'2@7553 1 A TUBULAR OBJECT OF POLYETHYLENE TERERHTHALATE The present
invention relates to-a tubular object of polyethylene terephthal ate. "

U. K. Publ i shed Pat ent Appl i cation No.2052367A describes a tubul arzijigré of@

thernopl astic material in which the wall thickness preferably at

poi nt of said object bas been reduced to a proximately 1/3 of the original

“t Mcckness of the material. The 10 reduction in thickness is produced by

cl anpi ng each end of a tubular blank in which the material is at an initial

tenmperature bel ow the gl asfuduf &R JelrkeP oFepR ( R | aws whi ch

are then noved apart. By reter+al to have a
hi gher tenperature than the surrounding material, the obtained material 15

properties of thenar ghestht! irf@HERn! AE1EBE U hORbulak Rb§kCdE JdlyeiyIRASe | N
the area during the stre chi ng operation. In certain agpllcatédg'ns t'he
i nternal di amet er*&FeP ¥k is stabilized by the use of an internal

mandrel . The5 process as d| sclosed will produce an object in which the
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- the surrounding material, the obtained material

15 properties of the area will cause the reduction in thickness to -
commence in the area during the stretching operation. In certain
applications the internal diameter of the blank is stabilized by the
use of an intermal mandrel. The process as disclosed will produce an

* object in which the material is axially oriented and has a |
20 crystallinity of less than approximately 30%, usually being of the
-~ order of 10 to 25%. |

UK Published Patent Application No. 2052366A describes a method for
causing the thickness of the material in a tubular blank to be
25 reduced mechanically by the use of an external device. The device
consists of one or more rollers which make contact with the external
and/or internal surface of the blank with such force that the desired
reduction in thickness will occur as the initial temperature of the
- material approaches the glass transition temperature. The external
30 device 1s'moved around the periphery of the blank and along the axis
~ of the blank simultaneously. This method will also produce an cbject
“in which the crystallinity in the areas of reduced material thickness -
-will be less than approximately 307 and will be of the order of



will be Iess than approxinmately 30% and will be of the-order of 2 10 to
% - However, the material will not have been oriented axially to such a
MN\degree as when the process described in the previous paragraph 5 S
~ugegtNThe previously discl.osed nethods described above produce objects

differ in respect of the transitiopal zone between stret'ched and .
non-stretched material. This condition will arise, for instance, 10 if as ™
central section of. a tubul ar blank is stretched whilst the material in the -
blank is at an bn tenperature below the glass-transition tenperature
(TG and if th& s then separated into two parts so as to formtwo
separ ate objects. The difference is due to the fact that one of the objects -
; contains the SigilytOnghd fhrdriial ka1l ﬁér.ehdwmaeeﬁ SPAbREdd 10 UGS dudly o he

' stretching operation, whil st the other object talg?ﬁth top zone Epr

the. yielding Siehelegresas ﬁE@??

U. K Appl i gat i 01gNased052367A an annular tranS|t|onaI zone between the
thinnner 20 material which has been stretched and t'he thicker material

whi ch has not been stretched will normally be produced. In_ the zone the

surface of the Thatprevibusiyl MM&MeWMM@M% the
surfaces of thessiy fsehad 18 mabﬁ@%g%vgtﬁétd% ally

di spl aced tapering areas mnl c S|on y ro ed.in -:
subst ant.i al | y- A8 UKa~ 2ﬁﬁﬁ iFHé‘ g?ﬁﬁPﬁﬁm“?%e .
presence qp saijg arﬁwu&tmnrsﬂw l:umﬂ.ah:mlankj fs:tatt&dbeds&n&ppeulhe '
According to the \ 0 h r
o pol yot hyl endSEEFAInEh 3R BLarl, T Ak o iracisl, fespindel Hold” i et
crystal l'inity ddrahsition tempatature {TF) omikd€ the, bhapkals thendiepenated foto
~ two parts-so as to form' two &qxnate:iﬁects. The difference is due
_ - to the fact that one of the objects contains the start zone for the
15+ ylelding of material produced by the- stretching. operation, whilst the
miercmﬂem:cam:unstie.mxp zxm:ﬁm:the;dehﬁng<ﬁimauaﬂalt

-

Whﬂlpnuxishg ﬂmzimwmtﬂxtde&nﬂhaiinILKJkplﬂuuﬂon
No.2052367A an anmulsr transitional zone between the thinnner
20 . material which has been stretched and the thicker material which has.
not been stretched will normally be produced. In-the. zone.the. |
- surface of the material will form an angle of approximately 45° with
the surfaces Ofiiérstﬂﬁxﬂuxtandtxxrstretdhainnmerial . _
respectively. Axially displaced tapering areas will occasionally be
25  produced in the substantially annular transitional zone during the
- drawing operation, the presence ofauﬂd anan;xmnmlly‘nagﬂ:ﬂng the
¢ﬂﬂecttb1xascnqmed

3

According - tO'Hxapresent:ﬁmnznﬂon thmmais pnmddbd.a tdnﬂar:ﬂﬁect
30 -  of polyethliylene terephthalate formed from a blank of material having
" a crystallinity of less than 10%, said cbject having a cylindrical
- ‘part which consists. of materisal which is oriented along the axis of
the cbject only and has a:mndnmm«nsmtalkﬁﬁxy'ofempnmdnatéhr301



'material . of said cylindrical part being obtained by reducing the thick
:of the blank while substantially maintaining its dianeter. Preferably, _
Imaxi mum crystallinity is between | 0% and 2%% and is 5 generally 17%
'The production of a tubul ar object of polyethylene terephthalate in
.accordance with an enbodi ment of the present invention starts froma

‘tubul ar :3| ank, . the maseeyalabf isaid tyd i ek Qﬁr@%éi'ﬂg%t@ﬁ@é’é@'ﬁ?“&&@%ng the
;State. -In one s er, on,or. i n.a nuober of. .consecutive” pperations

't he t hi ckness of ltﬁ%ﬁ\ﬁg{)eoﬁ f‘ﬁ'e ibr.#(a)?lﬁé’ﬂbfedﬁﬂg;?otsa"Féﬂugeﬂa‘t“%ab'ﬁﬂrgok%r&ﬂ @ater;y 3
‘of its original thickness. This reduction in thickness takes place either

tal ong the entire f ' i oJ egtd Qn the .
‘bl ank. Use_is éﬁ?‘%?“aﬂgﬁéﬁﬁf?k@“‘.kﬁ%a“ﬂ@§¥ o @%’%ﬁﬁi%?&@s&r rBfhi & h
ithe rel atiofshi p98R&Taebh Whe internal circunference of the draw ring and

‘the external circunference of the blank is such that fthleI t hi Ic.knesshof b][ hek
e erit ur o T R e AL Bhid P o SR e e 1™
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speed. In certafRPrOFHRAEEIY S PédttFoQ@,g"-t‘ﬂetm’elweﬁ%ﬂg"'bb%rf&ﬁ%fstmn' in

conj unction wi t htlitknessertakds phage egtikay aTehg ehalendi reSbrdtn BE dheaBlank or
“whereby the extegpal, IRl QacOfonts"Sr _scﬂgpb"lg%k'. Jse is made of a draw ring in.

15. -certain applications, in which the relationship between the internal
circumference of the draw ring and the external circumference of the
blank is such that the thickness of the material will be reduced as
the draw ring is moved axially along the blank. - The temperature of
the méteri_al immediately before the reduction in thickness takes

20 place will be in the range of the glass 'transit;ion'-temperature (TG)

' of the material, which temperature will be abbr’eviai:ed' to TG in the
following, and preferably deviates from TG by no more than 150C. It
is advantageous to use an initial temperature close to TG, for
instance a temperature which is .between 1 to 30C below-TG, since

25  material at t_his initial temperature will permit the draw ring to be

moved -at high speed. In certain typical applications, the draw ri'ng :
operates in conjunction with an internal shaping device located |
- inside the b]a_nk, whereby the external dimension of the shaping
‘device fits the internal surface of the blank. .

part--whi ch consi st s' of material which i's oriented al ong the axis of the _
.object only and has a maxi numcrystallinity of approxinately 30% 3

B

- 30 _
During the re-shaping operation 'a'transitioh_aI zone is formed between
a region of material with the original thickness and a region of
material with reduced thickness; and said transitional zone is



device fits the internal surface of the blank. 30 During the re-shaping “
£ ion a transitional zone is formed between a region of material wth
t hi ckness and a region of material w.th reduced thickness, and
ansitional zone is. 4 gradual ly displaced axially along the bl ank.
nmovement of the transitional zdne el gngates the regi on of thinner S
mat eri al and reduces the region of thicker material. The material in the -
transitional zone is kept at a tenperature.close to TG during the 5 '

re- shapi ng opergahdmwyditslpmaderdaasfaanyod]dngathet plafke dTrle movementidifotné he

h d | d d
The mter al i T eNe b Pl zbis sdprosts T rRafler Phiffl Bt ' o
t enper at ur e whiretucesc theleJBHYf nthicker rtamarna[ler r]he materipl dinethe| vy by no
more than 150Ctr%951't%ﬁﬁr rz@fé‘ 1§pPédtC§{:'é)'%§|3§éﬁtﬁPé R1bsd tonTé Qﬁrﬁf %he
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same tinme as exfitowed toassums aatempesratiuteowbidi esceetdseT(bIbamko more cttan| e -

stress al ong |t3'@°é1X|a§.d r:g?bﬁahﬁgl ?y f‘?t&'&tec%&g gagrat ion reduces the wall
u 3" of

t hi ckness in'the g’roov s original thickness at the same -
tinme as tH8 blank is elongated axially. Further reduction of the thickness

o]: the wal | 01(‘1 mh@er%mkadphﬁﬁdﬁ@%ebuaﬁmat Iiantmlaw@ a‘éﬁ@déri’c' @ the the
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~after it has been reduced in thickness.

15 In the case of sections with reduced wall thickness requiring to be
produced in areasvsituaﬁed between the ends .of the blank, the
" reduction in thickness is begun by forming one or more peripheral
- grooves in the wall of the blank at the same time as external devices
_ are used to subject the blank to tensile stress along its axis. Thls _
20 stretching operation reducés the wall th1ckness in the grooves to.
about 1/3 of its original thickness: at the same time as the blank is
elongated axially. Further reduction of the thickness of the wall of .
the-bTaﬁk-is produced by pbsitioning_the-draw ring in the '
o aforementioned'groove or grooves and moving. it axially-along the
25 . blank. Certa1n applications use two.rings, whereby the reduction in
wall th1ckness takes place. s1mu1taneously from a specific groove
outwards towards the two ends: of the blank.

In the case of a b'lank which is sealed-at one end’ and in which the

- 30. wall th1ckness is to be reduced ad,]acent to the seal, the draw ring
‘should preferably be moved from the seal towards the other end of the
blank. In certain applications the reduction in thickness is alléwed
to continue a'iong'.the. entire length of the blank. -



N\

25~ "blank. Certain applications use two rings, whereby the reduction in.
wal | thickness takes place sinultaneously froma specific groove rds
towards the two ends:of the-blank. 'In the case of a blank which ealed. "
at “one end and in which the 30 wal I thickness is to be reduce | acent- .
toythe seal, the draw ring should preferably be noved fromthe seal towards
the other end of the blank. In certain appl‘ﬁ cations the reduction in

thickness is allowed to continue along the entire |ength of the bl ank.

In those applicatilanehdse dpl19Bationsolnkiiss he formof a.tube open at
both ends, this n%ﬁsge sg%a_{eoslp‘%% ce?it'tgi n casdélg g riost ir% t&’@dfﬂm of g fube

t hi ckness by heat i FFe this g% hengealed: fr corteint cassh hbes Bhe
press noul di ng t h@eduttionain thickneds by Ml xanmple . be
cup- shaped. Pat g eé%oﬁﬁi-f&&i‘“ on DE‘#PS 1%”_ ﬁl@tgm%ks%%ld&s%
met hods sui’tgbl e for achieving SeBffitg Shermateriink tnom mofild maich may

t hi ckness of 2t he ﬁﬂ’t'mlq’nb%mrdiapedageﬁat@tlgpeciﬁ&iiﬁﬁiﬂﬁ Psi]?ﬁ)&,en

event of the mat e&bﬁﬂaj_bgiaw tﬁgﬁ , e ari,se |Ln transterrin
sufficient heat -a%i‘)r om t henatsi gﬁ?ﬁ ] onalsaég%é.enéf pehigving sepling o€ ithis s
of the material a er of tines before the final reduction in thickness
I's made, a thinner material wll be produced which will facilitate the
zone to the adjacent draw

- transfer of heat 5 h ransitional
ring and/ or | ter?ﬁ Shapi ngdotfes#’% . 8i ¢feihe meterial pn cevetral susgysi 08

wi || hereinatf er Wediesinlybini the event off ehamRceriai sén,ge RREE t
acconpanyi ng dr anafigs. i mﬁgﬁ_%op%#ré%l shows a ré&g)ec_t | vé@?eﬂﬁs}a’?
drawi ng. apparatus_for clng u %B’F@Eta"aﬁléﬂneﬂ? Srwitional

rodu
‘| ongi tudi nal sect7Bf-t t#%'oﬁﬁhmﬂ-ﬁ& thepthdsknesso bEFitpumeretlal a fukBer B GAngs AW
rings are shown ibefobeithe firdalatedetidd 94 G8kRiE s is made, a thi zeterial

. will be produced which will facilitate the transfer of heat away from
15 the t;ransitional zone to the adjacent draw ring and/or internal
shaping device. - - o

Exbodiments of the present -invention will hereinafter be described by -
way of example, with reference to the accmnpanying rawing which:
20. | e " i
' Figtmelsl'nwsaperspectiveviwofadrawmg_apparatusfér
producing a tubular object; S

Figure 2 shows a longitudinal section through the apparatus of Figlln:e-
25 1 in which draw rings are shown in their initial position before

)

K _- Figure 3 shows part of a longitudinal section correspond ingto that

" - of Figure 2, in which the draw rings have been separated from each"
. other; -

Figure 4 shows a support plate of the apparatus of Figure 1 fitted
with a draw ring in its operating position; '



‘drawi ng; Figure 3 shows part of &l ongitudinal section:corresponding to

that of Figur

ot \>- Figur
W «draw'ri
| o ‘udi nal

position; Fig
during 5 d
‘shows sectiog

.position prior

e 2, in which the draw rings have been separated fromeach 30 .
e 4 shows a support plate of the apparatus of Figure 1 fitted
ing inits operating position; 6 Figure 5 shaws a

section through a tubular glank with a drawring in its inti

ure 6 shows a |ongitudinal section through a tubular bIank 57-'

rawing in the direction away fromits seal ed part nggh
i%&fed Odhokst 4111 niam gebt ivnathircsghra rybulan Rkank,
raw n

tfe short section at one end; 10
Figure 8 shom&h§W§é€8|¥mg- f- #@Fﬁb L in arcardance v ,

l'ank in accordance with Figure 7

with the draw1r|ng |n iLts final p05|t|on Figure 9 shows a | ongitudinal

~section throu
~producing at
~draw rings or

Figure 10 shoms part of a |ongitudinal sectlon corresponding to 20
9 with the draw.rin

S aned apart; ure 1 tg Arad’
accor dance wi tlﬁgﬂrg% tllz"fg“‘gh vﬁiﬂ

in accordance

enbodi nent s of tu ar o j ects.
view of a draWﬂﬁb ar-at us

10

an er na& faatmﬁalai blardloduring
ﬁﬁﬁgng a cen aI cIa |ce and with the
&npﬂugdﬂﬁ#t&&lﬁWEY ﬁghﬁg dn bef ore draw ng;

oms the centr area -
sl&iampﬂm:amb drmm lank %Waﬁﬁaﬂ% 8% e

F|gure 1 shoms an overal | perspective

-_Fﬂgme.Ssﬂrmm aenmtﬂx1o£ dmatﬂbdhn:blmdkin.amxnﬂanmevd:h

Figure 7vﬁxh.ﬂxadrawuﬂng'haits fﬁxﬂ.posﬁﬁsm

 . Enpnm=9 dmnm aikmgﬂnﬂmmﬂ.saﬂﬂon1imoq§1anaﬂxenxuﬁwe

embodiment: of apparatus. for producing a tubular object having a
central dhm@ing¢kwiuaandvdxh.dmadrmwlﬂngs or.the clamping - -
device in the initial position before drawing;

c.EigunaIK)showslxut ofazlonginmﬁnal muﬂﬂnn.corneqzxxﬁng to

25

" Figure 9 with the dnnwringsxur&!lap&rt

Figure 11 shows the central area in sccordence with Figure 9 in
detail; .

Figure 12 dxﬂ&_fhecuaﬂnxﬂ.area in accordance with Figure 10 in
detail;. : S

_=F39n15 13 - 15 dxnwa&tenxnﬂxe eﬂmdﬁnums aEixbularcﬂdects.

Figure 1 shows antmnazﬂl.pemqﬁntﬁwaviewcﬁia dnmﬁng qmmnmtus
having a base 30 fmmnwhidhztnuﬂxn'of5;ﬂde;ﬂms 31 project

vertically upwardly.

Flgure,

-



baw“ng a base 30 from which a nunber of gui de pins 31 project vertically

upwardly. - 7 The base 30 is fitted with drive devices wth gearing (nQt
shown in the Figure) for a number of drive screws 32 which extend par@ld_

to the guide pins 31. Four support plates 50, 60, 70 and 80 are posit
Light angles to the guide pins and to thg drive 5 screws. Each

support plate is provided with bearings thr _ whi ch the gui de pins

31 extend and threaded holes 52, 62, 72 and 82 through which selected drive

screws 32 extend M&mg%tﬂ&gaqu&hdﬁwe@igggr‘&tﬁ g &g ar;e al go 15,

provided with opeRig Q§§ﬁ§€%3%5 78, .88 fgr t.ho rrve
in threaded-cont act dﬁ-}iﬁcﬁ"@:e‘pﬁ Sevhirheextepd putabhdl es
sugpgrzt p\IMe:t es 50 mea?lﬂ.enwsﬁpﬁormﬁllhtébejdgmdgo\é 86Sys 32a
an c, ereas bbgitii¥hed & eﬂ%ﬁe i plates an are in
engagenent Wgt h tEg two renaini %ﬁqve scféﬁvsg“gé% t@ﬂﬁpre,
t:he upper parst of SEFRSqr i sm\ﬂiﬂtﬂ i@ppsrmﬂ.dedlwich
support plates 15the gufdé Pnd BlaeRedadr %ﬂnéﬁe{i rect Ii n to
tthe | ower parts OLh%%‘g%L¥¥ﬁ§§ﬁﬁ§%5 mhﬁﬁﬁ opera e }% gﬁﬁjéﬁtgk 2
support plates 60 Iauag
the two upper sup@e@porppliates Hrecdkbo’Provikibd Eﬁﬁ#{s e

aI though this wi H:h&% WS%O L.h d| rection i Sg ’ﬁg %omr
Support pl at an i SRt Ao thyeaded isontant wiipthe aotadles
50 and 60 art’ dri %4PoBy Rlate scmgoezmwwswﬁgﬂa 50 aiH BOSAHRPE t

| at 70 and 80 d at h
plates 70 an dﬁéﬂtemﬂyd@%véc f%& ‘,g,g,eqe% L i c

the respective 2

r.ot ati onal speedS’ath&til%E@“ﬁ teSPt ngsia\émew #iare i iengagement adphCiHeY Bio
support plate.  Theemaluing fivaectdvecath ahd 1. IRHERGGHAYS ch Gpbeshed SHO
that the . thedrivescrewswhichoperateinconjmctionwiththeswportplates.
' 15 --503nd703ret1meadedintheoppositedirectiontothelowerparts
-ofthedrivescrewswhichoperatemconjmctionmththesmport
'plates60and80 ‘This means that as the drive screws are rotated
-ttetmuppersupportplatesSOand?Owillmveinthesame .
. direction, althoughthiswillbeoppositetothedirectioninvdﬂ.ch
20 themolowersupportplatesmandSOwillmve '

Sincethetopa:ﬁbottomsupportplatesSOandGOaredrivmbythe
"--.screws%and32candthetmmidd1eswportp1ates70and80are
| drivenbythescrews32band32d thespeedatwhichtherespective
.25 supportplatesmvemllbedeteminedbytherotationalspeedand
~ the pitch of the screws which drive the respective support plate.
o Thepitchofthethreadonthedrivescrewsisselectedsmhthatthe
. 3 topandbottomsupportplateswillalwaysmoveatalowerSpeedthan
~ the.two middle support plates. In the initial positicn, the two |
30 - middle plates are in close contact witheachotherandthetopand
-bottomplatesarepositionedsmhthatmvanenttowardstheendsof
the guide pins can take place. After movement has taken place, the
middleSLlpportplateswillha:vemovedawayfromeachotherand '



top and bottom support plates will always nove at a | ower speed than the ~/

two mddl e support plates. In the initial position, the tw 30 m ddl e .
“BR»are in close contact with ‘each other and the top and bottom pl ates

tioned such that .novenent towards the ends ‘of the guide pins can _

ce. After novement has taken plage, the nmiddle support plates wi "\,-,
have moved away fom each ot her and 8 closer to the upper and | ower

support plate respectlvel y. The top support plate 50 and the bottom support

plate 60 are pgRg Wmnm&vs\m@rﬁjpland@pe@@mﬁ whi ch hol ds
one end of a 5 tubul ar blank '10. The blank is provi-ded with a peripheral

- starting track -12 (Figure 2), preferably -positioned substan ally ce 1y
of its length, mél |sﬂppbi'lepﬂ.htesléﬁeuxl cﬁem;m H) nﬁ‘f‘%’?ﬁ :
~of its original_thi kng_%é d%ﬁ.g nglt rdagk d,@wgia{%m ymécmﬂedftaef ore
the blank is p S?FE e deV| ce by t he pli Cﬁt?'h%?aff %nal
pressure 5o tbeubdak hifankh]é)-nafhﬂl ‘@R’é{%ﬁ (?;ﬁ'g’s nu of .
| nteracting robgs1% 253%%1 swdnimddubabsﬁahmlymﬂﬂteﬁ to
tensile stress on‘%_l S aa E %“tlormgg gép :
roll ers in confitsdeng on pro uces ra haV| ng -
a gS pre?etqugrwiggloﬁgimﬂ.gm h'k %e E o
substantially i_dent t§n d.géwcél mvhlc are to
be i ntroduced |ﬂF?dltﬁ%£qu E}{é] as descﬁoagj: *

0 shape
into a tuhol ar. applml:ioril'lmi qmeunal PresFHTef tQ r‘FEet‘@t}g' #%ﬂ#ﬂ'@ ncr eased
when t he st artg&g@% b§ alfmbbe 5m@nﬁﬁdtm§wmrs,mmtbs seoe AHmes(
resp

Bl ohoeur o oerom sublae e b e oSl gats 0,
and the axis. Whenform:lngthestarl:track,t_heuseofroers s
" conjunction with a stretching operation produces a track having a
15  predetermined axial length which has a profile vhich is substantially
| identicaltotheprofileofpartsofdrawﬁ.ngswhicharetobe-
introduced into the. track, as described below, to re-shape the blank
into & tubular object. The axial length of the tubular blank is
increased vhen the start track is formed.

> Thetwomiddlesmportplates70and80areeachﬁttedwitha
" respective draw ring 71 and 81, the draw ring 8L being obscured in-
.Figurel. 'I‘heclampingdeviceSlofthetopsmportplateandtl'xe
. . draw rings 71, 81 of the two middle support plates: each consist of
25 two halves Sla, Sib, 7la, 71b, and 8la and 8b viich are moveble by &
" respective drive 53, 73 and 83 to and from the closed position vhich
issmwninFigLn:el. : _

: F:i.gm:e -2 shaws ‘a. longitudmal secti.on of the apparatus of- Figure 1,
30. the left-hand part: of this Figure showing the upper:clamping device
51 and the two draw rings. 71, 81 in their open position, while the
| pight-herd part of the Figure portrays the device with the upper
clampi.ng deivce 51 and the two draw rings 71,81 in their closed



draw ri ngs 71, 81 of the two middle support pl ates each consi st of 25 t wo
hat{¥es 51a, 51b 7la, 71b, and 8la and 81b which are novable by a
respective drive 53, 73 and 83 to and fromthe cl osed posi tion which ig&
shown in Figure 1. Fisgure 2 shows a |ongitudinal section of the appar/@a
of .Figure I, 30 * the left-band. part of t_h'gs_ Fi gure show ng the upp
clanpi ng device 51 and the two draw rings 71, 81 in their open positiOm,
while the right-hand part of the Figure portrays the device with the upper
cl-anpi ng dei vce 5 Fmt%ﬁw rings 71,81 in their .cl osed. -9 -
(operating) pomh%ﬁéﬂﬁ%@F gure al so shows the bl ank 10. At its centre is
a peripheral start track 12 which is formed in accordance with the above 5
dﬁscri Et ion. In ag-ggl._tp glwegﬁ@g a&ksbm%mm J dE%qmgec&;trElnuaeg&ipd lﬁrﬂd ]
t-hat the upper an oWe vices an are ed wit
‘a respective spruf§ay ﬁﬁﬂﬁ‘iiigp"gaghg% 533“%14%% qumﬁﬁ"é%ﬁtﬁgo edges 10
of the tubul & bl dascrigtimike contact. The requi red spring functlon i's
provided by springs 55 and 65 around guide rods 56 and 66 for the support

pl ates 54 and 64, the guide rods being screwed firny to the support
plates. 15  The Eng!dddtmaosﬂ’améeﬁﬁ ghesm igp Figue 1 fjeure ﬁ‘H"El%ﬁhe

consi st of two dr el A hRkEeelhhding dbvided $iland Blibard Radl Girbiiied wixtha
draw ring is divi |ntothree sectlons 74, 75, .76, and, 84, %frﬁ“gh of ,

which is split intespessive FHTURE SHERREL Plate 74 Apd %t pedinstoytich,
from each ot her bbfatt“aetﬁﬂﬂmrdﬁnmkelﬂ)inakélwmcu ns'mearenpﬂ.redcspriﬂ'g]émcﬁgm

- sections are hel d,toget
such that they coﬁﬁlﬁ%’vggqu’&ngﬁgé? vesﬁg#'ﬂ%%zé?aw ri ngs Eacﬁggl ng

section is provi detupperthplatesnd4 and 764, gmsgxmm
support plates.

R

15 The Figure also shows that the two draw rings 71 and 81 each consist
' oftmdmrlnghalves 7la, 71b and 8la, 81b. ' In addition, each
'drawﬁngisdividedintothreesections 74, 75, 76 and 84, 85, 86
each of which is split into two ring sectioms.: Theringsectionsare..

: separatedfraneachotherbyacertaindegreeofthermalmsulation
20 . The ring sections are held together by means of ring casings 77a, 770
and87a87bsmhthattheycombinetoformthetwoha1vesofthedraw
rings. Each ring section is provided with chamels 174, 175, 176 and
184, 185, 186topemi.ttheflawofliquid

25 'I'hedrawringsectionsconsistofaﬁ.rstsection74a:1d84havingm
internal circumference which corresponds to the circumference of the
material in the blank in the areas in which the thickness of the
material has not been reduced, a second section 76 and 86 having an

: internal circumference which corresponds to the circumference of the

30 material in the blank in the areas in which the thickness of the
_material has been reduced, and a further section 75 and 85 having an
internal profile which forms contact surfaces for contacting the
material in the transitional zone between material in the blank which
has and which has not been reduced in thickness. |



184, 185, 186 to permt the flow of liquid. 25 The: draw ring sections ;J

consist of a first section 74 and 84 having an - I nternal circunference
rresponds to the circunference of the material in the blank in the

A4 whi ch the thickness of the material has not been-reduced, a second

76 and 86 having an internal cirgUaf erence which corresponds to the-

ci rcovderence of the 30 material in the blank in the areas in which the w

" thickness of the material has been reduced, and a further section 75 and 85 °

having an int emug{mé)lzoaigoe MAIC R hRIIRE] SN ftggqaq E&%M the .
material in the,trans ti(ga:}%éé&&ﬁi)etv\ee teﬂ# |nt an I ch :
‘and whi ch has chappels-i2l for diquids shovxs a

mandrel 20 which fits the internal surface of t he bl ank 10 and which is

- Section of. the J0ES af%@siﬁéfé bf 4 3@@%%%%&&#?%‘%“9#?? he

 draw ri ng® 71, Fégum, dcshpwipg rtheogentual raves oditheths dmlrﬁ.ggsaﬂar,tmalsmd he

* ‘axis of the bl behid hab é&a& éfyg:wgg.‘g ﬁ%rrrth t igﬁl

. section 11 of t b ank 10, ssbee reduce [t ﬁga SO be seen at the-
di ameter of thé& : e, patedah %ﬁtmwﬂmﬂtd ned.

- At the transit rt:he_dﬂankrm 1Bas Melb&fedm meleiidl dleblbd seerdithit e Wal | :
"t hi ckness and ial ,ckness ont ac urfaces are

© formed bet menW&M gﬁg?% yg }qeﬁes%t@p ¥n the - -
“transitioAfl zoaintaineds étvt&lp transiitionali zope Beléﬂbetwmmérﬂl rith shape-- -

-~ of the transit Ij_eg%émaﬁﬁ bggm&%s %’5&; L) wal |
.thickness and nateri al .th reduce vvasﬁqd ess ure %ﬁiﬂ#’g&gm‘?

view of the suffactp aﬁrlaiwgmﬁg 85_and |ts

cl osed positi Onhém&mvﬁ;aita%ransitional zone._ In this_ way the draw rings

are sble to control the shape of the transitidnal surface between
15 . material with its originalmllthiclmessa:ﬁmateﬁalwithmduced
wall thiclmess.

Figure 4 shows a plan view of the support plate 70 viewed from above
with the draw ring 71 in its closed position. The Figure also |
20 -illustratesthelocationsofthebeaﬁ.ngsfortheguidepinsSlatﬁ
the openings 78 and the threaded holes 72 for the drive screws 32.
TheothersupportplateswhicharefittedwimthedrmringSlor
withtheclampingdevices5lor61aresimilar1yequipped Ashas
| already been mentioned, the clamping device 61 is not divided, and
25 _-doesnotthereforehaveadrivecorresporﬂingtothedriven

_FigureSSandﬁstnwtheredmtioninthewallttﬂ.clmessofatubular
‘blank .15, 15' which is sealed at one end; the reduction starting at

- thesealedendoftheblaxkandbemgprodmedbywayofadrawring
30 23. As showm, thedrawﬂngismadeupofthreer:l.ngsections24

25, 26 having respective chanmnels 124, 125, 126 for. liquid. The ring

. .sectionsaredimensionedsimilarlytotheringsectionsvtﬁchhave '

~already been. described and are held together by a ring casing 27. A




20~ illustrates the locations of the bearings for the guide pins 31 and
the openings 78 and the threaded holes 72 for the drive screws 32. The
other support plates which.are fitted with the drawring 81 or with the
clanpi ng devices 51 or 61 are simlarly equipped. As has already been /4
-nQQLloned the cl anpi ng device 61 is not dijyided, and 25 does not <;§§2
therefore have a drive corresponding to the drive 73. Figures 5 and 6

the reduction in the wall thickness of a tubular blank 15, 15 which is

seal ed at one end®andyel Z&igperatessimconjupcaior Wtﬁ‘tﬁé%aﬁnﬁr% gﬂagvﬂtfl ng

?Sdnﬁﬁénﬂppé?d?ﬁ?;ﬁ : séﬁiﬁﬂéﬂ%‘f T Gandskl 40 Sodlivia

124, 125, 126 for smﬁb&emmm lYﬁﬁ

the ring secti onsdwi rm@asew i’@ﬁﬂb q‘[’ﬁ %rl Al toget her
byarlngcslnggge é?"tt gl ratesm COI’]JUI’IC I on

23 in the re’shaprng°ot 1R 'g]eaﬂ cwaﬁérwﬁﬂ-lbe plade'lbémbeubdith

liquid channel s, e shddleneing sfddlencing sectiono?s hﬂdaﬂﬂ Pﬁ-g': &"'H:%S“ LaW ring
23 is preferablygm E%EE@E o%ﬂ&g?fore and at tﬁmﬁl@lgrt of
the draw ng operation cont act w lﬁﬁd ween both the mddle ring -
section 25 and the upper ring section 24 and the outer surface of the

Shove & 10" 10 secytond “m?% gy t‘ﬂﬁﬁ‘é’é‘%ﬁgﬂ% " e 3ol et nae

been formed |n theecgg%ﬁ's L‘l‘liqichgssowtﬂnhlbas been

conti nues unti | dolmedld.nn&leaﬂ.oﬁér Bécﬂibﬁ é‘ﬂ'thédtf %&%%ﬂk has
had its wall thi Cé&EEﬁﬁﬁE &h%he nmout, h of an y been
fornmed, which ma e case Wll[ thﬁ'D‘EH 1 paztaefk the dank

e
rﬁ shapi n% ‘CI)'L t'h |1aa~ﬂ< F% wadl thicknmss redueedpTEchRSmilta Qfﬁ:‘ﬂertbﬁlﬁkrl%ches
t he noout e t iadPsddy bﬁﬁi‘% ytrgg al with.its prigipa
t hi ckness: eigd r’r%fleril a W|th reguce t:i%b e&: La: wti}:h fn eg
. of lank of course, :.ntermpted as the

' ' . draw ring reaches the mouth. The transitional zone between material
with its original wall thickness and material with reduced wall
thickness is indicated in the Figure by the designation 113.

- 20 Figures7and8$tbwtheuseifadmwﬂngZ9conposedofonlym
- -:-ringsections%and97eachhavingseparateliquidchamels94and
95.  Preferably, there is a certain degree of thermal insulation
. between the ring sections. Ifnecessary,thedrawringmaybe
_ 'extendedbytheadditionofathirdringsectionhavingaseparate
25 liquidctmmelandwtﬂ.chisdlmensionedasalreadydescribedabove
' The draw ring 29 operates in conjunction with an internal mandrel 28,
_-michisnomallyprovidedwithliquidchamelsmicharenotsmm
in the Figures. The draw ring 29 re-shapes the mouth of a tubular ‘.
_ - blank 17 which is sealed at one end. hanareawhichisusually
.30 | quite closetotheopem.ngintheblank a peripheral start track 19
E .zsprovidedinwhichthethichxessofthematerialhasbeenreduced
to approximately 1/3 of its original thickness. The start track is
produced in the msmmer which has already been described.



thickness is indicated in the Fi gdre b&/ t he designation 113. 20 Fi gures'\?"

and 8 show the use if a draw ring 29 conposed of only two ring sections 96

and ach having separate |iquid channels 94 and 95. Preferably, there is

_ degree of thermal insulation between the ring sections. |f

y, the draw ring may be extendegh by the addition of a third ring
secti OF having a separate 25 l'i quid channel and which is dinmensioned as ~
al ready descri bed above. The draw ring 29 operates in conjunction with an

i nternal mandrg| F%ﬁ“rep AAE| 29y b Weﬂmfbvadtﬂalhtm to dherPans whi ch
ures T

are not shown Th he draw, gcﬁgﬁttg of a
t ubul ar bl ank vﬂﬂ\/\ﬂ&lhe H‘Bﬁgteg’naééﬁlgsgcgh P\ ar ea ?ch IS u%al ly 30

qui te close tofdg1aneniey rb&ﬁéibwhl]arthiclmeperiﬂphm

provi ded in whi ch t he, tgi’%lli> f. the material has been reduced to
appr oxi mat el y &gﬂgall fhickness. The start track.is produced in

o

4

t he manneg whi ch has aI ready been descri bed. In Figure 8 the draw ring

29 has been no ell h?&' W khidte aheéntral. QMM@F@CGZS in
such a way tha on 8 Q I nk wt%%dyg%gdv\gil :
produced ad] acéla, Mbtﬂ% ures 9 ]loeshow -
apparatus in ' 4p@nm'glisc anlme:enml P &t

the draw rings n_an eV| 4 jitSoRdsi bbw.addprfoa
central suppor @& M |xed posrt on i.n the evhgsﬁ 41 Thithe

fi xed posipi on amedtadkﬁ.nglﬂle supperp | Rlat ﬁ'()i%n pport

fitharives 22?;&3%'363 plRRE et . tﬁ‘brﬁgré“mw’“ D
device to and fehenichpatisefla ?@2 &ﬁ'a'a?ﬁlghée‘fjﬁélg%trve parfs. |f |
required the C%&ﬁm&'ﬁﬂt%@wmwmmtmmm@wm
rathdn clamping device is provided with liquid channels 1413, 141b. In
'15-:'-.otherrespectstheapparatusstnwninFigures9and10correspondsto
' theapparatuSstwwninFigm:esltolr and similar features have been:
accordedthesamereferencemmeralsasusedinﬁg\mesltok An .
equi.valentdevicetotheclmnpingdeviceﬂisnotpresaitinthe
apparatus of Figures 9 and 10.
20 :
Figmmes 11 and 12 show details of the. oenttal areas in F:Lgm':es 9 and
- 10, i.e. those areas 4n which the wall of the material in the blank
is provided with a start track or in which the wall of the material
_ hasmﬂergoneareductionintm.clmessinconjmmctionwiﬂithe
25 movement -of the.draw rings. The reference mumeral 112 indicates an
area of contact between the internal gurface of the blank 10, 10' and
a:temalsurfaceofthemandrel 90 caused by a certain amount of
deformationinthewall ofthebmpmdmedbythecmnpmgdevme
4la vhen this is in the operation position. The.. reference: mumerals
30 115, 116 indicate aveas of contact with the mandrel by the internal
- gurface: of sections ofttemterialintheblanklO' of which the

thiclmesshasbeenreducedbythedrawingoperation



15 , other respects the appar atus shown in Figures 9 and 10 corresponds to
thé apparatus shown in Figures 1 to 4, and simlar features have
accorded the same reference nunerals as used in Figures 1 to 4.

equi val ent device to-:the clanping device 51 is not present in the o
of sFigures 9 and 10. 20 Figures 11 and 12jghow details of the central areas

|nJ|gure39and 10, i.e. those areas in ich the wall of the material in
the blank is provided with a start track or_ in which the wall of the
material has undgr0QRRe;A1" Sliplhe Fekiled ALk ﬁaveranecuﬂ sevdriadnaltiethattive 25

novenent of. the draw rings e referenge nu area
of contact betweeenfiguraticas ﬂam%tﬁlﬁ%{é’go fzﬁ—}lgn j[“"Cyr??‘lé

ext er nal surfaceggéittjb@ gmpslids G walbof the hlardt,tahms m;mg qqntac

e s 7' ' Pictiops Sk il Sedbel AHAR! o re] Fencs k%ﬁ%ﬁ‘éﬁ%* e

116 indicatg ar eassuﬂbumt at tvamious pntmammd e of
sections of the - aist'r@b'%ésli Rikndddt - Q.jrfgbég hee bebelided sy Bacldmpinmg
reduced by the d opera I on - 13 Th lh? In%ﬁgﬁlggﬁ may
have one of sevedaﬂqgl interagh BIEEACSE| %

41b inits opera%{ﬁ?@& 'sﬁfﬁaiﬂé&réiuaﬂﬁctﬂbf mhh-sa‘ctidxe, btarihsteddjsré or mi ng
contact surfaces external surface of; th f ot i which
are 5 di'stri bWUde&'&-"éaﬂ"Eggé‘e *frt r%’ﬁ?é}et’hgl\gg ﬁery 0 i%Ee bl ank.
Such a di st nobut icpbsgsectivnact surfaces may be provi ded by a cl anpi ng
device having internal surfaces which face the bl ank which are not

cylindrical surfaces of circular cross-section, but |nstea resGyd ingdri caI
surfaces of, for Figaresl 23 tol L5 show xagpleso pé famtan gb] e‘iﬁsog%@ %ﬁl ﬁm&j
' 210" in accordance with the invention. The object 210' in Figure 13

has at its lower part a cylindrical wall section 213 of .amorphous.
15 material adjacent to a sealed bottom 211" which is also of amorphous
* material. Figure 14 shows an object 210" in which the external
cylindrical surface has the same diameter along the entire length of
' the object. The sealed bottom 211" of the object is also of
.amorphous material in this embodiment. Finally, Figure 15 shows an
20  embodiment in which the edge of the mouth 212 of the object comsists '
of material with its original thickness, whereas the remaining parts
of the object are similar in design to those in Figure 14.

. To produce a tubular object using the apparatus illustrated in
25  Figures 1 to 4, a tubular blank 10 is positioned over the mandrel
© 20. The clamping device 51 and the draw rings 71 and 81 are in their
" open position as shown in the left-hand part of Figure 2. The blank
" which is placed around the mandrel 20 forms comtact surfaces with the
. mandrel. Once the blank is in place and is in contact with the
30 sprung support plate 64 of the lower clamping device 61 the upper
" clamping device 5L and the draw ring halves are moved to their closed
" position. The two draw rings 71 and 81 enter the start track 12 and
" . in so doing form contact surfaces with the outer wall of the blank



Fi-gures 13 to 15 show exarrp.l es of tubular objects 210", 210" and 210" in
a7E&e Wi th the invention. The object 210" in Figure 13 .has at its..

;{@ a cylindrical wall section 213 of anorphous 15 materi al
) '0 a seal ed bottom 211" which is also of anorphous material. -
Figure I4 -shows an object 210" in which-tyge-external cylindrital surface
has the sanme dianeter along the entire Il ength of the object. The seal ed
bottom 211" of the object is also of anorphous material in this enbodi ne
Fi nal } Y, hFi ggr avhipe sthevsain tRftknessrimadi mﬁéém-mﬁﬁc&d,thﬁr@ﬂﬂ% ah11 hemrmu
212 of the objegf i S _ | al - with | ari gi nal_thickness, er
- the remaining S‘g‘bf@%? ﬁ#(sabg%?e %iﬁééragltgmsl gﬁﬁ"ﬂmd “§n ang ﬁ‘ég@ in Figu
- 14. To produce transitional copedetweem ¢he fiwoapfoneaensioned areast ed in 25
- Figures 1 to 4, a tubular blank 10 is positioned over the mandrel 20. Th
cl anpi ng device 51 and,the draw rings 71 and 81 are in their open positi
: as shown it t hehedmatepinly ofakhe §fank yi} b prefenably henrtvihind ah itemperatune,
~around the mandfehoudfh prafierabynbatow Ta[ fiRASi tvikhptdeed i ¢he mandFeie t e

of “the Tousr o T ngmaEAicS &F EAE ihpmielcTs Ay BOR T EaRSR At 1o6E i o

ring-hal ves ar deftweend the mandrel ahdsthd plamkt amdYor Thetweew theadvaw AYRys7dndin

81 enter th Lt K | doi ith t
outer wal | or roe planRek the fitelfuad fOICAL Y A eRls RISl
reduced, vier e Whieh fApys (threwste$8e Hiquid sharescl inothe mandnelnemd/onl ue,
and at the tranfirbigh8he 23361 dhaRAN st 174, 5,271 96 HANT 8411885 2188Sin The

e
nt.
th
eas
re

e
on
4

d
he

The .

material of the blank wil Il preferabl, e at a high tenperature, -although.
preferably bel cﬁ\xﬁ'qu“ﬁﬁenrpg ﬁ?"ﬁ?aﬁd\éa‘%@ﬁ‘%é’hl’rﬁﬂd}sem@vﬁﬁ% hetween the

tenperat ure of rihg seetéorisabf i thesdtawbyihdse genamndfiemadhtdinat a hredetsimi hied

~ mandrel and th%i%@r@‘ﬁc@“ﬂ(.%ﬁ&%%bé&f&eﬂrﬁ'}'\‘few_rgts a-?‘@éj_s.o.f' material in the

15 blank. - The ring sections. 74, 84 which have the largest internal
' diamétef.wi11; when in the position shown in the right-hand part of
Figure 2, set. the-material to a temperature in the range of TG, and
preferably to a temperature which is.not more than 159 C below TG.
_ The. ring sections 75, 85 have a similar function, whereas the ring |
20  sections 76, 86 will preferably maintain a'temperatUre-we11 below TG,
- and preferably at a temperature which is at least 15° C below TG, in
order- to cool the material once it has undergone the reduction in
thickness. | ' |

25 Once the material has reached the specified iemperatures-the drive
devices in the base 30_wi11.begin to rotate the drive screws 32,
causing the support platgs-sc and 70 and the associated clamping
device 51'and”4raw ring 71 to mbve'upwardly_as-shown in the Figurés;
The'support“p1ates-60:and 80aandﬁthelassQCiaﬁéd;c1ampﬁng device 61°

30 - and draw.ring~81-wilT;beemoved'downward]y-asashownlin;the-Figures.
As the draw rihgs.7] and 81 move épart theyléach,axialﬂy displace the
respectivé transitional zone between material with reduced thickness
and material with the original thickness such that'the region of



the bl ank. The t.enperature is controlled by means of the liquid 10
whrch f1 ows through the liquid channels 21 in the nmandrel and/or throug
the liquid channels 174, 175, 176 and 184, 185, 186 in the draw rings ¥
t hermal -insul ati on which is_ provided between the ring sections of ]
rings generally maintains a predeternined gijf Lerence. in tenperatur et ween
diiffferent areas of material in the 15 blank The ring sections 74, 84
whi ch have the largest internal dianmeter will, when in the position shown

in the right-hanthimer miteFiguie elongetedt bed Itaéeltmaknés@ of ttpePRItRridE ihn

C bl qu Ta The FinyeBldh FE i sle RIS Tl i o et el T

ring 20 sect i veductdon 36 Uhiilckngssetentilbugs rasi hargg As anovemerdr eontiaues) | The
bel ow TG, and pr r e i is at least 150 C bel ow TG
in order to coolsiﬁg matéIa ?‘gﬁggﬁiﬁi gswﬂﬂdg?gone the reduction’in

thi ckness. 25~ Once the material has reached the speci fied tenperatures
‘the drive devices in the base 30 will begin to rotate the drive screws 32,
causing the support plates 50 and 70 and the associ ated cl anpi ng devi ce 51
and draw ring 71 to nove upwardly as shown in the Figures. The support..
plates 60 and 80 and the-associat ed. cl anpi ng device 61 30 and draw ring
81 will be noved downwardly as shown in the Figures. As the draw rings 71
‘and 81 nove apart they each axially displace the respective transitiona
zone between. material wth reduced thickness and material with the original
t hi ckness such that the region of -14a- thinner material is elongated
and the thickness of the material in the region of thicker material .is
reduced. This-elongation and reduction in thickness continues as |ong as
nmovenent continues. The axial elongation of the blank will be




-15- proportional to the reduction in the thickness of the materlal and tow
t he axi Al movenent of the draw rings. The speeds at which the support

e‘ nd 60 nove are therefore selected such that the positions of the
endpvices 51, 61 will match the elongation of 5 -the blank. Any

ties which may occur will be igsorbed by the sprung support o~
4 and 64. The mddle draw ring Sections 75 and 85 are in contact '
with the transitional zone between material wth reduced t hi ckness and 10

material with g 1G4d13to theCkaiRBtion 18 #HeOthdinBls WFCriE BEt&rial hd ro
“section is selécted sijch t hat t erial duripg the reshaping operation
sRasds; at WBLFY 55

will form cont’&]&? mttﬂgtq?s T Ses section.
In this way theuspore plutes B0 whd|60camie aketdhﬁréﬂﬁﬂes@‘ect& mrﬁhtlﬂﬂa|

surface between n ts |
original thi ckﬁ% &Snéf%g &g@% %‘é‘?g% gé“?‘if‘rﬁ%?%‘?ﬁg je‘%ﬁf'%ﬁf
functi on Bn t hthe tenky aﬁwmtiﬁammamtvﬂﬂdﬁomm’ed
contact surfacegs ggnéc 'Bﬁ%p&:tﬁ anii64.he transitional zone is

mai nt ai ned at a t?ﬁper ture close to TGthroughout the entire draw ng
operation. It is 20 i nportant, particularly when drawi ng takes place at

hi gh speed or Themible deaeiap deeelons 78aind 8bidré, id Rohtidtewiinlghe draw  *

ring sections have cel.l ent {Z]%at cotﬁg:uc | %g% rei that t.he
material in thgrqqsa'ﬁi‘?‘ﬁl eﬁ%fi t#%(ﬁﬂ?‘ﬁ 2% ature. 25 .
?nhceblt hekdi?]aw mtgﬂahadthbﬁtonig&adlaﬂacmti.t Hive prafidersfd ahesnﬂ.dﬂle)m‘.ﬁg ?f
e bl ank has d&lg Hf a s uppor
plates is stopp he gal ves 5§3 ?L'%gﬁgheﬁem)ve gﬁ & erI ng et ce 51 _
and the draw r PPREatian 1 surfaces of
theringsection Inthiswaytl‘eringsectionwillcontrolthe

. shape of the transitional surface between material with reduced
15  thickness and material with its original thickness. The ring section
- also has a temperature regulating function in that the transfer of
heattakesplaceattheaforementionedcontact surfaces such that the
material in the transiticnal zone is maintained at a temperature
close to. TG throughout the entire drawing operation. It is
20  important, particularly when drawing takes place at high speed or
when the material used is very thick, that the middle draw ring
sections have excellent heat conducting properties so that the
material inthetransitionalzmewill notreachtoohigha

 temperature.

Once the draw rings have been moved apart so that the central section
11 of the blank has reached a predetermined length, the movement of
the support plates is stopped. The drives 53, 73, 83 then move the

- clamping device 51 and the draw riigs 71 and 81 to their open

30  position, and the-object which has been formed in the manner
described is then removed from the mandrel, whereupon a new tubular
blank is placed on the mandrel and the operation is repeated.

"The section 11 which has the reduced wall thickness forms the central



i s then renoved fromthe mandrel, whereupon a new tubular blank is
- on the mandrel and the operation is repeated. The section 11 which _ e
- reduced wal |l thickness forms the central - 16 - section of the fi ed
. objrect and this central section is cut indﬂ%der to produce two symmetrical
pasts. Each part is then sealed at the en aving the original wall

t hi ckness, thus producing a preformwhich may be used, for exanple, to

produce a bl ow nosdctten @t Eenished obj &@s&us&ﬁssl @étﬁ:zﬁi dele@idH GLEO&RE‘ ¥hi ch
have reached wal | _thickness, are_subsequently re- sh to formth Si, s
ﬁ%‘l“% ]a ?ﬁag & 5

for the nouth of cﬁ‘?& fef E%nm
and 6 is in princthel ald)mavmgadhd(bﬁginﬁnmﬁathicmahmﬁq&odudiﬁd & lpreform

ar'se as The, o LRG0 mifc?g %PM% 3P R LIt elinds:

the tenperatdire iThospesastiong ofitther rhaver resched walll chigkmessaare i n

this appllcatlonsu'gg g&ﬁea I‘ﬂﬁ“ ded whd
toﬂ%the 1 quid channeelhg 21\i|bn the nmandr el Zggshown I n

channel s correspondin
Figures 2 and 3. 9?F¥4§q§m n applications the thickness of all the material
in the cylindrical section of the blank is reduced, whilst the re-shaping

ChORS, SOSeT Rk Shhlies B pyd s F A 4, B AL R

it is requirk¥d tcidentinaddy sontiate destribed mbove. niherinterial m#ndrbltZﬂeacts as

ﬁga&kpgzsaogt talljlte étrr%bg.é;giéd i:gll ch t& &wéu tl on %%ﬁ%c ness O%‘gtﬁ&l'ﬂ& 23

material may begif® e#mermgem in
noved to an mtututestﬁmmaae«saﬁotﬁémﬁaﬁﬂasomé&Wlmwe up

their operating o .1ication. The mandrel 28 is normally provided with liquid
15  channels corresponding to the liquid chammels 21 in the mandrel 20
"~ shown in Figures 2 and 3. In certain applications the thickness of
“all the material in the cylindrical section of the blank is reduced,
whilst:the re-shaping stops sooner in other applications.

30/ p05|t|on and the object which has been formed in the manner described
@geﬁ

20 'The method of producing a tubular pbject indicated in Figures 7 and 8
' is applicable to those cases in which it is required to produce a
munber of areas of material in which the thickness of the material
has been reduced. Each such area of material requires a start track
in which the reduction in the thickness of the material may begin.
25  When producing the object:the draw ring 29 is moved to an intitial
 start track and the halves of the draw ring take up their operating
position. The draw ring is moved from the start track over a short
distance along the axis of the blank, reducing the thickness of the
- material until the first section of material with reduced wall
30  thiclness has been produced. The draw ring halves are then moved
" apart and ‘the draw ring is moved to the next start track, when the
- draw ring halves take up their new operating position. The draw ring
is now moved once more along the axis of the blank in order:to produce



- The drives 43re’,

posi‘tion.

draw ring i s noved: fromthe start track over a short
~ distance 4

o
e the axis of the blank, reducing the thickness of the
nmat er i.at-{Ug the first section of material with reduced wall 30.
t hi ckne$S\Dhas been produced. The draw ring halves are then noved apart and

the draw ring is noved to the next Stgrl track, when the draw ring halves &

take up their new operating position.” The draw ring i s now noved once DI €'

al ong the axis of the bl ank |n order to produce- 17 aarheiw area %:;%
material with reduced fedBd mmﬂu.cllihess;p sPoPR+ stepeat ed
until the desPPERTRR rﬁé%a%? areas wrt

h reduce eLE hkh adudal/ e been
produced. 5 operdtionbimmepeatad watido PE?% W‘?r%tr ée uni d| rec

tional
dr awi ng descrl %gal §tmetuénh fodyneé-s 5 to 8 is shown as being
seal ed at orf® I'n s way the seal wll have operated in conjunction
with the i nternal rrandrel to absorb the axi a ce r gﬁngurr ng the
dr aw ngs oper gwhgé@ inoéomjanction wids {Wé‘gj'%ﬁq 5’?

~.cl anpi ng
devi ces vvh| repl a the f rrgrw 8! is shour esrbaipg gsealed; <
‘alternative d@s‘d‘iﬁtﬁff ﬁ“ﬁ’%ﬁ% & gul a 21_@?13 V\h&qcé}a aﬁp&ﬂ, aﬁc&mhh ends..
When usi ng t he onepeddit uins:ﬂnéam&}'n % produce a t ubul ar
~ object, a bl a% r‘Lrge gj_hgormadﬂflthemah Hﬁ&‘é’sedc t with -
evi ce 61 '

t he Iovver cl

In_thjs ¢ gke\usawﬁér@rves as
. a devi ce for thetdnawing ggeratiop helﬁx#a’l goéséléloh 0

ensurin thacﬁ%q_ng 85K cég viilch hepbacen itha dBpetion s&’eﬁ %}t% I'S. suitable .4

for the 0sit10 h dr %dmmﬁmbWMg
devi ce 41. Tiespegt-ua tcﬁr?%\%pon s to the left-band half of Figure 9.

gpenBBtthth englge the cl anping device 41 and tbe draw rings

71, 81 into contact with the external surface of the blank in and adjacent
to the track 12 The

mlenusingtheapparatuss‘mwninrigues9t012toproduce-a s
15 '.mbula:cobject,_ablamcmisslidoverttemrﬂrelZOmt:.lit
contact with the lower clamping. device 6l. In this case the clamp;ng
devi.ceﬂservesasadevicefordeterminingtheamal position o
the blank, therebYensm‘ingtbatthetrackuonﬂleblatkadoptsa
position which is suitable for the positioning of the draw rings 71t]:le
20 Slandﬁurtheclampingdevicelrl. 'l'hissi.tuationcorrespandsto
| 1eft-hand half of ‘Figure 9. The drives 43, 73, 83 then move the .
clamping device 41 and the draw rings 71, 81 into con:actwi;htr;e
e::temal-'SmeaCe-of'ttBblmkina:xdadjacetxttottBtrackl. '
cemperature conditicning of the material in the blank then takes
25 placei.nthemamerwtﬂ.chhasalreadybeendescribed inadditi.of!;to
_ whichi.ncertaintypicalapplicationsliqﬁdisalsocausedto izwn -
'ttmoughtIEchamelslll-linthechmpingdevicehl. 'l‘t'lzi.ssi.tuag.i:and o
correspondstov:tatisstnwninttnright-rnndpartofﬁgtme
indetailinFigurell._ '

In its operating position t‘ne central clamping device 41 surro:nds
theblanklO inthebottomofthetracklz. Ttﬂ.s.:foms contac
surfaces wi.ththebottomofthetrackmxicharedivided into a



tenperature conditioning-of the material in.the blank then takes 25 pl ace
I n"the manner whi ch, has al ready been described, in addition to which in
certain typlcal applications liquid is also caused to fl ow tbrough t
channel s 141 in the el anping device 41. This situation corresponds t,

I s shown in the right-hand part of Figure % and in detail in Figure —Tn
i ts” operating position the central clanping device 41 surrounds the bl ank
10 in the bottomof the track 12. This forns contact surfaces mﬁth t he

bottom of the tragipuhigaAld SlindCthd PiAuference 4B the™IIBR! ahe
around the cicunference of the ank. The contact pressure esent at t%ese

surfaces in turn RRGSSEee PFRsenktal fhese guFfaces in L |spusRs internals f ace
of the mandrel t%&&e&%bmncwtmeraﬁeewﬂ@waawwmt

positions which correspon the d tr|b t|on ta
surfaces. The bea‘?qch @ﬁﬁat@? 5 ‘5‘%’«? Xﬁg‘[rih 5‘&%??8%"“
deforns the 5hapa:tnrdisuribmibacd dthé i conbgctt Iserfau:tesr nél]helbaarﬂ.sg (snrf&nesbamk

wvent o afhepéﬁiéée*@e. ng"%%‘%raa? ?t“%%fﬁ’%é%w@ﬁ? St tﬁ%

bottom of the 10 de dhe coptast pyessre Rk
i's shown in det a't’.’he' %eibﬁceariﬂ saeaté@wmefﬁf em%vdﬁ@lo&natea

causing the dr aw M A i) e il AeRs 4F LS peterL: té?%?oot‘mso%éw v
bl ank, si mullGneotrack vdﬂlstminglargelymmgedhemminglswﬁabeﬂemjm@

_ ;Pgrglngﬂrl o-rlt-gg I)rearl ng suﬁ'%%gs %%gdf [ xg&ﬁ%%%#e%%&%n the

‘mandrel and ensures that the re-shapi ng of the blank will take place

symetrical ly aromadaiiR GéAcks 1 théDadei30 (Bigire2l) thbdSobsfehs dHske 60
|. s selected such that the cl figg a% gew C 63171 81 to move spart along the axis
15 'of the blank, simultaneously re-shaping the wall of the material and
'~ elongating the blank. The friction between the blank and the mandrel
at the aforementioned bearing surfaces 112 fixes the position of the
blank on the mandrel and ensures that the re-shaping of the blank
will take place symmetrically around the track 12. The driving of
20  the support plate 60 is selected such that the clamping device 61°
" will be relisbly moved away from the end of the tube so as not ‘to
have any effect on the elongation of the tube which occurs in
conjunction with the reduction in the thickness of the wall of the
blank. This operating situation corresponds to Figures 10 and 12.
25  Figure 12 also show that, in addition to the stretching of the
* material which occurs during the re-shaping of the wall of the blank,
contraction of the blank also takes place, causing its internal -
* surface to be moved into contact with the mandrel 20. These contact
" surfaces are indicated in the Figure by the reference mmerals 115
30" and 116. The formation of these contact surfaces contributes to the
 fixing of the position of the blank relative to the mandrel which is
" achieved with the help of the central clamping device 41. It has
been found in the majority of typical applications that additional
fixing by means of the contact surfaces 115 and 116 is not essential




- wll be rellably moved away fromthe end of the tube so as not to have anyu
effect on the elongation of the tube which occurs in conj. unctlon with the

reductiOR.in the thickness of the wall of the bllank. This opérating

[ 'corresponds to Figures 10 and 12. 25 Figure 12 al so show that,

1 n ado gn to the stretching of the asigeri al which occurs dufing the =
reshapi g of the wall of the blank, contraction of the blank also takes Nt
pl ace, causing its internal surface to be noved into contact with the -

mandrel. 20. Thesechiewing tthe uddsited sympetvidal aeeshapinghef Ehe lblenky t he
reference nunerals 115 30 and. 116. The formation of these contact
surfaces contributes to the fixing of the position of the blank relative to
t he mandr el WMMVEUW previeus paprgreph Hnddeafiasathall. i ng devi ce
41. It has be REP&E%Q# id 9 & 12V&iabAbs WP déslirb@NengtiRbf the

addi ti onal fixi

essenti al? t ns Of * CS%Q%E&EHS#%%M ’%‘HS Inff g‘gtthe
bl ank. The ﬁewsﬂﬂlﬁ)aom:dwe mée&ﬂQMesmgﬁgﬂaphaueNabaleagtﬂheteﬁﬂtiﬁg .
_ glogarkaz 3Sh§vg fg §§3ﬁ t%%? @éﬁ%@?&aﬁ%@ﬂﬂﬁ{}egs p055| bl e

to reduce the iu:tned:latei:s 'tcfforélethsaerdﬂ of @Bdﬂ@tﬂxhsneﬁmmr@eh

‘bl ank, to int Q&%s’ é‘Eb{'&‘f 3yl W e the ends
of the bl ank, %_5{ t0 reduce gﬂ?c ness |n a Hu &?areasgﬁastrl but ed. z

axi al |y &Qng seperatedaby begR 8P al in
whi ch there hagubERn ﬂth&&féslsOn mnneadn ﬁfé@S&th'ﬂ%dﬁ%‘&Tmﬁt&&aw t h reduced

mat eri al thi ckpes t he redu tion of |cknes s begqgun in a start
track. 15 LﬁbgFﬁéﬁ gl%}"e E]?%L#fgc bﬁg‘fnng'“ |

re-shaped at tﬂmckerrperatures i nd| cated above reI ati veI y Iow cont act
-pressure i's .

15 . Surprisingly, it has been. found that when the. blank i.s re-shaped at

 the temperatures indicated gbove, relatively low contact: pressure is
produced between the material of the blank and__the mandrel, for which
reason no problems are encountered. in removing the moulded object
from the mandrel after the moulding operation is complete.

Figures 13 to 15 show examples of tubular objects produced in the
mammer described above. When produci.ng the object. shown in Figure 13
the thickness ofatubularblankwhichisopenatbothe:ﬁsmybe
reduced with an area of amorphous material left at the end of the

25 - blank. 'lhisareaofamorphousmaterialist}ml-neatedarﬂsealedin
-accordance with the method described above. Figures 14 and 15 relate
to embodiments in which an already sealed - tubular blank of amorphous-
‘material is given cylindrical aress of the walls consisting of

" substantially monoaxially oriented materisl. In Figure 14 the

30  monoaxially oriented material is present around the object.over its . -
entire length, whereas in Figure 15 the edge of the mouth 212
consists of material wiiich has not undergone such orientation.

T

It is also p_oss__ible_ to further increase the crjrstallitdf:_y of the



ptoguced. between the material of the bltank 'and the nmandrel, for which

réason no problens are encountered in renpving the noul ded obj ect fromthe
mandrel- after the noul ding operation is conplete. 20 Figures 13 to how
exanpl es of tubul ar objects produced in the. manner described above
producing the object shown in Figure 13 t t hi ckness of a tubul ar
which is open at both ends may be reduced “ Th an area of anorphou
material left at the end. of the 25 bl ank. This area of anorphous

chove. °F oo o0 1AM s 360 S A FRERRLSEY SRt B

tubul ar bl ank of magerisloim cenjwndtipn Wi;thgltbﬁemmm
wal I's consi sting Rkep1A1S! aftiis éﬂtbﬁld)"tbﬁrﬁé?@lmrt@'con&ﬁm&cgure.

14 the 30 . nonoaxi aIIy riente rrat er.i esent, ground .t he gbject over
its entire | engt BuchifePe |¢P¢| r%biﬂétyme%g ng‘#gﬁgl sts
of material Swi chrbghapiog mmmmlmmammm
to further increage,t,ne_crystakldnit ﬁgs[!
‘above the cryst al‘aﬁﬁ lﬁ/ s’l“pf‘ %‘E’gﬁﬁg Wﬁé& FI I'n_conj uncpﬁi)n
with the nonoaxi srtdelesnt Thé Gnysﬁ}lhm# anechject risanormeily allgwed tpi veach
shoul d not be al | P mlﬁﬂ %Pg&ﬁa% et e SbMRcilid b de
material to undergo furt e shapi n |gminpa|red wiere_ 1 he Ob%iig
formed is a pref Peefﬁabgu the srystaldinkin 3% 0
plr;)ducg afiy SE%tﬁééd qbeandThsz Clthétc’ﬁylstﬂ.lﬂhi aa(l;gbﬂasy mbsossdalral | y
allowed to reach a m L OXi 0 t ject is to
undergo further %é%ﬁ%ﬂﬁsﬁ‘\éfm ﬁqﬂ@%ﬁﬁ ﬁﬁtﬁ tolie 10
between 10 and 25% the crystallini _ty produced by nonoaxial orientation
achieving a maxi Uiy ahie, Ofs AR 9K' () Bbove! ddhcription that the reduction in -
. the thickness of the material to the final value required takes place
15 in a single reduction operation. However, the thickness of the
material may be reduced in & number of consecutive reduction stages, .
before the thickness of the material is reduced finally to
approximately 1/3 of its original thickness. In this case the draw -
. ring or draw rings will Cmsist of a number of ring sections for the
20  conmsecutive gradual reduction of the thickness of the material. The
embodiment described in this paragraphis used mainly when the
material in the blank has a large wall thickness and/or when the draw

rings are moved at high speed.

25  The crystallinity values stated in the present application relate to
- the theories disclosed in the published ""Die Makromolekulare Chemie"
176, 2459-2465 (1975) . S

. The method and apparatus for producing a plastics material object
30 fromatubulm:blankdescribedabovearedescribedaniclaimed in
copending British Patent Applicatian No. 2092943 from which the
present application is divided - :



It has- been assunmed in the above description that the reduction in the

t hi ckness of the material to the final value reqU|red takes place 15 I n
single ction operation. However, the thickness—of—the material may be
reduce nunber of consecutive reduct i on stages, before the thickness

of the ial is reduced finally to apgroximat eI il“ﬂﬁ“ﬂn ﬂlll) | naI
t hi cknes$~In this case the draw ring or dr aw ring I

nunber of ring
t hi ckness of t

sections for the 20 consecuti ve. gradual Fedlcti on of t he
erial. The enbodi nent described in this paragraph is

used mainly whem—Ttie nmaterial in the blank has a | arge wal | thickness

and/ or when the draw rings are noved at'high speed. 25

val ues stated i theumml&bj@cfwhf ethylehé (tRrbshtibatate) Eoimeds £ebnt @ 0sed

in the publish
met hod and app

rlapkoh RSN, #gsa‘rer%sit%}liﬁxt%ﬁs?géfﬁ 3042 om o

" tubul ar blS3ank dbject el aveykndritadcpatie dhivid cohsiistre dofi nam'qiahdmigh is

British Patent

ﬁ&%ééaa%i&% %%Qg?o(%] ect&gg%(?ﬁ&t%al ene WLLFZE ieon |

is divided.
formed froma lﬂ%@m it - paish cylindrical,
~said 5 obJe

bei ng obt diOned

The crystallinity

mmﬁmueéyaseaﬁ tiheOhlamt witilal which ~

is oriented an s of .the object onl and has a maxi mum
crystallinity %ﬂﬁﬁgi#thLﬁgéﬂﬁg 4&ﬁ%¥ of said cylindrical part

by reducing the thlckness -of the bl ank whil e substantially

mai ntaining itsdig S | ' L1,
wherein salgd msa%q rmﬁsjasl{ aP'?l ni %/ #’?%Ween ghg%%#eww

15

c:wﬂzﬂl tyis'hﬂmemal

3. Akudmﬂarcbﬂaﬂ:astﬂaimaiin(ﬂaﬁmih wherein said maximum

‘crystallinity is 17%..

4. A tubular object as claimed in any preceding claim, wherein the

reduction of the thickness of the blank is obtained with the blank at
a temxazuxme:hathe'wnﬁ:ﬁxy'ofjieaglasstnzmsitﬁx1tempenmnna.of
the material..

5. Abumxﬂar<ﬂﬁectaw dhﬁned:uxCLmhmA whenakxsakitequaﬂnn

_ﬂsno:mna'ﬂmn13ungnamem“ﬂum the glass transition temperature.

25

”ofiiﬁnkerlmﬂznialanuidisphuﬂng Saﬁdtnznsitiomilzmne to elongate. o

30

6. A tubular object as claimed in any preceding claim, whenahzthe
material of said cylindrical part is obtained by forming a
transitional zone between a region qf1ﬂﬁnnet1mnxnial_andeztegﬁmn

thexmgﬁx1oftiﬂnmer:mmeridlamd'nahme ﬂmaregﬂxxof'ﬂﬂxker
material - -

7. A tubular object as claimed ﬁnzuwrpnauxﬁng'claﬁm,xMenehlthé

" object is sealed at one end.

.e‘-.
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.'B\VAtubuIar obj ect as clained in Cla|m2 mhe{—ekn—sawl—mq—#um—w

~crystallinity is 17%-4. A tubul ar obj ect as:claimed in any precedl |
claim wherein the reduction of the thi ckness OH“I“ mﬁm ith
the bl ank at a tenperature in the vicinity of t r IH“E” on

tefiperature of 20 the material. 5. A tubyy ar objett tas*clained in Caim
4 ==pherein said tenperature is no nore than 300C greater than the gl ass
transition tenperature. 25 6. A tubul ar object as cI ai med in any

precedi ng cl ai m 8ahek diubuldre chfdotr bfiipoliethyléne rhidhihatd tepﬁmsthﬁtﬂlii |é§ed

Cgi on of 't hi ckoroRetRPiare SREEBRI RN f?%%%ﬁ?%@?&%‘%ﬁéim g

el ongat e t he regidsAompanying, deavwingseri al and reduce the region of th| cker 30
material 7. A tubular object as clainmed in any preceding claim wherein the
object is sealed at one end. -22- . A tubul ar object of polyethylene
terepht hal ate substantially_as herei nbefore described with reference to and
as illustrated in the acconpanyi ng draw ngs.

.(l)'.. .



