;e3et Zf\ 6Te9S. | ~~~AGl~~~ 1 n~~~a~~~ Packaging Strap Coil and Method for
Produci-ng the Sanme, Packaging Strap Coil Unit and Packagi ng ghine

Equi pped with Stra‘ﬁ Coi | “TEE@ J BACKGROUND OF THE | NVENTI ON WMWMMM ly

invention rel ate “ “Mmmm% ing strap coil which is made u
wound t her nopl ast kagi ng strap and used in strappi ng *waBé«0us

itenms, and a net hod f*opo@dt oduci ng t he | U same. The present invention al so

relates to a packaging strap coil unit conprising the strap coil, and
further relates to a packagi ng machi ne equi pped with a strap coil reel for
| oading the strap coil on an automatic pac~; agi ng machine. |~ A tape-like

t her nopl asti ;dE&agipackagapocsil aphd Meddyed PobdakiappLAge famerrugat ed
cardboard box or the like. The resin strap is usually nmanufactured by
extrusion-rnoul ding an olefdwigihhesrpphasidia resin ahdge. pol ypropyl ene

pol yet hyl ene terephthalate) into 2U a required flat tape shape, in which
case draw ng anﬂa&k&%ﬁ@hj Na Ohi hECEHAS R S Witk K | €drapt cati1a Heée exceeding
the extrusion rate. The stretched resin strap is helically wound up on a
tubul ar paper core to forma strap coil. 25 The strap coil is | oaded on an
aut omati ¢ packagi ng 2 machi ne, together with the tubul ar paper core. A

strap thegein i s successi A yxER8VWADOUE tTuEStIMPERTEOR Ugat ed car dboard box

or li~:e item Wen the strap coil runs out of the strap, it consists of
the tubular paper opf& prihePAPehveais Has-rbegreRBIiedabypdbeagtihgp and
may not be reused as the core of the pacl~:aging strap coil. If the paper

core is staingd-yhtha syRthet CiEe%'ldheba§§d selhesing: i khigyenybahks to
make a material for recycled paper. The tubul ar paper core, which is no

l'onger 10 availabhg8,3% & RAPE LA € U ci@adBLET 1 8L 59T ERaYClLSdaPapar, is
only to be discarded. Di sposal of the paper core, however, still requires
tranSportatiOQEEQQpW@%tgarious items, and a method for producing the
10 same. The present invention also relates to a
packaging sfrap coll unit comprising the strap coil,
and further relates to a packaging machine equipped
with a strap coil reel for loading the strap coil on
an automatic packaging machine.
13 A tape-like thermoplastic resin packaging strap
is employed for strapping a corrugated cardboard box
or the like. The resin strap is usually manufactured
by extrusion-moulding an olefinic thermoplastic resin
(i.e. polypropylene, polyethylene terebhthalate) into
20 a requlred flat tape shape, in which case drawing and
stretching of the resin 1is 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.

25 The strap coil is loaded on an automatic packaging



treati ng expenses. In view of the above problens, Japanese Patent 1~
Application Laid-open No. 315690/1995 (JP-A-7-315690) discloses a corel ess
packagi ng strap coil and a nmanufacturing nmethod thereof, wherein a
packaging strap is helically wound in the absence of a paper or |ike core.
As shown in Figs. 57 and 58, the coreless 20 strap coil 205 has a
cylindrical hollow 206 at its axis . Th& innernost end of the strap 204 is
nmel t- bonded at a nelt-bonded area 241 with another strap | ayer overlaid on
the top side thereof. To produce this strap coil, a strap 204 is wound 2~
on a winding roller 201 conprising a pair of separable 3 right/left

rol l er conponeintisiA03, t233thkirrsith,tide whardr fagde cstraap 204tirspwound in
one turn along the mddle of the axial length of the winding roller 201

where the righiételh 19ldBIc£OMPROEP $r 208,024 3 AL rja@l Beshr JhgALeldhe strap
204 provides another |ayer thereon. The |am nated strap |layers are nelted

and bonded ta-£288oathekoky oapplifiend rdieatisk i rome §hesgbyofior pung a
mel t - bonded area 241 . Once the innernost end of the strap 204 is fixed, a

predet er m ned, h engt Rhaf s1Qabhei stdaps 204 si ¢ Wound i 1thepeptd 8osur.f ace of

the winding roller 201 to forma strap coil. Finally, the right/left roller
conponent§ 208y e 13 0F dHEWM DN £ Ald Fe 2y AR ditsdQd R aRd, heoved
fromthe strap coil . Thus obtained is a corel ess packagi ng strap coil 205.

I~ In this packagiigegtLapck0idord her fixed, d Ongymst sepdokotihe strrap is
not drawn out into the hollow at the axis. Theréefore, the strap coi

remains firmgapd éﬁ%ég EYeD JUrd NG ALANSPOR LAl e n IWep tdiSnsbharLoil is
| oaded on an automatic 20 packagi ng machine, the strap is drawn out from

the outernost, gndsand usedefof S11 PR NG ALY hY9REED 1capdbpar g hey or |ike
itens. As nentioned above, a heated iron is used to heat a predeterm ned

area on the | amipatedpor tin,of L Re 2oy SEHR Wapnd. QN s the, pi pdipg ol ler,

so that the |am nat ed

10 avallable as a paper core or a material for recycled
paper, is only to be discarded. Disposal of the paper
core, however, still requires transportation and waste
treating expenses.

In view of the above problems, Japanese Patent

15 Application Laid-open No. 315690/1995 (JP-A-7-315690)
discloses a coreless packaging strap coil and a
manufacturing mgthod thereof, wherein a packaging
strap is helically wound in the absence of a paper or
like core. As shown in Figs. 57 and 58, the coreless

20 strap coll 205 has a cylindrical hollow 206 at its axis.
The innermost end of the strap 204 is melt-bonded at
a melt-bonded area 241 with another strap layer
overlaid on the top side thereof.

To produce this strap coil, a strap 204 is wound

25 on a winding roller 201 comprising a pair of separable



4 strap portion is nelted and bonded together. However, as the iron fails
td give a stable heating tenperature, the bonding strength of the |am nated
strap layers may vary from batch to batch. Provided the innernost end of
the strap is bonded too strongly, nanmely, provided the nelt-bonded area
possesses too high a peeling strength, the bonded area may not peel readily
when used in the packagi ng machine. In nme cases, the strap may be
partially torn off at the rigidly bonded area. 10 Actually, when a strap
coil is |loaded on the automatic packagi ng machine, the strap is drawn out
along with the rotation of the feed rollers. If the lamnated | ayers of the
strap are bordeght6destr greglyer thamperdnts| 283s rfaly3 f aifit ot prel tokf the

strai layers, and worse, |~ destroy thenselves, depending on the rotation
power. The stgtaprtopk bhet h&rpm @O 4arts wenirfesis qmor ecwehegisng Abea strap
coil is prepared by lamnating a strap in a spiral form it is somewhat

ext ended i n tieddXeab fdithecta:oie 1 Al ¢ hotighothéhienmeémiosty enadl bért RE€120 strap
is bonded with a layer or layers |am nated thereon, the rest of the

i nnernost roartseoé the stigpt tbektwhiodd eaxiadhyonengkb@ir3 t hzl boaded strap
end are left un bonded with res~iect to the |layers | am nated thereon. Such
a strap céil j@aynddw ndhem,cothapserap tdet Zormondbonded Erea. 1ays rFor
transportation or storage, the prior art strap coils are laid horizontally
and stacl ~: edtioartop .of TeachLatheatas showp iMafegs Bre widhcebeaad is
oriented vertically. Usually, a pair of strap coils 101 are vertically
storEd in a package €shoawh yriamgivnapyllyim) a kaehest fapngothet@byhas
uneven side surfaces by nature, where the edge of the strap 10la sticks out
in some | ayersorMhien & mpd Ltabohyeafasés @ ol IanddEhar enhairthoaxd swidse
vertically on top of each other, as 10 shown in Fig. 55, the edge of the

strap 10la prefeehiengti=gnide 54 dei seaf agepreldethasinap tohhrhObrcan be
bent or deformed. The strap coil 101 which 1 ncludes a strap bent or

def or med (@n tHReed@e as 1@5Siki kebid @ ENSHE ee §EBQEN sSUPP e 06 £t R@eSt T ap
10la in the automatic 1~ packagi ng nachi ne.
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.
I3 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 f£irm and
solid even during transportation.
When this strap coil is loaded on an automatic
20 packaging machine, the strap is drawn out from the
outermost end and used for strapping a corrugated
cardboard box or like items.
As mentioned above, a heated iron is used to heat

a predetermined area on the laminated portion of the

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



To protect the side surfaces of a strap coil, the strap coil 101 is
conventionally transported or stored in the formof a strap coil unit shown
in Fig. 56, which includes a pair of disc pads 102 applied on each side 20
surface of the strap coil 101. Each disc pad 102 is made of cardboard and
formed wth a central hole 102a which corresponds to the cylindrical hollow
101a at the axis of the strap coil 101.4A pair of pads 102 are integrally
joined on the side surfaces of the strap coil 2~ 101 by a plurality o
straps 103. Each strap 103 ties 6 the strap coil 101 and the pads |02
toget her, passing a:~ially through the hollow of the strap coil 101 and the
hol es of the spatisp H2r ahdnt hemedxi &t laph Cbossiat thhe it er adwadeical
surface of the strap coil 10l. Since the cardboard pads 102 cover both side
surfaces of tdhetster apoeonifki1@1ltotdevedge tefo Idhessitiapy bk evenref it may
unevenly project or sinl;, is protected fromdeformation or danmage.

nonet hel ess, dihe quepasatd Onefftaush paeckaghNgat@dss t appCDAl eBi hayli S not a
si npl e task, because the process requires positioning the pads 102 on both
side surfaces;pfytheostbapceoth BQicand thersafd@rcdeyiingnéhesstogatiher by a
plurality of straps 103. As for an automatic packagi ng nachi ne equi pped 1~
with a stsap £oidhd e@ira{adi@p@dsaa@d teb paeka@iing amnid ey atowateaal |y,
the strap coil reel usually acconmpdates a strap coil conprising a strap
wound ar ound thd UR18T-PaPEE d CRa TP sSklsar Lokbor agl gh nal uskes1 angor e

el enment which is inserted into the paper 20 tube and supports the sanme . As
the core el enBhtendBEr e ABY ed &g ARtLIMA yCib L d Tale ot I UE L WBah
conprises a cylinder whose dianeter is slightly smaller than the inner

di aneter of the JaPelh de:n@ dvieendar at helofod SIddICt WL siR Aphingly three
paral l el rods support the 2~"inner cylindrical surface of the paper tube at

three 7 cingunbarentda §y +@4enl ¥r 8PaGEd: ROSILI PNS1 y Ob o dd At apLat e
structure which conprises a pair of parallel

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 st'rap are bonded too strongly, the feed

rollersmay fail to peel off the strap layers, and worse,

15 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 witha layer or layers laminated thereon,

the rest of the innermost rows of the strap coil which

axially neighbour the bonded strap end are left un-

bonded with respect to the layers laminated thereon.

Such a strap coil may unwind or collapse at the

23 non-bonded area.



pl ates. When the core elenent of the strap coil reel holds a tubul ar paper
core, the strap coil reel is rotated by the inertia force generated while
the strap is drawn out fromthe strap coil by the feed rollers .
Unfortunately, in inserting the core elenent into the hollow of the
coreless strap coil, friction with the gore el ement may i nduce the strap
coil tounwind I0 or disintegrate on th& inner cylindrical surface thereof.
Besides, this core elenent is not applicable to a coreless strap coil which
has a defornmed oval section and thus an oval hollow, which is often

observed during and after transportation of the strap coil. If 1~ the core
el enent of the strd®TofFF2RERP 'ER/M " beTi nse? ¥ 28i nt'd . BELSFNedE ol | ow,
it is inpossible to |pad a defornmed strap coil on the strap coil reel. In

fact, if the Sdor¥P eFehbft 2EEmpriised Ahr 2N bat all 8Rdr §d¢ dreh PaiFodf fl at
plates, it can enter 20 a hollow of a strap coil having a slightly deforned
oval section.cNe@ett aEh&Fsa s widin dBchigi rumstidic88e eSS i Mgt E§Hi ndri cal
surface of the strap coil surrounding the deforned hollow cannot receive a
ci rcunferent i Iyieglall-y Hissifdrised Foreer AE & Te3Rl £01wberd 4 herSkrap 2~
coil gets thinner, the hollow of the strap coil may be 8 further deforned
into a trPangldsilcasiivorstrred sgiarfe BRELpBA, EhIwaded dmahenzbyYe
el enent of threeparallel-rod structure or flat-plate structure, re
spectivel y. Afime) allEathesstrpap cocil ¥eklhzannoeverawiolt ssfzapsfromthe
strap coil snoothly. |vioreover, the strap coil reel fails to draw out the
strap to the af tiatetee endhéor ohherdgeasbrishe Siree thkardtacksncet the
strap coil reel depends on the

in some layers. When a plurality of strap coils 101

are laid axiswise vertically on top of each other, as
10 shown in Fig. 55, the edge of the strap 10la projecting

from the side surfaces of the strap coil 101 can be bent

or deformed., The strap coil 101 which includes a strap

bent or deformed on the edge is less likely to ensure

smooth supply of the strap 10la in the automatic
13> packaging machine. .

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

20 surface of the strap coil 101. Each disc pad 102 is
made of cardboard and formed with a central hole 102a
which corresponds to the cylindrical hollow 10la at the
axis of the strap coil 10l1. A pair of pads 102 are
integra.lly joined on the side surfaces of the strap coil

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



inertia force generated in drawing out the strap, the 10 strap constituting
the strap coil may bite into the core elenent and get'entangl ed or

di sintegrated, when the strap'coil beconmes thinner. cc”urthernore, where
the strap coil reel is installed on the outside of the automatic packagi ng
machi ne, there are sonme 1~ possibilities of hurting an operator. Wen the
nel t - bonded end in the coreless strap c&1 is peeled off fromthe bonded

| ayer, it may violently spring back along with the rotation of the strap
coil reel, possibly at an operator. 20 SUMWWARY COF THE | NVENTION In order to
sol ve the above problens, the present invention provides a packaging strap
coil and a nethedsterappreducilng tmel saee pasteridn ddeetmaer npsksend of 2~
the strap is firmy fixed to prevent unw ndi ng or 9 disintegration of the
strap coil, amgi&unithenrddhghstiiaphbslismotthlthedrsawautoid the dhbi mate
end when enpl oyed for strapping an item Another object of the present
invention is the~hprevide thpacrdAgdiorgasldr apeeodkiHilly, cwbeseiny kthe
effectively prevents deformation and bent at the edge of the strap which
constitutes thetsirdeQurddcesanf sargackad Mocisé r aprapi lccganpra si ng a
helically wound strap. Besides, this strap coil unit is manufactured in a

10 sinpl esmanner. Asfdetharhobiaetibefatde,paesantz i ayevti Wb is t@qprovi de a
packagi ng machi ne equi pped with a strap coil reel, wherein the core |ess

strap coil, eygprihtedelar Mk cambe-d padesh onchhecgheaprcohk Leekbpwi thout
sacrificing 1~ its firmy coiled state. Wth this strap coil reel, a strap
can be 'drawnguh,safely and stahby tondPenultigmife@Ndor 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 strép coil 101 and thereafter tying them
together by a plurality of straps 103.
As for an automatic packaging machine equipped
15 with a strap coil reel and operated for packaging an
item automatically, the strap coil reel usually
accommodates a strap coil comprising a strap wound
around a tubular paper core. The strap coil 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

25 inner cylindrical surface of the paper tube at three



In view of the above-nentioned objects, the present invention provides a
packagirng strap coil 20 conprising a nunber of |ayers of a packaging strap
wound helically and corel essly around a holl ow defining an axis of the
strap coil, the strap being made of a thernoplastic resin at |east on an
external surface thereof, wherein a plurality of perforations are 2~
pierced in the vicinity of an innernost 7strap end 10 through to a
plurality of strap layers |am nated thereon, and wherein the |am nated
strap layers are bonded to each other at a nelt-bonded area fornmed al ong

t he periphery of each perforation. In this pac)':aging strap coil, it is
desirable to provudéeaepitural ity ofepéeyf osabicarns piericedons,therviai nity of
an outernost strap end through to a plurality of strap |layers |am nated

t hereunder. I|tlsheplldtlkestundetstreodht batcampheseaph astiicof®bisesinepackagi ng
strap enployed in the present invention conprises at |east a thernoplastic
resin. This nepaseshat whkee sheaporey cQemIhnsSeo a thersmphastbit fesin al one.
But, on the other hand, the strap may be made of a fibre, paper, etc. whose
surface is caat edswat c @b dtatheap asét e, r edian. stbagover,l ired heipackagi ng
strap coil, it is preferable to prescribe the perforation as to the
circunferentipbthendt by cnafigeraikofonnd peskirhard hrieef tas ywekhpas the
nunber of |am nated strap |ayers 20 through which the perforation should
extend. Thesei pad aarhebatare otet@remsnetd rcod ew pft Hdes s@d e d Al e rshi ckness
and wi dth of the packaging strap. Thereby, the |lam nated strap |ayers

exhi bit a bal anced dbendi-Agnsiteangt hnaingls peelinggt 5& rene Bl 2= rASidescri bed
above, the strap coil of the above 11 structure is characterised in that
the | am nat edc haygbs 1oy d¥e tHLidU A y1 06 st B rlapneyomst st @pi éAdware bonded
t oget heratt henel t - bondedarea. The nelt-bondedarea provides a stable bonding
strength and sREVES ras eliRen &OF endf 1heustr @R eLdraicRi1essl tnwliRa strap

coi

10 or disintegrate on the 1inner cvylindrical surface
thereof. Besidés, this core element 1s not applicable
to a coreless strap coil which has a deformed oval
section and thus an oval hollow, which is often observed
during and after transportation of the strap coil. 1If
15 the core element of the strap coil reel cannot be
inserted into a deformed hollow, it is impossible to

load a deformed strap coil on the strap coil reel.
In fact, 1f 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

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



does not unwi nd or collapse on the inner cylindrical surface. Besides, ~the
strap can be stably |lam nated on the bonded |layers to forma solid strap
coil. When perforations are provided in the vicinity 10 of an outernost
strap end through to a plurality of underlying strap |layers, the strap wll
not unwind fromthe outernost end. This _arrangenent thus saves the trouble
of firing the outernost strap end by taﬁi ng or thermal nelt-bonding. 1~ The
perforations are judiciously designed to hold the bal ance between the

bondi ng strength and the peeling strength at the bonded | ayers of the
strap. Therefore, on the one hand, the |am nated portion of the strap is
mutual | y bondedrwhéh destableel bondi agt 20asyréngt heatt ittlne onekts hpoaded ar ea
formed al ong the periphery of the perforation. On the other hand, in use of
the strap coidscthenhomed lstadgd | ayershpeealond f epreopert yodt theee-

mel t - bonded area, instead of being forcibly torn away. 2~ In this
connecti on, tdwerpieséntrddventwonurel? mpriohd deslat pr eductd o eret hed of the
above strap coil which conprises the steps of: w nding an innernost strap
end on a W ndpgctoklkar .andfitara patli,ngha ptoplddyl ekellayensoandthe
innernost i strap end; piercing the lamnated strap |layers with a
perforatos heaiedat etaau efisirer thaed trappercat urenod hriLgby to forma
perforation and nelt its periphery; w thdrawing the perforator fromthe

| am nated 10 strap hayebsetrQ melet shorup tdel perdphefyi 0§ tbhedpeanf onati on;
winding a required |l ength of the strap helically on the winding roller to
forma strap €wélst o808 terME 00 thilhe tw BeidngotodtRerfradm éhe. stsapceoi | . 1~
In the production nmethod, the winding roller may expand or contract

di anetri cal | yyhdheotiaadier o of thike i Nghbngorial | el sqaeypandedt mwhithe the
strap is wound thereon to forma strap coil. Thereafter, the winding roller
i's diametrical hyreent Facied gank re®yeth fdoan i hg 2Qtsthaps€okb, the
Incidentally, the perforator may be in the form

10 strap constituting the strap coil may bite into the core
element and get entangled or disintegrated, when the
strap coill becomes thinner. Furthermore, where the
strap coil reel is installed on the outside of the
automatic packaging machine, there are some
possibilities of hurting an operator. When the
melt-bonded end in the coreless strap coil is peeled
off from the bonded layer, it may violently spring back
along with the rotation of the strap coil reel, possibly
at an operator.
20
SUMMARY OF THE INVENTION
In order to solve the above problems, the present
invention provides a packaging strap coil and a method
for producing the éame, wherein the innermost end of

25 the strap is firmly fixed to prevent unwinding or



of a needle or a plate. Further, the present invention provides another
nmet hod 'f or produci ng a packaging strap coil conprising 2~ the steps of:

13 winding an innernost strap end on a winding roller and |am nating a
plurality of layers on the innernost strap end; irradiating a | aser beam on
the lam nated strap layers, thereby to forma perforation and nelt-bond its
peri phery; winding a required | ength of St he strap helically on the w nding
roller to forma strap coil: and renpoving the winding roller fromthe strap
coil. 10 In this production nethod, too, the winding roller nmay expand. or
contract dianetrically. The diameter of the winding roller is expanded

whil e the strapsistequad idrereonthe fotma sbridp cond. fikeneaft ethet he
winding roller is diametrically contracted and | ~ renoved fromthe strap
coil. In any ofrépeiabewe oppraducd i omn netbods, the g tineord advddtw@hphescri be

the circunferential length, configuration and position of the perforation
as well as thenpusbes dfod ai napednbayer $tefm t he strap through 20 which the
perforation should extend. These paraneters are deternmned in view of the
mat eri al , thi cknessamneheirdids jafct hef paeakagi 1 st £ apnvEheriehy, i $ heo
| am nated strap | ayers exhibit a bal anced bondi ng strength and peeling
strength. 52~ gpothase proswekhgnnget bedap acoeedl ensbapesherein it
effectively prev,ents deformation and bent at the edge
of the strap which constitutes the side surfaces of a
packaging strap coil comprising a helically wound strap.
Besides, this strap coil unit is manufactured in a
10 simple manner.
a further object of the present invention is to
provide a packaging machine equipped with a strap coil
reel, wherein the coreless strap coil, even if deformed,
can be loaded on the strap coil reel without sacrificing
15 its firmly coiled state. With this strap coil reel,
a strap can be 'drawn out safely and stably to the
ultimate end.
In view of the above-mentioned objects, the
present invention provides a packaging strap coil
20 comprising a number of layers of a packaging strap wound
helically and corelessly around a hollow defining an
axls 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

25 pierced in the vicinity of an innermost strap end



14 perforator provides a perforation of circular section, and a

pl at e- shaped perforator provides a perforation of rectangul ar section or
ot her section correspondi ng tothesectionof theperforator. Alternatively,

| aser beamirradiati on can provide a perforation of snmaller dianeter by
removi ng the conponents in the irradiation area. In another aspect,
conpared to the use of needl e-shaped or1Q)I at e-shaped perforators, the |aser
beam application requires | ess expendabl e conponents. 10 Frorn anot her
point of view, the present invention provides a strap coil which conprises
a nunber of |ayers of a packaging strap wound helically and corelessly
around a hol lowadefhnitng an pxusadfi tiyheo §t raprapi |1 aydes stiraapi et estg made
of a thernoplastic resin at |least on 1~ an external surface thereof,
wherein a pordHeeofi, t @ dstwragx sv chheonsiiitnk esdaatiraperl agyd i sndat eal
surface surrounding the hollow is peelably bonded by an adhesive to anot her
portion of thesdedpo lemdhioshsla ap €0id 1t thenddkieskve- bondedga tangbe 20
effected in various manners. For exanple, a portion of the strap helically
wound in the tHeigd & ypbé riyhe fhek Ebw aay olre tpieet abl In bonide g by ani aghesi ve
to another portion of the strap lam nated on a top side thereof

Qtherwi se; a digpl ¢dy1of ikayerdest ruba esttraap daani dated 2Arral bhg efAch axi al
end of the hollow may be bonded nutually 15 peel ably by an adhesi ve.

Al ternativel ypeaf Pt HE @birtsy pafe rathf acemt t hews iefi ntiey ke iacaldut ewxumsit st rap
may be bonded nutual |y peel ably by an adhesive which is applied on the

i nner cyl i ndrd €gpswiace nswiueundong t e iadlovy Bre adhepi vesyéps the
above enbodi nents may be solvent-type or hot-nelt-type. Still another

met hod for proguchigea RME@OIAN@estrap coil conprises the steps of:

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 resinalone.
But, on the other hand, the strap may be made of a fibre,
paper, etc. whose surface is coated with a

15 thermoplastic resin.

Moreover, in the packaging strap coil, it 1is
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 stréngth.

25 As described above, the strap coil of the above



10 wi nding an innernost strap end helically on a winding roller to form an
i nnernost strap | ayer; applying an adhesive on a top side of the strap
wound on the winding roller winding a required length of the strap
helically |~ on the adhesive-applied portion of the.strap to forma strap
coif and renoving the winding roller fromthe strap coil. In the above
production method, the adhesive may be tbated by pressing a coating roller
of an applicator 20 against the innernost strap |layer wound on the w nding
roller. Instead, the adhesive may be continuously injected between the

i nnernost strap |ayer wound on the winding roller and a strap which is
bei ng | am natedrthéneen]swikdr 4 bheeuseedf imrn rappltheal aninkitek meyes sal ong 2~
the latter. 16 Yet another nethod for producing a packagi ng strap coi
conprises theisteps voiciwingi B ahe Anerdrosis Sty @apagnenonaaewboadirg rol |l er,
wi th applying an adhesive on a plurality of layers of the strap | am nated
al ong each axtabeene roh ttdre: wendi-ig nddd eteaM ndihrgnmal £eguinded beagt h of
the strap to forma strap coil; and renoving the winding roller fromthe
strap coil. 1frbetedien, o he atheshiyedtnn be reprgajechroh ddeveayesstak t he
strap |l am nated al ong each axial end of the winding roller. Now, the descr
ption turns tecaepackagiag std@pceOil. unkt aoketsha hr esents t avpntban. The
packagi ng 1~ strap coil unit~conprises: a packaging strap coil conprising a
packagi ng strapewourd heldicad | yr ansll copekessl ¥ har dwitk A dwl 1 eaedekilni ng t he
axis of the strap coil, the strap being nmade of a thernoplastic resin at

| east, on an gxternal. 2@ urdace ther eof apandna yeaist 251 ¢li semshaped pads,
concentrically positioned and peel ably bonded by an adhesive on each side
surface of thensthap LHded 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 from
the outermost end: This arrangement thus saves the
trouble of fixing the outermost strap end by taping or
thermal melt-bonding.

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

20 strength at the melt-bonded area formed along the
periphery of the perforation. 0On the other hand, in
use of the strap coil, the bonded strap layers peel off
properly at the melt-bonded area, instead of being
forcibly torn away.

25 In this connection, the present invention



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 holl ow defining

the axis of the strap coil. Desirably, each pad may include, on the outer
circunference thereof, a plurality of external flaps which are fol ded on
the outer cylindrical surface of -the strap coil. Another packaging strap

coil unit of the present inventionh conmpt?ses : a packaging strap coi
conprising a packaging strap wound helically and core |essly around a

hol | ow defining the axis of the strap coil, the strap 10 being nmade of a

t hernopl astic resin at |east on an external surface thereof; arid a shape
retention pl aim¥bddesubspanidadt yogcovethng ble tinerbawd | idrapakosarface
surroundi ng the hollow. Wen the shape retention plate i s roll ed and
inserted intovhiihehhebhpwilseofthbesstpapodgai |, it is capable of supporting
the inner cylindrical surface of the strap coil with a resilient force

i nanunrol | i ngdi r ectw Did i Rged eriaiaknd eshaps eabeshizonipkatne haslarnmutual |y
connectabl e portion at each | engthw se end portion. Further, the shape 20
retention pl aied NBymEABRAINSE ad ppaida 0ft gldt sLd e ARdoh Nt hbeivhebmbsy of and
oriented parallel to one widthw se side, and a pair of extensions
projecting frontripeeather w dt hwi se side. Wien the shape retention plate is
rolled and inserted into the hollow, the extensi ons are 2~ fitted in the
slits. In addition,pibecshapetnet enhin@RatelB plate magyeopriwdiena plurality
of edge pieces provided on each | engthw se side thereof for holding a

Wi dt hwi se edgee pfot-he ot r AR a&QId - tbi Nal be ddte: Hesgeptiofipé sadukected to a
packagi ng machi ne. The pac~: agi ng machi ne of the present invention is

equi pped W t he Qe 5EHP+E0IEL rhe @l pWhirch Acicommpdates) @ Pasksgi pgnskkap coil
conprising a packaging strap wound helically and core |essly around a

hol I ow defining an @xigqaehwtiNgy Sthappeidordt®r SEEBR the laminated
10 strap layers to melt-bond the periphery of the
perforation;
winding a required length of the strap helically
on the winding roller to form a strap coil; and
removing the winding roller from the strap coil.
I5 In the production method, the winding roller may
expand or contract diametrically. The diameter of the
winding roller is expanded while the strap is wound
thereon to form a strap coil. Thereafter, the winding
roller is diametrically contracted and removed from the
20 strap coil.
Incidentally, the perforator may be in the form
of a needle or a plate.
Further, the present invention provides another
method for producing a packaging strap coil comprising

25 the steps of:



| U being made of a' thernoplastic resin at | east on an external surface
thereof. Wile the packagi ng nachine autonmatically straps an item the
strap is drawn out along with the rotation of the strap coil. The strap coi
1 reel conprises a core elenment which can contract 1~ diametrically in at

| east one end thereof so as to be inserted into the hollow of the strap
coil, and which can dianetrically expand3inside the hollowinto a
circular-section cylindrical shape so as to be pressed agai nst a portion of
the strap which constitutes an 20 inner cylindrical surface surrounding the
hol | ow. For a desirabl e packagi ng machi ne equi pped with the strap coi

reel, the core el eneihdincanpdsedrabsa ptoapldiy oof a earmed ph @atres Wt ch
constitute a cylindricalcircunferenceof theexpanded coreel enent, 2~ each
core plate beiang diagfilraceabfeaipLihgeliadi aF 1a39rdi bacthensnneldnddi s strap
coil reel, the core plates nmay be displaced by a |ink nechanismor by air
pressure . Eustheygmyea~in the strap coil reel nounted on a desirable
packagi ng machi ne, the core el enent nay be conposed of a plurality of core

pi eces which togetherGonsitines adsypcat el sanenvheansanrfrented-yth each
other. The core elenent of this arrangenent can contract dianetrically when

an extremes end aGfe 1AL It HeOF o PItRC o ERANB D G OSE4 £ 1 Ontded died - byhereas the
core U elenment can expand dianetrically when an e:~ttrene end of each core

pi ece separat ge figidey; away fromthe other. The packagi ng machine of the
present invention is advantageously equi pped caith the strap coil reel as

1~ described above. ,SIfién d NE rSfAR LPile AL P PR kY rbgnpans ey
packagi ng strap, the strap is prevented frombiting into the strap coil.

Therefore, the strab ¢ohbihgaded ither&l nebsnngi hers Aefor ped,ip section nor
unwound at the i1 nner cylindrical surface. Besides, by 2U designing the core

el ement to contract/r%%ﬁ% i@’{'@wﬁfﬂ%‘yt d1 fer I Hial@tar-of the core

el enent can be reduc ‘Ncr ease e strap coil reel can be | oaded

I e S T T A R e LR
the core roller may expand or contract diametrically. The
diameter of the winéing roller is expanded while the
strap is wound thereon to forma strap coil. Thereafter,
the winding roller is diametrically contracted and
15 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 balapced bonding strength and

peeling strength.

25 In these production methods, a needle-shaped



20 elenment is dianetrically contracted, it can be inserted wth respect to
t he defornmed hollow of the strap coil. Thereafter, the core elenent is
di anetri cal | yexpanded and pressed against the inner cylindrical surface of
the strap coil. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a perspective
vi ew of the appearance of a packaging sfrap coil of the present invention.
10 Fig. 2(a) is a section of the main p #t of the above packagi ng strap
coil; and Fig. 2 (b) is a section of the main part of another packagi ng
strap coil. Fig. 3 (a) is a side view of a perforator for formng a
perforation in the pacl~:aging strap coil of 1~ the invention; Fig. 3(b) is
a plan view theréofatand pEioy.ide g @) pesfarpltdrn nvbéw dfctiherpeetoiani,on
formed by the perforator. Fig. 4(a) is a side view of another perforator
for form ng aapérbopatiterstadde packagengrsprapyictis Xpof fohetinvent i on;
Fig. 4 (b) is a plan viewthereof; and Fig . 4 ( ¢ ) is a plan view of the
perforation fofneecbynyla apersfartatat .o FFiog.hedd{ aedtsi @n Sider ¥spondfingt i | |
anot her perforator for formng a perforation in the packaging 2~ strap coil
of the inventterzhdigcth(dy oifStige pleairortevor . 21n1 hereativand, Eigsex (C) is
a plan view of the perforation forned by the perforator. Fig. 6 (a) is a
si de vi ewsof yetmanetheriferdwradm foFiderapwr Bo pettionhabifoaman lkhe
packagi ng strap coil of the invention; Fig. 6 (b) is a plan view thereof;
and Fig. 6 (cyibmed e By YeRWvahdt Baepebhppakinars fiar trd byrabeapewnior at or.
area. In another aspect, compared to the use of
needle-shaped or plate-shaped perforators, the laser
beam applicatioq requires less expendable components.
10 From another point of view, the present invention
provides a strap coil which comprises a number of layers
of a packaging strap wound helically and corelessly
around a hollow defining an axis of the strap coil, the
strap being made of a thermoplastic resin at least on
15 an external surface thereof, wherein a portion of the
strap which constitutes an inner cylindrical surface
surrounding the hollow is peelably bonded by an
adhesive to another portion of the strap.
In this strap coil, the adhesive-bonding can be
20 effected in various manners. For example, a portion
of the strap helically wound in the vicinity of the
hollow may be peelably bonded by an adhesive to another
portion of the strap laminated on a top side thereof.

Otherwise, aplurality<3flayersof the strap laminated

25 along each axial end of the hollowmay be bonded mutually



Fig. 7 (a) is a side view of a further perforator for formng a perforation
il the packaging strap coil 10 of the invention; Fig. 7 (b) is a plan view
thereof; and Fig. 7 (c) is a plan view of the perforation forned by the
perforator. Fig. ~(a) is a side view of a still further perforator for
formng a perforation in the packaging |~ strap coil of the invention; Fig.
8(b) is a plan view thereof; and Fig. 816c) is a plan view of the
perforation formed by the perforator. Fig. 9(a), is a side view of a yet
further perforator for formng a perforation in the pac~;aging 20 strap
coil of the invention; Fig. 9(b) is a plan view thereof; and Fig. 9 (c) is
a plan view OEeteﬁ%bq%f fof ad h ona o5 ed byt he perdoral of . aFb8urlQGa), is a
devel opment showi ng the inner cylindrical surface surrounding the holl ow
11b in a 2~ pgekaghng e apo¢0i by and RedicHA(R) -dB)ndr &t rag2n@eyvelopnent s
each showi ng the inner cylindrical surface surrounding the hollow 11b in
the pac~: agi ngoSlidP offihailyOb bl HANeSENt 2 h NYEALLARe it cH1{3) afe)

rel at et oconparati ve enbodi nents. Fig. '11(a) is a devel opnment show ng the
inner cylindrieal, Syrfege synEeundi PRagibahl owrknca capyentional cpaper-core
strap coil, with the tubul ar paper core renoved; and Fig. 11 (b)- (e) are
devel opment's gagh sshowing the inner cylindrical surface surrounding 10 a
hollow in a conventional coreless strap coil. Fig. 12 is a table show ng

the test results reggrdingdo e 9&?0%_@9%%5@‘ efjrmoh@méﬁeg h3YeRtd on and

a conventional technology described in Fig. 10 and the conparatize

enbodi nent s dggggé%%liﬁbgigr %%tr%glﬁgk\gg.shoms various bondi ng patterns

at the end of a'thernoplastic resin strap as well as the peeling strength

nmeasured at the bonded,areas,, .each ter ein i ent i nber
and position of theggé% oﬁﬁﬁ%ﬁﬁg)TQgﬁ8g g8gﬁﬁﬁ%ikg$§6agg?égﬁggﬁgl ng the

relationship b%E%FeQ:tPf gi%nggg%gﬁ tgmgggr;oggtion and the peeling
strength at t Re "8l t“Yonded™area int¥he paég:aglhg strap coil 11 of the

pr esent inyention. FL%d.15 IS a.graph S omﬁggathe reIatins?%g 27 between

the wi dt hi se tensi '8 StFShgth of "EREPackagi Ay © 93 Stiap and % he

a
peel i ng st rengLi Alnd e, TELL-RYNded &R [ RnlDRRCTAU NG SYLap coil 11 of
applying an adhesive on a top side of the strap
wound on the winding roller;
winding a required length of the strap helically
13 on the adhesive-applied portion of the strap to form
a strap coil; and
removing the winding roller from the strap coil.
In the above production method, the adhesive may
be coated by pressing a coating roller of an applicator
20 against the innermost strap layer wound on the winding
roller. Instead, the adhesive may be continuously
injected between the innermost strap layer wound on the
winding roller and a strap which is being laminated

thereon, with the use of an applicator which moves along

25 the latter.



invention. Fig. 16(a)-(f) schematically describe a series of production
steps of the strap coil 11 in one enbodi nent of the present invention. Fig.
17(a)-(g) schematically describe a series of production steps of the strap
coil 11 in another enbodi nent of the present invention. 10 Fig. 18(a)-(9)
schematically describe a series of production steps of the strap coil 11 in
still another enbodi nent of the presentignvention. Fig. 19 is ,a partly

br oken- away perspective view of the appearance of another packagi ng strap
coil of 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 strapygeilan A& Imed2R) - £6) Wi{;ﬁl ly gesgLhaga series

of production steps of a strap coil with the use of the apparatids. "Fig. 23

(a) is a sectgggagf5%?q4ﬁﬁggpp%%?hyﬁg%ytéggdgggng the strap coil of the

present invention illustrates an operation thereof. 24

Fig. 24 is a perspe&&mtn\s! §xvi%fnetmo1e_§§e@fg;ng%d0£n%tvbikd%gtp@m@e'*: agl ng

strap coil of the present i nventi on. I's a schematic “conceptual view

of an apparatﬁgf‘gépggﬁgﬁ f},gr':ita%%es FP &r?ig'pﬁlugalg@yi§fal§?@ti:iﬁsggf0f the

mai n part of IS a perspective view o0

appear anceg of _yet ot her packagi stra ol l; t ng . .i_.nventi on.
Fig. 28 ig a E%Et?oganf?ﬁgnﬁgF% %g?Pgd?Q%ﬁégs %gﬁﬂggf%r%éggvléglfg a

per spective vggwhgg_the appearance of a further pac~;aging strap coil of
the present 1~ invéntion. Fig. 30 is 'a section of the main part of the

strap 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 strab laminated along each axial end of the
winding roller.

Now, the description turns to a packaging strap

colil unit of the present invention. The packaging
13 strap coil unit'comprises:

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

20 surface thereof, and

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

In this strap coil unit, each pad may.include,

25 in the centre thereof, a plurality of central flaps



coil. Fig. 31 is a partly broken-away perspective view of the appearance of
a'packaging strap coil unit of the 20 present invention. Fig. 32 is a
perspective expl oded view of the strap coil unit. Fig. 33 is a plan view of
a pad enployed in the strap coil unit. 2~ Fig. 34 is a perspective view
show ng a production 25 step of the strap coil unit wth the use of the
pad. Eig. 35 is a plan view of ahother PAd enployed in the strap coil unit.
Fig. 36 (a) and (b) are front views of another s trap coil unit of the
present invention, wherein the enbodi nent of Fig. 36(a) enploys a shape
retention plate |longer than the inner circunference of the strap coil, and

the enbodi menjn 0EnFhge 3616RM §MRIOKH A haRs, Iel €0t i Pf Phat gxshopker than
the inner circunference 10 of the strap coil. Fig. 37 is a front view of a

shape retentignepkateergyioyed dds {18, 541 ap el %Jalélnimta-y Ejrgclégega))ni S a
perspective view of another shape retention plate enployed in the strap

coi | unit; andhd~ Eiger38EB) it 3GAd ONHdELLPT T4 :;bsfurgi.gty?’gpifs a

schemati c conceptual view for show ng the operation of an autofatic

packagi ng mc@k@@ﬁ%fa_lt heflga(g?ée”&m" Byentd,on. +?deélo(@)n a%gb)?@ﬁgr

schematic views show ng 20 two nodes of installing a strap coil reel on the

packagi ng smachy e of; ey PLesEntoi BYeRYON L Hg o dhyls a section of a strap
coil reel "for accomodating the strap coil unit of the present invention.

Another packaging strap coil unit of the present
invention comprises: a packaging strap coil comprising
a packaging strap wound helically and corelessly around
a hollow defining the axis of the strap coil, the strap
100 being made of a thermoplastic resin at least on an
external surface thereof; and a shape retention plate
for substantially covering the inner cylindrical
surface surrounding the hollow. When the shape
retention plate is rolled and insertad into the hollow
15 of the strap coil, it is capable of supporting the inner
cylindrical surface of the strap coil with a resilient
force inanunrolling direction. Preferably, the shape
retention plate .has a mutually connectable portion at
each lengthwise end portion. Further, the shape
20 retention plate may. comprise a pair of slits formed in
the vicinity of and oriented parallel to one widthwise
side, and a pair of extensions projecting fromthe other
widthwise side. When the shape retention plate is

rolled and inserted into the hollow, the extensions are

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



25 Fig. 42(a) is a section of the strap coil reel, 26 with the strap coi
and the cover renoved and Fig. 42 (b) is a side view thereof ta);en in the
direction of the arrow Ain Fig. 42(a). Fig. 43(a) is a section show ng the
operation of the strap coil reel) and Fig. 43 (b) is a side view thereof
taken in the direction of the arrow Ain Fig. 43 (a) . Fig. 44 (a) is a
side view of the cover of the strap coil8reel; and Fig. 44 (b) is a front
view thereof taken 10 in the direction of the arrow Ain Fig. 44(a). Fig.
45(a) and (b) are sections showi ng the process of |oading the strap coil on
the strap coil reel. Fig. 46 (a) and (b) are front views show ng a strap

coil re-formesllibeongh t¢bRploadi AQ PiPSESSy br Flige PHetSspsbieaviyew of
another strap coil reel for accommodating the strap coil unit of the

present invendh Qhcin@n b 8 eisi de Hrle &d WS hbheisly aps c@thwieel for
accommodating the strap coil unit, with the strap 20 coil and the cover

renoved; and g@g QQ(Q}Ngssgggﬁoeglylem/thereof taken in the direction of
the arrow Ain Fig. 48(a). Fig. 49 (a) is a side view of the strap coi

reel, partially brokgpagway f%esh@wsr&llgtsw@erﬁslocmlrwctladZ tbheastrap
coil and the cover renoved; and Fig. 49(b) 27 is a front view taken in

the direCBiOQQQEKEBQn@erXQHAHéQ Fi ¢hf#90@)ckaging 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 axis of the strap coil, the strap
10 being made of a thermoplastic resin at least on an
external surfacethgreof. While the packaging machine
automatically straps an item, the strap is drawn out
along with the rotation of the strap coil. The strap
colil reel comprises a core element which can contract
15 diametrically in at least one end thereof so as to be
inserted into the hollow of the strap coil, and which
can diametrically expand inside the hollow into a
circular-section cylindrical shape so as to be pressed
against a portion of the strap which constitutes an

20 inner cylindrical surface surrounding the hollow.
For a desirable packaging machine equipped with
the strap coil reel, the core element is composed of
a plurality of core plates which constitute a
cylindricalcircumferenceoftheexpandedcoreelemeﬁt,

25 each core plate being displaceable in the radial



Fig. 50 (a) is a side view of the cover of the strap coil reel; and Fig. 50
(b) is'a front view thereof tal~:en in the direction of the arrow Ain Fig.
50(a). Fig. 51(a) and (b) are side views show ng the process of |oading the
strap coil on the strap coil reel. Fig. 52(a) is a section of still another
strap coil reel for accommodating the strap coil unit of the 10 present
invention; and Fig. 52(b) is a front vi éW t her eof . Fig. 53 is a schematic
conceptual view of yet another strap coil reel for accommobdating the strap
coil unit of the present invention, as nounted on an 1~ automatic packagi ng
machine. Fig. 54(a)-(g) illustrate a process of |oading and unl oading the
strap coil w threespectsto thetisisapteopl coeel réon,t heestobap edialtewni t,
wherein Fig. 54 (a) and (b) are a section and a front view, respectively,
20 show ng anmimgtibediictplycedepy dFilgnkbdéchaandm(d) tay @ iax seesisareand a
front view, respectively, show ng a succeeding step; Fig. 54(e) and (f) are
a section and a frorurtirewnséespechi Yeky s tslagnvdrwg la el hepusteceedi ng
step; and Fig. 54(g) and (h) are a section 2~ and a front view,
respectively, ashowif@obd Stpdd kg i derach 28e sucteei iy eStPenFinghy B2 1S a
perspective view of conventional strap coils in storage. Fig. 56 is a
perspecti e Viewpefsd CONVedional i syrap €0t phétesFigich7’tbgether
perspective view of a conventional strap coil. Fig. 58 is a perspective

vi ew showi ng aositsef taft s AdinNgn theeat Eapeedeacesndirbg tle®i & iRt kad rof
producing 10 the strap coil of Fig. 57. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBERILWWENTS The: peeher redegehedi gentthiof the qprpsestic i rention
are hereinafter described with reference to 1~ the drawings. 1. PACKAG NG
STRAP COl L ANBohES RROQUGH N METHOD i @n ol e%ta@ RS SRECH E s ot W af the
appearance of a packaging strap coil of the present invention. 20 The strap

coil 11 conpriges<d pbMedl idYobx| ayerenof cammackaghngesls apndladhelically
wound around a hollow 11b which defines the axis thereof. The strap l1lla is

made of ther mapleasid € &&ﬁféQhSnGeéh@ﬁéﬂ¥4égﬁﬂg POL ¥ PE AP¥LeReSe RGIyam des
and pol yet hyl ene tereph 2~ thal ate which have been drawn out about five to
ten timnes of each coré piece separates farther away from the
other.
The packaéing machine of the present invention
is advantageously equipped with the strap coil reel as
15 described above. Since the strap coil reel properly
tensions the packaging strap, the strap is prevented
from biting into the strap coil. Therefore, the strap
coil loaded therein is neither deformed in section nor
unwound at the inner cylindrical surface. Besides, by
20 designing the core element to contract/expand
diametrically (i.e. the diameter of the core element
can be reduced and increased), the strap coil reel can
be loaded with a deformed eccentric strap coil, while

effectively preventing unwinding thereof on the inner

25 cylindrical surface. To be specific, when the core



29 in the longitudinal direction to remarkably enhance their tensile
strength. The strap 1la has a wdth of about 10 to 20 mm and a thi ckness of
about 0.3 to 1 mm The strap lla ~ can be nmade of any thernoplastic resin
which inproves its tensile strength by drawi ng/stretching. A strap 1lla of
about 1, 000 to 2, 500 mlong is wound 2§I ically to give a strap coil 11
havi ng an axial |length of about 100 to 0O mm an inner dianeter of about
200 to 410 10 mm (as the dianmeter of the hollow 11b defining the axis
thereof), an outer dianeter of about 300 to 650 nm and a wei ght of about 10
to 25 kg. The innernost end of the strap 1la |locates at the middle of the
axi al | ength ofenhethok|bverdbritalfiygcortEayties aisexan e bhsehdest rap
11a, showing a portion in the neighbourhood of the hollow 11b in the strap
coil 11. A pervivhateenerkdtiostpredeédrined he limerrfosheentirel thélstrap 1la
surrounding the hollow 11b, through to a plurality of layers of the strap
11a 20 | am ndfedren fitleer t gfreskdeeod Lemenitnherdoste endcaThe ¢hosnHadi nat ed
| ayers of the strap l1lla are bonded together at a nelt-bonded area 1lle
forned al ong #he peeisplet podinhe pbef dnakirors ylllihd Thea pesiofarieonflld and
the nelt-bonded area 1lle 25 are fornmed by piercing the |lam nated | ayers of
the strap5 39hkl atwadh @ heated perforator fromthe hollow 11b side or
fromthe top side of the Iam nated portion of the strap l1lla, or by
irradiating a | aser beam Practically, the only requirenent for the
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of the appearance
of a packaging strap coil of the present invention.
10 Fig. 2(a) is a section of the main part of the
above packaging strap coil; and Fig. 2(b) is a section
of the main part of another packaging strap coil.
Fig. 3(a) 1s a side view of a perforator for
forming a perforation in the packaging strap coil of
135 the invention; Fig. 3(b) is a plan view thereof; and
Fig. 3(c) is a plan view of the perforation formed by
the perforator.
Fig. 4(a) is a side view of another perforator
for 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) 1is a side view of still another

perforator for forming a perforation in the packaging

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



perforation 11d is to pierce through the innernost end of the strap 1la and
at’ | east one lam nated | ayer of the strap 1lla so as to bond the. |am nated,
| ayers together at the nelt-bonded area 1le. Therefore, as shown in Fig.
2(a), the perforation 11d may pierce through the 10 entire thickness of two
| ayers | ami nated on the innernost end of the strap 1la. Alternatively, as
shown in Fig. 2 (b) , the perforation 14b may terninate in the middl e of
the second |l ayer |anm nated on the innernost end of the strap 1lla. 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) )
i s held perpehdicebdr| gnanfaghd der i39a(Han v3(dy of timd dwafedaabowe t he
melting point of the strap 1la. This 20 perforator 38 is inserted fromthe
i nsi de of thefhomkdwbllb:hatpet herwitdtrchwi se centre of the innernost end of
the strap 1lla, thereby formng a perforation 11d in the w dthw se centre of
the strap 1lla (Fi g.F3¢c¢)§{anaappsidatiiorw off yhe dreatiedrperfHDosabonbr38 into
2~ the innernost end of the strap 1la and the | ayers) 31 | am nat ed

t hereon, the peri phemynef at be rgerfaariaioriB& neldsc tog pnovs deap aelitl- bonded
area lle for bonding the |lam nated | ayers of the strap 1la. \Were the

i nner nost 3endodntghé henvyethiappi Rfgl.ageb) (is 8 pafant hées thaped¥a ane bonded
by the nelt-bonded area 1le forned al ong the periphery of the perforation
11d, the annukag.nmel(chonded anea Viewefdfeatheeler SeraesoaASE armere biyor

wi nding the strap 11a in the formof a coil. Due to the bonding, the

i nnernost endtat phe sdfapodla is neither drawn out 10 nor unwound. As the
perforator 38, there may be al so used a circul ar-section pin-type
perforator having arhgm 7sphetikCa(souadyipwidt { HktHda)penhbehtbs hel d
perpendi cularly on a holder 39 (Fig. 4(b)). This 1~ perforator 38 is

lil~ ew se heabedrabaved he prBlfd Mg POk Nin ofhd e sta@pndlacang koserted
fromthe inside of the hollow 11b into the wi dthw se centre of the

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 in the packaging

15 strap coil of the invention; Fig. 8(b) is a plan view
thereof; and Fig. 8(c) is a plan view of the perforation
formed by the perforator.

Fig. 9(a), is a side view of a yet further
perforator for forming a perforation in the packaging

20 strap coil of the invention; Fig. 9(b) is a plan view
thereof; and Fig. 9(c) is a plan view of the perforation
formed by the perforator.

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

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



i nnernost end of the strap 1la, thereby formng a perforation 11d in the

w dt hwi se centre of the strap 20 1l1a (Fig. 4 (¢c) ) . The section of the
perforators 38 is not limted to the circular section as nentioned above.
Figs. 5to 9 illustrate flat plate-type perforators 38 which provide
slot-like perforations. The flat plate-type 2~ perforator 38 of,Fig. 5 (a)
and (b) has an obl ong section 32 and %%nprises rounded sides in the

t hi ckness direction. This perforator 3 is applied into the w dthw se centre
of the innernost end of the strap 1la, with the thickness direction of the
perforator 3 being aligned with the width direction of the strap 1la. As
shown in Fig.dévé¢tdpmenites tdrsh f ohowedngertdher atnoar| bgléndrentsl aswong t he

| ongi tudi nal direction of the strap Ila and has an obl ong section with two
rounded ends.fdhe flhatophadtied ype peiflomwatdb 38 ohe ack6fahglOtand (b) has
a triangular section and a thickness gradually dimnishing fromone side to
the other. Thisipelfopdt arhs3& gt vestaihrieangidar - secti on perforation 11d
along the length of the strap 11a ( Fig . 6 (c¢) ) . The flat plate-type
perforator 3 of Fi ggidg. (1a)(and(€b)rdiast d+oacsephir@mnt iG@ETPhbsIdAcheates squar e
end and an opposite triangular end. The resultingperforation |l dextends
along theslengid. of 1tha)striap kla,donel eprehei ngnshapef itha tihasgl e (Fig.
7(c)). The flat plate-type perforator 38 of Fig. 8(a) 20 and (b) conprises,
rounded sidescynihbeithiicknessrdteectirAsndehy as amoadged pigrckng head.
This perforator 38 can easily form an obl ong-section perforation 11d with
rounded ends @bRGgnthe dangdpof -tbeestrapplla i(IF it cine dhvulbat

pl ate-type 2~ perforator 38 of Fig. 9(a) and (b) has a rectangul ar 33
section and CoAPEkSasr &t fges PieiLirng .headoslqriyngr érauw Onep skdest o the
other. The resulting perforation 11d has a rectangul ar section extending
along the lengibnofndhengtt® iklde £ i €)¢al surface surrounding

10 a hollow in a conventional coreless strap coil.
Fig. 12 1is a table showing the test results
regarding to the embodiments of the present invention
and a conventional technology described in Fig. 10 and

the comparative embodiments describea in Fig. 11.

—_—
th

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

25 between the widthwise tensile strength of the packaging



The perforator 38 for formng the perforation 11d is nade of a material of
hi‘gh thermal conductivity ( a . g . pre-shaped plated copper). Due to its
hi gh thermal conductivity, the whole part of the perforator 3 heats up
qui ckly and uniformy to a prescribed tenperature . 10 As a result, it
efficiently forns the perforation 11d aﬂg the nmelt-bonded area 1le in a
short tine. Fig. 10(a) is.a devel opnent“show ng the inner cylindrical
surface of the strap coil 11 surrounding the hollow |l b. The innernost end
of the strap 1la 1~ |locates at the mddle of the axial |length of the holl ow
11b. At the innernpost strap end, a single perforation 11d is forned in the
wi dt hwi se centteapf liheastdr Apelnae lvitnar sy et h miertisstnehd-pentdhe strap
1la and the layers |am nated thereon are nmutually bonded at the nelt20
bonded area ldeea, i@On ttthe pthé&rghared, stpapheostly apl cofl the ofrehenpr esent
invention, a plurality of perfora tions 11d axe provided in the inner
cylindrical simfap&iem.the strap coil 11 surrounding the holloer 11b,
together with the nelt-bonded areas 1le forned al ong 2~ the periphery
thereof. This strucfige a¢diads (£)34 amswnatdingldy dissianieys ati vardekst he
strap 1la helically wound around the hollow 11b. By way of illustration,
the strap3icoi¢flpmofdiegionlibdpsncd idédh&t hseeaper ot at i bhs irldenene
formed in the innernost strap end and the others in the edgew se rows al ong
the a:iial endsbofiitdesthodf ovhd lpreskeadh iperdoratnon 11d is aligned with
the others in the a:iial direction of the hollow 11b. The nelt-bonded areas
1lle are provided al phg.the (perH @hersycloémbhécpenfyorasansbd Oa lddritlse strap
coil 11 of Fig. 10(c) includes five perforations 11d, one formed in the
i nnernost strap erddand idhe otbpssofforyrad s tr pai £8iiln ltlhel edgevi e o ows
along the axial ends of the hollow 11b. The perforations 11d 1~ in the
edgew se rowsembe ddimetithf©f ethé apky s@dind doatedt feam t he perforation 11d in
the innernost strap end.

10 Fig. 18(a)-(g) schematically describe a serxies

of production steps of the strapcoil ll instill another
embodiment of the éresent invention.

Fig. 19 is .a partly broken-away perspective view
of the appearance of another packaging strap coil of

13 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 st;ap coil of the presenﬁ invention; and

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



The nelt-bonded areas 1le are |i kew se provided al ong the periphery of the
perforations 11d. Additionally, Fig. 10(d) shows a conbi nation of the
structures of Fig. 20 10 (b ) and ( ¢ ) . Further, the strap coil 11 of
Fig. 10 (e) includes a plurality of perforations 11d which are
circunferentially equally spaced in the gdgemﬁse rows along the axial ends
of the hollow 11b. The strap coil 2~ 1126f Fig. 10 ( f ) provides a
plurality of ( a. g . three) 35 perforations 11d in every axially
adj acent row of the strap 1l1a around the holl ow 11b, each being aligned
with the others in the axial direction of the hollow 11b. Furthernore, the
strap coil 11 of Fi§igl02{@g)si nt pepepes fperd or aevons tled depwecn nicke
axially aligned perforations Ild of Fig. 10 ( f ) , in the central row and
edgew se rowsofEnsthé laxraltiter ecdcbagahat ve dead lowi L1 theopdesetna achi eve
a desired peeling strength (nelt-bonding strength) and a caidthwi se tensile
10 strength atntveetneirt-bonded area 1le where bonding is effected between
the lam nated | ayers of the strap l1lla, the perforations 11d are prescribed
in terms of the confiigurai ohs Gi neniséoatirunberceposali onevetcf, adependi ng
on the material, thickness, width, etc. of |~ the strap 1la. The strap
coils 11 of Fagpal@ta)s (f9r bpseduen ndi fifles ent rpat terils of the perforation
(s ) 11d and the nelt-bonded areas) 1lle were tested for vibration
resi stance, transporfrtat.i 0d e skanden lodadaki haty wara comrensitamal strap
coil reel in an 2() automatic packagi ng machi ne (drumset test), and
packageabi | i t ¥oiin .an automati ¢ packagi ng machi ne as | oaded on the strap
coil reel (machine-packageability test). The test results were conpiled in
Fig. 12, wherein Exanpl.e2714é GOpkespastivettiteat saptEoi hppdaZanafe Fig.
10(a)-(g), respectively. The conparative 36 exanpl es were conducted using
pack: agi ng steap &0 | snd3thedf FH@kadinga)s{rp , ceach cshovh&igptthgent
devel opnment of the

10 invention.

Fig. 28 is a section of the main part of the strap
coil.
Fig. 29 1s a perspective view of the appearance
of a further packaging strap coil of the present
15 invention.
Fig. 30 is'a section of the main part of the strap
coil.
Fig. 31 is a partly broken-away perspective view
of the appearance of a packaging strap coil unit of the
20 present invention.
Fig. 32 is a perspective exploded view of the
strap coil unit.
Fig. 33 is a plan view of a pad employed in the
strap coil unit.

25 Fig. 34 is a perspective view showing a production



inner cylindrical surface surrounding the hollow 11b. The strap coils
il'lustrated in Figs. 10 and 11 were nmade of a polypropylene strap. In
Conpar ati ve Exanples, it should be understood that the innernost strap ends
200 of all strap coils 211 were positioned at the mddle of its axial

| ength, where the strap ends 200 were left unsecured or secured |0 in
various manners. In Conparative Exanple28 (Fig. 11(a)), the innernost strap
end 200 was fixed on a tubul ar paper core (not shown) by means of a stapler
201 (staple width 10 nm. On the other hand, Conparative Exanples 2 to 5
enpl oyed coreless strap |~ coils 211. In Conparative Exanple 2 (Fig. 11 (b)

) , the inneré@é% str apeend 200 vesy | ght cunsequred Jde oppanat pye Exanpl e
3 (Fig. 11(c)), the innernost strap end 200 was |eft 'unsecured, but

anneal ed, before wopng iRK0:ad St LALLA]{ewl 0F LB oHHUL 5 dle@Pl oGelio
prevent 20 its contraction and deformation. ~In Conparative anple 4 (
Fig. 11 (d) )in the ismnefgossistnaprend 200 was secured with the adjacent
rows of the strap coil 211 by a |~ raft tape 202. In Conparative Exanple 5

(Fig. 11(e)), the iﬁﬂsr.rr@%t(as)t_r@fpdeggﬂfgqémaﬁréﬁ@uw@w\@ tde 2anbhgeall
wi dt hwi se rows of the strap coil 211 by a craft 37 tape 202. [TEST

PROCEDURE§] Vibrati an;Test, ;kagh s$auple ot AP iGoHd n MBS hophzeatal kyel ai d on
a 250-mmdi aneter “cylindrical nount placed on a vibration plate. The

vi bration plaégbwgiﬁgggigglgxﬁng fgg_;m%ﬂ&ggséng@agg1g@gegg@gg of 15

mm The gradi ng was based on the following criteria. The sanples graded O

G0 oL unwi g, gc CobLgas can,! e | POEL - 10; XL iaduical. sur Lacesatier 1 hour

of vibration; € sanp rade e |1 nner cy sur

d aft j 1oBQYE 9 Yisbrati oy @nd | ded X
unwound a ercggﬁgkgghe§Pg0em 8d4heQt ¥le %ﬁglo?g(gg ﬁbﬁﬁp@%ﬁﬁ Eﬁag%a e

had t he i nner rical surfacé unwound w’th s of vibration

1~ Transportation Test h_sanpl S Kk i rrs oard box
(length 5 mﬁdfﬁgingéﬁ?hﬁﬁﬁ% exg£%§t§@25§%?n§§“3qﬁhéﬁ$f%ﬁ%%%§ggggégga lorry
over a digtang %%55qg:kn1 Fach 20 Exanple enployed five sanples in this

|

test. The restftsin Eﬁplﬁ?lndicate t he nunber of sanpl es whose inner

surface had unvoundgd or 5ol apged, duri 09 4F NSRILLALL Nt ion p1ate

employed in the strap coil unit.
Fig. 38(a) is a perspective view of another shape
retention plate employed in the strap coil unit; and
15 Fig. 38(b) is a section thereof in use.
Fig.39:&5ascﬁematicconceptualviewforshowing
the operation of an automatic packaging machine of the
present invention.
Fig. 40(a)'and (b) are schematic views showing
200 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.

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



2~ Drum Set Test 38 The drum set test exam ned the handling property of
the strap coil during a | oading operation on a drumof an automatic
packagi ng machi ne. The autonatic packagi ng machi nes used were : NAI GAl E11
( hereinaf ter J referred to "Machine A') , NICH RO SX-500 ( "Machi ne B")
arid STRAPACK RQ ~ ( "Machine C' ) . Eiz(? Exanpl e enpl oyed two sanples in
this test. The results in Fig. 12 indi e the nunber of sanpl es whose
i nner surface had unwounded or coll apsed before conpletion of the 10
| oadi ng. Machi ne-pac~: a~e' ability Test The machi ne- packageability test
exarni ned the incidence of treubles during normal packagi ng operal~ tion,
such as tape-'bl BelhfysSitrarhecplaafeédierePVerss Orovhae: |99 Fa g -Ehaglibexanpl e
enpl oyed two sanples in Machines A, B and C, respectively. The results in
Fig. 12 represem $hdenyiser tdfemampl ezl ani éb Cagsed rant seuehofrbabl e. 20
As apparent fromFig. 12, the strap coils 11 of the present invention as
illustrated iar¥Fpyg. ALO(MO)F{Y) Have) remarkabl e results. None of them had the
i nner cylindrical surface unwound. Besi des, when used in an 2~ automatic
pacl ~: agi ng nmachi neEighey3 tauses netrtoubh eshoBd9npi keebbpekphgon At
addition, the peeling strength of the thernoplastic strap end was neasured
usi ng the3testhei eces8ldoas shellwn dwd FFG9 -1H R f }smades iofe aview
pol ypropyl ene strap. The test pieces 3l1 had their strap ends secured in
di f f erent nmannee s¢offolt adeanplre,t ey dared hgothef nuhbearand posint Fom-of the
perforation(s). The pol ypropyl ene strap as used in the above-nentioned
tests such as4she)vibration test was 10 wound around a 200- nm di anet er
core, wherein the strap end was nelt-bonded by the perforations) Ild at 20
nm inside fromthe rhgerswss) edge 0fdé hel st pdpfhaccoverngt tthiet herpat t er ns
shown in Fig. 13(a)-(e). For comp arison, the strap end of the test piece
311 shown 1~ ¢t6iFifgeel3(&pdvbsgfidec pnaapapenicoiewdtBebyofeanseaf a
stapler 313. The test pieces 311 were stretched downwards at a rate of 50
nmm mon. Umwtilibthehkordetk @t tanpeél edeofafrrowlh® Lthusigeasiuried val ues are
shown in the right colum of Fig. 13.

Fig. 45(a) and (b) are sections showing the

process of loading the strap coil on the strap coil reel.
Fig. 46(a) and (b) are front views showing a strap
coll re-formed through the loading process.

15 Fig. 47 1s 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

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



20 From the vi ewpoi nt of the appearance, the perforation 11d preferably has
a'smal I circular section, which does not stand out in the strap 1lla. Hence,
the finished strap coil |ooks alnbst |ike conventional coreless strap
coils. 2~ In the circular-section perforations 11d as shown 40 in Figs. 3
and 4, the peeling strength at the neltbonded area 1le depends on the
circunferential length of the perforatidh 11d, which is prescribed in
accordance with the material and thickness of the strap |la. Therefore, a
requi red peeling strength can be achieved sinply by calculating the

di aneter of the perforation 11d fromthe prescribed circunferential |ength
t hereof and thenaf ornhng va epertfadreat iion tiHe Of r suthodi affetbe, awlriooh Agi ves
the required nelt-bonded 10 area 1le along its periphery. Fig. 14 is a
graph show ngitheigel aitd pnshi p between the di aneter of the perforation 11d
and the peeling strength at the nelt-bonded area 1le. The strap coil used
herein was preparedrby.habiedlly a sivkndi ey ox poleyps opylenerst sapakbla
having a thickness of 0 . 65 mmand a, width of 15 .5 nm In this strap
coil, the cireuyharrsecti aacaperforad ipn ldd andnttheirgel tnberdedrarea lle
were formed by piercing a pin-type perforator 38 of Fig. 3 (a) and (b)

whi ch was 3prehgateed 20 abeveohhe rneldd ng tenper ahure gaf stcheastrap 1la. The
peeling strength at the nelt-bonded area 1le was neasured at a stretching
rate of 200 nmm m n. rAg .ShoW® ) Naftig.(bd4,awe Os 4d aMvdicanetetio perforatel on 11d
showed a peeling strength P1 of about 2~ 300 gf at the nelt-bonded area
1le. A 0.6- mpdibaretLsr 14dd peEfrafakicerplddi showedeas pegpidid steengt h P. of
about 380 gf . In these cases, the bonded | ayers of the strap 1lla were

snoot hly peel ed of f pagd nmot(dprNsid thechengictrtudiviall dideehkons tkupt her,
the peeling j strength at the nelt-bonded area 1le can be |ncrease§ by

enl argi ng thecdijangten ebt BeRadAli 0f dhld.s A db &M diAelAT the
perforation 11d showed a peeling strength P~ of ~about 550 gf, and a

1. 0- mm di gyt gL .Renfor ahien cL1d, shoued @ peekbng)stigngt he R L of Lakqut U
700 gf. In these cases, however, the bonded | ayers
thereof.

Fig. 53 is a schematic conceptual view of yet
another strap coil reel for accommodating the strap
coil unit of the present invention, as mounted on an

15 automatic packaging machine.

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

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

succeeding step; and Fig. 54 (g) and (h) are a section

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



could not be peeled off fromeach other, and one of the layers was torn
assay i'n the longitudinal direction. In a thernoplastic resin strap 1lla (
for exanple, made of pol ypropylene), a thinner strap 1la is nore 1~

vul nerable to the longitudinal tear. Therefore, in proportion to the
decrease of the thickness of the strap l1lla, the dianmeter of the perforation
11d shoul d be dininished to reduce the $8eling strength at the nelt-bonded
area lle. Thereby, the bonded | ayers of 20 a thinner strap can be safely
peel ed off fromeach other at the nelt-bonded area 1le wi thout being torn
away in the longitudinal direction. According to Fig. 14, a 0.65-mmthick
pol ypropyl enesstcapdihyg kaeps. a peeling strength of 400 gf or less at the
nel t - bonded area 1le, 2~ when the dianeter of the perforation 11d is 0.6 mm
or 42 less. To ensluge ©he isane peekbprgtstuengtfy afl0.Grmwemi CknPET
(pol yet hyl ene terephthal ate) strap 1lla should have a perforation 11d with a
di aneter of Is2ram epillessin Astheagenbefore described, by reducing the

di aneter of the perforation 11d, the nelt-bonded area 1le fornmed along its
peri phery becones smagl ebecand expebspsca ilvenerigpeed § ng simengt honkd such

ci rcunst ances, a desired peeling strength can be obtained by 10 form ng a
pluralitysof perbprabiiansurdie, which, as a whole, provide the peeling
strength at the nelt-bonded area 1le. Although the above description has
been focused on thertgrcalatssecpeoBpperfiaratdiciw Iifl,a tdendenpeshatati ons
11d shown in Eigs . 5 to 9 can also achieve a desired peeling strength at
the melt-bondedrapeackilie. and wi dthwi se tensile strength of the strap 1lla,

at which the bonded | ayers of the strap 1lla are safely peeled off but not
torn away. Accordingiyo theisaaepd@splidiciyd esiel hegokeHaf ar eakbab £l engt h,
configuration, nunmber, position, etc. of the perforation 11d are designed
in view of the;ABLeY ehe 4 th £k RSS2 a0d rlidhe g dth r@ft HNe oSt g APaddangThe
perforations 11d of Figs . 5 to 9 have a section 2~ elongated in one

directiong ascdesckifgd aboveorlBig. s57.

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

15 the drawings.

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

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



43 order to prevent the strap 1lla from being torn away, the |ongitudinal
direction of the perforation 11d should be aligned wth the | ongitudinal
direction of the strap 1la. fig. 25 is a graph shodaing the relationship
between the widthwi se tensile strength of the stzap 1lla and the peeling
strength at the nelt-bonded area 1lle, 'éh respect to the perforations 11d
of circular section and those of rectaﬁg | ar section. The values 1L~ of the
circular--section perforations 11d are indicated by Al (dianeter: 0.55 nmm
and A, (dianmeter: 1.00 nm. The val ues of the rectangul ar-section
perforations 11d are indicated by B, ( Q. 55 x Sm) and H- ( 0 . 55 x 8
m) . The reciandgtiearl segikodipedf criatd ©nsonl1dohaea eyl y 5ehbagicteudi nal
sides aligned with the longitudinal di rectian of the strap Ila. As for the
circul ar--secthan rpeérfros Bt ¢ onsreébgdh .e: cpansi on of the dianmeter results in
increasing the peeling strength at the nelt--bonded area 12e as well 20 as
the widthwi se tensilbestsitersgi il b hhe stwagthlal lapcohtt@sty 88 for the
rectangul ar-section perforations 13d, elongation of the |ongitudinal sides
hardly af fecksdt ke tpeedkngsst péngbludgt O .le el -londethalearabe 1ltzhe val ue
substantially remains at about 40Q g7 . On 2~ the other hand, the
cai dt hwi sé& t ensinl eestuaeirgiolf ahyt ibermbplastic resin which improves
its tensile strength by drawing/stretching. A strap
lla of about 1,000 to 2,500 m long is wound helically
to give a strap coil 11 having an axial length of about
100 to 250 mm, an inner diameter of about 200 to 410
10 mm (as the diameter of the hollow 11lb defining the axis
thereof), an outer diameter of about 300 to 650 mm and
a welght of about 10 to 25 kg.
The innermost end of the strap 1la locates at the
middle of the axial length of the hollow 1llb.
13 Fig. 2(a) is a section of the strap lla, showing
a portion in the neighbourhood of the hollow 1lb in the
strap coil 11. A perforation 11d is pierced in the
innermost end of the strap 1la surrounding the hollow
11b, through to a plurality of layers of the strap lla
20 laminated on the top side of the innermost end. The
thus laminated layers of the strap 1lla are bonded
together at a melt-bonded area lle formed along the
periphery of the perforation 1l1d.
The perforation 11d and the melt-bonded area lle

25 are formed by piercing the laminated layers of the strap



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

l ength. Incidentally, it is desirable for a 0. 65-mmthick polypropyl ene
strap Ila to have a peeling strength at the nelt-bonded area 11le of 400 ¢f
or less and a widthwi se tensile strength of the strap 1la of about 2,000
gf. In case of the rectangular-section:ﬁgrforation 11d, these values are
sui tably achi eved by adjusting thel engthhiof its |ongitudinal sides. Proper 10
conbi nati on of the peeling strength and the wi dthw se tensile strength not
only ensures safe peeling and tear prevention between the bonded | ayers of
the strap 1l1a, but also prohibits unwanted unwi nding of the strap coil 11.
Besi des, in the? rekctanguhiartsdcProd opertfor &4 Uh The MYt Lewel W ds hdkse
tensile strength of the strap'lla can be increased by extending its

| ongi t udi nal 4enfEen Fhset dad ofi deddt hgt her bapéntsest iPosioide£i bhal |y, the
strap coil 11 of the present invention may include a perforation 11d in the
outer 20 cyl imrdral 1sur foaceo t hereafliaThiagper fbraefoneamd is pierced in the
nei ghbour hood of the outernost end through to the underlying |ayers of the
strap 1l1a, thereby hondEagattRese |tdyer somtyt heeprlitreperded egea e forned
along its periphery. This arrangenent 2~ prevents the outernost strap end
from bei n§ drrewfougtiofslignesessari¢yce~tiengeh whechvearinonsl estrap end
securing process such as taping or separate thernmofusing is no | onger

requi red. Fi rf 16fa)stkrp §1la sord est ofegeghennei ¢ awiiees: sshowk ngrpe dduct i on
steps of the strap coil 11. These steps are carried out, for exanple, by
using a wi nditnge sdldar 13k shamntpredigthEbléminatEel ayadengpgother 31 has
a hollow cylindrical shape conposed of four equival ent cylinder franes 3la
obt ai ned by 18t ctheunkdreetidraldy gueat élieng Aheyleifrnder, ofs suh¢abl énaxi al

| ength. Each cylinder frame 3la is spaced along a single circunference with
a circunferential ap)3ltheopeamstratuten d tyinageri @f ceiticubaghsesei on. The
four cylinder franes 3la arranged along a single 1~ circunference can
contract lbhe ¢dhatekertnl ckhesa redl atwseclagareyl iagdenateliencal | owed to
slide toward the axis of the cylinder. on the other hand, the contracted
cylinder is dianetmocal |ynexpandatk bytgbibdilngd he aAlternatively, as
cylinderframes3l aoutwardly. Anaperture 20 31d is forned beforehand in the
m ddl e of eacéheyhi nderigrapeb3latnEheewidukngisnller wdy aceonihdates four
hol ders 39, each of which faces the cylinder frane 31la and holds a

circul ar-sectiantper ol @i De 38 ithdl aceeond Mdpert Darinbhe LYdh Nndge franmes
3la, the four holders 39 have a 46 curved configuration and spaced al ong
a single cir cuAtemenrae smd hoa ehecunferential gap to constitute a

15 The perforation 11d is provided with the use of
a perforator 38.- A circular-section pin-type
perforator 38 having a sharp point (Fig. 3(a)) is held
perpendicularly on a holder 39 (Fig. 3(b)) and heated
above the melting point of the strap 1lla. This

20 perforator 38 is inserted from the inside of the hollow

1lb into the widthwise centre of the innermost end of

the strap 1la,therebyforming a perforation 11d in the

widthwise centre of the strap lla (Fig. 3(c)).

On application of the heated perforator 38 into

25 the innermost end of the strap 1lla and the layer(s)



cylinder of circular section. The holders 39 are also slidable in the
radi al ‘directions. The perforator 38 ~ is nounted on the outer surface of
each holder 39 in such a manner that it can project radially through the
aperture 31d fornmed in the cylinder frame 3la. Al though not shown in the
figure, a heater is provided inside eac§1hol der 39 for the purpose of
heating the |0 perforator 38, and the out'er surface of the holder 39 is
covered by a heat insulating material. In order to wind the strap 1la on
the winding roller 31, n fixture 33 is attached to the start of the strap
lla (i.e.,innernost end of the strap coil 11) 1~ guided by a strap guide 34
. Then, as shéwmimptq. tiiéré¢bh,, thhepeylibhdary Prfatbs Btafarataddt dfed to
slide outwardly along a single circunference to forma circular-section
cylinder. | nsingd tshgowpndiviigler almelt 3bontlkd Avkdek e I yrdvartci mg & tpr oper | y
spaced relationship with respect 20 to the cylinder frames 3la, thereby
keepi ng the pérmoratttrd 138 anay ff tbm stheapylliadeWHemeredh <B3laneTre 4 xt ure
33 attached at the start of the strap 1lla is fitted into the gap 31c
created betweemcdaapai rthof avedghdyopii npgleykirider offr &imes s3kamp dridc taws
secures the 2~ start of the strap 11la in the mddle of the axial Iength
47 of the W ndbongiadlber t82. mAltt-Hdresed paoeisildrs thetmgd madlengt HhaM ndi ng
roller 31 may start to rotate in the direction of the arrow T in Fig. 16
(b) and wi nd the igdneapy 1dd ther e f Afd€iohhe 18t,r aghd lanhasamade la -
plurality of layers around the mddle of the ariial |length of the w nding
roller 31 ( Fipndelbalcet) 1)le, et hecwindilngs¢plrkeradh ¢srstiopped natirsgich a
position that the apertures 31d i-n the cylinder

the strap 1la in the formof a coil. Due to the bonding,

the innermost end of the strap 1la is neither drawn out
10 nor unwound.

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

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

20 lla (Fig. 4 (c)).

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

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



franmes 3la |l ocate face to face with the perforators 38 10 projecting from

t he hol'ders 39. In the next step showmn in Fig. 16 (d) , the holders 39

whi ch hold heated perforators 3 are allowed to slide in the radial
direction towards the cylinder franes 3la. The perforators 38 are preheated
above the nelting 1~ point of a thernnp%istic resin constituting the strap
1lla. For exanple, for a polypropylene stfap 1la, the perforators 3e ire
heated to about 200'JC, which is higher than the nelting point of

pol ypropyl ene. To gether with the outward di spl acenent of the hol ders 39,
20 the perforators 38 advance through the apertures 31d of the cylinder
franes 3la amPStITRPThESStheUpFafal i ¢ afiiiat8q Thyeksesr theestiap -11a
wound on the winding roller 31. In consequence, four circunferentially
equal | y spacethperidf heraieriid {se@d i d 2t Ebfoy kR8NP ssi AANtafeous! y
in the lamnated |ayers of the strap 1la, 48 | eaving the periphery

t hereof in thefridla ednstrdtest ReEt L4 SREWAR hlFr gL B the) thiekeelks ders 39
are allowed to slide away fromthe cylinder franes 31la, with retracting the
perforators 3diremttlvg aperthm @ FidkatoFoP § ok hgyt ALl anerdrakdl t6f t he
perforators 3, the nelted areas along the periphery of the perforations 11d
solidify fo feoiftredirpehded af ddse $¥5apskeaFi ghs ZNown whi Ehd bondE t he

| am nated | ayers of the strap 1la . Thereafter, the winding roller 31 is
rotated untilthel Wipreddioerrathederdogtat iofnt Aéddsteapenda islawwandheher eon .

longitudinal direction of the strap 1lla and has an
oblong section with two rounded ends.
The flat plate-type perforator 38 of Fig. 6(a)
10 and (b) has a triangular section and a thickness
gradually diminishing from one side to the other. This
perforator 38 gives a triangular-section perforation
11d along the length of the strap 1la (Fig. 6{c)). The
flat plate-type perforator 38 of Fig. 7{a) and (b) has
15 a section comprising one sgquare end and an opposite
triangular end. The resulting perforation 11d extends
along the length of the strap lla, one end being shaped
in a triangle (Fig. 7(c)).
The flat plate-type perforator 38 of Fig. 8(a)
20 and (b) comprises rounded sides in the thickness
direction as well as an edged piercing head. This
perforator 38 can easily form an oblong-section
perforation 11d with rounded ends along the length of
the strap 1la (Fig. B8(c)). The flat plate~t§pe

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



While the winding of the strap 1la proceeds, the strap 1la is axially
,reciprocated along the winding roller 31, so that the strap 1la is
helically wound on the cylindrical surface of the winding roller 31 in a |~
prescri bed axial length thereof. After a predetermined |l ength of the strap
11a is wound on the winding roller 31, the dianeter of the winding roller
31 is reduced by sliding the cylinder f3dmes 3la toward the axis thereof (
Fig . 16 ( f ) ) . The 20 dianetrically contracted winding roller 31 is
removed fromthe axis of the helically wound strap 1lla. Thus obtained is a
coreless strap coil 11 whose axis is defined by a hollow 11b. In formng

t he perforatierstlilahiantheohpninatseadedgprsiofcthe sepdpslbapirtdie
configuration, nunber, 49 position, etc. of the perforators 38 are

sui tably adj ustrech smeas itde hol dha dbhance Deeweenuihéngepkirigrsitriengt h (or
wi dthwi se tensile strength of the strap Ila) and the bonding strength at

t he nelt-bondeddareasi d | eecldenge,latseseanibe ad soenddegofa baegorthor e
perforators 38 of Figs. 5 to 9. As an alternative enbodi ment, the hol ders
39 hol ding theeperdftoratoeae38tmay e 4 otmied Bncsynchroni sation with the
winding roller 31, thereby U elimnating the step of aligning the cylinder
frames 3laswi th theThal derso3dtohlhBS A6 angeEnt e prREED ddrei @pariat | on
ef ficiency, because the perforations 11d are formed while the w ndi ncr
roller 31 is iik nhatatd Ox mihe rpanf of atioyh 38 dfrara I @pmidug: dihel perifearqat i on 11d
| ~ may be applied either at the bottomside of the innernost strap 1la as
described in BHirgh-sib{ped(bihtld &odg®m t hepaxi $csiides ohighe tWendiaty rol | er
31), or at the top side of the lam nated | ayers of the strap 1la as
described in Hahdddfayitg) . tRe wHel $peduc bifonh 8test SHaWeri 38 hiegt 7
(a)-(g) are carried out by using a wnding roller 31 which conprises four
cylinder frameg 3la,ciasy sdwavur Nf &S+ @1y1fo (@)pre JOei BY LI BdAbelbams 31a can
slide outwardly along a single circunference to constitute the w nding
roller 3110f 2= G rr@g@t,seicﬁimj(ﬂgnti?(b%}msl Bhthgediramaidigrallya 50

e: ~panded winding roller 31, the start of the strap 1la guided by the strap

guide 34 is fiyifd ¢MetRE1W-GE QA area 1le in a short time.

Fig. 10(a) is-a development showing the inner
cylindrical surface of the strap coil 11 surrounding
the hollow 1llb. The innermost end of the strap 1lla

15 locates at the middle of the axial length of the hollow
llb. At the innermost strap end, a single perforation
1ld is formed in the widthwise centre of the strap 1lla,
whereby the innermost end of the strap 11a and the layers
laminated thereon are mutually bonded at the melt-

20 bonded area lle.. On the other hand, in the strap coil
11 of the present invention, a plurality of perfora-
tions 11d are provided in the inner cylindrical surface
of the strap coil 11 surrounding the hollow 11b,
together with the melt-bonded areas lle formed along

25 the periphery thereof. This structure avoids



the a:iial length of the wwnding roller 31 by fitting the fi::ture 33
attached to the start of the strap into the gap 31c between the
nei ghbouring cylinder frames 3la. The perforator 38, held in the vicinity
of the winding roller 31 by a suitable holder, is able to advance and
recede in the radial directions of the gg winding roller 31. After the
start of the strap Ila is fixed on the ter cylindrical surface of the
winding roller 31, the winding roller 31 is all owed to rotate in the
direction of the arrow T until the strap 1la nakes a plurality of |ayers
around the mddle of the axial 1~ length of the winding roller 31. Then,
the winciing rolWiedi3w ios dticppecatat hen positticon teieewh lianh el gcalZ Y b)
The perforator 38, which is heated by a heater to a predeterm ned
tenperature, wsuald ewedind approbadh avshe M nding roller 31 fromthe external
side thereof and 2U to pierce in the lamnated |ayers through to the start
of the strap 1lla. |Byvceasgegfienceysarpeiborathenstidpisotdrhed i A idhe
| am nated | ayers of the strap 1l1a, |eaving the periphery thereof in the
mel ted state. 1THen, itnhel peesorhrer B8rifs raltiowes tbdreerdefpromd2-in he
winding roller 31 and pulled out of the | am nated 51 layers of the strap
1la, wheréby the mehketheartes mraumhd ke péhfeorgticors Lhdtdel edigkivésd nto a
nmel t - bonded area 1le. Following the formation of the first perforation
11cl, the w ndbwg raldey 3heefdfietd 5 angueardfertbe motldtawonlib(i . &agtotati on
of 90') in the direction of the arrow

perforation 11d is aligned with the others in the axial

direction of the hollow 11b. The melt-bonded areas lle
are provided along the periphery of the perforations
1O l1ld.

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

15 in the edgewise rows are circumferentially dislocated
from the perforation 11d inlthe innerﬁost strap end.
The melt-bonded areas lle are likewise provided along
the periphery of the perforations 11d. Additionally,
Fig. 10(d) shows a combination of the structures of Fig.
200 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

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



T (Fig. 17 (c) ), and stops again. At this position, the preheated
perforator 38 is allowed to approach the winding roller 31 and pierce

anot her perforation 11d into the |am nated |ayer of the strap 1la, and then
the 10 perforator 38 is allowed to recede in the opposite direction and
pull ed out of the strap 1la. The format'gn of the perforation 11d is
repeated, as sizown in Fig. 17 td) and {3 ) , according to the bonding cycle
whi eh conprises rotating the winding roller 31 1~ by 90 degrees (i.e. a
cjuarter of rotation), piercing the perforator 38 into the |lam nated | ayers
of the strap 11a to forma perforation 11d (see Fig. 2), and w thdraw ng

t he perforat d?eB8°FpSHotHe ist¢ dpd EME %0 Sotd bt Yy2 ) ABFPthsAYet fakBa 116
(see Eig. 2). In the 20 end, there are provided a total of four circunferen
tially equal |yt5pacer perfworattinengoligvahie nBlachérdey atégg=reitiol | ow ng
the formation of four perforations 11d and nelt-bonded areas 1lle, the

wi ndi ng rol | egh®1otbezs danttilrucist ylroiaeedire wihd e grederer hihed | engt h
of 52 the strap 1la into a coil (Fig. 17(f)). Wwen the winding roller 31
ceases to rot@tethenaowiendithg eorpercailikl difafheori Taf ¢y Cohe¥REEEE by
sliding the cylinder frames 3la toward the axis of the winding roller 31
(Fig. 17(9)).pghéotenticdrt ed Widndi hgtrelener Bhejs zehdbeéd frdhignhedaxis of
the helically wound strap 1la. Thus obtained is a coreless strap coil 11
whose a.:is igedébirnad s d IblolfoWiblblOl(dsteadt dhet henkesatledoperndr at or

38, a laser beam 10 may be applied for the formation of the perforation 11d
and the nelt -bondedsareavwklen tse idqdimst datred: i e Fiqf th@(byllgy. 1 Thi-s

enbodi nent |ikew se utilises the winding roller 31 conprising four cylinder
frames 3la (Fig. 18Ifayrfer Eachradyleveler fleancedladss opsratedngbhl~ slide
in the radial directions by an air cylinder 36 acconmobdated in the w nding
roller 31. Wiaiheltheowidichqng soféegtBl i sndi amet micklHwi sontracs édeby
sliding the cylinder frames 3la toward the a:{is of the winding roller 31,
t he fixtule 38tirsngthaahed heo relie: 2brsdadtanéat heesthape langdgiundedsby t he
strap guide 3~. Thereafter, as shown in Fig. 18 (b) , the cylinder frames
3la are outwaedfycdiespbaceteal ohg basingkedcliagarkes £nce by rilpel akr,
cylinder 36 to constitute a circular-section winding roller 31 having an
expanded 2~ dtaseberfobhecibnstung 33 d pféedtedbeat an heegap Sdctned3
created between the nei ghbouring cylinder franmes 31a to fi.t the start. of
the strap llacbhArtibardulidde, ofdidension, number, position, etc.,

depending on the material, thickness, width, etc. of
15 the strap lla. The strap coils 1l of Fig. 10{(a)-(g)
based on different patterns of the perforation(s) 11d
and the melt-bonded area(s) 1l1lle were tested for
vibration resistance, transportation resistance,
loadability on a conventional strap coll reel in an
20 automatic packaging machine (drum-set test), and
packageability in an automatic packaging machine as
loaded on the strap coil reel {(machine-packageability
test) . The test results were compiled in Fig. 12,
wherein Examples 1-7 correspond to the strap coil 11

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



a.lial length of the winding roller 31. Referring to Fig. 1 (c) ( a laser
oscillator unit 35 is disposed in the vicinity of the winding roller 31,
with orienting the direction of its |laser beamirradi ati on along the radi al
direction of the winding roller 31. Further, the laser oscillator unit 35
is able to advance and recede with respg §t to the wnding |0 roller 31 .
Wth securely holding the start of the Strap 1la on the outer cylindrical
surface of the winding rol ler 31, the winding roller 31 is allowed to
rotate in the direction of the arrow T until the strap 1la makes about
three turns around the mddle of the a:jial length |~ thereof . After the
wi ndi ng roll e‘?“%‘ﬁlp&@és‘é‘%er:orrb?‘é?Eedt%ln%@é‘}c*o%%ﬂ"?aﬁto?a%ﬁlotllsﬁsz1§ al | oned
to approach the w ndi ng roIIer 31 and to irradiate a | aser beamon the

| ami nat ed | ayef < ¥%r ough?t o(EBhe PAREr ABSYLiBAIEEF TRECLPPHSMIRL FRE | aser
beam nmelts a portion of the 20 | am nated | ayers and the innernost end of
the strap 11al‘&ﬂﬂrprWBéléflzfaplersﬂ’(frfa%‘f%rﬁ%lﬂo‘éﬁﬂlagnﬁhﬁ Behded Afba 1le.
The lam nated | ayers are thus bonded together at the nelt-bonded. area 1lle
(see Fig. 2) along The p&rPpheérdi ot theUpEFREREL itdh HUDS (sk@ FP@ 13y, 2~
After the formation of the first perforation 11d, 54 the cainding roller
31 ef fects aveguarm@deofof @ app bHPEoPY.lepe FfaPion of 90' ~) in the
direction of the arrow T ( Fig . 1e(d)), and stogs again. At this position,
the | aser oscill at o TP B5a tiveaBraned oF | aseFnpeam bR #hee FARPAS: ed

| ayers of the strap Ila to formanother perforation 11d and a nelt-bonded
area 1le al onghitstper iipineaymoThes Forraeng® 6f0Q et per¥ orhrepnceidsis
repeat ed according to the bondi ng cycle which conprises rotating 10 the

wi ndi ng rol | e?l31vpyeopodefroasd atethg ghdetler off iEstarien) landth,
irradiating a | aser beam by the |laser oscillator unit 35, thereby to forma
perforation lddeardthenetrabponties 20 @a ekle Lglfdng nises yrerd plres g culfesugh t he
| am nated | ayers of the strap 1la. In the end, 1~ there are provided a
total of lourioi veuriferentéahkysequdinl \Coppzedt pref derattiphs 11d Fagd

mel t - bonded areas 1le. Thereafter, the laser oscillator unit 35 is allowed
to recede fromlt(he )wi ndiwginolelreros3 $Frgp 20:d18f @) ) ywaandt ied wondiang
roller 31 is rotated continuously to wind a predeterm ned |length the strap
|la into a cothbfiRiag. plp€f)core Ahber shhvernyi roi ngeaons | ef 3lsteades to
rotate, the winding roller 31 is dianetrically contracted by sliding the
cylinder 25 feanes (3taptlowand dttls axd s n(rbl g. 186Q) fheThether hand,

Comparative Examples 2 to 5 employed coreless strap
15 coils 211. 1In Comparative Example 2 {Fig. 11 (b)), the
innermost strap end 200 was left unsecured. In Com-
parative Example 3 (Fig. 11(c¢)), the innermost strap
end 200 was left unsecured, but annealed, before wound
into a strap coil, for 10 minutes at 80°C to prevent
20 its contraction and deformation. ‘In Comparative
Example 4 (Fig. 11(d})), the innermost strap end 200 was
secured with the adjacent rows of the strap coil 211
by a kraft tape 202. In Comparative Example 5 (Fig.

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

8]
|9 /]

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



55 contracted winding roller 31 is renmoved fromthe aais of the helically
wound strap l1lla. Thus obtained is a core less strap coil 11 whose ahis is
defined by a holloc~ 11b. As has been described, a | aser beamirradi at ed
fromthe |laser oscillator unit 35 can forrn a smaller perforation 11d in a
more stable and effici ent manner . In agdition, the laser oscillator unit
35 is conposed of |ess expendable parts and thus easy to maintain. 10 As
the | aser oscillator unit 35, .there may be used a CO |aser oscillator unit
whi ch enpl oys C0~ gas as the laser nedium The CO |aser oscillator unit
irradiates a Iaser m of 27W out put power at a wavel ength of 10.5-10.7 um
as oper at ed b aé’ nt of 1 6A. The irradiation dine of the |aser beam
is in the range of eEbo ut 0.1 to 5 seconds, preferably about 0.5 second, at
which tine the |aser |ErSrTadc1>Pa‘?‘?B]ﬂUﬁglrsdly affects the winding rate of the
strap 1la. In_addition to the CO- | aser oscillator unit, the 20 exanpl es of
the laser osciPh¥rimi-£285 include a heliumneon |aser oscillator unit, a
sem conductor |aser oscillator unit and the like. Fig. 19 is a partially
cutout perspective VSR SIS IRy ShotRet © hbbar n%ﬂFlOP“Fﬁé badieddt wg* strap
coil 2~ of_the present invention. In_the innernost cylindrical 56 surface
of this sttap2cofPorfmihePBeFap zFYLiE8Me1G7 1T Wroumt 35 Und ? heé® hal | ow
b fromone a:zial end to the other a:zial end. Another |ayer of the strap
Ila is thereaftid¥r Hel?BaPL§trani Abted i aHe? dpL3FBewdf vR&tically

vibrated 100 times/min. in the range of 15 mm. The
grading was based on the following criteria. The
samples graded (O did not unwind or collapse on the inner
10 cylindrical surface after 1 hour of vibration; the
samples graded A had the inner cylindrical surface

unwound after 30 minutes to 1 hour of wvibration; and

the samples graded X had the inner cylindrical surface

unwound within 20 minutes of vibration.

15
t i est
Each sample was packed in a corrugated cardboard
box (length x width x depth: 465 x 465 x 210 (mm)) and
transported by a lorry over a distance of 500 km. Each
20 Example employed five samples in this test. The re-

sults in Fig. 12 indicate the number of samples whose
inner surface had unwounded or collapsed during

transportation.



innernost strap lager. In this ,ray, the strap 11.a is wound helically and
continuously to farmthe strap c0|I zz. In the strap call 11. of Fig. 19,
an adhesive 11c is applied, a~.ong the entire a~:ial length of the strap 10
coil 11, an the top side of tha innernost rows of the strap 1la which
constitute the inner cylindrical surfacgsof the strap tail 11 surrounding
the hallotn lib. Fig. 20 shows a partial section of the strap tail 11
coated with the adhesa.ve Ilc. '~ he adheaive Ile | ~ provides an adhesive

| ayer an the tap side of the innernost taws of the strap 1la which is
helically wound aro n he hollow Ilb to conét{tutﬁ th .inner cylindrical
surface of the stra Ea quIseénHe§|rﬁ¥%?F9 Pre ?%% $PFeP bPPE Edupl e of
strap layers .lLamnated 20 th The adQeS|ve |1 c is pressure-sensitive
ond bonds t hedF ahTPat B4=Pagers SRTiRg St taRoind. wPeH il Hpsop Fare
adhesive strength. Ow ng to the adhesive 11c which exhibits an appropriate
adhesi ve stref tﬁ“‘tﬁBtOHHEFHbsFaﬁéPﬂdéﬁl BRCAGRE of ThE sEFEBMREEE whi ch
constitute the inner 57 cylindrical surface surroundln the holl ow 11b
are bonded topﬁﬁéagﬂPQbm%ﬂﬂﬂ%ﬁ?eﬂﬁ?ﬂu%&F?N1N@&?%%ﬁf%*dbh?ﬁéﬁééﬁteﬂence

the start of the strap 1la (i.e. innernpbst end of the strap coil 11) does
not unwi nd i nE8 erﬁﬁ@ HGIIHﬁFTiHe Ror eoV&F HIRReS FARGPmbsH 2 inGal "Pocs of
the strap 1la are adhesive-bonded in jts entirety to several |ayers

| ami nat ed on #RE8 TOPABREE FHet dofia Al ne Fedul t Eat%EéﬁF‘&&ec%i“Plfi’eﬁ Il not

unwound around the hol|ow 11b. , _
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.

chi -— : =)
The machine-packageability test examined the
incidence of troubles during normal packaging opera-
15 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 in Fig.
12 represent the number of samples which caused any such
trouble.
20
As apparent from Fig. 12, the strap coils 11 of
the present invention as illustrated in Fig. 10(b)-
(g) gave remarkable results. None of themhad the inner
cylindrical surgace unwound. Besides( when used in an

25 automatic packaging machine, they caused no trouble



| 0 When used in a packagi ng machine for automati cally strapping a
corrugat ed cardboard box or like ite:as, the adhesive-bonded strap coil 11
is loaded on a strap coil reAl nounted on the automatic packagi ng nachi ne.
In operation, tue outernost strap end on the |~ outer cylindrical surface
of the strap coil 11 is drawn , out by ?ge feed rollers of the automatic
packagi ng machine. Since the top side of“the innernost strap | ayer
surroundi ng the hollow 11b is adhesi ve-bonded to the |am nated |ayers with
a uni form adhesi ve strength, 20 the adhesi ve-bonded portion is safely
peel ed of f and not torn away while the strap 1la is drawn out. As nentioned
above, the inhékeodtlagkiiond-the strap 1la, which locates on the inner
cylindrical surface surrounding the hollow 11b which defines the axis of 2~
the strap coil 11, &houlkddidtiqeel ©lfi¢ speeasingy fyGRNIEB tRE sEP&p | ayers
| am nated on the top side thereof . But, on the other hand, it should peel
off fromthe boedewporstbdn mﬁthpaqﬂdumﬁst@ﬁ§ﬁPé%ﬁr%ﬁkﬂ% tiey ft&stas this
requirenent is satisfied, the species of the adhesive ~ Ilc is not strictly
linited. DesipalsloeaadBedi ves atorn t He sBliigent18ype-ddd ndAdSolvent™t ype
include, for exanple, hot-nelt-type adhesives and |iquidsolidified-type
adhesi ves.5 Theosoluert vyl gpe adhes.ve§hanctesle pdblses- Padsedndd &8Kedi ves
such as natural rubber, a styrene-butadi ene rubber, a polyisobutyl ene
rubber and ansk&agrem@swﬂﬂnu;e@uﬂqﬂdtﬁ%@hestv@snsaéﬁra§06096EVﬂéﬁs
conprising 2 ethylher_yl acrvlate as a principal nonomer, and silicon-based

adhesi ves conpi stagy angulsher -dikigesi and position of the perfora-
tion(s). The polypropylene strap as used in the
above-mentioned tests such as the vibration test was

10 wound around a 200-mm-diameter core, wherein the strap

end was melt-bonded by the perforation(s) 11d at 20 mm
inside from the innermost edge of the strap, according

to the patterns shown 1in Fig. 13(a)-(e). For
comparison, the strap end of the test piece 311 shown

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

20 From the viewpoint of the appearance, the
perforation l11ld preferably has a small circular section,
which does not stand out in the strap lla. Hence, the
finished strap coil looks almost like conventional

coreless strap coils.

25 In the circular-section perforations 11d as shown



1~ | oxane or a resinous siloxane as a main constituent. As the solvent for
rubber -based adhesi ves, there nay be used volatile oils for rubbers,

trichl oroet hyl ene, toluene, n-hexane, nethyl ethyl ketone and the |ike. The
non-sol vent hot-nelt-type adhesives 20 preferably conprise a bl ock pol yner
having a high nelting point and nelt flypdity, such as the copol yners of
styl ene-i soprene-styl ene, styl ene-butadi ene styl ene,

styl ene- et hyl ene- but yl ene-styl ene, ethylene-vinyl acetate and the |ike.
Additionally, poly 25 ethylene wax and paraffin nay be enpl oyed.

Preferably, 59 the neltlng poi nt of the, hot - ge t- t e adge5|ve is | ower
than that of tReFdtap 118" partit&@ &35 hde ﬁléﬁ@ﬂ éﬁtl e this
respect, a stra 11a nmade of pol ypropyl ene (PP) %ers
| ow nol ecul ar© %ij&ﬁ‘t AFA Y Stlify IFERE N BV/AR D ﬁeﬂeafcfﬁ CFRBCEPReI RIS Y ap 11a
made of polyethylene terephthal ate (PET) advanta geously utilises a

| ow ol ecul ar ©hei §RE pBEYEHRAERN B pp'ahgh thgsllﬁéesﬂ§l bed in

non- sol vent -t ype adhesi ves, use may be further 10 mad

i qui d- sol i di PEEAIERIE DAt EBE- %é%@dlé&h%“§|%%%CbFeaér?Fﬂﬁ“%dﬁé§ﬁVes.

I nstead of_the adhesives 11c of solvent-type, hot-nelt-ty
andnon- solvent ﬁypeTWQﬁﬁﬁﬁrﬁEIFré§QV %eFﬁaéﬁeﬁﬁﬁﬁW?t%nﬁFBygﬁ as the
adhesive 1lc. By 1~ way of ehanp a hot-nelt resin which is the sane as

or sinilar to2FhésiRerFarPey ﬁhé %?Péﬁlffé”ﬁb tRe FdAAS Tyl 8RedS s
enployed in a state heated abOvV2 Its nelting paint. Plhen injected betmeen
the strap Iayéﬁ§quﬁ¥h%mtéédré§0ﬁ‘HﬂﬁﬁspFﬁé§éHQ%&H%l¥ﬁuﬁfBé§P§HPé 20
manner . The adhesi ve-coated strap coil 11 is produced with the use of a
wi ndi ng rol | efe3B tdhd-famr appl pedt P20 forewnd i MYrfuatFRe apg iddat or 20
conprises a pan 21 filled with the adhesive 11c, a feed roller 22 2~

di sposed theréM¢hnﬂﬁ%m€barunqmwﬂHeﬂl?@Sa#hang@karEd melt-bonded

10 area lle along its periphery.

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

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

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

As shown in Fig. 14, a 0.4-mm-diameter
perforation 11d showed a peeling strength P, of about

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



60 contact with the top of the feed roller 22. The adhesive 11c in the pan
21 is carried on the surface of the feed roller 22 rotating in a given
direction and eventually supplied on the surface of the coating roller 23.
The winding roller 31 for winding the strap 1la is rotatably di sposed in
the vicinity of the applicator 20. The yanding roller 31 has a hol | ow
cylindrical shape conposed of four equivalent cylinder franes 3la 10
obtained by circunferentially quartering a cylinder of suitable axial

| engt h. Each cylinder frame 3la is spaced along a single circunference with
a circunferential gap .31c to constitute a | i nder_ of .circul ar _section. The
four cyli nderp?FgﬁgS‘ At d ~SO}?%°F]€§éda a‘?%ﬁgxagsfgéleélgctﬁ"r dunf réﬁeéttcan
contract the diamefer of the circul ar-section, cyl.inder nal lowed to
ST de tonard THE Bai s BP e EyiATRer RS TS AUTS So BFatEdPudes a
nunber of pores 31b. An air nozzle assepbly 32 is securely disposed 20
within the wi hdfnd'§%o7I ér‘“%ﬁ?hlﬁﬁep&ierl%z#é aas%én‘fﬂo& 350%8rrp1rrrs§§‘ef our

nozzl es 32a extending radially fromthe axis of the winding roller 31. Air
is ejected froAPPREIHiPbi CHESTdZARs 32a THWI T t he *&A i nBFFEAM Isur f ace
of the winding roller 31. The applicator 20 disposed in the vicinity of the
61 wi ndi ng r of FEENIEH & S dRidi 18P _F ¢ dabF 82i hlEhE2BpBFohfhf i§FFEcedi ng
directions with respect to the winding roller 31. Wien the applicator 20
appr oaches t hBYweadiadg oy | khe3diaprésdoath g T P FeF °23 8 pridsked -

agai nst the outer cylindrical surface of the cainding roller 31,

subst anti al | yOaPoRg tHer BatPFe RKFSPEPEAGTH LHEr e8POVER oRdePEfd 1Wi9nd t he
strap 11la on the winding roller 31, the cylinder franes 3la are firstly

al | owed 10 t oS§Fedd tBut Rar dfy 3RBHg 258i 9dle PFcBnflerEmRR-fo2P6EMmE

perforation 11d showed a peeling strength P, of about

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

In a thermoplastic resin strap 1la (for example,

made of polypropylene), a thinner strap 1la is more

15 vulnerable to the longitudinal tear. Therefore, in
proportion to the decrease of the thickness of the strap
lla, the diameter of the perforation 11ld should be
diminished to reduce the peeling strength at the
melt-bonded area lle. Thereby, the bonded layers of

20 a thinner strap can be safely peeled off from each other
at the melt-bonded area l1le without being torn away in

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

25 when the diameter of the perforation 1ll1d is 0.6 mm or



a cylinder of circular section. As shown in Figs. 21 and 22(a), the start
of the'strap 1la (i.e. innernpbst end of the strap coil 11) is fixed on the
winding roller 31 by the f i _~ ture 33 which is fitted into the gap 31c L~
bet ween a pair of neighbouring cylinder frames 31la . In the neantine, the
applicator 20 remains detached fromthe,si nding roller 31. Under this
condition, the winding roller 31 is rotaled in the direction of the arrow T
shown in Figs. 21 and 22 (a) to wind up the strap 20 1la. Wile the w nding
of the strap 1la proceeds, the strap 1la is axially reciprocated along the
winding roller 31, so that the strap 1la is helically | amnated on the
entire cylindtPE&l s aRBSBESt Hé awi TR Ag PR Y 619 253 8nIthig2a AL t he
strap 1la is helically wound on the entire surface of the winding roller 31
to formthe iRRethdst BRRr (BPLlYRENSLEAF coFFeREENEHE SOk at FBAPCT tthe
winding roller 31 is stopped tenporarily. In the ~ neantinme, the applicator
20 is al | onedsheudpphdach a ek e hgoroltér wiFh rdi#MERBTCcOAt ilng rol | er
23 is pressed against the strap 11la wound on the winding roller 31 (Fig.
22(b)). Once ®mheogontesat- rel ati onship is established, the rotation of the
winding roller 31 10 is resuned to wind the strap 1la helically on the
winding rdl ler 31. Barihgrehebsdeoord wWiarh ngPedageb ywheeehs itlge &ddt i ng
roller 23 is held against the top side of the innernost strap |ayer ground
on the entiredéypkiekdri odl the perffaoe tofon hkel i ndhagne bEFepn3ed @& ani ndi ng
roller 31 causes the rotation of the coating roller 23, which further
causes the rotaei divwhed helbeagd ¥o$ | ppriPhery becomes smaller and

exhibits a lower peeling strength. In such circum-
stances, a desired peeling strength can be obtained by
10 forming a plurality of perforations 11ld, which, as a
whole, provide the peeling strength at the melt-bonded
area lle.
Although the above description has been focused
on the circuiar—section perforation 11d, the
15 perforations 11d shown in Figs. 5 to 9 can also achieve
a desired peeling strength at the melt-bonded area lle
and widthwise tensile strength of the strap lla, at
which the bonded layers of the strap lla are safely
peeled off but not torn away. According to the same
20 principles, the circumferential length, configuration,
number, position,.etc. of the perforation 11ld are
designed in view of the material, thickness and the
width of the strap lla.
The perforations 11d of Figs. 5 to 9 have a section

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



Accordingly, the adhesive 11c contained in the pan 21 is first carried by
the surface of the feed roller 22 20 onto the surface of the coating roller
23. At the sanme tine, the coating roller 23, which is pressed against the
top side of the strap 11la wound on the winding roller 31, coats the
.adhesive 11c thereon. In the end, the adhesive 1lc is coated on the strap
11a wound on the 2~ outer cylindggcal surface of the winding roller 31,

63 substantially along the entire a::ial length thereof in a desired
circunferential length. The winding roller 31 rotates tq . m),;e a few nore
| ayers under the application of the adhesive, liag TRt the rotation of the
wi nding roller 31 is stopped agai E 1Thi §x€re, "as shown jniFidg. 22(c), the
applicator 20 is di sié)le@ge(—jhavvag‘cfi om t he wi nding fre0!d%t®'31 and breaks the
contact betweenot®e®Coating rol | e{OQBOa’LndﬂPﬁe strap 1la woungt on

the' windi’ng roller Sé. ALt erindie” coating 10 r.(%lallerd3268‘?"5l det ached

therefro t heodgEFR ng roller ?é%\er gswqéé"-“tdc} wi nd the strap 1l1a helically
and cont FAG ously (Fig.ngg(d)x)i.h ring the third winding stage, air is
sprayed ent oumebeyﬂ 8T cal surface of th= ~. ~indi ng rollefi@l, 1~ as
ejected f¥dMtile nozzles 32a of the air nozzlg gssem#y 32 inside the

wi ndi ng roll er_3dap To*de specific, thepaiwire etfed fromt hep nazzl es 32a

passes thfd¥gh a number of ; per es* 3D in the cyli QQethEr%%as 3la and reaches
the strap lla \/\opmi.oﬁr5t he wi ndi ng rop3 £ o . The air _sp{ay pronotes
vent -type gsibver¥ic whi ch has been

vol ati Isi sati on of a sol vgﬁ/&wil@eth%“%lo adh

coated on the ség@mhﬁl‘é} anwhi | e, ag shewne h \&I g. 22(d), a,piedeter

ni ned | eng®Of t he st&ap%l arksg®Buiid on the wi Q%ngof—}crld’lcl er 31 under
I ; S

the air sprgxdfgggl pbelnozz esth3€2a-¥)ey§%ratlon e salues

¢ o crion:
Crh reSPEC 5e . ~ated
w3t are indc©

00 mm\ -
(diameter: b

d
forations 1l

Xgmm)'



64 continuous air spray allows the adhesive 1lc to establish an appropriate
adhesi ve strength, prior to the conpletion of the winding of the strap 1la.
Pl hen the strap Ila is wound in a predeterm ned ~ | ength, the w nding
roller 31 is dianetrically con tracted by sliding the cylinder franes 3la
toward its axis . The contracted w ndingaroller 31 is renoved fromthe
strap 1la which has been wound into a coil, thereby giving the strap coi

11 of the present invention as 10 shown in Fig . 19 . As for the

hot - nel t -t ype adhesives 11c, coating nay be effected by the applicator 20
in the sane manner sho~,rn ? n Fig, 22 (b) , while the strag 1la i s being
caound up on ?hE2Ri AdPnd 10T 2T 31 " SPREBOETid Hot et tYPEL E258dREsi ve 1lc
does not require air spray for volatilisation, the winding roller 31

di spenses wi t ANEh& &9 P2l ad8BAHIy 32. Additionally, the hot-nelt-type
adhesive 11c may be applied with the use of a cylinder qgglicaton 25 shown
20 in Fig. 23(a). TheCéyrinfderl vpplti tadsrs 2R bigrised & ¢yrPadhiica barr el
25a filled with the hot-nelt-type adhesive |Ilc and a plunger 25b slidably
accomnmodat ed PAlYRE cparrele 256 Fbrl SgueeZt hge cutPThel aghesreedftc at One end
of the barrel 25a accepts the plunger 25b along 2~ its axis, and the other
end is graduaFh¢ tepefedonded 2amH aldéniehl 40 n¥ Ll P lor §8F 5t @ hear and
nmelt the hot nelt-type adhesive 1lc, the barrel 25a is covered by a heater
25c. This cyl Vhd&hwams iteen 9t 1255 E528uspoodd HP tHer 3P vi ERnPEy 238P Ythe strap

guide 34 for guiding the strap Ila to the winding roller 31. After the
strap 1l1a is 2,000 gf. In case of the rectangular-section

perforation 11d, these values are suitably achieved by

adjusting‘theleﬁgthof its longitudinal sides. Proper

10 combination of the peeling strength and the widthwise

tensile strength not only ensures safe peeling and tear

prevention between the bonded layers of the strap 11la,

but also prehibits unwanted unwinding of the strap coil

11. Besides, in the rectangular-section perforation

13 11d, the widthwise tensile strength of the strap 1lla

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

Additionally, the strap coil 11 of the present

invention may include a perforation 11d in the outer

20 cylindrical surface thereof. The perforation 11d is

plerced in the neighbourhood of the outermost end

through to the underlying layers of the strap 1la,

thereby bonding these layers at the melt-bonded area

lle formed along its periphery. This arrangement

25 prevents the outermost strap end from being drawn out



wound on the entire surface of the winding roller 31 to nmake the innernost
| ayer,of the strap coil 11, the cylinder applicator 25 interposes the
tapered tip of U the barrel 25a between the top side of the strap 1lla
wound on the winding roller 31 and the bottom side of the strap 1la gui ded
by the strap guide 34. At this position,_the plunger 25b is squeezed into
the barrel 25a vrhich con~ains the hot-#@lt-type adhesive 11c 1~ nelted by
the heater 25c. The nelted adhesive 1lc is squeezed out of the tip of the
barrel 25a onto the strap 1la wound on the winding roller 31. As shown in
Fig. 23(b), the barrel 25a can reciprocate in the axial directions of the
wi ndi ng 2U r oFRBFCEE SF hsYt o 'f Hl9Nsie t hed stGdpvanaliafréh Fsrhel i eald y and
continuously wound on the winding roller 31. Hence, the cylinder applicator
25 continues E8C8pRINF t hBrRGESTel t SB¢pe alhesiBAP UNE n6F onf §raomattse t op
side of the innernost strap |ayer wound on the 2~ winding roller 31 but

al so on the tBpesFOL Wit AIf &éfv ABr éoNIBEF | B§¢Y X Pdni nat ed t hereon. The
adhesive 1lc, be it the solvent-type or ~he hot-nelt-type, may be coated
only on a portion ofighe ifiernmbst $6rap 3ayeescodstichanalgl € he liemser
cylindrical surface of the strap coil 11. In another arrangement shown in
Fig. 24, the sbbvémd el wet hob-weepst 9pethdhesicae Fpéli $lapplfhed con
several layers of the strap 1la | am nated al ong the axial ends the w nding
roller 31 (nottskewaye. carariek) cestanplog, ethapddhediwesing pswapplingd by
means of a spray gun 27 shown in Fig. 25, while the strap 11la is being
wound on the weAdieng rloldrerwi81ir( rfoitg shiodvg ) - | N"Thhew Spraypggunl2er e
adhesive 1lc in the solution state is supplied th=ough an adhasi ~e feed
hose 27a, andhas cenpredsed arylisdsuppll edhEprouglr@rsad fded floags 27bh.
The adhesive 11c in the solution state is sprayed fromthe tapered tip of
the spray gune2uiomlente stdéisdeface fafantdre se¥beral opheinest | &yers in
the strap coi 1 11 . In still another arrangenent, the adhesive 11c 20 may
be applied onctire e sé deiefl liyheuannermiosg bayerl iofddtheo St saptabdile 11 as
wel |l as on several innernost |ayers |am nated al ong each axial end of the
w ndi ng roll eax3khl Aengftown igadH @y 126 e W hdes ladiesspa cklc apenet r at es
sufficiently into the gaps between the strap 2~ layers | am nated al ong the
axi al ends of at B@ nwilrdicrigcumference with a circumferential gap 31lc

to constitute a cylinder of circular section. The four
cylinder frames 31la arranged along a single
15 circumference can contract the diameter of the

circular-section cylinder, when allowed to slide to-

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

contracted cylinder is diametrically expanded by

sliding the cylinder frames 31a outwardly. Anaperture

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

The winding roller 31 accommodates four holders

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

a circular-section perforator 38 in place. Similar to

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



67 roller 31, the adhesive 1llc also penetrates into the gaps between the
adj acent rows of the innernost strap |ayer helically wound on the w ndi ng
roller 31. In the case where the adhesive 11c is applied on the | ayers of
the strap 1lla |l am nated along the a:~ial ends of the veinding roller 31,

t he adhesive 11c may not necessarily coggr the entire circunference of the
| am nated strap 1la, but instead cover part thereof . For e:tanple, as
shown in Fig. 27, the adhesive 11c may | U be applied on each side surface
of the strap coil 11 in the formof stripes which stemfromthree
circunferentially spaced positions and e:rtend al ong the whol e radi al

| ength of thec$¥¥ap SHNLHUARr#R1PRAI & ngr rfehent LRI 3 &/etEl of CLHe strap
1la lam nated 1~ along the a:~ial ends of the winding roller 31 are bonded
t oget her by themagREsIAke VET @FicG.r 28)terant tptherPahot heps it tafgerent
shown in Fig. 29, the hot-nelt-type adhesive 1llc is coated in the nelted
state on the entiréey 6f €hecianar segltiipdy i cdlhes beflaes 26 o rehelserap coi
11. As illustrated in Fig. 30, the adhesive 11c solidifies to bond together
t he adj acent ¥bhdabflet ha Kéle saldiye Iwsldrik St aps 114 vhikhr EoRSLPTuBE t he

i nnernost cylindrical surface. As a nethod of such adhesive coating, the
mel t ed 2~3hotisehpunypd adhesiveculleri sugdatced odn gaweh dJue bfer 88 in
cylindrical surface of the winding roller 31. The strap 1la is wbund on the
adhesi ve- coat edckednmiamgerothet BY ¢onfrorm ¢he sadapléwi thidughAther the
adhesive 11c cools and solidifies, the winding roller 31 is dianetrically
contracted angpeenoved Vit Hbrthd strapheoclylithdeFhifszarg ahgenentl-
facilitates, the coating of the adhesive 11c, but it does not adversely

af fect the rewbvakhomatheshwwdi hy riokl €6 g8k ef,r emhideet et rap poovrided 10 In
all enbodi nents of the adhesive-bonded strap coil 11 as nentioned above, it
shoul d be notedstikhat etaheh Stalge 41291 Sopeehealplunp dronde] Hyat heg the
above-exenplified adhesives. As shown in Figs. 31 and 32, the strap coil 11
1~ obt ai néd impeafy raft dthes abouer descrd bedr nanneéasemay btavehbotie rsidde
surfaces covered by a pair of pads 12. The resulting strap coil unit 10 is
suitable for isarsperded il andeatonageilating material.

In order to wind the strap 1lla on the winding
roller 31, a fixture 33 is attached to the start of the
strap 1lla (i.e.,innermost end of the strap coil 11)

13 gulded by a strap guide 34. Then, as showninFig. 16(b),
the cylinder frames 3la are allowed to slide outwardly
along a single circumference to forma circular~section
cylinder. Inside the winding roller 31, the holders
39 maintain a properly spaced relationship with respect

20 to the cylinder frames 3la, thereby keeping the
perforators 38 away from the cylinder frames 3la. The
fixture 33 attached at the start of the strap lla is
fitted into the gap 31lc created between a pair of
neighbouring cylinder frames 3la, and thus secures the

25 start of the strap 11la in the middle of the axial length



20 2. PACKAG NG STRAP COL UNIT Wth reference to Figs. 31 and 32, a
packagi'ng 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
corrugat ed cardboard, etc. , 2~ is shaped in a disc whose outer dianeter is
69 substantially the sane as that of thgystrap coil 11. In the centre of
the pad 12, there are fornmed twelve central flaps 12a which can be fol ded
into the cylindrical holloca 11b-of the strap coil 11. The ~ annul ar area
surrounding the central flaps 12a constitutes a ring 12b LJhich is held
agai nst the side surface, of the strap coil | an, vi ew of
the pad |2, {n1q$é“ ?%Jr?+5$§ ﬁga d%*%hégﬁa %H°‘%%h?%8Fgf?5b§912a are
10 fol ded al on circul ar dashed _line i Qnecentric circle
of the pad 1758 V\j-\‘:’&hwﬁﬁgl§gdf8|]réte§r uﬂég’a £||3 ESSF lPhé ®of the
holl ow 11b defjining.the a~.:is of the stra gg % 11. The gﬁﬁf C|rcled by
the dashed |ifheF$5& e @6tEIAT GAF a1 Ve Fdidvi 4Pg )1 F hed Fafiall vy

e~, tend fromthe centre of the encircled area, so that the encircled area

i s circunferehtfafPF¢*di% ded into twel ve fan-shaped equal sectors (i.e
central flaps 12a) . The central flaps 12a are folded al ong the dashed |ine
12c into fhe hol | oWt %6 del? i Tif 26 1tahBa§x‘i‘%d%fa P& Sty &6it2185Sat a
right angle to the ring 12b which surrounds the encircled central flaps
12a. As a resﬁFPU“FhéWﬁuﬂﬁiﬁbﬁo%fd%@eaahéﬁé|r?ﬁ%&hd%%t?%ﬁt%éngPgmhlch
opens through to the hollow 11b . In order to secure the pad 12 on the
strap coi |l 2-raileandadifesd vé & applFhed dRIERE BatTFELYL 6F DhRPBGFT ace

70 of the pad 12 which is to face the side surface of the strap coil 11.

The adhesive peeiudl ¢ BORAS IOR" PalS R2RAG HHE SELEpt 6T 11 £ BFEther
wherein the rings 12b of the pads 12 are bonded to the side surfaces of the
strap coil 11framgst RéacéRcrdle £REFste2h25reYbbhdER St R FREIRARES 3

cylindrical surface of the strap coil 11
10 projecting from the holders 39.

In the next step shown in Fig. 16(d), the holders

39 which hold heated perforators 38 are allowed to slide

in the radial direction towards the cylinder frames 31la.

The perforators 38 are preheated above the melting

15 point of a thermoplastic resin constituting the strap
lla. For example, for a polypropylene strap lla, the
perforators 38 are heated to about 200*C, which is
higher than the melting point of polypropylene. To-
gether with the outward displacement of the holders 39,

20 the perforators 38 advance through the apertures 31d
of the cylinder frames 3la and stick into the plural
laminated layers of the strap lla wound on the winding
roller 31. In conseqguence, four circumferentially
equally spaced perforations 11d (see Fig. 2) are formed

25 simultaneously in the laminated layers of the strap 1la,



surroundi ng the holloca 11b. A nethod for producing the strap coil unit 10
is hereinafter described in detail. First of all, a strap 10 1la is wound
into a strap coil 11. In the neantinme, a pair of pads 12 shown in Fig. 33
are prepared and coated tsith an adhesive, with the central flaps 12a
unfol ded with respect to the rings 12b. ghe pads 12 are then positioned, as
shown in Fig. 34, such that the adhe 1~48j ve- coated surfaces of the rings
12b correspond to the side surfaces of the strap coil 11. The rings 12b are
pressed agai nst the side surfaces of the strap coil 11 to effect adhesive
bondi ng between each other. Lastly, ttie central flaps _12a in the pads 12
are 20 fol ded:akrgrg% He)daRhedrhenes thrreaf dnr FHRt "EAdI to-2he - ri ngs
12b, into the hollow 11b fornmed along the axis of the strap coil 11. Thus
obtained is the str¥px&oi Psuahewnoisf FEgg. 1812) I nthRenstk@d scdi? 2d8Fi t 10
descri bed above, the 2~ pads 12 are adhesive-bonded on the side surfaces of
the 71 strapléeived toantipe everit fdefok hats vhl BE e bent2®t s tHet eddés of the
strap 1la locating at the side surfaces of the strap coil 11. Hence, during
transportati onedrasttoregetha grufFaratgref 38t fapmchbh e PEELPYeSan e safely
~ piled up on one another, with their a:~es aligned in the vertical
direction.3 FuFphérwimg hikeswigpdegivalunf 10e Pise foatrats f Blps t1®a are
turned into the hollow 11b forned along the axis of the strap coil 11, and
they are bondedllyedar zeihes: Venyothhepemi@ieost dhyare dferheradistsap 1la
whi ch constitutes the inner cylindrical surface of the strap coil 11
surroundi ng t hédheldlowi1ip. tOutotn tké tadhvesiadk-bormedl tent sak Fliagps 12a
t he

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

Thereafter, the.winding roller 31 is rotated until a
10 predetermined length of the strap l1la is wound thereon.

While the winding of the strap lla proceeds, the strap

lla is axially reciprocated along the winding roller

31, so that the strap lla is helically wound on the

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

After a predetermined length of the strap lla is
wound on the winding roller 31, the diameter of the
winding roller 31 is reduced by sliding the cylinder
frames 3la toward the axis thereof (Fig. 16{(f)). The

20 diametrically contracted winding roller 31 is removed
from the axis of the helically wound strap lla. Thus
obtained is a coreless strap coil 11 whose axis 1s
defined by a hollow 1llb.

In forming the perforations 11d in the laminated

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



innernost end of the strap lla does not unwind by itself and so the strap
coil 1% remains firmand solid, even 1~ w hen the innernpost strap end is
not fired by nelt bonding or the |ike. Wien used in an autonatic pac~: agi ng
machi ne for automatically strapping a corrugated cardboard box or other
items with the strap 1la, the strap coi hgunit 10 20 is | oaded on a strap
coil reel nounted on the packagi ng nmachine. As the edge of the strap 1lla is
free fromdeformation or bent, the strap Ila can be snoothly drawn out from
the strap coil unit 10 . The snooth draw ng-out action of the strap 1la is
not deterred bé t he presence 2~_of the gads 12 mhicgaare adhesiv%-bonded on
the side 72PRarFacdy of tthe Str &0 coPFrier 2fm=s i 4° béfus& thé ®ohdi ng
bet ~. aeen the pads 12 and the'side_surfaces of the strap coil 11 is
efficiently e3taBF*SeF T PEuth ROsAaPl PaLeR S TH FS t hBSeB§E 13" % he
strap 1la i constituting the side surfaces of the strap coil 11, that the
strap 1la is mbEedddjifected YbdhRvése Eedsiile el YN sPfefi§eh s tBES des,
the innernost end of the strap 1la peels off readily fromthe central flaps
12a. Wen thel$frap P1&Yulhe B9 F thenetPaptcbPf Bnf£ - PeEES £H&% renmin
a pair of pads 12. Each pad 12 can restore the original flat form by
returning t helé&ntrall®PF&ps 422 IS8kl Pfo e rPAGE1ZDE RSt her pdd<L 12 in
flat formare suitable for transportati on and storage, it is easier to
reuse them r epBafedarons A8 Phe FddhesiVes®cdat ed on one surface of the pad
12, use can be nmade of common rubber-based adhesives and acrylic adhesives.
The species of such®adie’i fédedine thibte serPedifapeci F?‘@d,h?ﬁ%%ifﬁed’% hey
e:~hibit a required adhesive strength caith respect to the edge of 20 the
strap 1lla. Theocaddhesd vethfly Perfisiiaus ed3By &ayot i dedtadRési vié t ape.
In this case, a both-sided adhesive tape nmay be stuck on the entirety of
one surface ofynisdgsadig2tipni orittho the VonAanidorr Ofl¢he3 di vicdienrgHdy nes for

central flaps 12a. Thereafter, the central
10 eliminating the step of aligning the cylinder frames

3la with the holders 39. This arrangement enhances the
cperation efficiency, because the perforations 11d are
formed while the winding roller 31 is in rotation.

The perforator 38 for forming the perforation 11d

—
L9}

may be applied either at the bottomside of the innermost
strap 1la as described in Fig. l16(a)-(f) (i.e. from the
axls side of the winding roller 31), or at the top side
of the laminated layers of the strap lla as described
in Fig. 17(a)-(g).

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

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



2~ flaps 12a are cut out of the taped pad 12 along the 73 dividing |ines
gi'ven i'nside the dashed line 12c. Incidentally, the material of the pad 12
is not limted to corrugated cardboard paper. For e;;anple, the pad 12 can
be nmade of relatively recyclable materials such, as cardboard,

pol ypropyl ene (PP), polyethyl ene terephé@alate (PET), polyethylene (PE) and
ot her thernoplastic resins . The pad 12°Ts shaped in a disc with a

t hi ckness of about 0.5 to 5 mm whose outer dianeter is about 10 mMmmwi th
respect to that of 10 the strap coil 11. In the above description, the pads
12 are nounted on the strap coil 11 by first positioning a pair of flat
pads |12 with ¥fpanrded Eéﬁﬁﬂﬂq'FP&&§I12éfoﬁhﬁhét§Fﬂeo§quéc% rgP the strap
coil 11 and then inmardlx folding 1~ the central flaps 12a. As an

al ternative pfotess, bynehefstharpadsde23¢i ih forgedirehbranriffapsof2a my
be set on one end of the winding core of a winding nmachine, prior to the

wi ndi ng of thehatpapatidensftlerof Hehatyapding F§1a6Uh§¥rﬁ¥)é;%F%a§ coil 11
and the winding core 20 is renoved fromthe strap coil 11, the other pad 12
i s mount ed ontihef brherespPdeastirFace tRekFbof star&onpl ehe theaBt+apOcoi

unit 10. Since the preset pad 12 prevents the strap coil 11 from unwi nding
during thé predactien3ltth® iy shdd strapdebPHrindalvdady s hcf L@B8s2~ a
preventive structure against its unw nding or 74 disintegration during
transportati ohland storage.

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

10 winding roller 31. After the start of the strap lla
is fixed on the outer cylindrical surface of the winding
roller 31, the winding roller 31 is allowed to rotate
in the direction of the arrow T until the strap 11la makes

a plurality of layers around the middle of the axial

—
n

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

25 the winding roller 31 and pulled out of the laminated



Further, the second pad 12 can be set on the thus stabilised strap coil 11.
Therefore, this arrangenent ensures efficient productivity. In case an
adhesive is coated on the entirety of gne surface of the pad 12, it is
advant ageous to put rel ease paper on the adhesive-coated surface. The

rel ease paper prevents bonding between ghe pads 12 piled up on top of each
ot her and thereby enables safe 10 transportation of a | arge nunber of the
pads 12. As shown in Fig. 35, the pad 12 may further conpri se a plurality
of triangular er:ternal flaps 12d which project outwardly fromthe outer
circunference_of the pad 12 and which are circunf erelnti ally equally 1~
spaced from ehgKesther. EHe Rk de 3 st biih LAiet “fF 24 eFapr o8 dads 12
are firstly positioned face to face with one side surface of the strap coil
11. Secondly, FBRePREARPFAICfATapd 129 Lard FifHed GhRaP 8l § ~Prasady arere
external flaps 12d are folded onto the outer 20 cylindrical surface of the
strap coil |l1leTheFettleridld fihgpsorrd tar CeF BBy ABRESR YREBBAGEE ™ 0 t he
outernost strap end as well|l as the outer cylindrical surface of the strap
coil 11 . As alfesthe Witél vateriost 8 leAd L8F tshe Bi3Epe ¥ I°f FSEASE °dr awn out
fromthe strap coil 11. 27 Further, the pad 12 may include a centre hole in
75 lieu ofd théicent rAtFthps 2DaOpt ovndéA et He HafifekMds? F ehbSof FERY strap
1lla is fiaed by nelt-bonding, etc. in the strap coil 11 whose a:~is is
defined by a BolFTaw- 14h(cA) pad pd ¢t Paglf I2L hi Fht ithdisuBes 1 ivdl e tie pl ace
of the central flaps 12 are |li~:ew se positioned and bonded with an

adhesi ve to theesiede-sslir pacésreftoarhe3 8§t iap cloidvwdad. tvhearrheashr &pecoi |
units 10 are piled up on one another, the pads 12 of this kind al so prevent
def ormati on owiberningpfrdahkeedgye ahdt héestoeapnbltthd® rondortttiong ltie si de
surfaces of the strap coil unit 10. Another enbodi nent of the strap coil
unit 10 i s desctiocbedewl thinefterdeheq etrooEi ge S6rép BBa, Rnd B ahd s a
front view showi ng another strap coil unit of the 1~ present invention,
provi ded Mi t hpa rshape: et 8At iiogn allowed to recede in the opposite

direction and pulled out of the strap 1lla.

The formation of the perforation 11d is repeated,
as shown in Fig. 17(d) and (e), according to the bonding
cycle which comprises rotating the winding roller 31

15 by 90 degrees (i.e. a quarter of rotation), piercing
the perforator 38 into the laminated layers of the strap
1la to form a perforation 1lld (see Fig. 2), and
withdrawing the'perforator 38 from the strap lla to
solidify a melt-bonded area lle (see Fig. 2). 1In the

20 end, there are provided a total of four circumferen-
tially equally spaced perforations 11d and melt-bonded
areas lle.

Following the formation of four perforations 11d
and melt-bonded areas lle, the winding roller 31 is

25 continuously rotated to wind a predetermined length of



plate which is | onger than the inner circunference of the strap coil; and
Fig. 36(b) is a front view of the same, provided with a shape retention
plate which is shorter than the inner circunference of the strap coil. 20
Fig. 37 is a front view of a shape retention plate applied to the,strap
coil unit. Fig. 38(a) is a perspective gﬁeM/of anot her shape retention
plate; and Fig. 3 (b) is a section theréof as applied in a strap coil. 2~
As mentioned above, the strap coil 11 has the ~s innernost end of the
strap 1la fi~.ed by nelt-bonding, etc. so as not to unwind or disintegrate.
The strap coil unit of this enbodinment is characterised in conprising a
flat shape ret@ftiSsFaR até292 R ch iCirbl (Ed9and T hsktt ed Bhit'® £RE hol | ow
11b of the strap coil 11. The shape retention plate 92 is a plate nmade of a
synthetic resthnddeq &S 1p6IypropyfeRast antl bdFfestRf s’ -3l hBfaFod4EN as a
thin steel plate, a cardboard sheet or other sheets‘conPrising.a m xture 10
of used paper3anis iRt edcplagt Festraci egr BYndl s8arg. CIFRecY ERGERTOf th' e
shape retention plate 92 is substantially the sane as the circunference of
t he hol | ow 11Brafeshil athcar woithelasiamst Fhe Wi de hnE s Shbst ant il ELgy t he
same as that of the strap coil 11. |~ Wen rolled into a cylinder, the
shape reténti b (plat-e Ihe soadnstantd ywsnBiest €@ tie 1 hel resi Feeateforce to
recover the original flat shape. Therefore, on its insertion into the

hol | ow 11b, tAeomesiki entlsf orfc&hst hedsexr T he shape §efent Loén -pl ANes92
against the inner 20 cylindrical surface of the strap coil 11, whereby the
shape retentiohtpliats 90s sapgortss ate $hanér @Adihdiicahosur fagesoft st he

strap coil 11 . The shape retention plate
defined by a hollow 1l1b.

Instead of the heated perforator 38, a laser beamnm

10 may be applied for the formation of the perforation 11d
and the melt-bonded area lle, as illustrated in Fig.

18 (a)-(g) . This embodiment likewise utilises the
winding roller 31 comprising four cylinder frames 31la

(Fig. 18 (a)). Each cylinder frame 3la is operated to

,_.
th

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

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



92 may be longer than the inner circunference of the strap coil 11 and
overlap each other at the end portions 2~ (Fig. 36 (a) ) . On the other
hand, it nmay be shorter than 77 the inner circunference of the strap coi
11 and | eave a gap between the end portions (Fig. 36(b)). Fig. 37.
illustrates a nodification of the shapegpetention plate 92 nentioned above.
In the shape ~ retention plate 96, one end portion thereof includes a pair
of slits 93 oriented parallel to the wi dthw se sides, whereas the other end
portion conprises a pair of extensions 94 having a width corresponding to

the slits 93. The shape retentjon plate 96 is rolled and 10 inserted into
t he ho:Iow IIBFeﬁfﬁﬁﬁgﬁﬁtﬁi?gnévﬁngeéﬂ i%ﬁéﬁﬁ?rF%ﬁ%“g?thréé?smﬁéﬁ tLe

shape retention plate 96 is stressed by the resilient force against the

i nner cylindri€a léu??&cétgﬁttﬁz zgﬁa5¥5ﬁﬁ1lffflfhghgxwéﬁgﬁﬁhgﬁgﬁiﬁ?e

rel eased fromthe slits 93. The shape 1~ reteg&g%anlate 96 advant ageously
~~Fo

prevents slidéd*dfisIigpabR 8f tRE, &nd*Pdiii bR t'he same purpose, the
end portions of the_shape retention plate may conprise a pair of inverted
Z-shaped ext ensi onsReWFiTh i & hédked 1\t redch25€Hel S SE) LAt AhE M | ed
state . Any other arrangenent is possible, as far as the end portions of
the pl at e Jar e3det-&cHAIRP ToRNERt BASWVER 1€ dthere Vit T PHe8Ad SFor ti ons
of the plate are detachably connected, the shape retention plate ma

y
overlap at thélend poitPeiSedring the o o5 ekt 4bl & Portions FRF 7%
Eig. 3 shows a further nodified shape retention. plate 97 which conprises
edge pi eces 95TRIRCRStPRr21908 FRont POLALI SAgeRiiSe SiEdES ol 1R "shape
retention plate 92. In this enbodinent, a strap coil can fit on shape ~
retention pl af@l9Ehet heenf i helelgetpitedds T5.0Thet kR bPE, UNRE SRape
retention plate 97 does not slip out fromthe strap coil, even when the
strap coil isaPdFe&redry Ircedédand cefoaded WStSP FEs et nfoWERe inge|  of
the automatic packagi ng machine. In addition, the 10 edge pieces 95
rei nforcelt heredge wf lsev@idih sanermdstho hgenyg Wotisdagitond e saxdas ends

of the strap coil, and prevent the disintegration thereof.
lla on the outer cylindrical surface of the winding

roller 31, the winding roller 31 is allowed to rotate
inthedirectionbfghearrowi?untilthestrapllamakes
about three turns around the middle of the axial length
13 thereof. After the winding roller 31 ceases to rotate,
the laser oscillator unit 35 is allowed to approach the
winding roller 31 and to irradiate a laser beam on the
laminated layers through to the innermost end cf the
strap 1lla. The laser beam melts a portion of the
20 laminated layers and the innermost end of the strap 1la
and provides a perforation 11d and a melt—-bonded area
1lle. The laminated layers are thus bonded together at
the melt-bonded area 1lle (see Fig. 2) along the
periphery of the perforation 11d (see Fig. 2).

25 After the formation of the first ﬁerforation 11d,



Any of the above-nentioned shape retention plates 92, 96 and 97 is reusable
and therefore economcally 1~ advantageous. As specific exanples, three
shape retention plates were made of a resin sheet conprising recovered

pol yester and used paper in a ratio of 2:3. Sanple 1 has a wdth of 190 nm
a length of 700 nmand a thickness 20 of41 nm Sanple 2 has a I ength of 600
mm in which two slits (length x wwdth: 35 x 30 nmeach, parallel to the

wi dt hwi se direction of the plate) are provided at 50 mm i nsi de of one end
thereof, and two extensions (length a width: 100 ~t 30 mm each) are
integrally provided on 2~ the other _end, Sanple 3 has the sane djnensions
as the 79 Sahple-19amd TUrtterlincfeanés 3 A @ef“s%ﬁ?rﬁ%*haaaae bt eBes
equal |y spaced on each | engthwi se side of the plate, Each Sanple was rolled
and inserted FTAt8tERE REl P mﬂo%“at%%l?b¥%ﬁ§F8ﬁe°§tFQS BOFPY Whéféthe
Sampl e J was Eressed by its resilient force against the inner cylindrical
surface of the2éepap @&d stPers A9 ibaddbi 1GY° t(RITL 4P Om §BE L8SEY, each
pol ypropyl ene strap coil unit was | oaded on and unl oaded fromthe reel of
an aut omati c PAEkAGIEFP B Rife.3 Af t BF 2P&2SSTes® ofL 0 1 0881/ UhI 6&Gi ng,
none of the strap coil backed by Sanples |-3 showed unw nding or
disintegrdtioha@hnﬁﬁ§cinhéveéﬁlﬂhﬁrggﬁl siFdRcd.ra nta EGfar abPYEeéxanyl e
performed with respect to a pol ypropyl ene strap coil which was nqgt backed
by a shape rePerfPamthion el 19 hend -2 AnéF ~Pnidsdt ixat2 shit Fagé°8f thé strap
coil was unwound after five tinmes of |oading/unloading. 3. AUTOVATIC
PACKAG NG MACPEREPTI®e f0l | owi ng description is .directed to an 2U automatic
packagi ng machi ne for strapping a corrugated cardboard box or other itens
with the use of theTberé&pemetstomapicbhe H9r 6P rRIEHE prdSenf FAVEALESN. The
operation of this automatic packagi ng machine is schematically illustrated
in Fig. 39. 2acAgpralitrarii thedoketing cvedis We14h FaBPgdessarotating

10 the winding roller 31 by 90 degrees (i.e. a quarter of
rotation) and irradiating a laser beam by the laser
oscillator unit 35, thereby to form a perforation 11d
and a melt-bonded area lle along its periphery through
the laminated layers of the strap 1lla. In the end,

15 there are provided a total of four circumferentially
equally spaced perforations 11d and melt-bonded areas
lle.

Thereafter, the laser oscillator wunit 35 1is
allowed to recede from the winding roller 31 (Fig.

20 18 (e)), and the winding roller 31 is rotated
continuously to wind a predetermined length the strap
1la into a coil (Fig. 18(f)). After the winding roller
31 ceases to rotate, the winding roller 31 1is
diametrically contracted by.sliding the cylinder

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



8Q stand 41 for resting an item 47 such as a corrugated cardboard box and
an arch 4 which stands over the item 47 placed on the stand 41. A
cassette-type strap coil reel 50 | oaded with the coreless strap coil 11 is
installed on the e:~ternal side of the stand 41. Wth the strap coil 11

| oaded on the reel 50, the strap 1lla is gramn out by a pair of feed rollers
43 inside a keep box 44 of the stand 4153nd tenporarily stored therein. The
strap 1l1la held in the keep box 44 is 10 conveyed by a shooter 45 and a pair
of drawout rollers 46 to the arch 48. The strap 1la proceedsal ongt hearch 48
and strapsthe item 47 placed on thestand4l.Fig. 40(a)and (b) illustrate

t wot ypesof paeRagirag gret i ¥ndesg 400 Whech3 Hi ¥ $ e¥xeinavedefirnst aheaeiéns 1~
position of the strap coil reel 50. In Fig. 40 (a) , the spindle for the
reel 50 is houSethhenbkede dahe wtveruhdilstdap Fi b2 - 40Tiby obthenspi ndl @ 49 for
the reel 50 projects fromthe external side of the automatic packagi ng
machi ne 40. 260Théepackagiapgcradhl hevtofs ¢ he ipr ésede Linedrity enhe $ legui pped
with a strap coil reel which is applicable to both types of packagi ng

machi nes. Figll4l is a section of the cassette-type strap coil reel 50,
with the coreless strap coil 11 | oaded. 2~ The reel 50 is equipped with a
cover 57 flor coveriRg hats beddre ddder soheflace dfastéhre sdampicoatiidtedFig. 42
(a) is a section of the reel 50, with the cover 57 and the strap coil 11
renoved, and Frgm 42¢ assraoscdéluitew uhdredS tean efiorm &hemdiliecti on of

t he

perforation 11d in a more stable and efficient manner.
In addition, the'laser oscillator unit 35 is composed
of less expendable parts and thus easy to maintain.
10 As the laser oscillator unit 35, there may be used
a Co- laser‘oscillator unit which employs CO. gas as
the laser medium. The CO. laser oscillator unit
irradiates a laser beam of 27W output power at a
wavelength of 10.5-10.7 pm as operated by a current of
15 6A. The irradiation time of the laser beam is in the
range of about 0.1 to 5 seconds, preferably about 0.5
second, at which Eime the laser irradiation hardly
affects the winding rate of the strap lla.
In addition to the CO. laser oscillator unit, the
20 examples of the laser oscillator unit 35 include a
helium-neon laser oscillator unit, a semiconductor
laser oscillator unit and the like.
Fig. 19 is a partially cutout perspective view
showing another embodiment of the packaging strap coil

25 of the present invention. 1Inthe innermost cylindrical



~arrow Ain Fig. 42 (a) . The strap coil reel 50 conprises a side plate 51
pl aced on the external side of the stand 41 and a screw rod 52 which is
rotatably nmounted on and perpendicularly projects fromthe side plate 51.
As illustrated in Fig. 40(b), the screwrod 52 is 10 integrally fitted on
the spindle 49 which perpendicularly projects fromthe external side of the
stand 41. The rotation of the spindle 49 is stopped by a spindle brake 42.
The screw rod 52 is external |l Y& hreaded and integrated at the extrene end
with a handle 1.7 53 for turning the screw rod 52. A,c%hh@drical sliding
menber 54 is screwed on the scres~ rod 52, mherg@weﬂﬁé sliding nenber 54
slides in the axial directions of the few6d 52 in cogperation with the
turn thereof. The screw rod 52 j¢, stifrounded hy .f emd &8re plates 20 55
whi ch perpendicularly siap@cdm the side plat&51. The corei pl ates 55
constitute a cofevelsefrent which j FuiSerted irncéggﬁprkﬁ?OM/llb defi ni ng
t he axggtabOFhe core Ies&asl¢&p coil 11. SFherCore plates, §,eare curved such
that they can Iggaaetﬁfong t he i@nQBY€§Iindrical 2§16gr?%0e of the strap
coi l 11woaﬁﬁe?f inserted i pnbhB®" ' 82 hol kaw £PB thereof . iBach core plate
55 is lin~:ed m@gglthédsliding nqggﬁﬁﬂBE screwed on 4w 'S¢rew rod 52 by a
pair of rat | 87710 nk r‘odsl@ﬁ.laﬁe f our CoL€, pie es 55, corpesponding pairs
of link; rods 56 apd\es\lliﬁ ng ~ mepheensa Tonstit ut eeqf,t,txaﬁrpaf; el link;
nechanisqhgkﬁﬁﬁ%ﬁngly, g etche creM/roqjg%okg\Yﬁrned to di splace the
sliding menber 54 awaya® om'the sidg.pbatie"51, the parallel link mechanism
uniforn1y.gﬁkmg§sfhe core pkpgest5§ closer to the screw rod g%K;Cn t he
ot her 3U hand, mheniggelﬁéVEM/rod 52 is turned revers$gystﬁﬁ i spl ace the
sliding nen@g&dBﬂa}omard the side cover 51, t@g,p@?é? el Iinkxg%chanism
uniformy Brings the core plates 55_{qﬁiﬁeﬂ'amay fron1§hﬁﬂséFEM/rod 52.
where the s]jdincr menber 54 | gsat e's cl osest tgehbéhs?de l.i plate 51, as
illustrated in Fig. ége(ayfaﬁd-(b) ,.gngaaoﬁé of
in ent™

g rov®
cne &P



pl.ates, 55 situate renptest fromthe screwrod 52. Under this condition, the
core plates 55 are circunferen tially spaced fromeach other along a
concentric circle of the screw rod 52. 20 Wen the core elenment is inserted
in the holloca 11b of the strap coil 11, the core plates 55 are displ aced
away fromthe screw rod 52 thereby to b§7pressed agai nst 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 coil 83
11. The cover 57 conprises a cover disc 57a which corresponds to the side
surface of the strap coil 11. The cover disc 57a also includes, in the

m ddl e of theC¥adnds itaier edPr IRGEr PrBFREPFSAS 57K WAPER Y pelpedditcul arly
e:ttend fromthe cover disc 57a and which are circunferentially equally
spaced from eaehdeehér. e 1t prpfledensSplefectdtdir 57b tbenkcn RoGR. Wil e
the core plates 55 are displaced renotest fromthe screw rod 52, the

proj ections 5¥hesRedr- t hBespace Qloe déftiavdd df tthe coEeapl dtles %% -8&nd have
their tips hooked at the internal surfaces of the core plates 55. On this
cassette-typeilsneaposdi Endeef Ble sttraxscedg b 1dddsine § gadddrhéddedi na to

the following steps . In the reel 50, with the cover 57 is rer;oved, the
handl e 1~ 353 theegratted 3d,Lp t hdlomeaaese, etk dfnndengefeleddda32 ey Soper at ed
to turn the screwrod 52 in a given direction . In this connection, the

sl i di ng nmenbee £54 hgowds amalyl 4 ronet aghssdeeploatnad 5] imndt s hengdretpl at es 55
uniformy slide closer to the screw rod 52. Consequently, the 20 core
pl ates 55 for hraseore &l ehent ¥ of 1 andnede dicandthey .toN thidef eheneeft.o Eig
45 (a) , in which the core plates 55 locate in the vicinity of the screw
rod 52 to forAsaacoasnactedheortrepenentl, 1iheisfraptcenivothd srpjuintded on
the core element, with allowing the core plates 55 2~ to enter the holl ow
11b fornmed al ohg thhvel laxy s1bb .t he
10 When used in a packaging machine for automati-
cally strapping a corrugated cardboard box or like
items, the adhesive-bonded strap coil 11 is loaded on
a strap colil resgl mounted on the automatic packaging
machine. 1In cperation, the outermost strap end on the
L3 outer cylindrical surface of the strap coil 11 is drawn
out by the feed rollers of the automatic packaging
machine. Since the top side of the innermost strap
layer surrounding the hollow 11b is adhesive-bonded to
the laminated layers with a uniform adhesive strength,
20 the adhesive-bonded portion is safely peeled off and
not torn away while the strap 1lla is drawn out.
As mentioned above, the innermost end of the strap
lla, which locates on the inner cylindrical surface

surrounding the hollow 11lb which defines the axis of

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



84 strap coil 11. The strap coil 11 is allowed to slide along the core
el’'ement’ until its side surface contacts with the side cover 51. Ne_,t,
referring to Fig. 45(b), the handle 53 is operated to turn the screw rod 52
in the reverse direction. This tinme, the sliding nenber 54 noves toward the
side plate 51, and the core plates 55 uggforn1y slide away fromthe screw
rod 52. Conse quently, the core plates ehpand the dianeter of the 10
core elenent. At this nonment, the external surfaces of the core plates 55
uniformy conme in contact with the inner cylindrical surface of the strap
coil 11 surrounding the hollow 11b. By displacing the core plates 55 still
further a-, saylfromIPe Feivirdd wred RE 4he CoFeSpr5tEee58°%are Préssed

har der agai nst the inner cylindrical surface of the strap coil 11. The
screw rod 52 ®Anthe PHFFed "did  ithe hayldHitRe hetrber L 527 cbREsPErGSESt to
the side cover 51. In the end, the core plates 55 which are slidable in a
uni form and 2B°5GACHY Baitded Tatmer tc?d“n"sitf? e e ey nd? P cad r Gov EDdlSenent  of
circular section, whereby the core el enent presses on the inner cylindrical
surface of theegpdapit 4 33 shiabedt hehAoF PG EEbofnEBea2BREEGVAY
section. Thus, the core el enent conposed of the core plates 2~ 55 can
rectify tRe deéferimtiodnss ichd vhbinstedib B stif@b lggdsesay esiamaei%Shown in

Fig. 46 (a) , :ahen the hollow 11b, which should be circular in section, is
deformed intothr cvalveeétitome tHhed sppap scoivend-hdBea WA Yae | y £@&f or ned
oval section. D onetheless, the core element ~ is inserted into the hol

loco || b by redesicdeits e anmpebE-t@rce | Bs¥raidve s t henfol | 6é4YLEHy, the
core elenent is dianetrically expanded by di splacing the core plates 55
away from t hessdrievi Tiggld 52yba adbeisfioren and
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-
ethylhexyl acrylafe as a principal monomer, and
silicon-based adhesives comprising a rubber-like si-
15 loxane or a resinous siloxane as a main constituent.
As the solvent for rubber-based adhesives, there may
be used volatile oils for rubbers, trichloroethylene,
toluene, n-hexane, methyl ethyl ketone and the like.
The non-solvent hot-melt-type adhesives
20 preferably comprise a block polymer having a high
melting point and melt fluidity, such as the copolymers
of stylene-isoprene~stylene, stylene-butadiene-
stylene, stylene-ethylene-butylene-stylene, ethyl-
ene-vinyl acetate and the like. Additionélly, poly-

25 ethylene wax andparaffinmay be employed. Preferably,



synchroni sed manner. Eventually, the core elenment 10 re-forns the hol | ow
11b and' the strap coil 11 into a circular section (Fig. 46(b)). After the
strap coil 11 is fixed into a. circular section, the cover 57 is put on the
strap coil 11. As shown in Fig. 45 (b) , the surface of tt-:e cover disc
57a 1~ which nounts the projections 57b bs positioned face to face with the
side surface of the strap coil 11. Insige the core el enent provided by

di splacing the core plates 55 farthest away fromthe screw rod 52, the
projections 57b are allowed to advance into the space therein, with 20

mai ntai ning contact wth the internal surfaces of the core plates 55. In
due course, thBecowartiigcps¥atcofestin kohraet twitP s A REEEVEEr fidce of
the strap coil 11, in which state the hooks at the tips of the projections
57b check thelpnear ndtarsuthades of thhe s¢oraP pl bt es P53 2Cwkashywhoitn Fig .
41 . The cover 57 is thus held on the 86 core elenent, with the cover

di sc 57a covehig§eonesinel SUF-acd rofttife SRS Eoi ¢ 12X 2PoREWRE €t he

| oadi ng of the strap coil 11, the reel 50 is nounted on the spindl e 49 of

t he packagi ngofaekily® 4®yY Prhe| €F PhePseLgy S1Fa Loy draviic bbR  Fr6Adte strap
coil 11, the reel 50 rotates along with the strap coil 11. As specifically
descri bed jabopel vietth v imee , BVAndracaf fsordaeeof Line st rfag '¢did 118 i s
supported 10 on the entire external surface of the core el enment conposed of
the core pl at mseds5, ond ¢ hee eby lsheessedephtd ad adia cYF&T )seatvenala shape.
Accordingly, even when the strap 11la is consuned to the innernost 1 ayer or
nei ghbouri ng bayerss ¢ heridomnse ¢ kelstirap legidldd-deigbhm nsyekhmlamd ;sol i d
and enables the strap Ila to be stably drawn out to the innernost end. The
reel 50 is préberally amdetbe aildeght material such as alum nium except
the screw rod 52 and sonme ot her menbers that require rigidity, whereby the
reel 50 20 rotates ekfncheabllyeint-drnaw agheusitdre, stseapayle fromhtehe strap
coil 11 but it stops readily when rotating by inertia. The reel 50 of this
enbodi ment0 | smdelsd gnedl Lt Quadesuddt®el exdstyap poillyekkeof-aeed okHowi-ng 2~
specification. The strap coil 11 is prepared by S 87

sives or acrylic adhesives.

Instead of the adhesives 1lc of solvent-type,
hot-melt-type and non~-solvent-type, the hot-melt resin
may be independently employed as the adhesive 1lc. By

15 way of example, a hot-melt resin which is the same as
or similar to the material of the strap lla (e.g.
polypropylenes) is employed in a state heated above its
melting point. When injected between the strap layers,
the melted resfn bonds these layers in a peelable

20 manner.

The adhesive-coated strap coil 11 is produced
with the use of a winding roller 31 and an applicator
20 shown in Fig. 21. The applicator 20 comprises a pan
21 filled with the adhesive 1llc, a feed roiler 22

25 disposed therein and a coating roller 23 arranged in



helically winding the strap 11la. Strap Ila ' Material . polypropyl ene
Length". 2,000 mWdth . 15.5 mm Thickness : 0.65 mm Straw coil 11 |nner
dianeter . 250 mm 10 (di aneter of the hollow 11b) Quter dianmeter . 455 nm
Wight . 9.6 |~ g In the resl 50, the core plates 55 are designed to give
1~ a core el enent having an outer di arretid of 250 mm as neasured when the
core plates 55 locate renotest fromthe Strew rod 52. In order to test the
packageability of the specially designed reel 50, the packagi ng nmachi ne 40
20 was practically operated to strap various itens, as equipped with the
reel 50 which was | oaded crith- the above pol ypropyl ene strap coil 11. In
each pol ypr opyHEHeA &k r & 1o I*:hfl,tcﬂheOifnnfelflii‘msftee‘a‘%drBl}tlé*rrm)gt2 ~endsh®f t he
strap 1l1a were bonded as shown in Fig. 1 by the 2~ nelt-bonded areas 1le
formed al ong eV phéty of the P8 Perforatronsd1ed. tfe sstiireoils 11
were then deforned into an oval section, respectively, with an eccentricity
ratio of 1.000°flthesfgrd 1olley @4l rethatiad 45 aHelval bl ofct bpgexstdi nner
di anmet er/ shortest inner ~ dianeter in the' hollow 11b). The test proved
that, while tfefortd sttrpl edfl LMi1ther s Yynbhaed of theer edd2BDidnone of
t hem showed unw nding or disintegration of the strap 1la on the innernost
cylindrical surflk®r of3the strap coil 11. Besides, 10 every strap coil 11
in the reel 50 allowed the packagi ng machine 40 to dra~.t out the strap 1lla
smoothly to the i nnditrostiehingFrgllay B3 fogi "é ndilew dthaarfditee St2ap coil
reel 60, with the s~rap coil 11 |oaded thereon. The reel L~ 60 also has a
cover 67 for dovemiteg athky slidsied doetdbk Yheiptitapo€ditie BPPIRiqptdAB(a) is
a side view of the reel 60, with the strap coil 11 and the cover 67
renoved; and FQ. 4B ¢byinsliamd nomtleredd blsFigg.hdBlén) ctvdkerdiicahe 20
direction of the arrow A. Fig. 49(a) is a side view of the reel 60,
partially brolampawegohppsdesefi ptironeghivied egperatliiorde nifttrande Staap coil
and the cover renoved; and Fig. 49(b) is a front view of Fig. 49(a) ta~:en
in the diftécticdntainete araiowint dhentéell 1§0¢Raricrelivdes @y stndarrofd 62
which is externally threaded 1, 89 at the e:~trenme end and adj acent
portion therecfyitandla dissickhapedthi.x ethqi atel@dder-hi chmés 3decuied at
t he basal end of the screwrod 62. The screw rod 62 and

spaced along a single circumference with a

circumferential gap 31lc to constitute a cylinder of

circular section. The four cylinder frames 3la ar-

13 ranged along a single circumference can contract the

diameter of the circular-section cylinder, when al-

lowed to slide toward the axis of the cylinder. Each
cylinder frame 3la includes a number of pores 31b.

An air nozzle assembly 32 is securely disposed

20 within the winding roller 31. The air nozzle assembly

32 comprises four nozzles 32a extending radially from

the axis of the ;inding roller 31. Air is ejected from

the tips of the nozzles 32a toward the cylindrical

surface of the winding roller 31.

3]
n

The applicator 20 disposed in the vicinity of the



the fi, ed plate 63 are positioned perpendicularly with respect to each
other, 'wherein the screw rod 62 extends through the centre of the fixed

pl ate 63. The whole circunference of the. fixed plate 63 is defined by a
gui de portion 63a which projects toward the extreme end of the screw rod
62. The projecting edge of the guide 1lOgportion 63a is slightly inclined
Wth respect to the axis of the screw rod 62. The ciisc-shaped fi:-:ed
plate 63 is equipped with a pair of core halves 64 which surround the screw
rod 62 and which constitute a core element to be inserted |~ into the

hol  ow 11b of the.strap coil 11. Each of the core hal ves 64 conprises a

nearly hal f-c§yFPAdR9cafoLdrE plhat &5642° 5hACA RartY- ahhtf aP L1l driye tBb,
wherein the flange 64h pr?jects,outmardly and perpendi cul arl yfrom t he basal
s ide of the RBPEOFICAE BAECFrTtag it agfet¥oT7. ¥d ~D0 Jisfe B30 WheR
confronted to each other, a pair of core halves 64 constitute a hollow core
el ement in t h&:PErmIf °d 15 uncat ed tohe N TP Rasal E . F del ctPREERACESFe pl ate
64a surrounds a half-circunference of the guide portion 63a of the 2~ fixed
plate 63. At BBEh'ERAI"Gf rPhécPasat SPE&CTherd WP b ecre 1f BEES644 i s

pi voted on the guide portion 63a by pins 65, such that_the extrene side of
one core pl at@9828sdart ept vaeh ardlPECedS Mt Fachett toet weneddAt erpart
of the other core plate 64a. The |ateral sides of each core plate 64a are

i nclined rel atPv¥éeto3theSEPaRGE 640 1 &t ttifec8bid epPEtéd 6389E4&n form a
truncated cone when the extrene sides thereof are allowed to approach
mutual ly. As shewedin Fig. 47, the threaded extrene end of |0 the screw rod
62 is screwed wWith a nut 68, after the core elenent is conpletely fitted
with the strap coil Inlomfen hep wispt Fhshesebyer 167, oF th&0¢andiadga side
view of the cover 67, and Fig. 50 (b) is a front view of Fig. 50 (a) taken
in the 1~ direetiler 8f (.t fdearydwnAe rTHE ag® e 167as6npiFs6d vaallowed

10 to slide outwardly along a single circumference to form
a cylinder of circular section. As shown in Figs. 21
and 22 (a), the start of the strap lla (i.e. innermost
end of the strap coil 11) is fixed on the winding roller
31 by the fixture 33 which is fitted into the gap 3lc

15 between a pair of neighbouring cylinder frames 3la. 1In
the meantime, the applicator 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 lla.

While the winding of the strap lla proceeds, the
strap 1lla is axially reciprocated along the winding
roller 31, so that the strap 1la is helically laminated
on the entire cylindrical surface of the winding roller

25 31.



cover disc 67a which includes a hole 67b in the centre for passing the
screw rod 62. From one surface of the cover disc 67a, a pair of guide

pl ates 67c project perpendicularly at two opposite positions on a 20
concentric circle of the hole 67b. Each guide plate 67c is curved al ong the
circunference of the concentric circle g 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 fromthe cover
S ., 91 disc 67a at two opposite-positions with respect to the hole 67b.
The push plates 67d are tapered towards their heads _and project slightly

| onger than the gui YEEBFatde 6¥er2P OA3t His REFApCY TEeEd 60 thE strap
coil 11 is | oaded through the follow ng process. Firstly, trith reference
to Fig. 51(a)enfhéedtentcei dés toe awacﬁn%freé.lérhawe%o 64°&fe thitvot al | y
confronted to each other, so that the core plates 64a together constitute a
core 10 el emehPPRATCSINCRAYRE O Torilir 2P df ¢ hloheér eh@3ebePfRg tdicanetrical |y
contracted. The core el enent. conposed of the confronted core plates 64a is
i nserted, frofl*Pt¥1e6dtractdd hdl ihtd It hof $BACFRE 13fY t hd st“&p coi |
l'i. 1~ When the core el ement advances in the boll owllb to a certain
degree, the siPdenddrfeacd sF apRe itatedyr dfl 1512 o itR @BREERCWHIE t he

fl anges 64b of the core halves 64, as shown in Fig. 51 (b) . At this stags,
the cover 67 F&ngdsia i onedetro the BHiLé lhathes o2 Sivh £Ratl<2U €ach Sgui de

pl ates 67c can advance between the opposing .
pressed against the strap 1lla wound on the winding

roller 31 (Fig. 22(b)). Once the contact relationship
is established, the rotation of the winding roller 31

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

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

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

20 onto the surface of the coating roller 23. At the same
time, the coating roller 23, which is pressed against
the top side of the strap 11la wound on the winding roller
31, coats the adhesive 1llc thereon. In the end, the

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

ta
(W]}

outer cylindrical surface of the winding roller 31,



| ateral sides of the core plates 64a. By sliding the cover 67 toward the
strap coil 11, the heads of the push plates 67d enter the space encl osed by
the core plates 64a, with pivotally displacing the core plates 64a in 2~
the direction of separating the extrene sides thereof S w 92 from each
other. After a while, the heads of the ggide pl ates 67c advance al ong the
opposing lateral sides of the core plates 64a,, wth pivotally displacing
the core plates 64a in the direction of separating the extrenme sides
thereof further fromeach other. By sliding the cover 67 to the limt, the
push plates 67d and guide_plates 67c open the contracted end of the core
el ement conpoSEPSHRATheatbre? pP AT S AN Heh i1 d he st éirenet £iid f or ced
into a cylindrical formwhich has a 10 circular section and an axially

uni f orm di ameferdle i ednsegaeAéer sl Xkt P R4 Nsurfaces of the core plates
64a are pressed aga~r.st the inner cylindrical surface of the strap coil 11
to retain the circulf&e secrdiord tirdrlent 3 U XoNhe $ hed dortee (A ditces o4 ar e
oriented to forma core elenent in a cylindrical form the flanges 64b of
the core hal vé®Y84F stande pehpait but ak L yntaf the sdhedired b2- anthednt act
with one side surface of the strap coil 11. In this state, the extrene end
of the screw ZOe62oprdjiect o ff Ebmthedépgero i se 74 1 Btowped RgaHdl e 67b
provided in the centre thereof, while the cover disc 67a contacts with the
ot her side sufffdce tofme heast phpweoih FL9 -TE LTowpl etleet ArPrlégditeg &0 t he
strap coil 11, the 2~ cover disc 67a is secured to the screw rod 62, as
shown is displaced away from the winding roller 31 and breaks

the contact between the coating roller 23 and the strap
lla wound on the'winding roller 31. After the coating
10 roller 23 is detached therefrom, the winding roller 31
resumes to wind the strap 1la helically and continu-
ously (Fig. 22(d)).
During the third winding stage, air is spraved
cnto the cylindrical surface of the winding roller 31,
15 as ejected from the nozzles 32a of the air nozzle
assembly 32 inside the winding zroller 31. To be
specific, the air ejected from the nozzles 32a passes
through a number of pores 31b in the cylinder frames
3;aandreachestbestrap1lawoundonthewindingroller
20 31. The air spray promotes volatilisation of a solvent
in the solvent-type adhesive 1llc which has been coated
on the strap 1lla.
Meanwhile, as shown in Fig. 22(d), a predeter-
mined length of the strap 1la is wound on the winding

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



4 .) 93 in Fig. 47, by screwing the nut 68 on the e:~:trene end of the
screw rod 62 projecting fromthe cover disc 67a. |In paces; aging use, the
strap coil reel 60 |loaded with the strap coil 11 is nmounted on the spindle
49 of the packagi ng machine 40. The reel 60 of this enbodi nent is designed
to accommopdate a strap coil' 11 of .the6£ollomﬁng specification. , The
strap coil 11 is prepared by helically wnding the strap 11la. LO Strip 1lla
Platerial . polypropylene Length . 2,500 m6~lidth . 15.5 mm |~ Thi ckness :
0.65 mm Strap coi 7~ 11 Inner dianeter . 200 mm (di aneter of the hollow 11b)
Quter dianeter . 450 mm 20 Weight . 12 kg In the reel 60, the core plates
64a are desi ghtBtt8YGiNVe & ldor éP&ldehent 1v\d nddh 8GHES i anetlet &° 200 mm
as measured when the core plates 64a are expanded 25 dianetrically. 94 In
order to test®fhe@PpackageninqiSP bt 2tRe28HESIAH T y° e3P GhBd PESIC60.° t he
pacl ~; agi ng machi ne 40 was practically operated to strap various itens, as
equi pped Wi t htPRe cPE@IL 60 Wi 8 %ﬁ§|%ﬁﬂ4%ﬁ%w?ﬁ the ab&AP -1 pdt ypropyl ene
strap coil 11. In each pol ypropylene strap coil 11, the innernost and
out ernost ends of tHWeest t&F Bl Rer el pohded °&4S Shdwd iRF FEHEcEMBy eche
nmel t - bonded areas 1le fornmed al orig the periphery of the perforations 11d.
The strap oi L§ngthwertdr ¢ heandéngo For e ?gtésaﬁ%iﬂﬂt%b%??éﬁ,con’
respectively, ~r~ith an eccentricity ratio of 1.00, 1.05 and 1.10
(cal cul at ed a$reRéedakivo sdfidil hgest FnherdarafEeBeFsRORt ESH 3hthér™ i amet er
in the hollow 11b). The test proved that, ~,~hile the defornmed strap coils
11 wexe | oadedx=dn -t hEhk-cpaéragd echyiedding Kemlstiored LTI g ferom
di sintegration of the strap 11la on the innernost cylindrical surface of the
strap coil 11thBestdes, léverlyishriapsdodén Mo umdtiHet e @éelbo8a athewed it he
packagi ng machine 40 to draw out the strap 1la snoothly to the 20 innernopst
end. The reel 98Fiing prtef estabdy amdé 4f afl itglet o eentl isuehtdo ralasm ni um
encept tree core halves 64, the fired

10 shown in Fig. 19.

As for‘the hot-melt-type adhesives 1llc, coating
may be effected By the applicator 20 in the same manner
shown in Fig. 22(b), while the strap l1la is being wound
up on the winding roller 31. Since the hot-melt-type

15 adhesive llc does not require air spray for
volatilisation, the winding roller 31 dispenses with
the air nozzle assembly 32.
Additionally, the hot-melt~-type adhesive 11lc may
be applied with the use of acylinder applicator 25 shown
20 in Fig. 23 (a). The cylinder applicator 25 comprises
a cylindrical barrel 25a filled with the hot-melt-type
adhesive 1llc and a plunger 25b slidably accommodated
in the barrel 25a for squeezing out the adhesive llc.
One end of the barrel 25a accepts the plunger 25b along

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



pl ates 63 and sone other nenbers that require rigidity, whereby the reel 60
rotates efficiently in drawing out 2~ the strap 11la fromthe strap coil 11
but it stops readily 95 when rotating by inertia. In the above

enbodi nent, the screwrod 62 is designed to be fitted on the spindle 49 of
the pac~:aging machine 40. Alternativelys the screwrod 62 may be ~
integrated with the spindle 49, or it may play ,a dual role of the spindle
49 and the screw rod 62. It should be understood that the conmponents of the
core elenent in the reel 60 are not |limted to a pair of core halves . The
core el enment may be cqnposed 10 of a plurality of cqre pieces (e. g.

quarter core %iéBBéf?qQS?Wmano{%e?rQFFaﬁ%xﬂ%%?e@P 7ﬁeﬁ§i€3?5??5fed in
Fig. 52 (a) and (b% , Wherein Fig. 52 (a) is a se%tion and Fig. 52 (b) is a
schematic sectfbh t4REN 3G Yhel 467 FPRePBIBSIn PP 5F°{D Y The ree

70 includes a hollow shaft 71 which fits on the spindle 49 of the packagi ng
machi ne 40. Theh&pFRdl &€ 49 extends through the inside of the shaft 71 and
term nates on the outside thereof . The shaft 71 and the shaft 49 inserted
the rethrough are 20Ut 8t S¥ABINESTH 3RMEhTORPENF > THE GiistEA S hd- of CRfie
spindle 49, which projects out of the shaft 71, is formed with a groove
49a. One end chﬂﬁét§h8ﬁit7T3d%ﬁ?%%p%ﬁﬂ?ﬁg3ﬁof9ﬁeng§§V“bﬁa“%fs?ﬁgpspindIe
49 concentrically holds a disc-shaped side plate 72. 2~ The shaft 71 is
surrounded byltBuFocbPg PrACSI reg B whi ch onstitiut eSGr@Br &8l éffent to
be inserted in the hollow 11b of the strap coil 11. Each of the core plates
74 has subst anPRafl ¢nt K& s HfeE § ehgt wr h3cehefaking et ofot hershaft 71,

and each is curved in the ‘
to make the innermost layer of the strap coil 11, the

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

lla wound on the winding roller 31.
As shown in Fig. 23(b), the barrel 25a can
reciprocate in the axial directions of the winding
20 roller 31 so as to follow the strap l1lla which 1is
helically and continuously wound on the winding roller
31. Hence, the cylinder applicator 25 continues to
apply the hot-melt-type adhesive 1lc not only on the
top side of the innérmost strap layer wound on the

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



ci.rcunferential direction of the shaft 71. The internal surface of each
core plate 74 holds a pair of sliding shafts 73, each being appropriately
spaced fromthe other in the axial direction of the shaft 71 and extendi ng
in the radial direction of the shaft 71. Ai0 pair of sliding shafts 73 are
slidably accommopdated in a pair of cdegkical hol ders 75 nounted on the
shaft 71. In all , four pairs of holders 75 extend radially fromthe shaft
71, as circunferentially equally spaced 1~ fromeach other. In each pair,
the two holders 75 are separately disposed in the vicinity of the ends of
the shaft 71. Each sliding shaft 73 is slidably and hernetically fit~ed in
the hol der 752Y&Fal rl¥PLBREGENG PSS 73 nounted on the core plate 74 are
equi pped with 20 a pair of tension springs 76. The tension springs 76
stress the core pl ate P4 howarfd ther shaft t7iReTR]LYRAM 24P il un an air
passage 7la which conmmuni cates with every holder 75. Both ends of the air
passage 7la bpérmaliheYaest BRYeRd sapf&cke ooFl it P 2~ POFAF 1O P Torltespondi ng
to the distal end of the spindle 97 49. One end of the air passage 7la is
an air inlet inhe wers pped Width a léhedt ~; apdlSte tahtnfhe Bther éYtPY s an air
outlet 71c which is opened and closed by an air outlet coc): 77. Wen
conpressed aicw Lisndm}eeteduirdadse &f rthnal 8€X2Pb FrdmBh: air nozzle, the air
is then supplied into the air passage 7la via the check valve. As the air
outlet 71c is cl oséd bynehbesock rAMIERENEotesBednNaifld n £he &'t passage
7la is supplied to all of the holders 10 75. The air pressure allows the
sliding shafts® 235t ttegdei arthet hokdérs vE3 el g dee out SverdIapPdgist thst t he
stress of the tension springs 76. The distal end of the spindle 49
ext endi ng t heaugle tehe sHaftsr 7o § & heosdarp ildd |harfinateed vid tdna disc 1~
shaped cover 78. The cover 78 is secured on the spindle

axial ends the winding roller 31 (not shown). for

10 example, the adhesive 1llc is applied by means of a spray
gun 27 shown in Fig: 25, while the strap lla is being
wound on the winding roller 31 (not shown). In the
spray gun 27, the adhesive llc in the solution state
is supplied through an adhesive feed hose 27a, and

15 compressed air is supplied through an air feed hose 27b.
The adhesive 1llc 1n the solution state is sprayed from
the tapered tip of the spray gun 27 onto the side surface
of the several innermost layers in the strap coil 11.

In still another arrangement, the adhesive lilc

20 may be applied on the top side of the innermost layer
of the strap coil 11 as well as on several innermost
layers laminated along each axial end of the winding
roller 31. As shown in Fig. I26, when the adhesive 11lc
penetrates sufficiently into the gaps between the strap

25 layers laminated along the axial ends of the winding



49 by a nut 79 screured down along the groove 49a forned at the distal end
of the spindle 49, with keeping in contact wwth the edges of the core
plates 74. In the reel 70 of this structure, the strap coil 20 11 is | oaded
in the follow ng manner. To begin with, the nut 79 and the cover 78 are
detached fromthe spindle 49. At this sfage, each core plate 74 is stressed
toward the shaft 71 by the tehsion springs 76 fitted on a pair of sliding
shafts 73. Therefore, the core 2~ el enent conposed of the core plates 74 is
dianetrically n V 98 contracted and approaches the shaft 71. Wiile the
core plates 74 constitute the core el enent_ of reduced dianmeter, the strap
coil 11 is fittec Bngﬁhe%ggréadg\eastle\ée - © vgﬁoiPetnﬁgrsat S €oit 11°has ~ a
def ormed oval sectti> on, the gontraot ed corqueloeﬁr;'{e alnlnoevvs Oeatsy,g;ir;gti ng of
the strap coid®H1. PAF¥EF t RBSsEFdFCENt P S5 iT1%ed YW the° kot " pPates 74,
conpressed air_is_s lLied . into the air passage 7la through_the air inlet
71b which operyY &t Fggtlﬁ@qdiystwacfu’é dogurtfp‘éecé”o AP g%iﬁﬁ?%?f.l 'Since the air
outlet 71c remains closed by the cock 77 throu houi the air |ntroduction,
the air fed into the dilF PRIaPEALIS & ?ﬁ?@a 0Call W!ﬂé?g 78. The
air pressure allows the sliding shafts 73 f tted in the holders 75 to slide
1~ outwar dl y Hyai FRYeFRe St FBESS5F 2Phé Leeh§Tol A ptd iy 7%, “Wheteb§ 't he
slidincj ,shafts 73 mounted in pairs on the core plates 74 outwardly

di spl ace the $Ah® 9 B Ui GHm Ak Syitchronit$&d 2fafTer.s Ad CamREstiPt, the
core el enent conposed of the core plates 74 expands di anmetrical I%/, 20 unti |
the external BHUFFaE8 Ll YeaCRVESr - !pf af@ tif § scircumference of the

laminated strap lla, but instead cover a part thereof.
For example, as shown in Fig. 27, the adhesive llc may
10 be applied on eéch side surface of the strap coil 11
in the form of stripes which stem from three
circumferentially spaced positions and extend along
the whole radial length of the strap coil 11. 1In this

arrangement, all layers of the strap l1lla laminated

o

._.
e

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

In further another arrangement shown in Fig. 29,
the hot~melt-type adhesive 1llc is coated in the melted
state on the entirety of the inner cylindrical surface
20 of the strap coil 11. As illustrated in Fig. 30, the
adhesive 1lc solidifies to bond together the adjacent
rows of the helically wound strap l1la which constitute
the innermost cylindrical surface.

As a method of such adhesive coating, the melted

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



pressed against the inner cylindrical surface of the strap coil 11. 'In
association with the expansion of the core el enent, the section of the
strap coil 11 is re-forned into a circular section, even if deforned 2~
into an oval section. 99 Once the strap coil 11 obtains a circular
section, air injection is termnated aB8the air inlet 71b. OMng to the
check valve at the air inlet 71b, the air charged in the air passage 7la
will not leak out. Finally, the cover 7 is fitted on the spindle 49 to be
in contact wwth the side surface of the strap coil 11. The cover 7 is
secured by screw n 7 o] ar 9 dsin t pi ndl e
49. Now that% ﬁg%%ﬁgéogﬁrﬁa% Pgaé{a}% o%ggﬁgn;&t %a{)ﬁl%?cgill' ree é70, t he
packaging maghing, 40,6an; st (AR AN bLEMAL ML Aranng. oyt Jhe, ouf er most

end of the strap 11a edhich lTocates o outer cylindrical surfate of the

strap coil 11. .Rlh the reel .70 runs out .of.the in the strap

coil 11, the rzﬁlllrlec grlgg %?\rr'f‘htehe islrérff %z%gab%'71%%%%%%??5?‘9%%%%

operati ng thqjgpck 1{t o, open r__out].et ric Te aiy; flows out,
[

a
each core plate 7i°ponst| ut %%Qﬁﬁeaggﬂe %T%neﬁfkvxgiggo%oefhg st#ess of a
G armet ri ol 1y S0 F o84 Vs S 19 311 JtT AT o8 Pt ther Shot Her®
i ar to {FETedt 70 Shot F M GRS TTAG Tt ndk’ 11Tt ROThat the
Shart TL Lo SIDgsd MEn fhe spipd e g2 o1 e Rackegl pg mRenL e, 2 40 and

di schar ge qug %?c gac?_%gnwunicatinq:mLLh tﬁ§ i% p§§%$gf 7la in. the shaft
71, Al t hough ST ChbwHLT fPEhd FIGUIS, - T BheF on s hrPAus & & 113K €t bh a pai 1
of sliding sq%f}s 73 nounted on each core plate 74.
10 In all embodiments of the adhesive-bonded strap
coil 11 as mentioned above, it should be noted that the
strap 1la is pee}ably bonded by the above~exemplified
adhesives.
As shown in Figs. 31 and 32, the strap coil 11
15 obtained in any of the above-described manners may have
both side surfaces covered by a pair of pads 12. The
resulting strap coil unit 10 1is suitable for

transportation and storage.

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

25 is shaped in a disc whose outer diameter 1is



The air feed line 49b and air discharge line 49c in the spindle 49 are
connected to a rotary joint 81. A conpressor 83 supplies conpressed air to
the rotary joint 81, via an air filter 84,  a regulator 85, an oiler LU 86
and an el ectromagnetic teed valve 82. Passing through the rotary joint 81,
the r_onpressed air flows into the air fged line 49b. On the other hand,
the air comng fromthe air discharge |line 49c flows out through the rotary
joint 81 and an el ectromagnetic discharge | ~ valve 87. In order to load the
strap coil 11 in the reel 70' , the nut 79 and the cover 78 are detached
fromthe spindle 49, as shown in Fig. 54 &a) . By releasing the
el ect r omagnet 7 BP8i-8@Fdrget Yat b8 89St RE &1 el g&tf i 20t 't holtders 75 is
di schar ged through the air discharge line 49¢ in the spindle 49. As a
result, the cbfe BFaF€§“?%3d%%s?@?u??ﬂglghetgﬁﬁ§ A%eM - Are S¥YPéLEed
toward the shaft 71 by the tension springs, ang reduie the,dianetgr of the
core el enent. SThEr8lecftdmagnétitc Yb1Gischarye®87 F818rGsed tRer Edft er .
101 At the next stage, the strap coil 11 is fitted on the diametrically
contracted cof¥léndfematohpoded ofl®hé foof ke pisdtd® 79°1Event whehPfhe strap
coil 11 has a deforned oval section as shown in Fig. 54(b), the contracted
core el ement aPhYws fea\r 3 t tI RELORNERBIst F&AF csignaual ThehaPFhelédver 78
is put on the spindle 49 and secured by screw ng the nut 79 along the
groove 49a f offred tilk s spimidt e 4P tihktlebys keepfnggprhnesntaet SwWieh t he
side surface of the strap coil 11. 10 After the strap coil 11 is fitted on
the core el eneht f@@tposfedtbf ER&E2@0® il ates 74 (Fig. 54 (c) , (d) ) , the
el ectromagnetic feed valve L2 is released to supply conpressed air into the
hol ders 75, throughftHe &% et Rine 49BY| ﬁftﬁé"esm‘?ﬁr& 4971F8 thE air
pressure all ows

central flaps 12a unfolded. The central flaps 12a are

10 folded along a circular dashed line 12¢ given along a
concentric circle of the pad 12 and which has a diameter
substantially equal to that of the hollow 11b defining
the axis of the strap coil 11. The area encircled by
the dashed line 12c is cut along twelve dividing lines

15 which radially ektend from the centre of the encircled
area, so that the encircled area is circumferentially
divided into twelve fan-shaped equal sectors (i.e.
central flaps 12a). The central flaps 1l2a 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
l2a. As a result, the pad 12 provides a hole in the
centre thereof which opens through to the hollow 11b.

In order to secure the pad 12 on the strap coil

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



1~ the sliding shafts 73 fitted in the holders 75 to slide outwardly, the
core plates 74 are outwardly displaced in a conbi ned and synchroni sed
manner and eventual ly pressed agai nst the inner cylindrical surface of the
strap coil 11 (Fig. 54(e)). Wiile the core elenment 2U conposed of the' core
plates 74 dianmetrically expands into a 9§Iinder of circular section, the
oval section of the strap coil 11 is re-Tormed into a circul ar section
(Fig. 54(f)). Once the strap coil 11 obtains the circular section, the
el ectromagnetic feed valve 82 is 2~ cl osed. 102 Fol | owi ng the | oadi ng of
the strap coil 11, the packagi ng machine 40 can strap an item 47. \Wen the
reel 70' run§°%u?h%fpﬁﬂelétYabc%la§ tpef2FectPBNBYAEL FETdPSEhALgENFal ve 87
is released to discharge the air charged in the holders 75 through the air
di scharge |inet82BccPiRi ¢l 5Thg gfhesiyp peplabnly krefueheeP2tfie core
plates 74 yield to the stress of the tension springs and thereby contract
the core el emeht28FafrBer istad1dy.c1! shbul 89B&E PGRdersIDOY Rhafet hé"fBde of
the 10 present invention should not strictly limted to the enbodi nents
her ei nbef ore HEBcPEbERS REM[SexZnpite st rap W1a DFdeheusfrapscsifl 11,
~~rhich is made of an olefinic resin or other thernoplastic resins in the
above enbddi nehesstrap ®elprebard by e&nitig a flarhérfopF&sePR9eEsi n on
the external surface of a base strap nade of paper or fibres. -103 What
is claimed istoltha paskagicng imehi gl evjuf pped dfthha strap €6k féel which
acconmodat es a

surrounding the hollow 1llb.

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

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



packagi.ng strap coil conprising a packaging strap wound helically and
corelessly 5 around a holl ow defining an axis of the strap coil, the strap
bei ng drawn out along with a rotation of the strap coil and autonmatically
tied around an item by the packagi ng machi ne, and the strap being made of a
thernoplastic resin at |least on an extejpal surface thereof, wherein the
strap coil reel conprises a core elenent which can dianetrically 10
contract in at |east one end thereof so as to be inserted into the hollow
of the strap coil, and which can dianetrically expand inside the hollow
into a circular-section cylindrical shape so as to be pressed against a
portion of thet%sRPapOowdi ¢ cEoifstaaifeat adef ARER SAT it i A & s@uf f hce
surrounding the hollow 2. A packagi ng machi ne equi pped with a strap coil
reel accordi MEEIDBScPAi MhE Siterei a5l ehet é6le a&l éMentS 14 cohpbledsSof a
plurality of core plates which constitute a cylindrical circunference of

t he expanded ebridr@lsdivem®? ,c ek H lcor ¢ 931 %t e B g disPr seeabkeiprR Phe radi al
direction. 3. A packagi ng machi ne equi pped with a strap coil reel according
to claim?2, whereRaAsthe Kote2plavest ataadi spliacedibyl @ 9dmRenezhanysm 20
4. A packagi ng machi ne equi pped with a strap coil reel according to claim
2, wherei & t heltefeup|at e apdodinpt acdd by @i pressadd gnsd AnphBRagi ng
machi ne equi pped with a strap coil reel according to claiml, wherein the
core elenent vertompdsad wiciphur alvtryhet éor éhgisecdsr athi ehit ogetker
constitute a truncated cone when confronted with each other, and 25 wherein
the core el enedt tbet cactts: i ahieip$ ch? hyawkhehvameaktimeie Emel lofleéaeh core
pi ece conmes closer to the other, and the core el enent expands dianetrically
when an ext r ehkbeharoédemtdingortes pizdce osepharat esapard herl if r emdt hbegt her .
JALfr  AuS. Au. A A AL AFLA AAAANA

& Au. Aa9. AL9. AB8.HwnAe A By A rA&dhee AL Ve Ale AhkaiAnaNmAs tALA.eA Ad. Ahe

S. Aa. AN. Aa. Au. Au. A3e. Au. Aaf . A Au. A. Au. A. A(. Au. Af. Ay. A Al [ & A A(y. Aa. Aa. Ay2.
A. AN. Au. AOAs. Ay r ApE. Aya AwhA AaScA@R tAftues the inner cylindrical

N. AN. AS. AE. A, E. A&9. AL. A. Ar. A. A Ar. Aa_. Aar. A A9. A&r. Au. A A Au_. Ar. AL A Ay. Aa.
A A& A PnQ | QoBE#p2ebof the strap coil 11 surrounding the hollow 11b.

E} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] cakcaljcattRa] zdhes djreabznded central flaps 12a, the

innermost end of the strap 11la does not unwind by itself
and so the strap coil 11 remains firm and solid, even

15 when the innermost strap end is not fizxed by melt-
bonding or the like.

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

20 is loaded on a strap coil reel mounted cn the packaging
machine. As thé edge of the strap lla 1is free from
deformation or bent, the strap 11a can be smoothly drawn
out fromthe strap coil unit 10. The smooth drawing-out
action of the strap 11la is not deterred by the presence

25 of the pads 12 which are adhesive-bonded on the side
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in a disc with a thickness of about 0.5 to 5 mm, whose
outer diameter is about 10 mm with respect to that of
10 the strap coil 11.
In the above description, the pads 12 are mounted
on the strap coil 11 by first positioning a pair of flat
pads 12 with unfolded central flaps 12a on the side
surfaces of the strap coil 11 and then inwardly folding
15 the central flaps 12a. BAs an alternative process, one
of the pads 12 with folded central flaps 12a may be set
on one end of the winding core of a winding machine,
prior to the winding of the strap 1l1la. After the strap
lla is wound into a strap coil 11 and the winding core
20 is removed from the strap coil 11, the other pad 12 is
mounted on the other side surface thereof to complete
the strap coil unit 10. Since the preset pad 12
prevents the strap coil 11 from unwinding during the

production, the finished strap coil 11 already includes

25 a preventive structure against 1its unwinding or
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piled up on top of each other and thereby enables safe

10 transportation of a large number of the pads 12.

As shown in Fig. 35, the pad 12 may further
comprise a plurality of triangular external flaps 12d
which project outwardly from the outer circumference
of the pad 12 and which are circumferentially equally
spaced from each other. To provide a strap coil unit
10, a pair of pads 12 are firstly positioned face to
face with one side surface of the strap coil 11.
Secondly, the cgntral flaps 1l2a are folded inwardly.
Lastly, the external flaps 12d are folded onto the outer
20 cylindrical surface of the strap coil 11. The external

flaps 12d are thereby adhesive-bonded to the outermost
strap end as well as the outer cylindrical surface of
the strap coil 11. As a result, the outermost end of
the strap lla is not drawn out from the strap coil 11.

25 Further, the pad 12 may include a centre hole in
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11. When the strap coil units 10 are piled up on one
another, the pads 12 of this kind also prevent
deformation or bent of the edge of the strap 1lla

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

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

15 present invention, provided with a shape retention
plate which is longer than the inner circumference of
the strap coil; and Fig. 36(b) is a front view of the
same, provided with a shape retention plate which 1is
shorter than the inner circumference of the strap coil.

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

coil.

NI
th

As mentioned above, the strap coil 11 has the
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led and inserted into the hollow 1Ib of the strap

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

25 (Fig. 36(a)). On the other hand, it may be shorter than
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retention plate 96, one end portion therecf includes

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

10 inserted into the hollow 11lb, with the extensions 24
fitted in the slits 93. When the shape retention plate
96 is stressed by the resilient force against the inner
cylindrical surface of the strap coil 11, the exten-
sions 94 are released from the slits 93. The shape

15 retention plate 96 advantageously prevents slide or
slippage of the end portions.

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

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

25 nectable portions only.
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10 edge pieces 95 reinforce the edge of several innermost
layers wound along the axial ends of the strap coil,
and prevent the disintegration thereof.

Any of the above-mentioned shape retentionplates

92, 96 and 97 is reusable and therefore economically
15 advantageous.

As specific examples, three shape retention
plates were made of a resin sheet comprising recovered
polyester and used paper in a ratio of 2:3. Sample 1
has a width of 190 mm, a length of 700 mm and a thickness

20 of 1L 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 thereof, and two extensions (length
% width: 100 x 30 mm each) are integrally provided on

25 the other end. Sample 3 has the same dimensions as the
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loadablllty test (drum-set test), each polypropylene

strap coil unit was loaded on and unloaded from the reel

of an automatic packaging machine. After 10 times of

10 loading/unloading, none of the strap coil backed by

Samples 1-3 showed unwinding or disintegration on its

inner cylindrical .surface. In a comparative example

performed with respect to a polypropylene strap coil

which was not backed by a shape retention plate, the

15 inner cylindrical surface of the strap coil was unwound

after five times of loading/unloading.

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

25 An automatic packaging machine 40 includes a
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cardboard box and an arch 48 which stands over the item
47 placed on the stand 41. A cassette-type strap coil
reel 50 loaded.with the coreless strap coil 11 1is

b installed on the external side of the stand 41.

With the strap coil 11 loaded on the reel 50, the
strap lla is drawn out by a pair of feed rollers 43 inside
a keep box 44 of the stand 41 and temporarily stored
therein. The strap lla held in the keep box 44 1is

10 conveyed by a shooter 45 and a pair of draw-out rollers
46 to the arch 48. The strép lla proceeds along the
arch 48 and straps the item 47 placed on the stand 41.

Fig. 40(a) and (b) 1illustrate two types of
packaging machines 40 which differ in the installation

15 position of the strap coil reel 50. 1In Fig. 40(a), the
spindle for the reel 50 is housed inside the stand 41.
In Fig. 40(b), the spindle 49 for the reel 50 projects
from the external side of the automatic packaging
machine 40.

20 The packaging machine of the present invention
is equipped with a strap coil reel which is applicable
to both types of packaging machines.

Fig. 41 is a section of the cassette-type strap
coil reel 50, with the coreless strap coil 11 loaded.

25 The reel 50 is equipped with a cover 57 for covering
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the side surface of the strap coil 11.
Fig. 42(a) 1s a section of the reel 50, with the
cover 57 and the strap coil 11 removed, and Fig. 42 (b)

is a side view thereof taken in the direction of the

n

arrow A in Fig. 42(a). The strap coil reel 50 comprises
a side plate 51 placed 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 49 which
perpendicularly projects from the external side of the
stand 41. The rotation of the spindle 49 is stopped
by a spindle brake 42. The screw rod 52 is externally
threaded and integrated at the extreme end with a handle
15 53 for turning the screw rod 52. A cylindrical sliding
member 54 is screwed on the screw rod 52, whereby the
sliding member 54 slides in the axial directions of the
screw rod 52 in cooperation with the turn thereof.
The screw rod 52 is surrounded by four core plates
20 55 which perpendicularly stand on the side plate 51.
The core plates 55 constitute a core element which is
inserted into the hollow 11lb defining the axis of the
coreless strap coil 11. The core platgs 55 are curved
such that they can locate along the inner cylindrical

25 surface of the strap coil 11, after inserted in the
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the sliding member 54 screwed on the screw rod 52 by
a pailr of parallél link rods 56. The four core plates
55, corresponding pairs of link rods 56 and sliding

3 member 54 constitute a parallel link mechanism.
Accordingly, when the screw rod 52 is turned to
displace the sliding member 54 away from the side plate
51, the parallel link mechanism uniformly brings the
core plates 55 closer to the screw rod 52. On the other
10 hand, when the screw rod 52 is turned reversely to
displace the sliding member 54 toward the side cover
51, the parallel link mechanism uniformly brings the
core plates 55 farther away from the screw rod 52.
Wihere the sliding member 54 locates closest to the side

[5 plate 51, as illustrated in Fig. 43 (a) and (b), the core
plates 55 situate remotest from the screw rod 52. Under
this condition, the core plates 55 are circumferen-
tially spaced from each other along a concentric circle
of the screw rod 52.

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

strap coil 11. 1In this state, the cover 57 of Fig. 44 (a)

25 and (b) is put on the side surface of the strap coil
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corresponds to the side surface of the strap coil 11.
The cover disc 57a also includes, in the middle of the

radius thereof, four projections 57b which

wn

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 projections 57b enter the space

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

On this cassstte-type strap coil reel 50, the

strap coil 11 is loaded according to the following steps.

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

15 53 integrated on tbe extreme end of the screw rod 52

is operated to turn the screw rod 52 ina givendirection.

In this connection, the sliding member 54 moves away

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

slide closer to the screw rod 52. Consequently, the

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

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

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

a contracted core element, the strap coil 11 is fitted

on the core element, with allowing the core plates 55

25 to enter the hollow 1llb formed along the axis of the
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The strap coil 11 is allowed to slide along the
core element until its side surface contacts with the

side cover 51. Next, referring to Fig. 45(b), the

wn

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

the inner cylindrical surface of the strap coil 11
surrounding the hollow 1lib. By displacing the core
plates 55 still further away from the screw rod 52, the

15 core plates 55 are pressed harder against the inner
cylindrical surface of the strap coil 11. The screw

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

20 synchronised manner constitute a cylindrical core
element of circular section, whereby the core element
presses on the inner cylindrical surface of the strap
coil 11 to shape the holleow 11lb into a circular section.
Thus, the core element composed of the core plates

25 55 can rectify the deformation of the hollow 11b of the
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strap 11. As shown in Fig. 46(a), when the hollow 11b,
which should be circular in section, 1s deformed into
an oval section, the strap coil 11 has a similarly

deformed oval section. Nonetheless, the core element

(91}

is inserted into the hollow 11b by reducing its diameter.

Once inserted in the hollow 1lb, the core element is

diametrically expanded by displacing the cocre plates

55 away from the screw rod 52 in a uniform and

synchronised manner. Eventually, the core element

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

After the strap coil 11 is fixed into a circular
section, the cover 57 is put on the strap coil 11. As
snhown in Fig. 45(b), the surface of the cover disc 57a

15 which mounts the projections 57b is positioned face to
face with the side surface of the strap coil 11. Inside
the core element provided by displacing the core plates
55 farthest away from the screw rod 52, the projections
57b are allowed to advance into the space therein, with

20 maintaining contac£ with the internal surfaces of the

core plates 55. 1In due course, the cover disc 57a comes

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

in which state the hooks at the tips of the projections

57b check the internal surfaces of the core plates 55

25 as shown in Fig. 41. The cover 57 1s thus held on the
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core element, with the cover disc 57a covering one side
surface of the strap coil 11.

Following the loading of the strap coil 11, the

reel 50 is mounted on the spindle 49 of the packaging

b machine 40. While the strap lla is drawn out from the
strap coil 11, the reel 50 rotates along with the strap
coil 11.

As specifically described above, the inner

cylindrical surface of the strap coil 11 is supported

10 on the entire external surface of the core element
composed of the core plates 55, and thereby stressed
into a circular sectional shape. Accordingly, even
when the strap lla is consumed to the innermost layer
or nelghbouring layers thereson, the strap coil 11

L5 remains firm and solid and enables the strap lla to be
stably drawn out to the innermost end.

The reel 50 is preferably made of a light material
such as aluminium, except the screw rod 52 and some other
members that require rigidity, whereby the reel 50

20 rotates efficiently in drawing out the strap lla from
the strap coil 11 but it stops readily when rotating
by inertia.

The reel 50 of this embodiment is designed to

accommodate a strap <coil 11 of the following

25 specification. The strap coil 11 1is prepared by
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helically winding the strap lla.

Strap 1la
Material : polypropylene
5 Length : 2,000 m
Wwidth : 15.5 mm

Thickness : 0.65 mm

Strav coj
Inner diameter : 250 mm
10 (diameter of the hollow 11lb)
Cuter diameter : 455 mm
Weight : 2.6 kg

In the reel 50, the core plates 55 are designed to give
15 a core element having an outer diameter of 250 mm, as
measured when the core plates 55 locate remotest from

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

25 melt~bonded areas 1lle formed along the periphery of the
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disintegration of the strap 1lla on the 1nnermost
cylindrical surface of the strap coil 11. Besides,
10 every strap coil 11 in the reel 50 allowed the packaging
machine 40 to draw out the strap lla smoothly to the
innermost end.
Fig. 47 is a side view of another strap coll reel
60, with the strap coil 11 loaded thereon. The reel
15 60 also has a cover 67 for covering the side surface
of the strap coil il.
Fig. 48(a) is a side view of the reel 60, with
the strap coil 11 and the cover 67 removed; and Fig.
48 (b)) 1is a front view of Fig. 48 (a) taken in the
20 direction of the arrow A. Fig. 49(a) 1s a side view
of the reel 60, partially broken away for description
of its operation, with the strap coil and the cover
removed; and Fig. 49(b) is a front view of Fig. 49(a)
taken in the direction of the arrow A. The reel 60

25 includes a screw rod 62 which is externally threaded
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clircumference of the fixed plate 63 is defined by a guide
portion 63a whiéh projects toward the extreme end of
the screw rod 62. The projecting edge of the guide
10 portion 63a is slightly inclined with respect to the
axis of the screw rod 62.
The disc-shaped fixed plate 63 is equipped with
a palir of core halves 64 which surround the screw rod
62 and which constitute a core element to be inserted
13 into the hollow 11b of the strap coil 11. Each of the
core halves 64 comprises a nearly half-cylindrical core
plate 64a and a half-annular flange 64b, wherein the
flange 64b projects outwardly and perpendicularly from
the basal side of the core plate 64a fitted in the fized
20 plate 63. When confronted to each other, a pair of core
halves 64 constitute a hollow core element in the form
of a truncated cone.
The basal side of each core plate 64a surrounds
a half-cifcumference of the guide portion 63a of the

25 fixed plate 63. At both ends of the basal side, the
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5 sides of each core plate 64a are inclined relative to
the flange 64b, so that the core plates 64a can form
a truncated cone when the extreme sides thereof are
allowed to approach mutually.
As shown in Fig. 47, the threaded extreme end of
10 the screw rod 62 is screwed with a nut 68, after the
core element is ;ompletely fitted with the strap coil
11 and then with the cover 67.
Fig. 50(a) 1s a side view of the cover 67, and
Fig. 50(b) is a front view of Fig. 50(a) taken in the
15 direction of the arrow A. The cover 67 comprises a
cover disc 67a which includes a hole 67b in the centre
for passing the screw rod 62. From one surface of the
cover disc 67a, a pair of guide plates 67c project
perpendicularly at two opposite positions on 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

23 push plates 67d extend perpendicularly from the cover
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contracted end, ,into the hollow 11lb of the strap coil
11.

15 When the core element advances in the hollow 1lb
to a certain degree, the side surface of the strap coil
11 comes in contact with the flanges 64b of the core
halves 64, as shown in Fig. 51(b). At this stage, the
cover 67 is positioned to the core halves 64 such that

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

25 the direction of separating the extreme sides thereof
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10 circular section and an axially uniform diameter. 1In
consequence, the external surfaces of the core plates
64a are pressed against the inner cylindrical surface
of the strap coil 11 to retain the circular section
thereof.

15 When the core plates 64a are oriented to form a
core element in a cylindrical form, the flanges 64b of
the core halves 64 stand perpendicularly to the screw
rod 62 and contact with one side surface of the strap
coil 11. In this state, the extreme end of the screw

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

To complete the loading of the strap coil 11, the

25 cover disc 67a 1s secured to the screw rod 62, as shown
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width : 15.5 mm
15 Thickness : 0.65 mm
a i1 17
Inner diameter : 200 mm
(diameter of the hollow 1lb)
Quter diametef : 450 mm

20 Weight : 12 kg

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

25 diametrically.
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10%@eE () - & 10%@& ()-'y! 109 () - &10%@& () - &L0%&' () - &s10%@& () -' NnEz} "?~ @
10-u equipped with the reel 60 which was loadedwith the above
5 polypropylene strap coil 11. In each polypropylene
strap coil 11, the innermost and outermost ends of the
strap lla were bonded as shown in Fig. 1 by the
melt-bonded areas 1le 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 longest inner diameter/shortest inner
diameter in the hollow 1lb). The test proved that,
while the deformed strap coils 11 were loaded on the
13 reel 60, none of them showed unwinding or
disintegration of the strap 1lla on the innermost
cylindrical surface of the strap coil 11. Besides,
every strap coil 11 in the reel 60 allowed the packaging
machine 40 to draw out the strap lla smoothly to the
20 innermost end.
The reel 60 is preferably made of a 1ight material
such as aluminium, except the core halves 64, the fixed
plates 63 and some other members that require rigidity,

whereby the reel 60 rotates efficiently in drawing out

25 the strap 11a from the strap coil 11 but it stops readily
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& ()- 9(s10% &e&i(g}re'd y& g—Q%l&t@é({ )oh_aﬂwsﬁgnale 49 of the packaging
machine 40. Alternatively, the screw rod 62 may be
5 integrated with the spindle 49, or it may play 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
palr of core halves. The core element may be composed
10 of a plurality of core pileces (e.g. qguarter core
pleces).
Still another strap coil reel 70 is illustrated
in Fig. 52 (a) and (b}, wherein Fig. 52{(a) is a section
and Fig. 52 (b) lé a schematic section taken along the
13 line B-B in Fig. 52(a). The reel 70 includes a hollow
shaft 71 which fits on the spindle 49 of the packaging
machine 40. The spindle 49 extends through the inside
of the shaft 71 and terminates on the outside thereof.
The shaft 71 and the shaft 49 inserted therethrough are
20 rotatable in synchronism. The distal end of the
spindle 49, which projects out of the shaft 71, is formed
with a groove 49a. One end of the shaft 71
corresponding to the basal end of the spindle 49

concentrically holds a disc-shaped side plate 72.

235 The shaft 71 is surrounded by four core plates
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the other in the azxial direction of the shaft 71 and
extending in the radial direction of the shaft 71. A
10 pair of sliding shafts 73 are slidably accommodated in
a pair of cylindrical holders 75 mounted on the shaft
71.
In all, four pairs of holders 75 extend radially
from the shaft 71, as circumferentially equally spaced
15 from each other. 1In each pair, the two holders 75 are
separately disposed in the vicinity of the ends of the
shaft 71. Eacg sliding shaft 73 is slidably and
hermetically fitted in the holder 75. Apair of sliding
shafts 73 mounted on the core plate 74 are equipped with
20 a pair of tension springs 76. The tension springs 76
stress the core plate 74 toward the shaft 71.
The shaft 71 includes an air passage 7la which
communicates with every holder 75. Both ends of the
air passage 71la open at the distai end surface of the

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

outlet cock 77.

U

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

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

25 element composed of the core plates 74 is diametrically
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contracted and approaches the shaft 71.

While the core plates 74 constitute the core
element of reduced diameter, the strap coil 11 is fitted
on the core plates 74. Even if the strap coil 11 has
a deformed oval section, the contracted core element
allows easy fitting of the strap coil 11.

After the strap coil 11 is fitted on the core
plates 74, compressed air is supplied into the air
passage 71la through the air inlet 71b which opens at
the distal end surface of the shaft 71. Since the air
outlet 71c remains closed by the cock 77 throughout the
air introduction, the air fed into the air passage 71la
is supplied to all heclders 75. The air pressure allows
the sliding shafts 73 fitted in the holders 75 to slide
outwardly against the stress of the tension springs 76,
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,
until the external surface of each core plate 74 1is
pressed against tﬁe inner cylindrical surface of the
strap coil 11. 'In association with the expansion of
the core element, the section of the strap coil 11 is
re-formed into a circular section, even if deformed

into an oval section.

K.

10%
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L510% ! ' & ()-0Pp3sl0fE! & Rr(JutDTE[7 VEMI0Th $Y2 10% & (1) £ Uow@ B S&dH - k@
10% & ()- LF10% & ()- @10% & ()- F@ 10% & ()- O|[:vW410 S, !110% & ()-
S, 110% f& (rorelpl@%es 7(4d) cor(sHib &t {hg tBA0%D Re($1emedI1Q@Uelds to
& ()-1)*+,0 vU410 9 :10%!'& ()- S10% ' & ()-10 10 10 Y:10% & ()- " 610%
& ()- @s10% &he) st 3ksls: 644 (ba B Ml n& {(Jn sHIWA YR 7(6) - wha rUR & () -
3109 !" & ()- ,10% 1" & ()- 910%!' & ()-8|[:vU410 &L$s10%!' & ()-
&F'10% ! ' & () co2E0WIenge f) - coBt1AWt!S & {Ime 81 EQYR'Y(.) -
9s10% ! & ()-Y,d|[:vU410 90 10%!'& ()- 9F.10%!' & ()- &@10%!"' & () -
99*10% !'® () - &F(10%g!.' 83(chi@t10%1N'v&E (L ud€GHtHd HA4THED L'nb@'He A0 !
Y:10% ! & ()- ~S8s10% !' & ()- L6MLO% !"& ()- LF410%!' & ()-
L@10% ! & () edM|ddiNAIOLE QHRYS& ) cOs 100881 () -TRE LOBE ()11 & DYBE' () -
S&10%&' ()- yl0%& ()-)ali|[:-410% L' 10%& ()- % 1096& ()- L# 1098& () -
9s10%& ()- I0%B&'s( boasliQ¥Pel {)s BariStoL8hE0MBUB&70) shown in Fig.
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52. The difference lies in that the shaft 71 is
combined with the spindle 49 of the packaging machine

25 40 and that the.spindle 49 includes an air feed line
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in the spindle 45 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 wvalve 82. Passing
through the‘rotary joint 81, the compressed air flows
into the air feed line 49b. On the other hand, the air
coming fromthe air discharge line 49¢ flows out through
the rotary joint 81 and an electromagnetic discharge

15 valve 87.
In order to load the strap coil 11 in the reel
70', the nut 79 and the cover 78 are detached from the
spindle 49, as shown in Fig. 54(a). By releasing the
electromagnetic discharge valve 87, the air charged in
20 the holders 75 is discharged through the air discharge
line 49c in the spindle 49. As aresult, the coreplates
74 constituting the core element are stressed toward
the shaft 71 by the tension springs, and reduce the
diameter of the core element. The electromégnetic

25 discharge 87 is closed thereafter.
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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.

After the strap coil 11 is fitted on the core
element composed of the core plates 74 (Fig. 54{c), (d)),
the electromagnétic‘feed'valve 82 is released to supply
compressed air into the holders 75, through the air feed
line 49b in the spindle 49. BAs the air pressure allows
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 eventually
pressed against the inner cylindrical surface of the
strap coil 11 (Fig. 54(e)). While the core element
composed of the 'core plates 74 diametrically expands
into a cylinder of circular section, the oval section
of the strapcoil ll 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

closed.
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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 l1la, the electromagnetic
discharge valve 87‘is released to discharge the air
charged in the holders 75 through the air discharge line
49¢c (Fig. 54(g), (h)). In consequence, the core plates
74 yield to the stress of the tension springs and thereby
contract the core element diametrically.

It should be understood that the mode of the
present invention should not strictly limited to the
embodiments-hereinbefore described. For example, the
strap 1lla of the strap coil 11, which is made of an
olefinic resin or other thermoplastic resins in the
above embodiments, may be prepared by coating a
thermoplastic resin on the external surface of a base

strap made of paper or fibres.
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What is claimed is:

A packaging machine equipped with a strap coil reel which accommodates a
packaging strap coil comprising a packaging strap wound helically and corelessly
around a hollow defining an axis of the strap coil, the strap being drawn out along
with a rotation of the strap coil and automatically tied around an item by the
packaging machine, and the strap being made of a thermoplastic resin at least on an
external surface thereof,

wherein the strap coil reel comprises a core element which can diametrically
contract in at least one end thereof so as to be inserted into the hollow of the strap
coil, and which can diametrically expand inside the hollow into a circular-section
cylindrical shape so as to be pressed against a portion of the strap which constitutes
an inner cylindrical surface surrounding the hollow.

A packaging machine equipped with a strap coil reel according to claim 1, wherein
the core element is composed of a plurality of core plates which constitute a
cylindrical circumference of the expanded core element, each core plate being
displaceable in the radial direction.

A packaging machine equipped with a strap coil reel according to claim 2, wherein
the core plates are displaced by a link mechanism.

A packaging machine equipped with a strap coil reel according to claim 2, wherein
the core plates are displaced by air pressure.

A packaging machine equipped with a strap coil reel according to claim 1,

wherein the core element is composed of a plurality of core pieces which together
constitute a truncated cone when confronted with each other, and

wherein the core element contracts diametrically when an extreme end of each core
piece comes closer to the other, and the core element expands diametrically when

an extreme end of each core piece separates farther from the other.



