METHODS AND APPARATUS FOR FLANG NG TUBULAR POLYMER ARTI CLES This invention
elates to net hods and apparatus for flanging tubulg\%y r@‘tlcles and
jecifically to the flanging of the open ends r articles of”

b'i sabl e thernopl astic polyners, particularly’ of saturated l.inear
podyedter materials such as pol yet hyl ene t+drepht hal ate. The tubul ar e
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met hods for flanging tubular articles which may be open at both ends or nmay
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B one closed end (integral or otherwise). The invention also relates to
an apparatus for flanging simultaneously both ends of a tubular article.

‘Techniques of flanging metal can bodies preparatory to attaching metal

end components by seaming are well known. The flange is essentially

cold swaged, using a number of rollers on a rotating head. If this.

method is applied to a body of a crystallisable thermoplastic polymer,

the body is simply cut without any flange being formed. It is known to
flange bodies made of fibre composite board for forming containers by
pressing the end of the tubular body axially into a die, which is

usually cold although it is known for it to be heated. So long as the
moisture content: of .the fibre'c'omposite board is correct, a well

defined flange can be rapidly produced. If this method is used with a B
tubular body of crystallisable thermoplastic polymer, however, the 7~
flange substantially wholly recovers the original shape of the tubular

body once the axial force has been released.



- 2 - It is known that biaxially drawn crystallisable thernoplastic

polymers normally tend to shrink if heated above the tenperature at whi ch -
they were drawn, but that this tendency can be nuch reduced by anneal i S
the~material ‘under restraint, e.g. at tenperatures in-the range of 154 g
_,[er\[_,] This process is known as heat setti n% _I't usually |eaves the

materlal with a residual |inear shrinkage of up to about 3% which w |

appear on re-heating w thout restraint to the drawing tenperature, but the

heat-set articles are otherw se dinensionally stable and strong. An objd'ect
of “the present_jnvention - pravide a netho which a well define
fl'ange can be Ft fU’ra%e at’fg% ﬂ‘éa"@nﬁryéftaﬂ' 715%@& Lhermoplastic golymers
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t her mopl asti c pol ymer |ch een drawn an eat-set to an el evated
tenperature, |eaving the _materl al with a residual shrinkage capability,
.conprising theAmstobpect of the present invention is to provide a method by which a

well defined'ﬂange'can be reliably formed upon the end of a tubular

' article of a heat-set crystallisable thermopl astic polymer, e.g. a

U saturated Tinear po'lyester such as polyethylene terephthalate. A

second object of the present invention is to provide an apparatus by
which such a flange can be reliably formed simultaneously upon both
~ends of a tubular article of a heat-set crystallisable thermoplastic
polymer. A particular object is to enable the formation of such
f1 anges on the open ends of tubular articles which are to form the
bodies of containers, which are 5ubsequently to be seamed to metal end
components. | |

Accordirig to the present invention, there is provided, a method of
flanging a tubular article of a crystallisable thermoplastic polymer
which has been drawn and heat-set to an elevated temperature, leaving
the material with a residual shrinkage capability, comprisi n'g the steps
-/ of: 'app'ly'ing an end of the tubular article to a flanging die which
engages the inner surface of the end, heating the said end of the
tubular article to a flanging temperature, at which the said
crystallisable thermoplastic polymer is softened, the flanging
temperature being above the glass transition temperature of the polymer



~of: applying an end of the tubular article to a flanging die which engages
the.inner surface of the end, heating the said end of the tubular article
P~ flangl ng tenperature, at which the said crystallisable thernoplastic
hO ‘3"- is softened, the flanging tenperature being above the gl ass
angi tion tenperature of the polyner --3-- but bel ow the el evated - \}
tenperature to which it has been heat-set, forcing the tubular article ands
t he dletogether so that th at sotend nd,_of the tub article is
foroced by ¢ housi 138 H6yE YaEed TAPTEEG 19 B Igohes RESHACRFTSREs of whi ch
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~cooling may be used or” sone applications he heating or arti ?I ci al
cooling of the end of the tubular article may be effected indirectly, by
- thermal conduptis aiethod makés use tdte thé eesfival stadhkage i athe hgolgner oy be

effected by "Eridlire %fl o?e Q@ﬁ{a&%’f cl:ﬁe ﬂ’éﬁﬁu With the die and consequent accurate _
formation of the flange, whﬂe the subsequent coo'hng of the flanged
end under restraint minimizes further shri nkage and sets the flange to

~ the required dimensions. For hi gh pr'oductwn rates forced cooling will ~
norma'lly be used; however, natura] coohng may be used for some
applications.

The heating_oruartificiaT cooling of the end of the tubular article may
be effected indirectly, by thermal conduction from or to the die. Such
heating via the die may be effected by means of a heat source fixedly
mounted in or adjatht to the die, or by means of a heat source
separate from the die and removable therefrom. The heat source may be
a conductive hot body of large thermal mass heated by an internal
electrical cartridge heater, hot oil, hot air, or live steam, or a

_radiant heater such as an electrical heating coil which may operate in
the infra-red region, or a direct flame heater. A heat source located
in or adjaéent-to_the die but separate therefrom can be continuously
energised but removable from the die when a desired temperature has
been achieved or when the die is to be cooled.

o



nmounted in or adjacent to the die, or by means of a heat source s
fromthe die and renovable therefrom The heat source may be a cg
hot body of large thernal mass heated by an internal electrical cd goe
heater, hot otl, hot air, or live steam or ,a radiant heater such as -
el éctrical heating coil which may operate 7# The infra-red region, or a
di »&ct flanme heater. A heat source located in or adjacent to the die but
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tubul ar articl orm the bo a co Iner with netal ends, the die.
may be a nmetal end conponent..of the container. In this case, the flanging
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drawn and heat-set to an el evat tenperature, conprising: a pair of
fl angi ng ' _ L
' Where the tubular article is open at both ends, it is possible to

flange both ends simultaneously by appiication to similar flanging dies.

The invention also resides in apparatus for flanging tubular articles
of a crystallisable thermoplastic polymer which has been drawn and
heat-set to an elevated temperature, comprising: a pair of flanging
dies ar_r'énged to engage opposite ends of one of the tubular articles
for forming an outward flange simu‘ltaneous"ly at both ends of the
tubular article, means for forcing the dies towards each other, and
means for heating and means for cooling the said ends of the tubular
article. '

The apparatus preferably further comprises a stop ri ng disposed
co-axially around each die to 1imit the outward movement of the end of
the flange.



di es arranged to engage opposite ends of one of the tubular artlcles for
fornjag an outward flange simltaneously at both ends of the tubul ar

' ) means for forcing the dies towards each other, and neans for

Wy /and neans for cooling the said ends of the tubular artichke. The
apparatus preferably further conprises a gtop ring disposed co-axially TR
around each die to limt the outward novenent of the end of the flange. 2
A specific enbodi nent of the invention will now be described in nore detai
by way of emmcéfaqchmdimenefm‘r the dnventine widt cowabg idegcriibedi igmord n

T oot by W3/ bR Samephd Y1ef BBy 3¢ @2biapyify Sect | o, an

open flang a cont al ner bod ustrates 1h section, to a
- larger scal éif'at"fﬂgsfso?wmd't-he outer rimof an end conponent to be seaned to
the open end of the container as shown in Figure 1, FIGURE 3 illustrates in

cont ai ner body afd eV 1ok @gﬁ%ﬂﬁéiﬁéﬁ"%?“%&@ﬁfﬁﬁﬁqﬁ& b 7o seetion .
an apparatus for flangi ngeatddnd an qneinyflanged tend| efs aj eontaingrdhedys with the
invention. Fi Igur ?I@Ukﬂ usiTiatrSted 11138tEFonh Okl alfhrgbr scan¥sithk! i sabl e R
form of the outer r1m of an end component to be
" seamed to the open end of the container as shown
in Figure 1,
FIGURE 3 illustrates in section, to a Targer scale again,
the form of the seamed joint between the conta1ner
_ body and the end component, and
FIGURE 4 illustrates in section an apparatus for f1anging
- tubular polymer articles in accordance with the
invention. | |

)

Figure 1 illustrates a tubular body 10 of a crystallisable
thermop1astic polymer, pérticular]y a saturated linear polyester
‘material such as polyethylene terephthalate, which has been formed with.
an out-turned fﬁange 11 at its 0pen end 12 in accordance with the
method of the present invent1on.

F1gure 2 111ustrates the form of the rim of an end component
14 which is to be seamed to the flange 1

V4



t hernopl astic polyner, particularly a saturated |inear polyester materi al
such as polyethyl ene terephthal ate, which has been formed with an aam W
out-turned flange 11 at its open end.12 in accordance with the net h -
thg*present iavention. Figure 2 illustrates the formof the rimof ag d

corfponent,’ 14 which is to be seaned to the flange 11 so as to close the

opell end 12 of the container body 10. The e conponent 14 has an upwardly
extending wall 15, a seam ng panel 16 extending outwardly fromthe wall 15

d dl | ed t 1 t it t in an
vardly T oot ed S0uESe 330 cfBertBhobk BHs es Hhh ok A TAER 688 G
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the flange 11 and agalnst t he upper part of the wall 0Of the container

The flange 11 is kel déwvandubsat anwveedly tzaf-n.edabbytﬁﬂﬂ 1Peatyr £6s esup@rt of
the seam ng panel 16 |lies outside the 15 flange 11 and in cl ose contact

with it, the3ini mgmorbevrminatihgadn) ahelipivagdly démected ¢wtnedgdhtBup-
standing wall 15 of the end_conponent |ies agalnst the inside of the upper
part of the wall & plgstieniliniag compound 1 may, as shown, be provide

on the underside of the seaming panel 16, if required to
. give a hermetic seal.
As shown in Figure 3, when the end_compdnent is
10 seamed to the flange 11, the curled outer pértion of the
seaming panel lies inside the flange 11 and against |
the uppef pért of the wall of the container 10. The
flange 11 is bent down substahtially'verfically and the
greater part of the seaming panel.16 lies outside the |
15. flange 11 and in close contacf with it,'the liniﬁg
compoﬁnd (if any) helping to seal the joint. The up-
- standing wall 15 of the end éomponent lies against the
inside of the upper parf of the wall of the cbntainer
10. | |
20 In order for such a seamed joint to be reliably
made in large scale production with a minimum of faults,
it is essential that the flange 11 on the container
body 10 should be well defined, i.e. accurately made
within élose tolerances. The apparatus illustrated in
-25 Figure 4 is designed to produée such flanges on tubular
bodies 10 of saturated linear polyester materials such
as polyethylene terephthalate, which are open at both

ends. The apparatus is essentially symmetrical so that




+10. 20 ' In order for such a seaned joint to be reliably nade in
‘largerscal e production with a mninmumof faults, it is essential that the
ffa@s) 41 on the container body 10 should be well defined, i.e. accurately
made wi-thin close tolerances. The apparatus illustrated in 25 ~Figure 4
I s designed to produce such flanges on tubul ar bodies 10 of saturated i/‘
linear polyester materials such as pol yeflyl ene terephthal ate, which are ¥
open at both ends. The apparatus is essentially symetrical so that -7-
both ends of t®Pethogprdsoofaithge bPRYNCdceNnbEt EhaBgsysimel hanppeslyind |
| ower portions of the aratus i_n¢clude a tal die 20 having a vertical

wal | 2? and an out-P@Fﬁg_PESFifﬁﬁt PWFFaHQEEQQnFOP%fEPﬁiﬁBP a%s | anges

peri phery | & sRRCHICH Briete e 20 BEvRs, & IRkt Bfharels 2l sired
er i ph . 20 B :
housi ng. 24 mouREed S SEaRChBat PR L TheApR e 5Or EolndhiTARERAC. o7

while theglie 28angeseqyledThe A8 PBSEs24ub¥ofin@BR B§" 8cd8axihe die 20
and stop ring 23 can thus be readily renoved and exchanged for S|n1Iar.

conponents of dftoberdnlg 257@hoke dnfler perdghery is spaced from the

~
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wall 21 by a distance'equal to the desired width of
the fl#nge 11; The stop ring 23 is secured to a drum
shaﬁed housing 24 mounted through heat insulating pads
10 25,26 on a base 27, while the die 20 is secured to the
base 27 by a cap screw 28, The die 20 and stop ring Q}
23lcan thus be readily rémoved and excﬁanged for
similaf components of different size, in order to deal
with container bodies 10 of corresponding different size.
15 _ | The housing 24 accommodates an electrical heéting
coil 29 and is providedlwith an inlet 30 and outlet 31
fof cooling aif. The heating_coils 29 are connected
throuéh leads 32 to a temperature contrél apparatus 33.
The base plates 27 are each mounted on a block or platen
20 34 of a hydraulic press. .
In usé, a-cylihdiical COntéiner body of biaxially . I\Jg
drawn polyesfgr_material,'such as polyethylene tereph- L
~ thalate, which has been produced for example as dis-
closed in our published British Patent Application
25 No. 8037137 (publicafioh No. 2089276Ay and which has
_been_heaf-set, for example as described in.oﬁr co-pending

British Patent Application No. 8310966, is placed in the

appafatu$ as illuStrated at 10, with its open ends in




W th cont ai ner bodies 10 of correspondi ng different size. 15
housi nd 24 accommodates an el ectrical heating coil 29 and is provid
an’inlet-30 and outlet 31 for cooling air. The heating coils 29 are -
connected through leads 32 to a tenperature control apparatus 33. Thetase-*
pl-ates 2¢ are each nounted on a block or platen 20 34 of a hydraulic
pr§§s. In use, a cylindrical container bodygef biaxially drawn pol yester
material, such as pol yethyl ene tereph- thalate, which has been produced for
exanpl e as dis- closed i,n g bl iished .Bri.ti sh Patent pLicatign, 2 '
No. 8037137 (pubHQﬂﬂ§%ﬁ$‘N@H&bggﬁbiﬁﬁ?'&ﬁdtﬁﬁﬁ€hg a8 bE@E %QﬁtgggtP°gB?m
exanpl e as descri | ur - pendi Bri ] a Lcallopn: NQ.
8310966, is pl acegﬁ%r# the a;?%grc%[%ds d%%].l%gl @?&Eeéﬁgkr%ﬁk% ?ﬁélggls'ggp%% .
ends in -8 congactygdyt iHD@leRAd0 ArkApahidlyohebheat €8 and1bngiam dies
20. Before, during ané¥%¢ after this Iocatigh o?othe body the_d?gé 20 are
rapi dly heated to fenpdereehi® e ahe glakeveraheitians tbhpasatips of
tenperature of 5 t he pol yner but bel ow the tenperature to which it has
‘been heat - set§ typihealgol ymer] 2 tC biediowp dihge ttiempere tueeepbt WaleheitAhas

conpressive |load of up to 200 Kg, typically 30 Kg, i-s then applied to the
body 10 by forc- been heat-set, typically to 125°C for polyethylene

teréphthalate. A compressive load of up to 200 Kg,

typically 30 Kg, is then applied to the body 10 by forc-

ing!the flanging dies 20 of-the preés towards one another
i _ , _

10 by ﬁeans (not shown) acting on the platens 34. The ends

\¥- . of ﬁhe body 10 are thereby softened and forced to move

outwards to form the flanges 11 until the end of the
flange abuts against the stop ring 23. The bolymer-
ma%erial of each flange tends to undergo residual _
15 shfinkage as the heat from thé respective die 20 pene-. 
trates into it; this helps the polymer to take up the
precise contours of the die 20 and to form a well |
defined flange. | _ _
| The heaters 29 are then switched off and the die
.20' 20 is force-cooled by'cooling air introduced through
- o the inlet 30 and exhausted through ‘the outlet 31 until
the temperature of the fianged eﬁd has dropped
substantially to at least 20°C (typically 40°C) below
the flanging temperature and possibly to or beneath the
25 glass transition temperature of the polymer.
This stops or at least minimizes further thermal shrink-
age and sets the flange to the required well defined

dimensions.



.ing the flanging dies 20 of-the press towards one another 10 by means
(not own) acting on the platens 34. The ends of the body 10 are t'hereby
@igd and forced to nmove outwards to formthe flanges 11 until the end

a8 /fl ange abuts against the stop ring 23. The polynmer materi-al of each
fl ange’ tends to undergo residual 15 shi¥ nkage as the heat fromthe Q
rﬁspective die 20 pene-. trates into it; this helps the polymer to take up®
the precise contours_of the .die 20 and to form.a |1 ,defined fl . The
heaters 29 arte k] 1944 aﬁeﬂ‘eﬂf‘?e Sﬂﬁe‘fﬁggcﬁh@ %"9‘%98‘“{3 fwggggﬁﬁlid by
cooling air th agghraeds.t hrough the inlet 30 and exhausted through the :
outlet 31 until the tenperature of the flanged end has dropped '
substantially to at |least 20 C (typically [err]) below the flan i_r}_% '

t enper at ur e Eredmgthodi and, apbar‘@r’w%é%éﬁ‘f"l’?eﬂh@e%f“‘a]b\f Aabeve may he F‘g ified
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t hermal shrink- ,age and sets the fl.ange to.the requir | . detfi ned
di mensi ons. ¢arrie Q"%T%caﬁ?%ﬂ"e"sbé‘a%i‘ g tsﬁu er%qeé’ag'g‘{fggc?%k{"%l yﬁ%ed body
10 renoved f flamgiine leppdyatesns dha fathod shapedgputments whdck rnepbares one
speci fically,alfueq{lysPe td0bak! &fhinst the closed end of the container. |

In place of the electrical radiant heating coils 29 described above,

“which are fixedly mounted adjacent to the die 20, one may use a heater
in the form of a removable conductive body of large thermal mass, i.e.
a hot block, which is brought into direct contact with the die 20 for
heating it but is removable therefrom for cooling. The hot block may
be continuously energised, and may have an internal cartridge heater or
be heated by circulation of hot oil, hot air or live steam, for

~ example. Electrical resistance heating may be used, e.g. by passing a
heating current through the operative part of the die. Inductive
heating may also be used. Hot air circulation may also be used to heat
the die.

Cooling of the'diés.mqy be effected by means of a liquid coolant,
rather than by cooling air as described above: The.heating and/or the
cooling means provi ded “for each flange may be located externally of the
tubular article so as to act directly on the flange material, and the
die 20 may be used as a heat sink for cooling. '

Oné or both of the dies 20 may be a metal end

"y



within the anbit of the invention. .In particular, the nmethod may be
carried out on containers with a single open end, by applying the flanging
| oad by neans of a flat or shaped abutnment, which replaces one of th s
20,-to bear against the closed end of the container: In place of th
elggtrical radiant heating coils 29 described above, which are fixe

mouht ed adj acent to the die 20, one may us€l@r heater in the formof a
renovabl e conductive body of large thermal nmass, 'i.e. a hot block, which is
brought into direct contact with the die 20 for ,heati it but. is renovable
Cher o1t om f or - coOTTHREHERRe ottt ST LoitiaudTe f LERBLRE SRR
may have an inter i . t el lati.an

oil, hot air or l?%ngééd%@&&g%%%ﬁ%mﬁ% te?:'c rcfogiﬁﬁ'rngg{ s%?lgnzegl%gg’inpr%l%terr%y
be used, e.g By PASSEdW hdiPad ThSIdd SinddAaY Hoe sORRVealiinke makklinafl
the die. Inductive ﬁ%‘gts(i& ng may al sg&be used.  Hot ai ? Ci rcul_atalig'?llé’rsray glt"'so

be used to heat the dipf dawired) athd hormbanermdie 1rf frosimed witheans of a

|l iquid coolant, rather than by cooling air as descri bed above. The heating

‘and/ or the cobl i ninpwesadiky pmogeteting mesic fhdlandghearayr leachoddangegxbyr nal |y
of the tubular article so as to'act directly on the flange material, and

the die 20 nay bePngselling dthe gtespnengdivg deomith aoeermesporndiseg enoudar's

20 -may be a netal end .  -10- conponent of, the container, so that the
f1angi ng opera- TGN tin ey Wadlds &b ipter widiohaither PRAYmER) MedREdAdnt
may shrink. _ :

" With suitable arrangement the apparatus may be
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con I ner with an 5 inwardly projecting neck below the or,
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ion i r‘mm&M““\m\“ whi ch the polymer .material may shrink. Wth
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cont ai ner bodi es 10 which are other than circular in section, e.g. R
rectangul ar or oval. - 11 - Cainms: 1. A et hod of flanglng a tubul ar
~article of ﬁiﬁm§§talllsable t her nopl astic pol yner which has been drawn and

heat -set to an elevated tenperature, leaving the material with a residual
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said crystallisable thermoplastic polymer is softened, the flanging
temperature being above the glass transition temperature of the polymer
but below the elevated temperature to which it has been heat-set,
forcing the tubular articie and the die together, so that the
heat-softened end of the tubular article is forced by the die to move
outwards to form a flange, the material of which undergoes residual
shrinkage to establish well-defined flange dimensions as the polymer
takes up the contours of the die, and then causing the flanged end of
the tubular article to cool whilst restrained against deformation to
set the flange in accordance with said well-defined dimensions.

2. A method according to claim 1 wherein the heating of the end of
the tubular article is effected by thermal conduction from the die.

3. A method according to claim 2 wherein the die is heated by means
of a heat source fixedly mounted in or adjacent to the die.

4, A method according to claim 2 wherein the die is heated by means
of a heat source separate from the die and removable therefrom.

5. A method according to claim 1, wherein the end of the tubular .
article is heated by a heating means located externally of the tubular- ¥
article.
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hod accordi’hg to any one [‘ecedj ng clains
the tubm? ar article is tog form thg body of a contgmer w1th meta ends,

wherein the die is a metal end component of the container.

9. ' A method accordi ng to any one of the preceding claims wherein
both ends of the tubular article are ﬂanged simultaneously by
application to similar flanging dies.

10.  Apparatus for flanging tubular articles of a crystallisable
thermoplastic polymer which has been drawn and heat-set to an elevated
temperature, comprising: a pair of flanging dies, arranged to engage

.opposite ends of one of the tubular articles for forming an outward

flange simultaneously at both ends of the tubular article, means for
forcing the dies towards each other, and means for heating and means .
for cooling the said ends of the tubular article.

11.  Apparatus accordihg to claim 10, further comprising a stop ring
disposed co-axially around each die to 1imit the outward movement of
the end of the respective flange.

12. A method of flanging a tubular article of a crystallisable
thermoplastic polymer which has been drawn and heat-set to an el evated
temperature, substantially as hereinbefore described with reference to
the accompanying drawings.
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