by z'.~:e dashed lire 12c is cut along twelve
dividinc lines 1~ whi ch radi all y e~,tend from the centre of the
encircled 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 folded along the dashed line 12c into the hollow 11b defining
20 the axis of the strap coil 11, at a right angle to the ring 12b which
surrounds the encircled central flaps 12a. As a result, the pad 12 provides
a hole in the centre thereof which opens through to the hollow 11b. In
order to secure the pad 12 on the strap coil 2.7 11, an adhesive is applied
on the entirety of one surface   70 of the pad 12 which is to face the side
surface of the strap coil 11. The adhesive peelabiy bonds the pads 12 and
the strap coil 11 together, wherein the rings 12b of the pads 12 a=a bonded
to the side surfaces of the strap coil 11, and the cen~ral f 1 aps 12a a=a
bonded to the inner cylindri.ca~ surface of the strap coil 11 surrounding
the hollo',a 11b. A method for producing the s trap coil unit 10 is
hereinafter described in detai 1. First of a11, a strap 10 11a is wound
into a s trap co i 1 11 . In the mean tine, a pair of pads 12 shown i n
Fig. 33 are prepared and coated 'Kith an adhesive, w_th the central flaps
12a unfolded with respect to the rings 12b. The pads 12 are then
~.CS:.v.l0ned, aS Shown In F=g. 3'1., Such that tl?c'' ad'.^.2 1~
sive-coated surfaces of the rings 12b correspond to the side surfaces of
the strap coil 11. The rings 12b are pressed against the side surfaces of
the strap coil 11 to effect adhesive bonding between each other. Lastly,
the central flaps 12a in the pads 12 are 20 folded along the dashed lines
12c, at a right angle to the rings 12b, into the hollow 11b formed along
the ax=s 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   71 strap coil
11 and prevent deformation. or bent or the edges of the strap 11a locating
at the side surfaces of the strap coil I1. Hence, during transportation or
storage, a plurality of strap coil unit 10 can be safely piled up on one
another, ~~ith their a=ies al? gned in the vertical direction. Fur~her in
this strap coil unit 10, the central flaps 12a are turned into the hollow
11 b formed along the aai s of the strap coi 1 11, 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
11b. Due to she adhes'_ve-bonded central flaps 12a, the i nnermost end of
the stray 11a does not unwind by itself and so the strap co_1 11 remains
irm and solid, even 1~ when the innermost strap end is not ined by melt
bonding or the like. When used in ar. automatic packaging machine for
automatically strapping a corrugated cardboard box er other ,_tems with the
strap 1_a, the strap coil unit 10 20 is loaded on a strap coil reel mounted
on the packaging 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. 'i'he smooth draw'_ng-ouL acti on of the strap 11a is not
deterred by the presence 2~ of the pads 12 which are adhesive-bonded on the
side   72 surfaces of the strap coil 11. This is because the bonding
between the pads 12 and t:~e side surfaces of the strap coil 11 is
efficiently established in such 



a small area, which is the edge of the strap 11a i constituting the side
surfaces ef the strap coil 11, that the strap 11a is not subjected to an
e::c~ssive adhesive strength. Besides, the innermost e:~!d of the strap 11a
peels off readily from the central f'_aps 12a. rnThen the strap lla runs
out in the strap coil unit 10 10, there remain a pair of pads 12. Each pad
12 can restore the original, flat form by returning the central flaps 12a
level to tha ri::g 12b. :_s the pads 12 _r~ ilat form are suitable for
transportation and storage, it is easier to reuse them repeatedly. 1~ As
the adhesives coated or. one surface of the pad 12, use can be made of
common rubber-based adhesives and acrylic adhesives. The species of such
adhesives are not strictly specified, provided they exhibit a required
adhesiv= strength :with respect to ~he edge of 20 the strap 11a. The
adhesive may be substituted b_~ a both-sided adhesive tape. In this case, a
both-sided adhesive tape may be stuck on the entirety of o::e sur=ace of
the pad 12, prior to the formation of the dividing lines for central flaps
12a. Thereafter, the central 2~ flaps 12a are cut out of the taped pad 12
along the   73 dividing lines given inside the dashed line 12c.
Incidentally, the material of the pad 12 is not limited to corrugated
cardboard paper. Eor example, the pad 12 can be made of relatively
recyclable materials such, as cardboard, polypropy?ene (PP), polyethylene
terephthalate (PE'='), polyethylene (2E) and other thermoplastic resins .
The pad 1 2 is shaped in a disc with a thickness of about 0.5 to 5 mm,
whose outer diameter is about -_10 mm with respect to that of 10 the strap
coil 11. In the above description, the pads 12 are mounted cn the strap
coil 11 by fi rst positioning a pair of flat pads 12 with unfclded central
flaps 12a on the side surfaces of the strap coil 11 and then inward 1 y
folding 1~ the central flaps 12a. As an alternative process, one of the
pads 12 with fo_ded central flaps 12a may r~2 set on one end of the winding
core of a winding machine, 



prior to the winding of the strap 1 la. After the strap lla is caound into
a s trap coil 11 and the wi::di ng core 20 is removed from the s trap coil
11, the other pad 12 is mounted on the other side surface thereof to
complete the strap coil unit 10. Since the preset pad 12 prevents the strap
coil 11 from unwinding during the production, the finished strap coil 11
already includes 2~ a preventive structure against its unwinding or   74
disintegration during transportation and storage. Further, the second pad
12 can be set en the thus stabilised strap coil 11. Therefore, this
arrangement ensures eff=cient productivity. In case an adhesive i s coated
on the 2ntiretv of one surface o= the pad 12, i~, is advantageous to out
release paper on the adhesive-coated surface. The release paper prevents
bonding between the pads 12 piled up on top of each other and thereby
enables safe lU transportation of a large number of the pads 12. As shown
in Fig. 35, the pad 12 may further comprise a pl urality of tri a^gul a.
elternal fl aps 12d cahich project outwardly from the outer circumference
of the pad 12 and which are circumferenti all_r eguall y 1~ spaced from
each other. To provide a strap coil unit 10, a pair of pads 12 are firstly
positioned face to face with one side surface of the strap coil 11.
Secondly, the central flaps 12a are folded inwardly. Lastly, the eternal
flaps 12d are folded onto the outer 20 cylindrical surface of the strap
coil 11. The external flaps 12d are thereby adhesive-bonded to the
outermost strap end as well as the outer cylindrical surface of the strap
coil 11. As a result, the outermost end of the strap 11a is not drawn out
from the strap coil 11. 2~ Further, the pad 12 may include a centre hole in
75 lieu of the cen~ral flaps 12a, provided the innermost end of the strap
11 a is fi:{ed by melt-bonding, etc. in the strap coil 11 whose a:~is is
defined by a hollow 11b. A pair of pads 12 which includes a hole i n place
of the central flaps 12 are likewise positioned and bonded wit!u an
adhesiTre to the side surfaces ef the strap co'_1 11. Nlhen the strap coil
units 10 are piled up or. one another, the pads 12 of this kind also
prevent deformation or bent of the edge of the strap 11a LO constituting
the side surfaces of the strap coil unit 10. 



Another embodiment of the strap coil unit 10 is described wits reference to
Fi gs . 36 to 38 . Fig. 3E (a) is a rront view showing another strap coil
uni t of the 17 present invention, provided with a shape retention plate
which is to^ger than the i nner circumference of the strap coil; and Fig.
36 (b) is a front view o~ the same, provided with a shape retention plate
which is shorter than the inner circumference of the stray cci 1. 20 Fig.
37 is a front view of a shape retention plate applied to the,strap coil
unit. Fig. 33(a) is a perspective view of another shape retention pl ate;
and Fig. 38 (b) is a section thereof as applied in a strap coil. 2~ As
mentioned above, the strap coil iI has the   76 innermos t end of the strap
11a f fixed by melt-bonding, etc. so as not to unwind or disintegrate. The
strap ceil unit of this embodiment is characterised in comprising a flat
shape retention plate 92 which is rolled and inserted into the hollow 11b
of the strap 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 plastics in a ground state. The length of the
shape retention pla~e 92 is substantially the same as the circumference of
the hollow 11b of the stray coil li, and its width is substantially the
same as that of the strap coil ii. 1~ When rolled into a cylinder, the
shape reten~ion plate 92 is constantly subjected to the resilient farce to
recover the original flat shape. Therefore, on its insertion into the
hollow 11b, the resilient force stresses the shape retention plate 92
against the inner 20 cylindrical surface of the strap coil 11, whereby the
shape retention plate 92 supports the inner cyli ndrical surface of the
strap coil 11 . 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 tha;_  



the inner circumerence of the strap coil li and leave a gap between the end
portions (Fig. 36(b)). Fig. 37. illustrates a modification of the shape
retention plate 92 mentioned above. In the shape retention plate 96, one
end portion thereof includes a pair of slits 93 oriented parallel to the
widthwise sides, whereas the other end portion comprises a pair of
extensions 94 having a width corresponding to the slits 93 . The shape
retenti on plate 96 is rol_ed and 10 inserted into the hollow 11b, with the
e:~tensions 94 fitted in the slits 93 . When the shape retention pl ate 96
i s stressed by the resi l ie;.t force against the inner cylindrical
surface of the strap coil 11, the extensio~:s 94 are released front the
slits 93. The shape 1~ retention p=ate 96 advantageously prevents slide or
slippage of the, end portions. For the same purpose, the end portions of
the shape retention plate may compri se a pair of inverted L-shaped
extensions, which are hooked with each other 20 i n the Polled state. Any
other arrangement -s possible, as far as the end portions of the plate are
detachably connected with each other. PThile the end port'ons e` the plate
are detachably connected, the shape retentio^ plate may overlap at the end
portions or at the con 2~ nectable portions only.   Fig. 38 shows a farther
modified shape retention plate 97 which comprises edge pieces 95 which
sticr: out from both lengthwise sides o the shape retention plate 92 . In
this embodiment, a strap coi 1 can fit on shape retention plate 97 between
the edgy pieces 95. Therefore, the shape retention plate 97 does nct slip
out from the strap coil, even when the strap coil is repeatedly loaded and
unloaded wi th respect to the nee of the automatic packaging machine. In
addition, the 10 edge pieces 95 reinforce the edge of several inners.ost
laysrs wound along the axial ends of the strap- coil, and prevent the
disintegration thereof. A ny of the above-mentioned shave retention plates
92, 9o a..^.d 97 is reusable and therefore economicall;.~ 1~ advantageous.
As specific examples, three shape retention. plates caere made of a resin
sheet comprising recovered polyester and used paper in a ratio of 2:3.
Sample _ has a wi dth of 190 mm, a length of 700 mm and a thickness 20 of 1
mm. Sample 2 has a length of 600 mm, in which two slits (length x width: 35
x 30 mm each, parallel to the widthwise direction of the plate) are
provided at 50 



mm inside of one end therecf, and two extensions (length t width: 100 x 30
mm each) are integrally provided on 2~ the other end. Sample 3 has the same
dimensions as the   79 Sample 1 and further includes three 3-mm-high edge
pieces equally spaced on each lengthwise side of the plate. Each Sample was
rolled and inserted into the hollow of a pol ypropylene strap coil, where
the Sample was pressed by its resilient force against t'.^^~e inner
cylindrical surface of the strap coil. Eor 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 LO
loading/unloading, none of the strap coil backed bl~ Samples 1-3 shocaed
unwinding or disintegration on its .znr:er cylir.dr~ cal surface. In a
comparative exampl a performed with respect to a polypropylene strap coil
~~~hich was not backed b;,- a shape retention plate, th 1~ inner
cylindrical surface of the strap co=i was untaounc: after five times of
loading/unloading. 3. AUTOMATIC PACKAGING MACHINE The following description
is di~ec~ed to an 2U automatic packaging machinefor strapping a corrugated
cardboard box or other items with the use of the coreless strap coil 11 of
the present i nvention. The operation of this automat_c packaging machine
is schematically illustrated in Fig. 39. 2~ An automatic packaging machine
40 includes a   80 stand 41 for resti:-!g an item 47 such as a corrugated
cardboard box and an arch 4 which stands over the item 47 placed on the
stand 41. 2 cassette-type strap coi 1 reel 50 loaded with the coreless
strap coil 11 is installed on the e::ternal s'd~ of the stand 41. With the
scrap coil 1; loaded on the reel 50, the strap 11a is drawn. out by a pal r
of feed roll ers 43 inside a keen box 44 of the stand 41 and temporarily
stored therei n. The strap 11 a held in the keep box 44 is 



!U conveyed by a shooter 45 and a pair of draw-ou~ tellers 46 to the arch
48.The strap 11a proceedsalongthea=ch '-'_8 and strapsthe ite^v 47 placed
on thestand4? .Fig. 40 (a)and (b) illustrate t~n~otypesof , packagi ng
machir.~es ~C wh_ch c.i ffer in the installatio:~ 1~ position of the strap
coil reel 50. In Fig. 40 (a) , th2 spindle for the reel 50 is housed inside
the stand 41. In Fig. 40 (b) , the spindle 49 for the reel 50 projects from
the external side of the automatic packaging machine 40. 20 The packaging
machine of the present inventio^~ is equipped with a strap coil reel which
is applicable to both types of packaging machines. Fig. 41 is a section of
the cassette-type strap coil reel 50, with the coreless strap coil 1I
loaded. 2~ TY:e reel 50 is equipped with a cover 57 for covering   81 the
side surface of the strap coil 11. Fig. 42 (a) is a section of the reel 50,
wi th the cover 57 and the strap coil 11 removed, and Fig. 42 (b) is a side
view thereof taken in the direction of the arrow A in Fig. 42 (a) . ^he
strap coil reel 50 comuri ses a side plate 51 pl acid on the external side
of the stand 41 and a screw rod 52 which is rotatably mounted on and
perpendicularly projects from the side plate 51. As illustrated in Fig.
40(b), the screw rod 52 is 10 integrally fitted on the spindle 4 which
perpendi cularly projects from the external side or the stand 41. The
rctatior~ of the spindly 49 is stopped by a spindle brake 42. The screw rod
52 is external ly threaded ar.d integrated at the e::tre:,^,e end with a
har~dl a 15 53 for tu=ning the screw rod 52 . A cylir.dr_cal s1 id-ng
member 54 is screwed on the screw rod 52, whereby the sliding member 54
sides in the axial directions of the screw rod 52 in cooceration with the
turn the=eo=. The screw rod ~2 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 axis of the core less 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 hollow 11b thereof. Each core
plate 55 is linked with the sliding member 54 screwed on the screw rod 52
by a pair of parallel link rods 56. The four core places 55, corresponding
pairs of link rods 56 and sliding member 54 constitute a parallel 1ir_~:
mechanism. Accordingly, wizen the screw rod 52 is turned to displace the
sliding member 54 away from the side plate 51, the parallel link mechanism
uniformly brings the core plates 55 closer to the screw rod 52. On the
other 10 hand, when the screw rod 52 is turned reversely to displace the
sliding member 54 toward the side cover 51, the para=1 el 1 ink
r~.echanis:n uniforml y brings the CO=c plates 55 far ti'.S~ a'ria~l f=Om
the screw rod 52. ~'ILlere the S11Q_nC: m::^'.ber 5G iOCateS C1 OseSt t0
tile side 1~ pl aye 51, as il lustrated in Fig. 43 (a) and (b) , the core
plates 55 situate remotest from the screw rod 52. Li!dcr this condition,
the core plates 55 are circurrferen tial ly spaced from each other along a
concentric circle of the screw rod 52. 20 When the core element is inserted
in the holloca 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
cylindrical surface of the strap coil 11. In this state, the cover 57 of
Fig. 44 (a) 2~ and (b) is put on the side surface of the strap co'_1   



83 11. The cover 57 comprises a cover disc 57a which core esponds to the
side surface of the s trap coil 11 . The cover disc 57a also incl odes, in
the middle of the radius thereof, fou= p=o~ections 57b :which
perpendicularly extend from the cover disc 57a and which are
circumferentially equally spaced from each other. The tip of each
projection 57b forms a hook. While the core plates 55 are displaced
remotest from the screw rod 52, the project=ons 57b e:~ter the space 10
defined by the core plates 55 and have their tips hooked at the internal
surfaces of the core plates 55. On this cassette-type strap coil reel 50,
the strap coil 11 is l oadea aCCOrd? ng to the fol low-nc steps. 1n tile
reel 50, w=th the COVr 57 i s ~er:;OV2d, the hand i o 15 53 integrated en
the e:~treme er.d of the screw rod 52 is operated to turn the screw rod 52
i n a given di rection . In this connection, the sliding member 54 moves
away from the side plate 51, and the core plates 55 uniformly slide closer
to the scre~,a rod 52. Consequently, the 20 core plates 55 form a core
element of reduced diameter. With reference to Fig. 45 (a) , in which the
core plates 55 locate in the vicinity of the screw rod 52 to form a
contracted core element, the strap coil 11 is fitted en the core element,
with allowing the core pl ates 55 2~ to enter the hollow 11b formed along
the axis of the   84 strap coil 11. The strap coil 11 is allowed to slide
along the core element until its side surface contacts with the side cover
51. Nez:t, referring to c_g. 45(b), the handle 53 is operated to turn the
scre.a rod 52 in the reverse direction. This time, the sliding member moves
toward the side elate 51, and the core plates 55 uniformly slide away from
the screw rod 52. Conse 



quently, the core plates 55 e_~pand the diameter of the 10 core element.
=~t this moment, the external surfaces of the core plates 55 unifor~r._y
come in contact with the =peer cylindri cal surface of the strap coi_ 11
surrounding the hcllo.a Ilb. By displacing the core plates 55 still further
away from the screw rod 52, the 1~ core plates 55 are pressed harder
agains~ the inner cylindrical surface of the strap coil il. The screw rod
52 can be turned until the sli ding member 54 comes closest to the side
cover 51. In the end, the core plates 55 which are slidab'_e in a uniform
and 20 synchronised manner constitute a cylindrical core element of
circular section, whereby the core element presses on the inner cyl
indrical surface of the strap coil 11 to shape the hollow 11b into a
circular section. Thus, the core element composed of the Core plates 2~ 55
can rectify the deformation of the hollow 11b of the   85 strap 11 . As
shown in r ~ g. 46 (a) , when the hollow 11b, which should be circular in
section, is deformed into an oval section, the strap coil 11 has a
similarly deformed oval section. Nonetheless, the core element i s inserted
in~o the hollow 1'_b by reduci ng its diameter. Once inserted in the hollow
11b, the co=a element is diametrically e~:panded by disp 1 acing the core
plates 55 away from the screw rod 52 in a un~for:n and synchronised manner.
Eventually, the core element 10 re-forms the hollow l~.b and the strap coil
11 into a circular section (Fig. 46(b)). Pfter the strap coil 11 is fixed
into a circular section, the cove. 57 is put on the s tray coil .1 . 1s
s:-:own '_n Fig. 45 (b) , the su=face ef the cover disc 5 7a 1~ which
mounts the projections 57b is pos~tior.ed face to face wi th the side
surface of the strap coin 11. Inside the core element provided by
displacing tha core plates 55 farthest away from the screw rod 52, the
projections 57b are allowed to advance into the space the_ei;~, with 20 mai
ntaining contact with the internal surfaces of the 



core plates 55. In due course, the cover aisc 57a comes in contact with the
side surface of the strap co_1 11, in which state the hooks at the tips of
t~~e projections 57b check the internal surfaces of the core plates 55 2~
as shown in Fig. 41. The cover 57 is thus held on the   86 core element,
with the cover disc 57a covering o;.e side surface of the strap coil 11.
Following the loading or the strap coil 11, the reel 50 is mounted on the
spindle 49 of the packaging machine 40. While the strap ~.~.a is drawn our
from the strap coil 11, the ree_ 50 rotates al ong ~ait:^, the strap coil
11. As specifically described above, the inner cylindrical surface of the
strap coil 11 is supported 10 on the entire e~~ternal surface of the core
element composed of the ccre plates 55, and thereby stressed into a
circular sectional shape. accordingly, even when the strap 11 a .s consumed
to the innermost 1 ayes Or f':2_ghbOU=1,^:C~ _ayerS ~=lere0^, t~':e StraG
C011 1 l~ remains firm and so 1 id and enables the strap 11a to be stably
drawn out to the innermost end. The reel 50 is preferably made of a light
material such as aluminiu:l, except the screw red 52 and some other members
that require rigidity, whereby the reel 50 20 rotates efficiently in
drawing out the strap 11 a from the strap coil 11 but it stops readily when
rotating by inertia. The reel 50 of his embodiment is designed to
accommodate a strap coil 11 of the following 2~ specification. The strap
coil 11 is prepared by   87 helically winding the strap 11a. St=ap
11aiIatsrial .polypropyleneLength .2,000 m6'didth .15.5 mmThickness :0.65
mmS~:ran coi ]~ 11Inner diameter . 250 mm10 (diameterof the hollow
11b)Outer diameter . 455 mmG~d a i g h t. Q . 6 ~~ g .-n ~~"?e .eel 50,
t::e ccre plates 55 are des_gned to give 1~ a core element havi:~g an outer
diameter of 250 mm, as measured when the core pl ates 55 locate remctest
from 



the screw rod 52. In order to test the packageability of the specially
designed reel 50, the packaging machine 40 20 was practically operated to
strap various items, as equipped with the reel 50 which was loaded with
ti:e above polypropylene strap coil 11. In each polypropylene strap coil
11, the innermost and outermost ends of the strap 11a were bonded as shown
ir. :ig. 1 by the 2~ melt-bonded areas 11e formed along the periphery of
the   88 perforations lid. The strap coils 11 were then, deformed into an
ova; section, respecti vely, with an eccentricity ratio of ..00, 1.05 and
1.10 (calculated as the ratio of longes t inner diameter/shortes t inner
diameter in the'holloca 11b). The past proved that, while the deformed
strap coils 11 were loaded on the reel 50, none of them showed unwinding or
disintegration of the strap 11a on the innermost cylindrical surface of the
strap coil 11. Besides, lU every strap coi 1 .1 i n the reel 50 allowed the
packag_ng machine 40 to draw out the strap 11a smoothly to the in:.ermost
end. Fig. 47 is a side view of another strGp co-1 neeE0 w_ch tha s~.rap
coil 11 loaded thereon. ^he 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, wi th the strap coil 11 and the cover 67 removed; a^d Fig. 4 (b) is a
front vieca 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 descri ption
of its operation, with the strap coil and the cover removed: and rig. 49(b)
is a front view of Fig. 49(a) taken in the direction. of the arrow A. The
reel 60 2~ includes a screw rod 62 which is externally threaded   89 at the
e:~treme end and adjacent portion thereof, and a disc-shaped fired plate 63
which is secured at the basal end of the screw rod 62. The screw rod 62 and
the fi:.ed plate 63 are posi ticned perpend~cul arty with respect to each
other, wherein the screw rod o2 extends through the centre cf the fixed
plate 63. Tine whole circumference of the fixed plate 63 is defined by a
guide portion 63a which projects toward the extreme end of the screw rod
62. The projecting edge of the guide 10 portion 63a is slightly inclined
with respect to the axis of the screed rod 62. The disc-shaped fi::ed place
63 is squipped wit'.^. a pair of core halves 64 which surround the screw
rod 62 anci which constitute a cere eleme:-_z t0 be i r_serted 1~ into the
hollow .1b of the strap coil 11. Each of the core halves 64 comprises a
nearly half-cylindrical core plate 64a and a half-annular flange 64b,
wherein the flange 'o4b projects outwardly and perpendicularly from the
basal side of the core plate 64a fitted in the fiVed 20 plate 63 . 6~Jhen
confronted to each other, a pai r of core halves 64 constitute a hollow
core element i n the forr-t 



of a truncated cone. The basa 1 side of each core plate 64a surrounds a
half-circumference of the guide portion 63a of the 27 fixed plate 63. At
both ends of the basal side, the   90 core plate 64a is pivoted on the
guide portion e3a by pins 65, such that the extreme side of one core pl ate
64a can approach and recede with respect to the counterpart of the other
core plate 64a. 'i'he 1 ateral sides of each core plate 64a are ir.cl=ned
Ye_ative to the flange 64b, se that the core plates 64a car. fo=m a
truncated core when the extreme sides thereof are allowed to approach
mutually. As shown in Fig. 47, the threaded extreme end of l0 the screw rod
62 is screwed with a nut o', after tine core element is completely fitted
with the strae coil 11 and then. vrit,-? z'r.e cover 67. Fig. 50(a) is a
side view of the cover 67, and Fig. SG (b) is a front vi ew of Fig. 50 (a)
taken -n the 1~ direction of the arro~rr ~. ^he cover 67 comprises a cover
disc 67a which includes a hole 67b in the centre for passing the scraw rod
62. From one surface of tine cover disc 67a, a pair of guide pl ates 67c
pro jeCt perpendicularly at two opposite positions or. a 20 concentric
circle of the hole 67b. Each guide plate 67c is curved along the
circumference of the concentric circle of the hole 67b, and its width
decreases gradually toward the head thereof. Between the guide plates 67c,
a pair of parallel 2~ push plates 67d extend perpendicularly from the cover
91 disc 67a at tcao opposite positions with respect to the hole 67b . The
push plates 67d are tapered towards their heads and project slightly longer
than the guide plates 



67c. On this strap coil reey 60, ~he strap coi 1 11 ~ s loaded through the
following process. Firstly, with reference to Fig. 51 (a) , the ex_tre:ne
sides of a pair of core halves 64 are pivotally confronted to each other,
so that the core plates 64a together constitute a core 10 element in
truncated cone form, ,pith one end be_r.g diametrically contracted. The
core element composed o~ the confronted core plates 64a is inser ted, from
its contracted end, ,i nto the hollo.a 11b of the strap coil 1.. 1~ ;6hen
the core element advances in the hollow 11 b to a certain degree, the side
surface of the strap coil 11 comes in contact w-th the flanges 64b of the
core halves 64, as shown in Fig. 51 (b) . At this stage, the covar e7 is
posit-oned to the core halves 64 such that 20 each guide plates 67c can
advance between the opposing lateral sides of the core plates 64a. By slidi
ng the cover 67 toward the strap coil 11, the heads of the push plates 67d
enter the space enclosed by the core pl ates 64a, with pivotally displacing
the core plates 64a in 2~ the direction of separating the e~ttreme sides
thereof   92 from each other. after a while, the heads of the guide plates
67c advance along the opposing lateral sides of the core plates 64a, with
pivo tally displacing the core plates 64a in the ciirection of separating
the extreme sides thereof further from each other. By sliding the cover 67
to the limit, the push plates 67d and guide plates 67c epe:. the contracted
end of the core element composed by the core p'_ates 64a. Hence, the core
element is forced into a cylindrical form which has a 10 circul ar section
and an axiall v uniform diameter. In consequence, the external surfaces of
the core pl ates 64a are pressed against Lhe ? nner cyl indrical surace of
the strap coil i1 to retain the circuia= section ~ r a r ~ 0 = . [~ r~ihen
the core plates 64a are oriented to form a core element in a cyli ndrical
form, the fl anges 64b of 



the core halves 64 stand perpendicularly to the screw rod 62 and contact
with one si de surface of the strab coil 11. In this state, the extreme end
of the scre,~r 20 62 projects from the cover disc 67a through the 'r.ole
67b provided in the cen~re thereof, whit a the cover disc 67a contacts with
the other side surface of the strap coil li. To complete the loading of the
strap coil ~.1, the 2~ cover disc 67a is secured to the screw rod 62, as
shown   93 in Fig. 47, by screwing the nut o on the e.:treme end of the
screw rod 62 projecting from the cover disc 67a. In packag'_ng use, the
strap coil reel 60 loaded with the strap coil 11 is mou.^.ted or, the
spindle a9 of the packaging mach;ne 40. The reel a0 of this embodiment is
desig^:ed to accommodate a strap coil 11 of the following specification. ,
The strap coil 11 is prepared by helically winding the strap 11a. 10
StrayP-Iate=ial .polyprop_~'_eneength .2, 500r~~~?_dLf; .15.5mm1~ Thickness
:0.65mmStrap coil 11Inner diameter .2C0 mm(diameterof the hollow 11b)Outer
diameter .450 mm20 ~rle fight.12 kg In the reel 60, the core plates 64a are
designed to Give a core element having an outer diameter oz 200 mm, as
measured when the core plates 64a are expanded 2~ diametrically.   94 In
order to test the pac'.:ageability of the specially designed reel 60, the
packaging machine 40 was practically cperated to strap various items, as
equipped with the reel 60 which was 1 oaded with the above polypropylene
strap coil 11. In each polypropylene strap coil 11, the innermost and
outermost ends of the strap 1Ia were bonded as sho~.an in Fig. 1 by th a
melt-bonded areas lie 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 (calculated
as the ratio of 1 ongest i nner diameter/shortest in^er dia:^.eter in the
:;cllow 11b) . The test proved that, while she c;eformed strap coils 11
were loaded on the 1J reel 60, none o~ them showed unwinding or
disintegration of the strap 11a on the _nnermost cylindrical surface of the
strap coil 11. Besides, 



every strap coil 11 in the reel 60 allowed the packaging machine 40 to draw
cut the strap 12a smcothiy to the 20 innermost end. The reel 60 is
preferably made of a light material such as aluminium, except the core
halves 64, the fired plates 63 and some other members that require
rigidity, whereby the reel 60 rctates efficiently in dra~,aing out 2~ the
strap 11a from the strap coil 11 but it stops readily   95 when rotating by
'_nertia. In the above embodiment, the screw rod 63 is designed to be fi
tted en the spindle 49 of the packaging machine 40. Alternatively, the
screw rod 62 may be integrated with the spindle 49, or it may p_ay a dual
role of the spindle 49 and the screw rod 62. It should be understood that
the components of the core element in the reel 60 are not limited to a pair
of core halves . The core element may be composed 10 of a plural_ty of core
pieces (e. g. quarter core pieces). Still another strap coil reel 70 is
illustrated in Fig. 52 (a) and (b) , ta',^.erei:. Fig. 52 (a) is a section:
anc =ig. 52 (b) _.s a schematic section taken along the 1~ line B-B in Fig.
52 (a) . The reel 70 includes a hot lo~N shaft 71 which fits on the spindle
49 of the packag_ng machine 40. The spindle 49 extends through the insi de
of the shaft 71 and terminates on the outs=de thereof . The shaft 71 and
the shaft 49 inserted therethrouah are 2U rotatable in synchronism. The
distal end of the spindle 49, which projects out of the shat 71, is formed
with a groove 49a. One end of the shaft 7. corresponding to the basal end
of the spindle 49 concentrically holds a disc-shaped side plate 72. 2~ The
shaft 71 is surrounded by four core plates   96 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 substan~ialiy the same length as the a::ial length of
the shaft 71, and each is curved in the 5 circumferential direct_on of the
shaft 71. The 



internal surfaca of each core plate 74 holds a pair of sl iding shafts 73,
each being appropriately spaced from the other in the axial direction of
the shaft 71 and extending in the radial direction of the shaft 71. ~. 10
pal r of slidi ng shafts 73 are sl idably accommodated in a pair of
cylindrical holders 75 mounted on the shaft 71. .gin a11, four pairs cf
holders 75 extend radiall y f=om the shaf t 71 , as circumferentially
equally spaced 1~ from each other. In each pal r, the two holders 75 are
separately disposed in the v_cir_ity of the ends of the shaft 71. Each
sliding shaft 73 is slidably and herme tically fitted i n the holder 75 . A
pal r of s'_iding 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 w
hick communicates with every holder 75. 3oth ends of the air passage 71a
open at the distal end surface cf the 2~ shaft 71 corresponding to the
distal end of the snindle   97 49. One end of the air passage 71a is an air
inlet lib equipped with a check valve, and the other end is an air outlet
71c which is opened and closed by an air outlet cock 77. ~rlhen compressed
air is injected in the air inlet 71b 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'ts 73 fitted in the holders 75 to slide outwardly against the stress of
the tension springs 76. The distal end of the spindle 49 extending through
the shafts 71 is concentrically fitted with a disc 1~ shaped cover 78. The
cover 78 is secured on the spindle 49 by a nut 79 screwed dewn along the
groove 49a formed at the distal end of the spindle 49, with keeping in
contact with the edges of the core plates 74. In the reel 70 of this
structure, the strap coi_ 20 11 is loaded in the foil owing manner. To
begin with, 



the nut 79 and the cover 7~ are detached from the spindle 49. At this
stage, each core plate 74 is stressed toward the shaft 71 by the tension
springs 76 fitted on a pair of sliding shafts 73. Therefore, the core 2~
element composed of the core plates 74 is diametrical ly   98 contracted
and approaches the shaft 71. While the core plates 74 constitute the core
element of reduced diameter, the strap coi 1 11 is fitted or. the core
plates 74. Even if the strap coil 11 has a deformed oval section, the
contracted core elemer:~ allows easy fitting of the strap coil il. After
the strap coil 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 7.. Since the air outlet 71c remains
closed by the cock 77 throughout the air introduction, the air fed into the
air passage 71a i s suppl led to a11 holders 75 . The air pressure allows
the sliding shafts 73 fitted in the holders 75 to slide 1~ outwardly
against the stress of the tension springs 76, whereby the sliding shafts 73
mounted in pairs on the core plates 74 outwardly displace the same in a
uniform and synchronised manner. As a result, the core element composed of
the core plates 74 expands diametrically, 20 until the external surface of
each core plate 74 is pressed against the inner cylindrical surface of the
strap coil 11. 'In association with the expansion of the core element, the
section of the strap coil 11 is re-formed into a circular section, even if
deformed 2~ into an oval section.  



99 Once the strap coil 11 obtains a circular section, air injection is
terminated at the air inlet 71b. Owing to the check valve at the air inlet
71b, the air charged in the air passage 71a will not leak out. Finally, the
cover 7 is fitted on the sp-_ndle 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 40 can strap an
item 47, with drawing out the outermost end of the strap 11a which locates
on the outer cylindrical surface of the strap coil 11. 6~lher. the reel 70
runs out ef the strap 11a in the strap ccil 11, the air charged _._ the air
15 passage 71a is discharged by operating t:~e cock 77 to open the air
outlet 71c. While the air flows out, each core plate 74 constituting the
core element yields to the stress of a pair of tension springs 76, whereby
the core element contracts diametrically. 20 Fig. 53 schmatically
illustratesfurther another embodiment of the strap coil reel. The strap
coil reel 70' i s basically similar to the reel 70 shown i n Fig . 52. The
difference lies in that the shaft 71 is combined with the spindle 49 of the
packaging mach=ne 2~ 40 and that the~spindle 49 includes an air feed line
100 49b and an air discharge line 49c each communicating with the air
passage 71a in the shaf t 71 . Although not shown in the figure, tension
springs are fitted cn a pair of sliding shafts 73 mounted on each core
plate 



i 74. The air feed line 49b and air discharge line 49c in the spindle 4~9
are connected to a rotary joint 81. A compressor 83 supplies compressed air
to the rotary joint 81, via an air filter 84, a regulator 85, an oiler 10 ~
86 and an electromagnetic feed valve 82. Passing through the rotary joint
81, the compressed air flows into the air feed line 49b. On the other hand,
the air coming ~rom the air discharge line 49c flows out through the rotary
joint 81 and an electromagnetic 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 rel easing 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 At the next stage, the strap coil 11 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 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 7a (Fig. 54 (c) , (d) ) , the electromagnetic feed valve 82 is
released to suppl y compressed air into the holders 75, through the air
feed line 49b in the spindle 49. F_s the air pressure allows 1~ the sliding
shafts 73 fitted in the holders 75 to slide outwardly, the core plates 74
are outwardly displaced in a combined and synchronised manner and
even~ually pressed against the inner cylindrical surface of the strap coil
11 (Fig. 54(e)). P7hile 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 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 electromagne~ic discharge valve 87 is released to
discharge the air charged in the holders 75 through the air discharge line
49c (Fig. 54 (g) , (h) ) . In consequence, the core plates 74 yield to the
stress of the tension springs and thereby contract the core element
diametrically. It should be understood that the mode of the 10 present
invention should not strictly limited to the embodiments ~hereir.before
described. For example, the strap 11a of the strap coil 11, which is made
of an olefinic resin or other thermoplastic resins in the above
embodiments, may be prepared by coating a 1~ thermoplastic resin on the
external surface of a base strap made of paper or fibres.   Substitute
sheet - 3 January 2003 103 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 1o 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 2o 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.   Substitute sheet - 3
January 2003 104 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 
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