YA METHOD AND APPARATUS FOR PRODUCI NG A TUBULAR OBJECT FROM A TUBULAR -
OF PLASTI CS MATERI AL The present invention relates to a nethod and '

agparatus for 5 . producing a tubul ar object of plastics nateri '
ae'garrpl e, pol yet hyl ene terephthal ate or: ra,t)sr m | ar "t her nopl asti c- a{fleé@flq ‘+3

- froma tubul ar bl ank of substantially anbrphous material. In an enbodi ment
‘the tubul ar -obj ect has one or nore cylindri caI 10 areas of material in-

- whtch the thicknes @M m@hg‘ ' ase of :
pé-Wet hyl ene ter ep a ate, been re u?o% by -one or %?@g@ operations.
until it is approxife 4 TUBULAR BLANG OF MATERIMess of the material. In
certain applications the t'hi ckness - of the material is reduced 15 al ong
the entire Ieng{,g of the ob ect t he areas q\ggdh reduced wal | thickness
the material ‘a?rhcftﬁﬁsm BniDg yl ene
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. bei ng of the o I ti ratu af t eri al |
during shapi ng*i gyept?g}é% %&é@é&l%% St% ﬁim&e&.‘”gﬁemgﬁq S} I’%Fgaiat ure
(TG and the sifaph ry tuludazt blank of csbstantially femohphcusnpaveriat e of the
material controlled in the area of “shapi ng, where the material is in

surface contact with an external draw ring and/ or: an internal shapi.ng
devi ce.” 25 Prev¥Rol epbedizent e ec§as pae o meRR cydindriaalo.
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material ~  certain applications the thiclness of the material is reduced
o 15 along the entire length of the object. In the areas with reduced
: wall thickness the material is axially oriented and has, in the
case of polyethylene terephthalate, a crystallinity of less than
appro:dmately 30%, usually being of the order of 10 to 25%. The
initial temperature of the material during shaping is preferably
20  below the- glass transition temperature (TG) and the shaping
~ operation takes place with the’ temperattme of the material
- controlled in the area of shaping, where the material is in
surface contact with an external draw ring and/or an internal
~ shaping device. o -
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Previously disclosed in UK published Patent application No.
'2052367A is a tubular object in which the wall thickness
preferably at a central point of said object has been reduced to

 approximately 1/3 of the original thickness of the material. The

30 reduction in thickness is produced by clamping each end of a

tubular blank in which the material is at an initial temperature
below the glass transition temperature (TG) in two jaws which are
. then moved apart. By causing an annular area of the material




-2- to have a hi gher tenperature than the surrounding material, the

. obtained material properties of the area will cause the reduction in
t ™ ss to commence in the area during the stretching operatlon In SN
.cer 1 applications the internal dianeter of the 5 - blank is stablllzed

by t use of an internal mandrel. The Zprocess as disclosed will produce an
object in which the material is axially oriented and has a crystallinity of

-l ess then approxi rrately 30% - usual |y being of the order of 10 to 25% 10 u,
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‘met hod forca%eanw%h&mngﬁép&&iw%mr&eh Vril18ckhieltRE daliaekicno be
reduced rrechanl ?tglFlé \s/ t he use of ,an externgHrdew e. The devi ce consi sts

of one or WP CommenGe 4B e Ares tSHEREFRINgA/ or i nt er hal-
surface of tfmpérhaidn J15In ceirthirs applicatiens fthe idmerde]sldiadetétdoftﬁm in

-t hi cknes WI| C [ r t | appr.oaches -
t he gl as ILS| |g£n mer%%&wgt%’ Lr:#'l"a.l %Ia\}l @%“{I%E around t he.
peri phery of prosess mdamtzsadngﬂﬂ-hpfm @t objecth|inmmhichntine materialy. This
“met hod will %'%& inity in the - .
areas of reducemﬁgusﬁ th| ckness vre ]%grsds tﬁgn adpﬁ:%é mately 30% and
will be of thAPRSPYERately 1 ¥4, cusurkly Reiogept threordererf di 45%ot have been
oriented axially to such 25 . a hi gh degree as when the process descri bed
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material 30 4is di i'néthxl foteanging) dhe thicknesslofstiu moeﬂfalaim ab trlibul el ank i's
| blank to be 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
15  with such force that the desired reduction in thickness will
* occur as the initial temperature of the material approaehes the
glass transition temperature. ' The externsal device is moved
around -the periphery of the blank .and along the axis of the blank -
'-sinmltaneously. This method will also produce an obJect in vhich
20 the crystalhnity in the areas of reduced material thickness will
"~ be 1essthanapproximate1y 301andw111beoftheorderof 10 to
- 25%.

" Hovever, the material will not have been oriented axially to such
25 & high degree as when the process described in the previous
paragraph is used. '

The- methods described above, produce objects in which the
- transitional zone between stretched and non—stretched material
30 differs. Thus, where a central section of a tubular blank is
stretched whilst the material in the blank is at an initial
temperature below the glass transition temperature ('IG) and the
blank is subsequently separated into two parts to form two




_‘stret-ched whilst the material in the blank is at an initial tenperature
bel ow the glass transition tenperature (TG and the blank is subsequently..
Separated into two parts to'formtwo 3 separate objects, these gffjgnts . .
will differ. The difference is due to_the fact that one of the 1@, :
contains the start zone for the yielding’d6f material produced by t

stretching operation, whilst the ot her obj ect contains the stop zone for
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tapering 8r eas yieldingcefmaboridly be produced in the ‘substantially annul ar.
transitional zone during 15 t he draw ng operation, the presence of sai d

areas usually requiring the object to be scrapped. In accordance with the’
pr esent mventf:lbmtplrectismgrﬂwidm&tdon&iésomﬁedr mrlmmppmamdmwlar obj ect

of plastics ma 652 387Af &P Ehn[qu Vi n
substantial | y. gm)r phous eril aFt corrprl SI n ggg‘gﬁgtﬁ%?‘?%ness of
material in theetacdak wHchrhasbeen stoetchedcand tther@dfckw matexialovhichsi ngl e
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devi ce defi nes r| n shage&e{z)one 1,n_wWhj transi tional ~zone . between .

t hi cker and L paterdal ﬁ%méﬁewzsée of ferredmatelnl |

shapi ng devi ce4ﬁ®\winb tel gutfeesidf ehel stzebéhell 8AY non-stretched material '
respectively. Axially displaced tapering areas will occasionally
be produced in the substantially annular transitional zone during

15 the drawing operation, the presence of said areas 'usually

requiring the object to be scrapped.

In accordance with the present invention there is provided a
. method for producing a tubular object of plastics material from a
20  tubular blank having a wall of substantially amorphous material,
comprising reducing the thickness of material in the blank or in
~one or more areas thereof by means of a single or several
consecutive re-shaping operations, whereby a mechanical shaping
device defines a ring-shaped zone in which a transitional zone
- 25  between thicker and thinner material of the blank is enclosed, _
the mechanical shaping device moving said- transitional zone along
~ the blank and simultaneously elongating the blank in the axial
direction of the blank, wherein after the last re-shaping
operatzon the thimer material has an oriented state, and wherein
.30_ the thickness of the thinner material corresponds to that which a
sheet of amorphous matenal will obtain by moneaxial stretching
to yielding of the material of said sheet, if, mmediately before
the stretching of said sheet, the thickness of the sheet is the
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the bI ank and Si rrultaneously el ongatr ng the bl ank in the axial direction of :

has
mat ¥
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ori ent ed state, and wherein 30 t he thi ckness of the t hi nner - \_J
corresponds to.that which a sheet of anorphous material w4l . - e

ank wherein after the | ast re-shaping operatlon t he thinner material -
)
by nonoaxi al ~stretching to yieldfmy of the mat eri al of said sheet,

if, inmmediately before the stretching of said sheet,- the thickness of" the

- sheet is the
t enrper at ur e. ofsa!nﬁeaﬁrﬁ"‘ér"rfﬁi’: gl wall Qrckpess; of

the material -
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- .transitional

Aast teetshepingreperatibowi th the origi nal wall -t hi ckness and.

“material-eMth reduced wall 10. ‘thickness wll -al ways have a predeterm ned
shape, and the | ength of each section vmth a reduced wal | thi ckness wil |

- always be predhecspeedest ibdchatheushiclmess of shematgrial dreresiged Isn the

transitional
meki-ng an obj
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" ‘t.he ‘form.of_two f which 15 facee ther,
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t he transiti onfl eachnsebtiarceltire vedudedvwall thickness will always be -

15

20

~ precisely defined because the re-shaping of the blank in the

transitional zone itself is mechanically controlled. - For

_example, when making an object in the - form of two preforms which

face each other, the rate of production can be doubled. by

. starting the drawing operation at ‘a central point and then

contmuing it s:.nmltaneously towards the two ends of the tube.
The object so produced may then be cut, and the cut sections

sealed to form two preforms for future processing. ‘In these

preforms, the transitional zone between material with the

original wa_ll thickness and material with reduced wall thickness

will always have the same predeterminied shape and will always

" contain material with identical characteristics such that each of
'theprefoms willbe the same.

‘The present invention also makes it possible to produce an object

in vhich the thickness of the material is reduced along the
entire length of the object or in one or more cylindrical

| :'sections of the object. The obJect is in the form- of a tube -
which |

is open .at both ends or, in certain applications in the form of

a tube which has been sealed at one end The: object is mainly

intended to be moulded into containers vhereby each single object
is formed into either a single container or a number of



*original wall thickness and material with reduced wall thickness will

al ways have the sanme predeterm ned shape and will always contain nmateri
\Math |dent|cal characteri'stics such that each of the preforms wi'll b
“sanme. '25 The present invention al so rrakss it pOSSI blle to produce an
in which the thickness of the material” Ps"reduced along the entire-l

.. of the object.or in one or nore cylindrical sections of the object.. The
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~end. The obj ecmtmberrmﬁ phyts whichi aaret thepemowldedetntioncontadnexs.ner s wher eby
each single object is formed into either a single container or a nunber of

~-5- containers. In the latter case, the object_ is divided into a nunber of
parts which arbhe peedwsieriaf patbieshtafi nelvethylane, Eerrpbithalatef oB@ obj ect

of pol yetdyl engiaighe RiHebrbsllaRt 2 nﬁtérial 1ﬁléﬂcbaaaﬁcaeﬁmplaasedbedmﬁri al in
accordance wth_ap enbodi nent of, the v§ntl rt froma

tubular bl ank,°% foeRAesERG IVt ions sy s state. In
one single opemaﬁemﬂlcm tini 8 bhanld dbeind iao&smbtphmwmml Oliﬁohdse thl ckness

or i imalt i cibimgle' Rk ok ol SHGRIL S Moo dRBLE plBMEL oo ik O 1S
the entire | en@.ildmésa o€ tl‘m;lhte}:rzail.nlmrthednlmkrias geducashsoof the blank.
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clness takes place either along the entire length of blank

or in one or more sections of the blank. Preferably, inmedzately
before the reduction in thickness , the material which will
. undergo a reduction in thickness as the transitional zone is
15 movedhasatemperatnmebelmorintherange oftheglass
. transition temperature (IG) of the material. The glass
transition temperature is abbreviated to TG in the fqllowihg, the
temperature of the material should preferably deviate from TG by
no more than 150C during the reduction in thickness. Although
. 20  the technical effect of the present invention may be achieved at
' - a much lower teupefature, it is advantageous to use an initial
' temperature close to TG, for instance a temperature vhich is
between 1 to 3°C below TG, since material at this initial
temperature will permit the mechanical shaping dev:ce to be moved:

' 25  at high speed.

In an embodiment, the mechanical sh.aping devices are in contact
with and form bearing surfaces against the material in the area
of the transitional zone and in that the material in the

- 30  transitional zone is maintained at a temwperature close to-its
glass transition temperature by the transfer of heat between the
material and the mechanical shaping devices.




15 rmved has a ‘tenperature below or in-the range of the glass transition .
-terrperature (TG of the material. The glass transition tenperature is
abbrevjgated to TGin the followi ng, the tenperaturé of -the materi al shoul d \-J_
preferaply\deviate fromTG by no nore. tga,_n [err] during the reduction in
Although 20 the technical effect of the present invention may-
ivy#d at a-nuch |ower tenperature, it is advant ageous to use an
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form bearing surfaces against the material in the area of the transitional

. zone and in that the material in the 30  transitional zone is maintained
" at a temperat Memlmbedimttsdqlmgstlﬁrimhgwfmpebmu;ﬁbyeﬂmlansfer .

f heat bet I - -
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"is cool ed i mrngtexialyin sihd rhickness afo khe matgriak is zeduced ol
tenperature. Become 'sﬁaﬂére o%em t‘:ﬁérwmﬂ&z{ﬂr@iﬂﬂmﬂ&éﬂé @Jt?ét the
. + external circunference, of th I 0SS- Sect | € of those sg qQf the
" material in wSFePsT8Etion ofn ofeqtigns k. the material; ind Iﬂﬁoecome

smal | er, 10and/ithicinesshof theemdtertahdls tedwedi wilinbecaie Lagert.0ss- section. of
‘those sections of the material in which the 10 thickness of the materi al
I's reduced wi |l becone larger. Preferably, the reduction.in t hi ckness |
occurs in one Pyefenabdy, the reduction in thickness occurs in one or more

areas. 1ocated between and/or adjacent to the ends of the blank
and theblankmay then be separated where required so as to form
15  a number of obJect:s, each of which will preferably have an area
' of reduced wall thick::ess. ' ~ :

_ I'.n.a'n a'nbodimer_xt, the._i;edzmction in thickness commences in tracks
20  extending all the way round the periphery of the blank and the
reduction in the thickness of the wall preferably takes place in .
both directions from the track or tracks. Thetracksmay be one
or more peripheral grooves formed in the wall of the blank at the
same time as external devices are used to subject the blank to
25 tensile stress along its axis. Preferably, in the area of the
base of the track, a clamping device moves sections of the
- material in the wall of the blank into contact with the external
surface of a mandrel in order to fix the position of the blank
~ relative to the mandrel, at least during the initisl stage of the
30 reduction in the thickness of the wall of the blank by means of
~ the mechanical shaping dev1ces. :

This stretching operatioh reduce_s_ the walll'thich'xess._ in the
grooves to about 1/3 of its original thickness at the same time



‘areas | ocated between and/ or adj acent to the ends of the bl ank and th
bl ank may t hen. be separated where required so as to form15 a nunb -
ij ects, each of whichswill preferabl y have an area of reduced wal | . _
*thi ckness. ‘In an enbodi ment, " the reduclizopn in thickness comences in tracks
20 - extending all the way round the periphery of the bl ank and the.
reduction in the thickness of .the wall preferably takes place in both
dlmr_lecthl onls fross tohe TbIailkk:L@relbﬁ aﬂaeu Laﬁﬁdw:anﬁaenwf i S N
p pheral . gro |nt an the s time as . )
external devi cé%“iﬁ‘@ Eﬁc\éc\a ﬁ’éaﬂlf;ﬁ PF "f?é &s al ong
its axis. Preférabrjng |in ttlmaaiomnentimhd gmeobrtgreowaehd wvd:hgntm ng S
‘devi ce noves s t &H‘E to contact
W th the externad(ig ac ﬁ%a rrandraéf I n 2%3"3!?1:%%‘27}\3 e p03| |on of the
~ blank rel 3t i vewharebpethenmedusitionin wakk thieknegst takesnplacel st age of the 30
reduction in tefmﬂwﬁi &Emt*@sp@aﬁ%f%{r&&ebbaa&rm tHAR%s the R |
mechani cal -shapi ng é@ggf_ Thi s stretchi operation reduces the wall :
t hi.ckness in t #RE§PE0 ‘?Pkabout 1/3 of its original thickness at the sane
time 7 as the bI ank is elongated axially. Further reduction of the '
t hi ckness of t he, bl ank, i S odu b Qsi tjonin aw ring
in the aforemeft':? %’%eﬁas&r8 b@ﬁ@%é&g%ﬁﬁé%ﬁ%d%ﬁﬁﬁ.ﬂﬁ% g?’g the )
bl ank. CelQai nthe)pialtat&xiokneassesttmbelmghpe& adjacdrar &b\thehsealgdtie i on in
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‘at one end andother,and (£ lank. In certain applications the reduction in
| thickness is allowed to continue along the ertire length of the
_'blank
15

In an exbodiment, one end of the tubular blank is sealed either

' before or after the aforementioned re-shaping operations by
heating the material and press-moulding the end, for example in a =
cup-shaped mould. ' German patent specification No. 1 704 119

20  contains examples of methods suitable for achieving sealmg of

this kind.

'_Where the ‘blank is of polyethylene terephthalate and the
_ thickness of the material in said one or more areas is reduced to
25  a final thickness of approximately 1/3 of the original thickness
‘of the material, the material, at least immediately before the
final reduction in thickness tskes place, is brought to'a
temperature below or in the range of its 'glass transition
temperamre which deviates from said temperature by no more than:
30 15°C. Prefersbly, at least immediately before the final
' reduction in thickness tskes place, the material is brought to a
temperature which deviates from the glass transition temperature |
by less than 3°C.




. .10 the wall thickness is to be reduced adjacent. to the seal, the draw

. rin uld preferably be moved from the. seal towards the other end of the. -
bl a@ﬂ certain applications the reduction in thickness is allowed to . ‘o,

conti along the entire l.ength of the_blank. 15 In an enbodi nent; one end

of the tubular blank is sealed either ~bBfvre. or after the aforerrentloned

. re- shap| ng operatlons by heating the material and press-noul di ng- the end,

for exanple-ig.a e ul n .paten speC|f| ation No. 1 704
119 20  cont gT’ﬁs sg : H%TE‘FF%%&SE? t%a\"?‘#&}“ %Wé i$1§8%al i ng of ~
t EI skkl nd. ]\c/\hgenetaldybdztmrlel the mﬁtacﬂqlew)doenhidlerhahtﬁrab]aﬁg u;ﬂgd he -
“thickness o a a gduced:-to .

fi-nal thi ckne? tggéér’ su#gjté%hglb})%% W%%Pa&'ﬁ gf JC%‘? Saglon tzﬁé
material, therﬁdmﬁmgathe a:hid:bms oftbei maaryabeﬁ ongberhofftimek befibreti on in |
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Jits glass tranS|t|on te%ra ure VI ates from sal d tenperature by no -

nmore than 30 ﬁ%c'-'lléﬁﬁe thaderans ey ofheatcavee froma|

reduction in ttiiecit%ﬁﬁitiohhtszdﬁeaﬁ@ thehad JHReAE | Bawi B1 rtg{gfm/sr §fcdimal
tenperature wh ch deél?{es fromthe gl ass tran5|t|on enperature by |ess

than [err] ess of the material is reduced in several . stages .
general ly vvhere t he materlal is so thick that probl ens arise in

: E Lgnf]hle‘r: essiﬂéé materl %}J;r%g}‘%%t %rea%spé% §+sal Z% By reduct ng -
: production by a method as defined above of a tubular object of
' plastics material from a ‘tubular blank of substantially amorphous
'material, the apparatus comprising a mechanical shaping device
. having a number of draw rings arranged so as to swrround said |
-15  blank and an internal shaping device located in31de said blank
' _such that the draw rmgs ‘and said internal shaping device define
a ring-shaped zone, and a number of drive devices arranged to
move the draw rings and/or the internal shaping device relative
to the blank along its axis, whereby the draw rings and/or the
20  internal shaping device move the one or more transitional zones
along the blank and in which the material has bearing surfaces
- against the draw rings and/or the internal shaping device during
the reduction in thickness.

25 Preferably,' the draw rings' and/or the internal shaping device are
provided with channels for the passage of a liquid for
| stabilizing the tempera.ture of the material in the blank at a
value correSponding or close to the range ‘of its glass transn:ion

g temperature.

_ In: an embodiment, thedrawrmgs are composed of a number _of draw
ring segments which are moveble by drive means to and from an
operating position in which the draw rings form a substantially




final reduction in thickness is nade, a thinner materi al | be
-groducggemhich will facilitate the transfer of heat away fromthe £
;kan5|t|onalszone to the adjacent draw ring and/or internal shapi eV|ge
10 'The preésent invention also extends 40 apparatus for the prodrcglon y
.a method as defined above of a t ubul ar” dbject of pl astics nmateria roma
tubul ar bl ank of substantlally anmor phous naterlal t he apparat us conpri sing

w arr ed so as to '_
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the one of noréeatiomsis pmdedom:h biqmig d:l’mnblf.:wﬁmd dr/a‘g\r/ﬂ%-, ehmgjl ,hntggrnal
' -rsnﬁ;elr Ingl dgslscke)ﬁ%ﬁ%ys% re uct | on I n. twigsgy ggdaﬁp}%%i y, the draw
0 nd/or the internal shaping device are provided with channels for the
Lagg;gg of a I'nwapbéxmms |f|nzt|hgg d&rrgeé%ggﬂ%oéaﬁgf %%ti%egat in the
bl ank at a vaI [,€S ondln or close to the ng
tra te eF’éﬁﬁlﬁ 8% ERperating resitignaln mhigs thee corrposed of
;r ﬁﬂfr{)telron d?p@mingdemmmme&im&%ﬂmb&albuf%v 1R ‘and. from
' bstant1 al - 0-
an operating Rtebh UF tie WAl N 1.8 Whidd19%: i0HL Logulsh ‘surface’ of |
' a mandrel in order to fix the position of the blank relative to
_' the mandrel.

15 The draw rings and the clampmg devices are movable axially along
the blank, and preferably, whilst the draw rings are moving
towards t‘:n ends of the tubular blank, the movement of the draw
rings is connected to the movement of the clampmg devices such
that the draw ring and .clamping device wh;._ch are adjacent to each
other - : |

20 are moved in the same direction and such that the correlation
' between the speed of the respective draw ring and clamping device
1is determined by the reduction in thickness which it is wished to
produce in the material in the tubular blank. For example, when:

+ reducing the wall thickness of the blank to 1/3 of its original

25  thickness, the ratio between the speeds of the clamping device
and the draw ring shall be 2:3, witharatio olewhenreducing

the thickness of the material to 1/2 of its original thickness,
etc.

30 The clamping devices are f1tted with axially movable sprung
components against which the edges of the tubular blank mske
_ contact. Any long:l.tudinal tolerances which are present in the
blank both before and durmg the drawing operation are absorbed



col um-shaped seal ed internal surface which fits the surface which defines
the ljaoits of the track, -and wherein the draw rings are preferably divided
-~ axi afAADN\nt o ring sections which are ~general l'y provided with nutual thermalsr/,

i NsulN\g , and each ring 5 - sectionis provided with 1iquid channels. '
Each draw ring may be forned by two. dﬂ&Mrrlng hal ves novabl e by said drive

- nmeans.  The apparatus may further conprise a clanping device arranged to be

novabl e to and from an operating position in which the 10 . cl anpi ng v
devi ce hol ds BedhRoPRrUBE CIFPORERLS-of the bl ank in the bottom of the track
in firmcontact with the external surface -of a mandrel in order to fix the -

'-p05|t|on of the bl an Iatlvg the régndr %¥ The drayvrln S and the
‘¢l anpi ng devi Sy X?LKE %k’m%\ﬁ&“ﬁ%e bly, ~
whi | st the drehreel oy aeetiomsi wirh: avmminmegcadsoﬁ)umn fdsdlatidd ank, the

“novenent. of ‘t)h co t f e clanping -
- devi ces %uch he]etggeﬁv%edgﬁrpﬁﬁ %gﬁ %Q#gﬁ%gcfs %%deﬁ ‘é#"reh adj acent - to
- each ot her 20channels ﬁwvecﬂnuridtfnr e&ﬂmrdhe&ingoqr a:mnmg;rEhetﬁngt he :
correl ation belMBER. ¢ S%?iﬁ-@n%i LD %&%d apc! anpi ng '
" device is determned Eg‘et re u%%?%?\lnt |ciéness L C |s V\nshedto-'
produce in t hehampelefox aifHuide  The) eantpah ming mactdon Ancdudesmghat educi ng
the wal | thi clgrassf athet dﬁavb'rd ﬁé@wﬁichtﬁleottéiis&ﬁior&i zodé”'bé&ms the .

£ g R i, gl B B e
of its ori gi nadlll bhidimess; ;1se formed durinh ehe | draping ofethe ¢abullar fitted with

axially m)vabtj, pr n;’fﬁ?onggﬁ%i&ngg t Mi%ﬁst %eeg&e Qtfx ttth ‘tubul ar -

bl ank make -contac erances” Which are present in the
bl ank -bot h belangesermtemhgﬁmem awimgcgpacstwinh she metevidlewith

its original thickness during the drawing operation, whilst the
.15  other ring section with the smallest internal diameter is in
-contact with the material with reduced t:hickness.

When drawing a tubular blank, said blank is positioned on the
‘mandrel in such a way that it is held securely by the clamping '
20 devices and a central peripheral groove in the base of which the
" wall thickness has been reduced to approximately 1/3 of its _
original thickness is formed in ‘the tubular blank. “The draw ring
‘halves are then moved to their operating position. ‘The shape and
- the axial length of those parts of the draw rings which are '
25 introduced into the groove correspond to the shape and the axial
lengthofthegroove Thematerialofttnablarkinthearea
- which is to be drawn should preﬁerably be heated to a temperature
close to but below TG before the blank is positioned on the
_ mandrel. The material will be raised to the correct drawing
30 temperature through the contact surfaces formed between the
' material of the blank and the draw rings and mandrel.



> 10- by the sprung conponents. In one embodi ment of the inventiaon each draw
ring consists of three ring sections with a cCertain degree of thermal
jasulation 5 -bet ween: the’'sections. Each ring section is provided wigR
. channel s for a fluid for either heating ﬁn cooling the ring section.

- af-orenmentioned mandrel is also provi dedl T h channels for a fluid.-
central ring section i ncl udes that part of the draw ring against whi ch the’

relerial with ?Eﬁt%eﬁ“*@m%ﬁé?}m’@%ﬁg%ﬁmm PP iR, SReknG of t he

‘tubular bl ank. CEATRINE FRTigRB Anei moved AWax dTon oiie, trduk byethei drivehe | ar gest
‘internal di arreaeﬁdeg wa-,épmt,@c‘atf Wbty g&\ﬂ;]rg. n P
‘thickness duri n %’Pg % n opgra (t):?i %st t%h g%ﬁ ﬁé‘%ﬁ%ﬁ c?‘F g‘?’ect ion .-
with the smali& ﬁ@%ss ices iscopintainedt nThuse thetthvickiessi th

reduced t Bi cknefsthe\Mterdahvimghé BlahkALLbERHinue Aidflbb | Rldliced bRORd | oned

on the nandrel hat |t |s heId segurely t‘he clanping 20
devi ces and a cen raﬁgperl p e:l ':ga’é"‘é'of hSameetiRa |

t hi ckness has beeblanl emgﬂap@@lmgltiedsya:ailsa of its original thickness
i's forned in the tubul ar bl ank. The draw ring hal ves are then noved to

their operating position. The shape and the axial Iength of those parts of .
" the draw ri ngsgwmr%ﬁ‘\!; $actor; i3 (theueentrphtaf the @Ipemtm'erafeshend to the

shape andl0 he fatertial ejigthe ArahfR-ighaD I@tw%‘x g-b E{L’e Q{ﬁ ¢h the
area which.is [0 be.dra ref er eated"to a rrpera ure
close to but b O\ﬁfﬁfﬁ?‘&?@ %gc%eﬁﬁl@‘%g“‘%%lﬂ educed The
material wil | br thiclowsst 0 Theedraw réng Hasash H@ternal profile which
matches the change in the thickness of the material which occurs
- in the transitional zone. The profile has been selected such
15 that it will form contact surfaces with the internal surface of
- the draw rmg not only in the transitional zone, but also shead
of and after it during the drawing operat1on. The draw ring is
"able in. this way to control the shape of the transitional surface
: in the transitional zone. The temperature of the material in the
20  blank is ‘regulated during the entire drawing operation by the
' -transfer of heat between the material in the blank and the draw _
rings and/or the mandrel. It is particularly important that the
section of the draw ring which is in contact with the material in
_ - the transitlonal zone should maintain the material in the blank '
25 ata temperature close to TG. '

A smplified a:bodiment of the present invention makes use of a
. single draw ring wh:lch 1s moved from a start track preferably all
. thewaytotheedgeatoneoftheerﬁsoftheblank Inthisway_
30 an object is produced in which the wall thickness is reduced at
one end only. This enbodiment preferably makes use of an
~internal mandrel as a dolly which will take up the axial forces
wh:.ch arise as the wall thickness is reduced. The movement of



. bet wee

30 tenperature through the contact surfaces formed between the material

of thg blank and the-draw rings and nandrel . -11- During the actual
“dr awi Qperation the draw rings and the clanpi ng devices are noved away. . \J‘
- from rack by the drive devices, when the aforenentioned relative. speed -
he draw rings and the clanpinp devices is mai-ntained. Thus the

t hi ckness 5 - of the material in the blank wi Il -continue to. be reduced by
the draw rings for as |ong as nmovenent continues. At the same tine the

blank’is | engtﬁ@r&dwai-ﬂ%?: tmtem:pt:edmn mputamqapphmacionsbemrecéht roI of "“L

the tenperature of th

r I NSirfi 0
anor phous nat BRFSES G¥V¢h ee<}§9| &a’? E? cEnessﬂgng&émterl al V\/m ch has :
been reduced borddredkmeasridiia dnmh ﬂmgﬁl&sﬂﬁlﬁimﬁ?% Be¢ e which .

mat ches the ¢ &gﬁﬁ.fgs Qoindletthi ctheogs in the
" . transitional ?%%%%dﬂ%e pr#le as benﬂglnnﬁ uech 15, th’?tdtlt will
form conbact whidhmdespraduped Ha this ey is§ e0 of 88 #S, & PYFS Mot only .
in the transi gb@ﬂ%ll yZ8R%r QUéer%hﬁQ abent of rershepitgiof thelminpgi.ene drawi ng

operation. é%‘éﬁﬁ%urw the

drawrlngls e|nt o]
tran5|t|onal what yadl "?P"PFE ﬁﬁi‘e%ﬁ'@l‘
material in tt@g Bé)clobécafb& wnsegﬁlaat"edondulcpthd | rferemsntmceir abefeFreoper ation -

by the transfe of he t b%‘ﬁv\f&% &Qgrtg.?%&?éﬁ# n&@eafg@% angiipe draw

rings and/ or 1 nportant t at the section of
t he dr awl0i ngbebonﬂlthe mutho:hs ﬂitmdtbbehﬁatiﬂg apd by thermalansi ti onal

zone shoul d : t g]g_ ab | _
np”%lfg, e(}‘ %ﬁgﬂa @fﬂh’i m?séﬂiéﬁkusiﬁl 3{ l'iiiingl Bed alour e cl ose

to TG A si fent sent, I nven %ecuse of a
: ' continue until the mst ia. 1n r:un

OPaque

KD

15 Ina preferred embodiment of the present invention the blank is
' provided with a start track of such axial length that space is -
_ provided in the track for a clamping device together with the
* draw ring or draw rings. At least during the mitial stage of
" the movement of the draw ring or draw rings, the clamping device
20 - holds sections of the wall of the material in the base of the
.' track pressed against the mandrel. In this way the position of
‘the blank relative to the mandrel is fixed. In the embodiment of
the present invention in vhich two draw rings are moved away from
" each other, the clampmg device is designed to hold the wa.ll of
25 the blank in an area situated between the draw rings. By holding
- the blank securely against the mandrel, this will prevent any
axia.l movement of the blank in relation to the mandrel vhich
| mght arise depending on the axial forces which occur at the
contact surfaces between the respective draw ring and the
30  material in the transitional zone between the wall of the blank
with reduced th.ickness and the wall of the blank with non-reduced
thickness. Any movement could for instance, _lead to the
disadvantage that in the variant of_ the inven_tion in which an



L4 . .
single draw-ring which is noved froma start track preferably al
to the edge at one of the ends. of the blank. [In this way 30
Jsgsproduced in which the wall thi ckness is reduced at one end on -
enbodi ment preferably nmakes use of an internal. mandrel as a dol 'y whi ch o
will take up the axial forces which arrsB as the wall t hi ckness is reduced. -
The novenent of * - 12 - the drawring is interrupted in certain ' '

appl.ications before it ses_over the edge of the tubular bl ank. The'edge
% thus be b&FERAHE g the ke gﬂs q%@ E“"F*ﬁ SEntss wibE meduceshen

' reduced after Ithea;heavwhgx neduceﬁlml]J shixiebstmy BEpRRER#edd - Which is
produced in thi e possibly after a -
certain am)untlua? re- s ap| #%tl%e rlﬁﬁ?tl%eegtﬁoﬁ’f P"‘ ‘'l becone the edge of .
the mout h, for a container |ntended to be cl osed by rreans of a "crown

corkc”, 105 | nSTR8Gme BelttailitgUhivick it alBiELe YRR e BRLADET the

- area Wmch w | the " nout h i ng and by
thermal cryst aPﬁ%ﬁP rP L4 H:hér%stsépﬂ-%%l Pérpn@ueiqa/amdegzmd ewial to

continue unti ledgth inttte ated ﬂnt\&ﬂcﬁfﬂ@ﬁﬁm '&ﬂ%éés%@%”&‘te@?@ﬂ“e

Ty 2N TR B T R I R ﬁr?K'ed??ack
for a clanpi ngpredicing tsught 4 eeductiont bre uﬂleamdldﬁess)bfdﬂ@w&lp%f thd | east
e Ol oD jahehria Sitn i R TERIe O I8 BIBH, Fulelt, B 3ME 9%,
base of the tramh;sﬁ‘ééqedtb@a'edmtﬁoneimmhchesm is tintermmpyed Fbefbﬁélﬂhbon of
the blank rel aafmrmgmedwel&sgs raadt 45 pddd O BRNAR Ur Qs of
' the blank. By leaving an area of amorphous material at the very
end or ends of the blank, a section of material will be produced -
15  which is highly suitable, for example, for sealing to produce the
' base of a preform by the use of a method which is described in
-Patent Specification DE PS 1 704 119 or, after having been
subjected to thermal crystallisation, for formmg a rin for use
with the "crown cork" type of closure. |

20
In an alternative embodiment the draw ring is used to reduce the
wall thickness of the material in a tubular blank with a sealed
bottom, the mouth of which is already provided with a means of
closure, for example screw threads. The blank in which' the

25 material is intended to be subjected to a reduction in thickness :
is produced by some previously disclosed method for example by
injection moulding or by extrusion followed by sealing and
moulding the bottom and mouth. .

30  When using an external draw ring to reduce the thiclness of the
material in the wall of the blank, a certain reduction in the - |
internal diameter of the blank will also be produced, as has
already been mentioned. The mandrel inside the blank thus acts



the. present i nvention in which tmo draw rings are.noved away from each _
oth t he cl anpi ng device is designed to hold the wall of 25 t he bl ank

in ‘ea-situated between the draw rings. By hol'di ng the bl ank securely ~.

- agaiy the mandrel,. this will prevent any axial novenent of the blank in

S very en
“which. is highly SU|tabIe for exanple, for sealing to produce the base of a

rebation to the mandrel whi ch m ght “adfise dependi ng on the axial forces
whi ch occur ‘at the contact surfaces bet ween t he respective draw ring and:

the 30 material in the transitional _zone bt %n the wal| of the blank. u'.

Wi th reduced BhA HIRPISE ARTLEH UGN WhHL o
‘thickness. Anedupyivieih di@uéthrfosmpﬁkﬁﬁgl?,, ieaﬂst&énheo@dseﬁmntfage that

efreRb Rk EhRiced
el e B SR B Hhed Ot dieures idicadi RobEARURA N0 110

t hi ckness nay:tieerexahapmgtepemtﬁym;re&a cantacti betwebnt thenwall oifettst art track.

5 : gm%@gee BEA Gh! ttrggt evi ous :
paragrap Fnarstﬁhe p055| b |ty§o pPoducFﬁSggny dééshlre %)E(‘i *al length in.

the area i n \generatascrolatively dilstle contact PResuTe Petveen Hden intarmald. In-

- certain appl Iﬁeﬁ&t%ﬂ&@wmy%ﬂe&m%ﬂgcﬁe@&@ﬁdsﬁﬁ&a of thie
. thickness of th of tgﬁ mat eri. alogthe ent-i eIenth of the

bl ank, mherea{’?"gﬁe If@?"ﬁ"ﬁ i Fe4SPB RO PReP SREPYRLER ng
i nterrUpt ed tméofihitsheddﬂaﬂcrﬁw the ciandrel after ahahsiaping abfng)nd t he

end or s of Ke: ing an area of anor phous mat eri al at the
or e‘#d&g%fb Sﬁﬂ&fgﬁéectlon of material will be produced 15

pref orm by t% Héfe&fin @E hedmghi mlmrw%é&ﬂ%%mﬁee&&' cation
DE-PS 1 704 9 er havi ng been

S which i{s smaller than . internal circxmference -of the blank it

- 1is possible to control the’ reduction in the internal o

15 . circ.nnference of the blank during the drawing operation to a

value wh1ch is sultable ﬁor the envisaged specific application.

Enbodiments of the present invention will hereinafter be _

described by way of exanple, with reference to the acconpanying
20 drawings, in which.

Fig. 1 shows a perspe'ctive view of apparatus of the 1invention;



é : .
subjected to thermal crystallisation, for formng arimfor use with-.the
“crown cork" type of closure.- 20 In an alternative enbodi.nent the draw-ring
is<used to reduce the wall thickness of the material in a tubular blank -
with a seal ed bottom the nmouth of which s ready provided with a neg
of closure, for exanple screw.threads. The bPank in which the 25 nmat&
s intendeddto be subjected to a reduction in thickness is produced by sof
" previously di scl ose@iggt PoGhd g»ggﬁg Vi thdl €6h¢ el 0 y _
extTusion fol | owed by@§9alingM§%d nDuI&?ﬂgi%%ﬂlbg%%gﬂ$ggghggggﬁ.%5% When
using an external draw ringppareflis et [Righi Ckivyswhoéht 8pawbbenigal in the
wal | of the blank, a certain reduction in the internal dianeter of the .
~blank-will al so be producedreasims adln ctiyibeimittal i positidhebetogee! o
i nsi de the blank thus acts as a shaping device which will determi ne the
extent of the reduction indaiemistggr. Surprisingly, it has been found that,
for materjial wthin_the range of tenperatures indicated above during the
reshapi ng? oper at i onFigae3cs peattivedh a Hleongd tudinahessctionaterras-and
the mandrel  and produced by the contraction, generates relatively little
contact pressure between t RENCHNG @ et ok Big+ s whir| waichhthpl drkewand
the external surface of the.mandrel, for which reason no.problens are
encountered in renoving t hEHES SVE Heskk FIRAFIIRA ErRm cPacht eFheRs
shaping (drawi ng) 1Q.._ of the blank is cqonpl.ete. By selecfjng an internal
mandrel with an’ extg?‘ﬁal cﬁgewﬁf&éh@@qﬁ% Mate s’ﬁé"?é "[if'él?i 2hdr Wt er-nal
i rount erence of the bl ankpshb 5 BYS st i Bdleddig; reduction in the

10 | :: Fig. 5 shows a longitudinal.sectidn'thrqugh a
| ' tubular blank with a draw ring in its initial
| position; o | - N
| Fig._6 shbws é 1ongitﬁdinai seétion through a _ |
. tubﬁiar-blank during drawing in the direction
15 B .away from its sealed part; | ..._' '.
| Fig. 7 shows a section through a tubular blank with
' a.draw ring in-thé initiél position brior toJ
drawiné the blank.in a short section at oné f
s . ‘ - | g |
ZQ.’ . ¢ Fig. 8 shqws a.secfion ofﬂthe'tubulér blank in
o - aCcordance-with_Fig;;7fWith thé_draw ring
in its final position;
~ Fig. 9 shows a'lbngitudina1 séctioﬁ through an
- | aitérnative_embbdiment of apparafus of the
25 . "inVénfion haﬁing a central éiémping device and |
with theJdraw_fiﬁgs'of.the ciamping device in,l

the iritial position before drawing;



15 circunference of the blank during the drawi ng operation to a val ue
which is suitable for the envi'saged specific application. Enbodi ments of- -
Sent .invention w 'l hereinafter be described by-way of .exanple, mnth\J
Nce to the acconpanyi ng 20 dr awi ngs, |n which: Fig. 1 shows a
: tive view of ‘appar atus of the mventt6 ~Fig. ‘2 shows a

Iongltudlnal 'section through the apparatuﬂ f. Flg 1 in which draw rings
are shown in their initial p05|t|on before drawi ng; 5 . Fig. 3 shows¥g

- part of a *0“9‘tUdFi§eel©C%h®ws3 of“&ﬁ&éﬁ%%fh&fﬁélOEeEtgonZ in which

- the draw rings have n separat fron1ea Fig. 4 shows a support.
‘plate fitted with a draw I'icg rigdspgdrd ﬁ-;%r-@élmggpoglm_gn +h8 draw Fig. 5
shows-a | ongi tudinal  section through ubular blank with a drawring in -
its initial position; Fig. ng@ymm@ubd(upnﬁvﬂlnal sectlon t hrough a t ubul ar -
bl ank durlng drawing in the direction.- 15 away fromits seal ed
~part; Fig.. shomsFagseddlehdMSWthy1ceﬂt&aﬂaaréaaﬁh attbrdarcewwiithy in
"the initial position prior to drawing the bllank in a short section at one
end; 205 Fig. 8 showFig.sé&tirodefaile tubul'ar blank in accor dance

mnth Fig.. 7 with the draw'ring-in its final posi tion;
Fig. 12 shows the central area in accordance with

) | Fig. 10 in detail;
Figs; 13 - 14 show obJects of alternative embddiments.
Fig. l shows an overall perspective view of a draWing
10 apparatus of the present invention having a base 30 from
“ :which a. number of guide pins 31 proaect vertically upwardly.
The description which follows refers to the apparatus in - B
the pOSition illustrated although the invention is in- no way -
restricted to the orientation of the apparatus. . Thus, the
15 designations "upper" or "] ower" and other similar designa—
tions are occasionally used below in connection w1th a
variety of components, but_these deSignations are used :
.only for clarity. -
MR The base is fitted with drive devices with gearing
20- (not shown in’ the Figure) for a number of drive screws 32
' which extend parallel to the guide pins.' Four support
plates 50 60, 70 and 80 are positioned at right angles to
the guide pins and to the drive screws._ Each support
plate is prov1ded with. bearings through which the guide_
| 25 pins 31 extend and threaded holes_52,:62,_72 and_82 through



(O : .

Fig. 9 shows a |ongitudinal section through an alternative enbodi nent of
appar atus of the 25 i nvention having a central clanping
gdevice and with the draM/rlngs or the clanping device in the initial

posi tion before draw ng; 16 Fig. 10 shows_part of- a .| ongitudinal SEE;IOH

corresponding to Fig. 9 with the draM/ringsl ved apart Fig. 11 sho
jcentral area in accordance with 5 Fig. 9 in-detail; Fig. 12

1 e e At

obj.ects of alternati.ve enb ment s OWs ~an

- perspective ViRéralidhdr avheg stp &W?ﬂt@s aietéz@%g % SGid 8V§akhon

havi ng a base 30 from whi ch a nditber gul de prns rOJec vertlcally

upwar dl y-. Theoﬁeﬁ@hgst 581) 68,Cl7d,0ldeWor i se (@rihe SPPENStWALEH L8 -
position illustrate although the invention is in no way - restricted to

the orient atinotofint barepdedaicentactiwisth tiife 1t wiehi Sngpbrpspiapaer”
"l oner” .and other simlar déesigna- tions are occasionally used bel ow |n

~ connecti & wi The atopr anty boft toamsuppoirt plitdh 3@ dusi @hasrengnare used
only for clarity. The base is fitted with drive devices with gearing 20

(not shown i nengagenguteyifthr thendmoedrdfvedrsorews ri2e &dvdRch wheteeds
paral l'el to the guide pins. Four support plates 50, 60, 70 and 80_are _
p05|t|oned at h?gﬁvoah§F§§Jﬁ§ent support plates 70 and 80 are in -

engagement with the two remaining drive screws 32b and 32d
' | Furthermore, the upper part of the drive. screws which
16 operate in conjunction with the support plates 50 and 70 -

- are threaded in the oppos1te direction to the lower parts
of the drive screws which operate in conJunction with the
support_plates_60 and 80. This means that as the drive _
'screws are rotated the two upper-support plates 50 and 70 |

- 15 will move in the same direction, although this will be |
opposite to the direction in which the two lower support
~ plates 60 and 80 will move. R
_ Since the top and bottom support plates 50 and 60 are-'
driven by the screws 32a and 32c and the two middle support
20 'plates 70. and 80 are driven by the screws 32b and 32d, the
| jspeed at_which_the respective support plates move_will be
determined by the rotationalispeed_and.the pitch of the
screws which drive the,respective support plate. The |
pitch of the thread:on the drive screws'is'selected.such

_25 that the top and bottom support plates will always_move'at _



the guude plns and to the drive Screws. Each sUpport'pIate I's provided

2 and 82 through 17 which sel ected drive serews 32 extend in (N
t therewith. The support plates are also prOV|ded wi t h openi ngs

. 58, 68,778, 88 for those drive screws which are not in threaded contact

~with the actual support plate. 5 The topfand bottom support plates 50 and

60 are in engagenment with the two drive screws 32a.and 32c, whereas the- tva

i nterj acentaslippert spleaidethéd aik Sfwarmiddlengagporst phiatkst,he Thwehe

remai ning drive screws 32b. and 32d. Furthernore, the upper part. of the

drive screwsnibiel pﬁsqu.omt ethen mjmimdlonohatest heestppeliosg at es 50

- and 70.are threaded in the opposite directi-on to the |ower parts of the

drive screwsonbactt withatach ciirgnirand othei topt aadsbppton plattes &reand
80. . This nmeans that as the drive screws are rotated the two upper support - .
-plates 50 an@SIQiQBedwﬁMDhnihﬁﬁrﬂQVﬁan¢m¢QW$E@S|§he gndsoadh guiide be

opposite to the. direction-in which the two. | ower support plates 60 and 80
will mofYe. BiRBeCtReteks M@t t o EtpIreveRentshas saliesorassedr ithen by

e by R TR atpg o s el e BEvRR, %%ayﬁ%%@iségnai‘o%h%% e
plates movethbbeotodshel thasd By i L pobe BER e My o L he
'.On the dr|ve Screﬁﬁe %oiﬁbﬂﬂﬁetéﬂﬁiéte 50 and the bottom support plate'
_60 are prov1ded w1th clamping_deVices 51 and 61, each of
10':which holds one end of a tubular blank 10. 'The'blank.is
_' provided with a peripheral starting track 12 (Fig. 2),
.lpreferably positioned substantially centrally of its 1ength, a
:'in which the thickness of the material 1s approx1mately 1/3
| of its original thickness. The starting track is preferably
115 formed before the blank is positicned in the deVice by the
' -application of external pressure to the wall of the material, '
_ for-example by means of a number of interacting rollers,
at thé same timeias the tubular blank is subjected to tensile
.§ streSSes along its axis;- When forhing the'startitrack, the
'._203iuse of rollers in conjunction with a stretching operation )
produces a track having a predetermined axial 1ength which.
has a profile which is substantially 1dent1cal to the
profile of parts of draw rings which are to be introduced
into the track, as described below, to re-shape the blank
25 into a.tubular obJect. The aXial 1ength of the_tubular



dle plates are in close contact with each other and the top and bo
'plates are.positioned such that moverment towards the ends of the guide™

- pins can take place. - After novenent . has: &qken pl ace, the mddle support
plates will have noved away from-each othef 'and closer to the upper and:

| oyer - support pIate respectively. The top support plate 50 and the bottom

su%%ort pIatebEankreSpnmmntated1whenemhnrsmamwltnacﬁlisnﬂoﬁiedeaCh of 10

whi ch hol ds one end of a tubular blank 10. The blank is provided with a
per i pher al startlngThﬁa$W°1muQ§h9 Uppqrefrlatey E@samd08©dasebeaahtlally
centrally of |ts | ength, in which the thickness of the material is

appr oxi mat el y iFﬁlewiﬁg érﬁ@ﬁﬂﬁcﬁﬂﬂaﬂdﬂﬁﬁ;rlng17ke%m@r8lngtheadkaWSring

- preferably 15 r red b%fore the bl ank:is. p05|t|oned I n the device bi_the
appllcatlon o?le BiRgaP 5PH§?Grént§3ﬂﬂ?QMﬂ4 of Theieclamping| devieeeRanyl e

b f |l h '
(bl ar b ankoF <88 HEE: SUPBGTeR e r°sis£tdsﬁgﬁf£§s;'zf§ Sned toening
- th || t tret
“operati on pr ofite ‘fidigaeﬁ%ﬁa%tn t%%zfaf‘caf"rﬁ” “”%t"é‘s%ﬁﬁé%ﬁfgg a
: file wh | LY fil t '
Pl ngs. v cn 52 o bes FTEESaRdSTsh o Bl VGH K nifle dB 8, Shsbpftive
re-shape the gk 85, 73'and Issb%asnsblf% the *aoagsd?'péslgi& wni 88

tubm

55' t hat 't he top and bottom support plates'mﬁll'aLuays move at a Io S
speed than the two mddl e support plates. In the initial position, |§§%zs

. is shown in Figure 1.
10_ Figure 2 shows a longitudinal section of ‘the apparatus
of Figure 1, 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 right-hand part of the Figure -
portrays the device with the upper clamoing device 51 and
:15'gthe two draw rings 71, 8l in their closed (operating)
. pos1tion. . _ o .
| The Figure also shows the blank 10. At its centre is :
_Ia peripheral start track 12 which is formed in accordance |
~ ;w1th the above description. .
200 In addition to the details shown in Figure l, Figure
o 2 shows that the,upper and 1ower,clamping devices 51 and 61.
| are“each provided'with a reSpective sprung'Support piate |
_54 and 64 against whioh the end edges of the tubular blank
10 make contact The required spring function is provided
25 Dby springs 55 and 65 around guide rods 56:andl66.for'tne



bl ank is increaaed when the start track is fornmed. The two middle suppor t
e

I .a-s 70 and 80 are each fitted with a respective draw ring 71 and 81, the :

: r| .ng 81 being obscured in Figure 1.- The clanping device 51'5 of. U
he_sop support plate and the draw rings 71, 81 of the two middle ‘support

,plates -each consi st of two hal ves 51a, 51b; 71a, 71b, ahd 8la, 81b which

are novable by .a respective drive 53, 7 hd 83 to and fromthe closed

~position which'is shown in Figure 1. 10- . - Figure 2 shows a

| ongi t udi na s h rt of féf-'
this Fi gureggﬁg)vm ng tcgetéugp])per a?r%‘fh 9% éﬂﬂagl}t)d ?ﬁé‘%\oﬁg%%é)fl ngs 71,

81 .in their repalyPey HH stidet theatéght -hand part of the Figure -
portrays the dev?ge wi t'h tﬁgyuppefﬁ%?anplng device 51 and 15 the two. draw

- rings 71, 81 in tipple FalgRfRd {0 AhdWE) tRAEI theNtwhhe Sé}gyvs
t he blank 10. At its centre is a per.ipheral start tragémggﬁgﬁ?%h i s formed

~in accordangg welch Umsatsblenﬂetsmlﬁawnmﬁ% halves M agddnty ehd Bide
.details shown in Figure 1,  Figure 2 shows that the uppET and | owner . cTanplng
" devi ces551 8hY.61Iar edddidiion ,o\eatil dirdd pingspechivedenr Undos wirad  pl ate
" 54 and 64 agai nst which the end edges of. the tubular blank 10 make contact.
~The requi redespiong fénctiZon 16 mb\BLed325 86y epchngs Whiahd i65 splatnd
‘gui de rods 56 and 66 for. the ‘support plates 54 and- 64, the guide rods
bei'ng screméutﬂltwpyrmnalﬁaQﬂﬂqnﬁi fIhe esing sections are separated from

*

each other by a certain degree of thermal insulation. iThe-
ring-sections are held together'by neans'of-ring'casings
-'10 '77a, 77b and 872, 87b such that they combine to form the
two -halves of the draw rings.d' Each ring section is provided
with channels 174 175, 176 and 184 185, 186 to permit the
-flow of liquid. .
~° The draw ring sections consist of a first section
15 -74 and 84 having an 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-hav1ng an internal |
~.circumference which corresponds to the circumference of
zo"the 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
b25 has not been reduced in- thickness,



The Figure al so shows that the two draw rings 71 and 81 each con5|st of - L
draw ri-ng halves 71a, 71b and 8la, 5 81b. In addition, each draw ring%
,divided into three sections 74, 75, 76 and 84, 85, 86, each of which i<
“split-into two ring sections. The ring sections are" separated from each-
other by a certain degree of t her mal |nsulaﬁhpn "The ring sections are
hel d -t oget her by neans of ‘ring casings 10 77a, 77b and 87a, 87b such that

" they conbine to for e t he [ ectlon
_' |s'~%r ovided with chanré?rsél 4Qf%¥5§h§%§ 4 51%3%&139%{18155@?13{5 %ét he
flow of 1iqui dnddve,4 f&&eséfttﬁésbig.ﬂfc' $b ahaawhiicH iegvpadd 74

and 84 having an I nternal circunference: which. corresponds to'the

'C|rcunferencewﬁtﬂrghéﬁﬁéqgeéllﬂofhpiahgak in the areas in which the
t hi.ckness of t-he material has not been reduced, a second section 76 and 86 -

“havi'ng an'internal. @igué €3 esigewshpahtcofr esmon@&tmmraa Gectddrerehcehof
20 the material -in‘the blank in the areas in which the thickness of the -

‘material Kas lpparerisest Fibguref2rshowingcthencehtaal @rdmwith arhe draw
internal profile which fornms contact surfaces for contacting the material
in the transi titings ZoncBhespaeed napertabri ant heblcanirsehiodh measingh dapant h
25 has not been reduced in thickness. Figure 2 al so shows a nandrel 20
“which fits th@l%r"mﬁ axis b thethbankamcbothﬁa iiec Rhiiskness dd #he h

channel 5 ‘21 for é%“d Fi gure 3 shows Eart of a longitudinal section of

the 5 ‘appar #akeralrigure @%’Fﬁﬂ-nﬁeﬁ éogehir F Fhea bhank L d}aas,\,been

| reduced At the transitional zone 13, 14 between material
lO. with its original wall thickness and material with reduced
"wall thickness, contact surfaces are formed between the
middle draw rings 75, 85 and the material in the transitional -
zone. ln this way the draw rings are able to control the
- shape of the. tranSitional surface between material With 1ts
_15'_original wall thickness and material With reduced wall
thickness. _ )

Figure h shows a plan view of the support plate 70
Viewed from above with the draw ring 71 1n its closed
position._ The Figure also illustrates the locations of
zo'zthe bearings for the guide pins 31 and the openings 78 and

'pthe threaded holes 72 for the drive screws 32. The other
.i_ support plates which are fitted with the draw ring 81 or with'
.the-clamping dev1ces 51 or 61 are Similarly_equipped._ As
has already been'mentioned, the c1amping device 61 is not
25 divided -and does not therefore have a drive corresponding

to the drive 73



rings 71, 81 spaced apart or in the course of noving apart along the axis

e blank such that the thickness-of - the material in a central section -~
-the bl ank 10' has been reduced. - At the transitional zone 13, 14 &
_ ' material 10 with its original @l thickness and material, “with -
reduced wal | t hi ckness, contact surfaces are formed between the m ddl e draw
“rings 75, 85 and the naterlal in the transitional zone. In this way the
,dram/rlngs are-able to control the shape of the transitional. surface

bet ween materi al gg.; 5l5nd’é BN &cﬁ*pwaikaaagleahm of aherith ¥

reduced wall thic Flgure 4 shows a plan view of the support plate 70
viewed from gbawenW hviditidavid ivigidd theiwslll enedkpesistiofha The
F|gure also Tllustrates the locations of -20 the bearings for the guide

- pins 31 and thdulpenivlegmk/ 8 Fnd 3 hevhiclkalledsbaled a2 bme temel drs ve screws
32. The ot her support pltates which are fitted with:the drawring 81 or = .
Wi th the cl appdogedsyistertingrat ithe eseahedaengl oduithgedlankiAdihas al ready
been nentioned, the clanping device 61 is not 25 - divided,-and does not
therefor® hade‘asf ehinge 2% r dsphitwiy, t Bhe hdrawi véng3is megeriugurat 5 and 6
show a typi cal ‘appl i cation of- the resent .invention in which the wall_

thi ckness of threebdliag meaiions 245 25hi 36 haviag gspecdideiannels
reduced, startlng at the seal'ed end of the bl ank’ by a.b draW/r

shown, the dii@fsr i1 & (ﬁ??ﬂi%ﬂu%ﬁfeeTh?nEi§§c§P8$§°§§ ?ﬁﬁé?ﬁéﬁ

' fespectlve ngg Tarly to the ring sections which have already been

3 -

described ‘and are held together_by_a ring caSing 27. A
10 mandrel 28.operates'in.conjunction with the draw ring 23
in the.reeshaping of ‘the biank . The mandrel iS'normally
: prov1ded with 1iquid channels, which however, cannot be seen l:
in_the_Figure. The draw ring 23 is preferably dimen51oned -
such that”both before and at_the start of the drawing__' o
15 operation cOntact will be made between bcth the middle'ring,
: section 25 and the upper ring section 24 and the outer
surface of the tubular blank.
Figure 6 shows the manner in which re-shaping is begun ;"
. and shows a section 16 of the blank with reduced wall
20 thickness which has been formed in the lower section_cf.
‘the blank.. Re-sharing normally-ccntinuee'until all the__"
material in the cylindrical part df' the bla'nk has had
its wall thickness reduced. If the mouth of the blank
has already.been.formed,.which may be the'case:wifh an’
25 :injecti'on-noulde'd blank, the re--'shapin'g.c-f 'the blank
is, of course, inferrupted as the draw ring reaches

the mouth. Theitransiticnal_zone between material with



*124, 125, 126 for liquid. The ring sections are dinmensioned sinilarly to
thegring sections which have al ready. been descri bed and are held together =
Qy a ring casing 27. A 10 ‘mandrel 28 o%erates in-conjunction wth '
‘ring 23 in the re-shaping of the bl ark23 The mandrel is normally pr
- with liquid channel's, which however, cannot -be seen in the Figure. -
“drawring 23 s preferably dlnenS|oned such.that.both before and at the
bet ween . hot

S ey %Sesﬂﬁé‘mﬁ naﬂ Gedl’ Phachaet fid | gRdP BeluecnaboLd ey
f h bul i '
Dequn and ohobabtRigss  1ey d@?a?ﬁ?m%ﬁ 0 B0 e Ge3haRhRpke 143

emhlch has been for§§g¥£gst9e ?%fﬁhy*@@kemb 1ﬁ9ﬁ@'8? tRe

normal |y continues™u al'l erla e cylindrical part o

- bl ank has had?fééeig‘é' %&Eﬁ%&@ﬁsge t@ﬁ% ‘3 cizf »ﬁr&%ﬁg“ﬁ@ £k &Bﬁgéhéak has

:_already been Tornme case Wt 5 1Tnjectionh-noul ded

blank, the resshaRipotab fmegblseektilo%s G- %9%7 LT REPIRE aephbet@r aw
ring reaches the mouth. The“transitional zone between naterTal wth -23

- its originaligaid &¢hhAkEESSJANANARD.i al TV tHH § cshisediMeht thepkness is.

I ndicated in the Figure by the designation 113. Figures 7 and 8 show an

al ternative eabedi prefepébllie aprerdniin Megréont nthéirmal airsalating 29 is
conposed 5- of only two ring sections 96 and 97 each having separate liquid
-channels 94 - ahdtﬁéen thethmngesbmmnuns t Hef eneésessary, the draw rlng

may be extended by “the addltlon of a thlrd ring sectlon

50l;hav1ng a separate-l;quld channel'and which is dimensioned
as'already deseribed above. The draw ring 29 operetes in |
conjunction with an internal’mendfel 28, whieh'is normally”
‘provided with liquid channe1s which'are not shown in' the
Figures. The draw ring 29_re-shepes fhe”mouth of e _

15 tubular blenk'17 which is eealed at one end. In an area.

'.'_ which is usually quite close to the. .opening in the blank,
a peripheral start track 19 1s provided in whlch the thlck-'“.
ness of the material has_been reduced to approxlmately

1/3 of its original-thicknese.

20 : .'In Figure_s the draw ring 29 has been moved relative
to the'blank with the help of the mendrel 28 in such a'way
that | a sectlon 18 of the blank w1th reduced wall thlckness'
is produced adJacent to uhe openlng 1n the blank 17'
Figures 9 and 10 show a further alternative embodiment -

25 of the present ;nventidn in which a central ciamping device




. also preferably ‘a certain degree of thermal insulation between the ring
seg&T®Qs. | f necessary, the draw ring may be extended by the addition of a -

{ ng section 10 having a separate |iquid channel -and whi.ch i's - G

oned as al ready descri bed abov;LLrThe draw ring 29 operates in

tion wth an internal mandrel which is normally provided with

e ohapen n1, el 1 Spfke Wit lenE! dhLorinkB T, B ) oﬁezind

o

In-an. area h I 0 o | h ﬁy%? \J
peri pher al \s\?grét c?'r%g?% d?é;qplar%\%%dsﬁn‘év\%%rclﬁogﬁgﬂ?ﬁlgg’k?nntgs?e?f
material hasstpporteglesé WD aRPICKiHas ed Yrikedoposieioh dnnNahd Hesknass.

20. . In Figure 8 the draw ring 29 has been noved relative to the blank

~with the hel phot tfhxednpdisiltizih i1s ssisbatnedy £bet eganpliel, 0yl & tHading
bl ank ‘wi th reduced wal |l thickness is produced adjacent to the opening in

t he bl ank 17therg,ppes't9pdmteld+&hmvthé ugubée pliner3ati v@henbeditre 25 of .
the present invention in which a central clanping device  4la, 4lb is . =
. l'ocat ed Bet wewppons plaver ilmyalmo afhtbad Wwhth cdnapesgLfeyi étébfllﬁaqr 41b is
‘positioned on a_central  support. plate 40 which has a-fixed position in the
devi ce. Thi SUPYiRE BBSi tWenrPes tehitlizedt1l Rt e’ﬁkaﬁp%amag«nst fleviicRy t he

support plate 40 to._the I de pins 31. The central 5 port plate-is -
also fitted Fﬁtﬁnérfveg %58 QEQSQ#&“EHRRﬁk)%%% ?Hoth ﬁngsﬂfﬁtlg?bP@Ftﬁhe

Elamping devceote 2] Loate er%&#@"@ﬁgiﬂ& BETRES uge Pt
. prov1ded with liquld channels 141a, 1410, In other respects
10 the device shown in Figures 9 and 10 corresponds'to the |
- device shown in Flgures 1 to 4 and s1mllar features have
been accorded the same reference numerals as used in |
._Flgures.1 to 4. An equlvalent-device to the clamping
-device 51 is'not present in this embodiment.g
15 Figures 1ﬂ.and 12 show'details_of the central areas in .
| Figures-9 and 10, i.e. those areas in which the wall of
the material 1n ‘the blank is prov1ded with a start track .
or in which the ‘'wall of the material has undergone a
~ reduction in thickness in conaunctlon with the movement
20. of the draw rings. The reference numeral 112 indicates
o an area of contact between the internal surface of the
blank 10, 10! and the external surface of +the mandrel 20
.caused by a certaln amount of_deformatlon in the wall
of the blank produced by'the clamping device 41a'when thiss
25: is in‘thefoperation position The reference numerals 115,--

.116 indicate areas of oontact w1th the mandrel by the inter-



provided with Iiquid channels 141a, 141b. In other respects 10 the g
. shown-in Figures 9 and 10 corresponds to the device shown in Figures
Q(:and simlar features have been -accorded.the sane reference nuneraks_
‘used in Figures 1 to-4. . An equivalent ‘@¥Tce to the clanping device 51 is
“not- present. in thls enbodlnent 15 "Figures 11 and 12 show details of
the central areas in Figures 9 and 10, i.e. those areas in which the wall _
of the material in the blank.is prOV|ded with a start track or in which the
‘wed - of t he maflesuaifares afdesgions ofdtice i matenishi tknéhe blhan&njidrction.
with the novement 20 of the draw rings. . The reference numeral 112 .

i ndi cat es” anodr vhich dive dhidimesehasncbéeneredicedr bycshef drawibigank 10,
-10' "and the external surface of the nmandrel 20 caused by a certain amount
“of deformat i eperatieR.nal | of the bl ank produced by the cl anpi ng device 4la

when this 25 is in.the operation p05|t|on The reference nunerals 115,
116 i ndicate areadfof® °QMW41hrﬁh$mﬁﬁﬁ%$nﬁylFﬁénFﬁ9§r e centrgl

f f.th | he, bl a 0 ch the, thi K
ot been 7 edpLauDipe e bk o 0L Bhd 1A anfbethbEh il Besne>

FTERTre e ey e A
Lo 2" 241 PR W Bt el ol R il iy e
rare dPSter“BQan thus forming contact surfaces with the external _
N | : surface of the wall of the blank which are distributed
1d_at various points around the perlphery of the- blank ~ Such
a distribution of contact surfaces may be provided by a
. clamping devide having'internal surfaces which faqe'the blank
which are-not'¢ylindrical surfabes of circular cross-section,-
but instead are cylindrical surfaces of, for example,
d15r elliptlcal or polygonal cross-sectlon | _
Figures 13 to 15 show examples of obaects 210t, 210"
and 210"',in accordance with the invention. -The object 210!
in Figure 13 has at its lower part a cylindrical wall
o~ ééction 213 of amorphous material adjacent to a sealed
| 20' bottom 211' which is also of amorphdus'material.-.Figure
B _14_sh6ws an object 210"'in which the external cylindrical
surface has the same.diameter_along'the_enﬁire length of the
object. -The,sealed'bottom'211ﬁ df‘the_object is &lso of
_.amorﬁhous matérial in this embodiment. Finally,.Figure 15
25 :sh6w5 an embodiment in which the edge of the mouth 212 of
the objec£ consists of material with its origiﬁal thickness,



sur

. al so of -anor

at various points around the periphéry of the blank. Such a
poution of contact surfaces may be provided by a clanping device _ .
i nternal surfaces which face the, bl ank which are not cylindrical “,
¢s of circular. cross-section, b nst ead are cylindrical surfaces '
- of, TOr exanple, . 15 elllptlcal or polygonal cross-section. Figures 13 to 15
_show exanpl eyhefrealy dities R inPiH"pants248" then odgeertdanes sAinil dhein
invention. The object 210" in Figure 13 has at its lower part a - CE _
cyli'ndrical desigredd dtheses i Bhgupeols.materi-al adjacent to a sealed 20 = -
bottom 211' which is also of anor phous material. . Figure 14 shows an ObJECt
' 210" in which theThea &kank cI7 iherpesitionedcovexs th@em?'ailhaaﬁehm al ong

the entire | th of t he obj ect The seal ed bottom 211" of ‘the object

% {Q¢t$ns rhgsenfehnvention in anqgndannﬁznith

o stasel” "?m”t ““'C“ ALy, S5 Ll BLeumes" t“isé{w‘: ng
h Fi 1
s SEST[‘?E}%@%%? r %f‘a”da'”é‘vzgrfa&%hﬁet 3 Rl Sl i at” |
(0]
2 “The cl anBeRa g@ﬁ”ﬁ% e 4 e IBEEhRATHL éﬂﬂaﬁ?t e ?ﬂb
position as phawg Ehgl '§B§;£@ékﬂ' Q@éﬁn@-ftﬁeg Efdfel Eh'fbet%' cﬁﬂi

pl aced around the nman orns contact sur aces Cnce

- the bl ank ISsusfabesewsahiHheIﬂandrépnta@ﬁcéﬂtﬂetbi ryng j ?%gﬁfFHﬁaff

64 of the |ower clanping device 61 the upper clanping device
10 is in contact with the sPrung support plate 64 of the

10
ha

lower clamping device 61 the upper clamping device 51 and
'_ the draw ring halves are moved to their closed position.
The two drew rings 71 and 81 enter the start track 12 and - |
_in so doing form contact surfaces;With the outer vall of _ﬂ'- -
15 the hlank where the wall thickness has not_been'reduced;-f
| _where the‘wallﬁmickness has been reduced tO'ifs minimum'.
value, and au-the_transitional zone between the two
aforementioned areas. | | o |
o ‘The material of the blank will preferably be at a high
29- teﬁperature, although preferably below. TG, when it is
. placed on the mandrei. The final temperature'ofﬁthe
. material is set;by-the transfer of heat between the
mendrel and the blank and/or-between the.draw.rings and
- the blank. The temperature is contnolled'by means of
25 the liquid which flows through the liquid channels 21 in
| the mandrel and/or through the liquid channels 174, j65,-
176 and'184,,185,;186 in the draw rings. The ‘thermal



~ the draw ring halves are noved to their closed ‘position. The two draw rings
71 and .81 enter the start track 12 and in.so doing formcontact gfifRaces - "
. with the outer wall of .15 t'he bl ank where the wall thickness hag
‘reduced, where the wall thickness has .b&Wp reduced to its mni
and at the transitional zone between the two aforenentioned areaS. The.
material of the blank will preferably be at a high 20 tenperature, although
'pﬁeferably bel ow TG when'it is placed on the mandrel. The fi nal _
tesperature oink{i2afBbar wilichs iEhrovidel (befwéen the hedhgbgbweepnkhe -
mandr el "and the bl ank and/ or betwéen .the draw rings -and the blank.. The -~ - .
t enperat ure i gfceher driaed rivge Fenhadfallly theintaihd ahppbdétenmihbgough the
l'iquid channels 21 in the mandrel and/or through the |liquid channels 174,
~ 165, 176 and d84fet8hcelldf itenperairave retgeeen Tdbffoéeentl areasnstdl ati on
whi ch is provided between the ring sections of the draw rings generally
mai ntai ns a pmetderdali dad thief tdramit.e iThe amng ssechbitesw@en 8ifwbieht areas
of material in the blank. The ring sections 74, 84 which 5 have the
| ar gest i rAl er haveditheeilergmisl inteamaln diamgerr twbhl s helen int the
ri-ght-hand part of Figure 2, set the material to a tenperature_in-the range
of or just bePOFAFEORaSROWRALy dhe RighLthand (RATE ORNFLEUFS Rot SRYr &h€han.
[err] below. TG , The.ring sections ,75, 85 have a simlgr 10.fupnction,
wher eas the r?ﬁﬁegéégiEHSa7JeQﬂ?qﬂﬁqfﬁn§ﬁeﬁhﬁﬂ§a%6?n?giﬂraJFéﬁpriPUre
ne wa%owi ;Gggggd TR Alh1Y B ' Rt A Nt en 51 8" nb 82 Rbrkthhn

15° C below TG. The ring sections 75, 85 have a similar

1d fﬁncfiqn, whereés_thé ring sections 76, 86 ﬁili preferably
méinfain a temperaturé'well below TG, and preferably at a tem-
perture which is at least 15° C below 16, in order to cool
'the maﬁérial once it,hés undergone the reduction-in'th;ck-.

ess. . _ . .- C T . .

15'. | Oncé the material_ﬁés reached the specified temperatures"
the drive devices in the base 30 will begin to rotate the
drive screws 32, causing the support.platés 50 and 70 and:
the éséociéted clamping Qéviéé 51 and draw ring 71 to -

v mové gpwardly as shown in_the Figures.'lThe.support plates

20 60 and 80 and the associated clamping device-61_énd
_draﬁ ring é1hﬁill be moved dowhmardly as shown iﬁ'the
Figures. The thickness of the material in the blank is
thus,reduced by'the dfaw_rings.as.loﬁg gs.movement.continues.
At'the;same_time, the blénk'wiﬂ;be lehgthehed aiially  l

25 and this elongation will be proportional tb the reduction

in the thickness of the material and to the axial movement



the materi al once it has undergone the reducti-on in thick- ness. 15
e~{ he material has reached the specified tenperatures the- drive devi ces

base 30 will begin to rotate the drive screws 32, -causi.ng the |
plates 50 and 70 and the asso ed cl anpi ng device 51 and draw
1 to nmove upwardly as shown in tfie° Frgures. The support plates 20 60
and 80 and the associated cl anpi ng device 61 and draw ring 81 will be noved"

downwardl'y as shown in the Figures. The thickness.of the material in thewJ
the sams timBE A8 BN Ea*%fssdéivﬁ hoThRaen 8% WPLGToS A R ongation
e P opgayatal Al SggE 0 Pathestlioiasaranl ggmerial and
aoP el ond of S SRS e LS §§féfﬂ??ﬁ%a§E99°%%C§|182§§t Mt the
glpfﬂﬁg sﬁggoirn?rtg ;tbg;el ?}%%t&d@@#‘e %d?%gﬁkaw ri Xg sec ons yeaénge&r{
T ckinocy g BLOH B ACISATDNY 2900 DEALSP] LB Bbriing B dibicRd
m ddl e ring pmaitegnﬂqsasﬁeaﬂed such that the material during the

. re- shaplng operation will form contact surfaces with the internal . surfaces .
.of the ring sectiThe middlle dmew tiregrsegtionsi P8 wnhld 8Soaireoliri he shape

..of the transitional surface between

contact with the. transitional zone ‘between material with
| reduced thickness and material with-its original-thickness}
10 The profile of the middle ring section is selected such |
.that the material during the re-shaping operation
'.w111 form contact surfaces with the internal surfaces
of ‘the ring section. ' In this- way the ring section will
control the shape of the tranSitional surface between
15 -material with reduced thickness and material with itsh
original thicknessi The ring section also_has a _
 temperature regulating function'in that the tranSfer.of -
‘heat takes place at the aforementioned contact surfaces
¥ such that the material in the transitional zone is .
20 maintained at a temperature close to TG throughout _ o
| _the entire drawing operatlon. It is 1mportant, 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
25 in the transitional zone will not reach too high a tem-

perature.



*15 material wth reduced thickness and material with its orlglnal

thickness. The ring section also-has a tenperature regul ating ‘ﬂzgulon |n7;¢
that the transfer of heat takes place at the af orenentioned co ’

“SUrfaces such that the material in the transitional: zone is 20
at a tenperature close to TG throughoﬁﬁﬂthe entire draw ng operatlon I't
I's i'mportant, particularly when.drawi ng takes place at high speed or when
the material used is very thick, that the nmiddl e draw ring sections have

_exgellent heat conductinp pro erties so that the material 25 in the -
t ransiti onal zone‘&? ¢ ¢€ hr%ESShhéweahﬁﬁﬂ-ﬂﬁﬁ%ﬁtﬁﬁﬁr SO HRe the

S:r k1o oatfe FERHRY et ?{#lniﬁ PengPH, Bl S?ﬁ"“"” it Sapore
--Sgi‘f ce 32 aﬂéﬁ%%%fﬁﬁé ] 5%%’@%%8%?&1 A o Syl ﬁ%@%tﬁe
The randrel . SRR R REL Dby B TR o | o o *“‘f L A
the oper & 'Ordéﬁéép?ﬂt&qd 4he rawTPQn ;7‘10%1&151 gahiteh 'élfe?i.zt r*t‘ﬁ‘péﬁ"duced

wal I ‘t hi ckness -forns the centra -sectio the . finished object” and this-

central sectigysi&idn &@d%ﬂérobﬂeétoﬁhﬁ.@ht WasSWae fdrMeddaid Sthe Each’
part is then'sealed at the end having the original wall thickness, thus

- _Blrg\c,ifm ng a pisnndr 5désenibbdchsmelehereneted Froxany @aﬁdrel,oem@re-'
' : upon a new tubular blank is placed on the mandrel and the
operation is repeated. |
10 The section 11 which has the reduced wall thickness .
forms the central section of the finished object and
this central section is cut in order to produce two_ _
symmetrical parts, Each part is_then.sealed at the_end_ |
having the original wall thickness; thus producing.a pre-
15'form.which may be used, for example;'fo produce-a blow-
‘moulded container. - Those sections of the preform which
have reduced wall thickness are subsequently re-shaped
to form_the basis for the mouth of the future container.
> . . In the embodiment of the_invention shown_inﬂFiéures
20 5 and 6, the operation is in principle identical to that
described above.. The-internal mendrel 28 acts as a
dolly which takes'up those'fcrces:which arise as the
- draw ring 23 is moved‘axially along the blank. Regulation
of the'temperature.in the?different.areas of the material is
25 also important in this application. The mandrel 28 is

normally provided with 1iquid_channels'corresponding'fo

ntalnedn:



mul ded cont ai nér. Those .sections of the.preformwhich have reduced wall
-.gﬁﬁwrness are subsequently re-shaped. to formthe basis for the nouth of the
the operation is in principle i®fentical to that described above. The
~inTternal mandrel 28 acts as a dolly which takes up those forces whi ch arise
- as the drawring 23 is noved axially along the blank. Regul ation of the '
tenperature in-the different areas of the material .is 25 also.inportant | W,
t his appl i cathenliqibd channels?221 s.md:rhaalniqndre)]umdshpm inquid channel s :
correspondlng to the liquid channels 21 in the nmandrel 20 shown in -

Figures 2 anﬁlgureSnZCandaBn agpl iceartadine applidatiemsstbe ghicknessaterial .
~in the cylindrical section of the blank is.reduced, whilst the re-shaping -
st ops soonerofna$loth§rm&&srm&k|4¥u$heﬂﬂ¥l%ﬂﬁkn%%¥tS%ﬁﬁmﬁnlﬁthéﬁres 7 ‘and
8 .is applicablein those cases in_which it is reqU|red t o -produce .a nunber

of areas of bk 4F rﬁdﬂﬁﬁéh e st Jhe RehaPENE B EPPE| SRAECEedR

reduced. QQSUCh aiﬁ f material requires a 10 start track in which the.
réduct i of |H° et APRAAEESIONS he naterlal may begin. \Wen producing the

- gbject the daw g, ZRebAHRKEY AR A ALt ohaoE s A logn scaplhe,
e o e g, KL B B ot e PhBFoblpeCk, et
'_'naterlal “‘t&f &Pé&gdo%ﬁbhtbih%hﬂﬁiﬁv&ﬁﬁﬂpeﬁﬂspa&ﬂaﬁﬁgss of the material

has been reduced. Each such area of material requires a
10 start track in which the reduction in the thickness of the
| wmaterial may begin. When prcdu01ng the object the draw
ring 29 is moved to an initial start track and _
the halves of the draw ring take up their operating
position. The draw ring is moved from the start track
15 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 thickness has been produced.
Tpe draw ring halves are then moved apart and'the draw ring
is'moved to the next start track, when the draw ring o
ag'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 a new area of material w1th reduced
wall thickness, and so on.. The-Operation is repeated-
until the desired number of areas with reduced material

25 thickness have'been produced._._,_
. The blank used in conjunction w1th the unidirecticnal

e container. In .the enbodinent of the inventi'on shown in.Figures 20 5\



*The draw ring halves are then noved apart “and the draM/rlng i s aned to the
next start track, -when. the draw ring 20 hal ves take up their new operg
osition. The draw ring i s now noved once nore along the axis of thel® Q;

-l 'order t o- produce ' a new area of material with reduced wall thickness; .nd'_;

. so on. The operation is repeated until th de5|red nunber -of areas with
“reduced raterial 25 thickness have been produced.” The bl ank used in :
conjunction wth the unidirectional - drawi ng descri bed i n. connecti on with

e é‘se?ataeﬁﬁ%%%ﬁtt%ﬁe@tﬁﬂtﬁ‘cﬂ?ﬁ?ﬁ% FElaRl S A% ST
- axial forces Qﬁ’h"{: dc?g ’f‘% ghglé% gfa%gmﬁﬂaera&hor&hlsl [ ‘ysfth%f L se,
ext erna In evi.ces f

possi bl e to use ch repl ace the

~mandrel-in thiygne$RaRd - ol?oe;'iﬂa’éec@'i&ré@ﬁbx‘iﬁctioﬂsﬁﬂtﬂﬂ%ﬂed&%‘ﬁe%éwb“' ar

bl anks whi ch areopen at. ends . In the application of the
‘present | nvenf&ﬂaﬁiar\@l €15 LEbsoﬂ'@SthéleaﬁﬂQPde?BésSﬁQW&ub@dFkﬂﬂﬂ*ﬁfg SHeo 12,
tHe blank 10 is slid over the mandrel 20 until it rakes contact with the

| ovier cl arpi ndrdadimge dpleration hi sItate, t b€ cbarpengpodesitdebtosersees as a
~device for deter- 15 mining the axial position of the blank, thereby

ensuring that ebdmmaclc]:lanping hdevices wibphsrephaskt ithe \zﬂlmmltrcm sui t abl e
for the positioning of the drawrings 71, 81 and for ‘the. cl anpi ng devi ce
ThIS S|tm£nﬁhe<mand£§iwmh thnshEeSpécthanﬁhmalEl&ErEBGuN@ ds The
'used when drawing tubular blanks which areOpen at both |
ends.' _ | |
10 o - In the application of the present invention which
_ utilizes the embodiment shown in Figures 9 to 12, the -
blank 10 is slid over the mandrel 20 until it makes
”-_contact w1th the 1ower clamping deVice 61 In this N
_ case the clamping dev1ce 61 serves as a dev1ce for deter-
' 15 mining the axial position of the blank, thereby ensuring
',d'that the track 12 on the blank adopts a pQSition which
is suitable for the positioning of the draw rings 71, 81 *
and for the clamping device 41. This situation | ' |
o corresponds to the left-hand half of Figure 9. The
- 20 drives 43, 73, 83 then move the clamping device 41 and
i ._the draw rings 71 81 into contact with the external
'surface of the blank in and adaacent to the track 12. _
.The temperature conditioning of ‘the. material in the blank
“then takes place in the manner which has already been

25 described in addition to which in certain typical appli-

.cations liquid is also caused to flow through the channels

unction of the . -



20 _drives 43 73, 83 then nove the clanplng device 41 and the draw rings

7181 into contact with the external surface of. the bl ank i n and adj acent

t o\t track 12. The tenperature conditioning of the material in the bIank (T
.t ha akes place in the manner whic has al ready been 25 descrlbed
" add™M{on to which in certain typi cal ~ er- cations liquid is also caused

to flow through the: channels'-_ 32 141 i'n the clanping device 41. This:
situation corresponds to what is shown in the right-hand part of Figure 9'°
and in detarl |n Fi e 11. Inits operating position the central cIarrprnd"”"‘L
~device 5 4 (ﬁhﬁkﬁl¢@?hﬁﬁnﬂeY®C?n fthe E%@ﬁomlﬁuaﬁkpnrack 12. This
forns contact surfaces with the bottomof the track which are divided into

a nuitber of COTEESRANKSJCe h‘@”éf'r%ﬁnFEPE’ﬁcé-nofthtené"ltﬂwandrMBn‘?ﬁct

pressure- present at t hese, su ces Ln turn ca es_the internal surface 10
of the bIan%a %R§ aﬁgathe*ﬁa BEQFet bear against each other.'

lr“et .E_Za“cgﬁt Zﬁtf%f?fa\?%o"peﬁﬂﬁi%éiﬁﬁﬁé‘%é‘éﬁ %f?er R A e 'a%’“%hg”.l.
Timts gt ety s TPT8R o, 26, IS AR o“rr‘p”'%telda%%% E
sel ected sutﬂiltgﬁl o et%@??gg.et ?Q%.ﬁgggr a&g%ﬁ Q:?ren%odceg ﬂét f% ﬁkness '

of the materta omo renaln arge Yy~ unchanged.

A bearing Sypfiage drfe SPOMUed P/E81 b himBer 'c::'fg‘é&"eajsz AWl Ghyen the

reference desrgnatron 112.
circumference of the blank. The contact pressure present

at these surfaces in turn causes the: lnternal surface_
10 of the blank and the surface of the mandrel to bear
against each cther. The bearing surfaces adopt. p051ticns
- which correspond to- the dlstribution of the contact |
surfaces. The bearing surfaces are produced because the'
clamping_device deforms the shape of the surface defining
15 the internal limits'of'the blank. 'The:contact'pressure
| of the ciamping device is seiected such that'in the |
event of the shape being deformed,'the thickness of the
material in the bottom of the track will remain largely
~unchanged. A bearing surface is shown in detail.in |
- 20 Figure 12 andfis given the.referencerdesignation 112}

The Qrive_devices in the base'30 (Figure_1):then rotate
the drive screws 32 causing the draw rings”71 'éﬁ.tc move
apart alcng the axis of the blank, 51mu1taneously re-shaplng:
the wall of the materlal and elongating the blank The

25 ‘friction between the blank and the mandrel at the afcre-

mentioned bearing surfaces 112 flxes the p051tlon of o



“The drive devices in the base 30 (Figure 1)'theh rotate the drive screws 32

cau5|ng the draw rings 71, 81 to nove apart along the axis of the blank, :
i mul t aneously (e-shapi.ng the wall of the materi.al and el ongating the "“

‘blank. The 25 friction between the bl and the mandrel at the afore-
nentloned bearing surfaces 112 f.ixes fThe position of - the blank on the
- mandrel and ensures that the re-shaping of the blank will take pl ace

‘ syﬁﬁetrlcally around the track 12. The driving of the support plate 60 is
setected suc appin e I I
fromthe end%gﬁ%%behsgﬂ%gﬁg?y’teg’ ﬁgve\géingu'r%e% 1fféignﬁ‘?‘%elyeel o %g:‘fﬁ%ﬁ of
the tube whichec c ne n I%yﬁd' kness of
~the wall of t Oﬁ# Eléﬁkf‘h??lg ergla{tgl \‘gﬂats?{étu tron corre pondé gures 10..
and 12. - .Fi guﬁfaé'i@ fpso ‘i’HQWdE' %E.n %‘u&i té‘@e S 0] e_{_ghl ng-of the
IC shaplng the

- materi al occurs during t of the bl ank,

‘contraction ofeldgtblaskchl %aattaleaé 118681 2 ik d t@1 iW4EL Ngé surface to

be noved into contact with the mandrel hese contact surfaces are

~ i ndi cat ed5i n #&Ei EbDYr BoFEdbEwkRe Freme R enid e ajite Hhibénso 146. ndbeto
formation of these contact surfaces contributes to the fixing of the

position of thevél any effebtventahbhemmwgétﬂonMuﬂﬂthe;tu%eeuhithmtnmhs _
hel p of the central clanping device 41. It has been found in the majority

of typical apihicenjunst26n wihih &heiredmmtﬂhnqﬂq;ﬁhermhtmkmésshefcﬁheact
surfaces 115 and 116 is not essential to achieving the desired symetri.cal
re- shaplng ofwakk of athe blank This operatlng sltuation corresponds
: to Figures 10 and 12. Figure 12 also show that, in
10 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-lndlcated in the,Flgure _:
15 by the'fefefénce numerals ﬁ15 and 116. The_fdrmatian 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 _
. I% has been found in the maaority of typical appllcatlons
20 that additional fixing by means of the contact surfaces 115
and 116 is not essential to achiev1ng the desired symmetrical
re-shaping of the blank. | |
- .The descriptlon in the previous paragréph-indicates.that
the alternative embodiment of the invention shown in

25 _Fj.gurés 9 to 12 permits any desired length of the blank



The descrlptlon in the preV|ous paragraph i ndi-cates that the alternative
epdedinent of the.invention shown in 25 Figures 9 to 12 permts any o
. Brd” | ength of the bl ank to have the thickness of its material o
rebd&edd. Thus, it is possible to reducg’the t hi ckness of the mat'eri al

sng the entire length of the blank anterrupt the reduction.in _
thi ckness imedi ately before the ends of 5 the blank, or to reduce the
. thickness in a number of areas distributed axially anng t he bIank and

 separated byssepivanty B Egls IS WEE ok bEEERABEERAN0 HEIHEL LD 1

t hi ckness. - .I'n each area W educed materra ness he r'educt’i on .of
the thicknesggi f;o%%@.‘lﬂlé &oaﬂ&id@ava&arfhiéﬁﬁésssafp%ha Baker &Ié has been

~found that when"the blank is re-shaped at the tenperatures indicated above

Crelativel y | guoggnicaet e@fﬁ&@rlengtmr@ﬂuaeé BebMRSNtbhenfRbeiit e the
bl.ank . and the nandrel, for which reason-no problens 15 are efncountered in

renovi ng thereﬂub&&@mb&etﬂhﬁdmshelmadistewt befbhe B @ndk Qxeration

is conplete. The objects shown in Figures 13 to 15 are exanples of objects
produced 5n the blanit, desdd meiirbevehe ﬁlhjaokneeeud.nng timebay; e shown in
Figure 13 the thickness 20 of ‘a tubular blank which'is open at both ends

may be reducenteaist distritertest aallpuslongethel blehic and separated t he

bl ank. . This area of anorphous material is then heated and seal ed-in :
accor dance wbyhsersiomsh@f makarial ipovkichrthereshes been Ra gteduction

. enbodi nents 25 in which-an-already seal ed tubul ar bl ank of anorphous
material  in thickness. In each area with reduced material

8-

'thiokness, the reduction of the thickness is begun in a:
10 new start track. R
Surpr151ngly, it has been found that when the - blank is
re-shaped at the temperatures indicated above, relatively |
R elow.oontact,pressure is_produced'between'the material of -
the blahk and the:mahdrel, for which reason no problems
15 are.encouhtered in removing the moulded object from the
mandrel after the moulding cperation is complete:
The obJects shown in Figures 13 to 15 are examples
_of obaects produced in the manner described above. When
'~¥.produ01ng the_object shown in Figure.13 the tthkneSs:.
..ZQ of a tubular blankzwhich is open at both ends.mai be'h
' reducedhwith an;area of amorphous'material left atethe
end of the blank. Thls area of amorphous material is
then heated and sealed in accordance with the method
descrlbed above. Figures 14 and 15 relate to. embodiments
25 in which an already sealed tubular blank of amorphous materlaln



‘i's given cyllndrlcal areas of the malls con5|st|ng of - substantlally
~monoaxi al l'y oriented material.. . in Figure 14 the nonoaxially oriented :
paterial is present around the object over its entire |ength, wherea
&“gure 15 5- the edge of the mout h 212 c&ﬁ§|sts -of material which ha
undergone such orientation. It is also. p055|ble to further increase the
crystallinity of the material over and above the crystall- inity which is

.~ prodguced in the material in conjunction 10 with the nonoaxi al orientation’

“byhéat i ng. t hej gageveal cyThnaraendt ainddy tof AHyilwhIls denel soned b9
continue to such a point that the ability of the material to undergo

further re-shapibgtantiaRayr adnoasielllye criijerrted aamsrisl a pIﬂfEiEMMB'Ch
will be re-shaped in a 15 subsequent operation to produce a finished-
article. The ct@sthélmonbaxdalay omuentedsmamenmal/r&lpmmmbmb araghda
naxinunylevel of approxi mately 30 % when the object is to undergo further
re-shapi ng. = Ptikéeobpegt Dkrercﬂ.;hst entirie Y exigthwe whereas it Rbgureoland 25
% the 20 crystallinity produced nmonoaxi al orientation achieving a -
 maxi um valbue bhea9@56xpﬁatbbleym9ﬂﬂ¥b 22 wensiadhs ot material nehiedve
_descrlptlon that the reduction in the thickness of the material to the
“final -val ue rea@preet tHﬂggrEPESesPﬁhaQ?%ﬂ?t?ﬁ%ﬁﬁmt|on operatlon 25

However, the thi oKngg®:8' 08 Fostirle T RG-S Glotdase the
' o crystalllnity of the materlal over and above the crystall-
"_1nity which is produced in the material ln conaunotwon
' 10 with the monoax;al orlentation by heatlng the materlal.
Thls crystallinlty should not be allowed to continue
to such a point that the abllity of the materlal to
| undergo-further re-shaping is impaired where the obJect_::
formed”is_a preform which_will be re-shaped in a |
| '15.subsequen£ operatlon fé produce a finished article.
The crystalllnlty of an obaect is normally allowed
. to reach a maximum level of approxlmately 30 % when the .3
object .is to undergo further refshaplng. Preferably, the
_"_.cryetallinity allowed'fo lie between 10 and 25 %, the |
20 'crystallinlty produced by monoaxial orientation achieving
| .-a maximum value of approxlmately 17 %.
It has been assumed in the abave descrlptlon that the
reductlon in the thlckness of the material to the final
value requlred takes_place in a single reduction operation;

25f However, the thiokness'of the material may be reduced in



“invention i$s

“-a nunber o} consecutive reduction stages, before-the thickness of t he _
mpfpLial is reduced-finally to approximately 1/3 of its original thickness:
' -_s- case the draw ring or draw rings will consist of a nunber 5.  of W/,
i MgSections for the consecutive gr al reduction of the thickness of the.
material. The enbodi nent- described ifi this paragraph is used mainly when
the material -in the blank has a | arge wall thickness and/or when the draw
‘rings are noved at high speed. 10 ~  "Tubular blanks of .circular cross.g
- section have been shown in the agbove _description. The invention my, of
course. bo apRERBEr BTt GARERCUNLYN TSGR | S1a88S ) SBEEPERS thehe above
- description.relates tothe plastigs-material 15 pglyethyl ene-terephthal ate.
The val ues F%ﬁ? eEd Pﬁ Fﬁé Eéiﬁq '(ﬁ?f?ﬁé9$ﬁngﬁ%§i£%n§°in_thickness and
the tenperatures. tq. Isegar.e al,so-rel to this material . A large
nunber of n%?%f$§}§a§§1§h29§gP?éﬁﬁﬁjQﬁgégﬁ%éu#%égkﬁegg’-ﬁ#gpghéﬁe known to
- exist and have. siailar. character . 2Q 46t CS.: and thus... .t R -
S k@g%%]s{%ﬁgp%ﬁ‘é’;gﬁ? _eiotrﬁ'te?r#ﬁ x\%ncﬁ%%:lfilfnégg?%g?ookhésgu%?gri al's,
provi desl thap Ligr SUUELLARS fob N IR AL 1 Ot SARET AhUGR tiRR0 are -
adjusted to suit “the specific requirenents -of the respective material.. .

The fol low pf BhE- tHPLRALSERLI HHleS B Lh ZmetbRbOAEMBAL | NVention is |
suitable, after the indicated adjustnments have been nmade: pol yethyl ene

terephthalaaescribea7inp@hibeparagrdﬁnmisuuséﬂﬂmhinnplVﬁaarghectanf pol y-
- = -~ paterial in the blank has a large wall thickness and/or

- when the draw rings are ﬁovédjat high speed. |
40 Tubuler blanks of circuler cross-section have been -
shown in the above description. The inventioﬁjﬁay,.of |
course, be applied to fhbulaf blaﬁks of other cross-
"sectiohs.' . S | o |
The-above“descriptibn'félates to the plaStiCS'material
15 polyethylehe#terephfhalaté. ‘The vaiues—indicated in the
| descripfion'fOr the réddétidnélin thigkness and the _
- - tempefétures'to be used are also_reiafed to this materféli
A-lérge number of.matefiais df the bblyeé%er of polyamide - —
. type are known to exist and known to héve'Similaf characteré
20 istics, and thus, the invéntion.is_élsolapplicablé eithéfi--
| in whole or in part tblthese:méteriéls;'pfOVided that the |
_ reductiohs in thickness and thé temperatures used are —
adjusted to Suit.thé $pecifi¢ reqﬁifeheh$s.of-the:respective '
- material. The following abe-typiCél-méterials'fdr which.
25 the'presenf invention is suitaﬁlé; after thé'indicatéd 

adjustments have been made: polyethylene terephthalate,



~ pol-ytetranet hyl ene- 1, 2- di oxybenzoat e, and copolyners of ‘et hyl ene

*hexanet hyl ene sebacani de, polyethylene 2, .6- and 1, 5-napthal ate, £§§§),~

- [P
Egraphthalate ethylene 5 isophthalate, and other simlar plastic /
*p

l'ymers. The crystallinity values st@ated in thé present application relate

tao the theories disclosed in the publlshed"D e Makronol ekul are Chem e" .
176, 2459-2465 (1975). A tubul ar object formed froma tubul ar
‘bl.amk as. descri bed above is described and clained jn-co endlgg British
Patent - Appl PRAY PEX2RE EhgdsRes 24P s RAVI SRRF 13T e B eSen

appl i‘cation net hod for iy ul ar object of

pl astics napgfﬁﬂFtﬁyg%PS F&B&FﬁFH&anWQ%¥éﬁhfi %&5% %$ §ﬂﬂ%tantially -
anor phous 5 OML. 1&g thi Kne§ erlal in
~the blank or Yi ?lngégl%or lrard%én%ﬂ?st@hgﬁfe%ﬁ%%%;gns?o{ s?g%'g%%ggr several

Consecut'Veaﬁesbgabmgm@%rw ,ym%r%e B ERl e mpéw device

defines a ring-shaped zone in whi'ch a tranS|t|onaI .zone ‘between thicker and

thinner gatgsbphtabibihe,blaaak dthelD siriNEOSAAthhs § 16s Bwhpme 2] shapi ng
devi ce novi ng said transitional zone al ong the. bl ank and si mul taneously

- elongating the bl ank cpyshaldtindlt ydivalcid s it ddei bl ek, pwdeget n - af ter t'he _

"l ast reshaping operation the thinner. material has an oriented stat'e, and
.~ wherein theapbl&ka@isnoreﬂhaetMQﬂuheruneunrds(ﬂﬂSG%@@ﬂﬁSlmotﬂé t hat

whi ch a sheet . of anorphous material will obtain by nonoaxi al stretchlng to -

" yi'el di ng of pubdighedr "8l eoMakaiohodlekatl arie Chemﬁﬁﬂeﬁkﬁy lkﬁﬁﬁ%ﬁéﬁe
stretchlng ?fgga5d sheet, the thickness of"

10 A tubular object formed from a tubular blank’
as described above is described and claimed in
copending British Patent Application No. 8327044 _

which was divided frbﬁ the present abplication.



te ure of the material of the sheet is the sane
. té fure of the material of the blank i medi ate1y before the | ast

reshapi hg operation. 2. A method as claimed in daim 1\ummmmu el y
- before the reduction in thickness, the38aterial which 'lum m,
reduction i-n thickness as the transitional zone is noved hés & tenmperature
bel ow or in the range of the glass transition tenperature of the material ‘9-_:.&
3. A nethod afléBned in Caim1l or 2, wherein the mechanical shaping 30
~devices are in contact with and form bear i ng surfaces against the materi al
" in the area of the tr ional, zone and i,n-that the terjal |nthe
“transitional ﬂoneAl"?':ﬁ%?ré"gl PRAguGED: %QE&B&&E &?J?‘:EI%%Q jossmaferdel .
tranS|t|on t erfiremad wububar bhenit hawixige ammeatsmmuwwpmusal and the
mechani c sha evjce t hod e di ng
claim ere| Hgk%g" t ?‘P§F51Q§1(¥Sd®ﬂ§ g&s@%ﬂaf tgﬂ“@ﬁﬁ@ g’ée&e

t hi ckness, isbleok et imuneéi ar eloyet areast. ehqmoithy @ebm of atsingless

. transition tergggﬁf'g U(:gnse@u{gi &ﬂ%ﬁ qgt.a p %Eﬁhﬁga | ai m .
wherein during_t ]'form ng .o the 0 t e externa |£rcu erenge of the

th@ft- is the same as the initial wall thi ckness of the bl ank and the

cross- sect i on shaping,devige: defines shanedi zonq An\ihich & Haansitdpnals of
the materi al Iz%né%&ﬁ@du\mhéké&e@ﬁﬂﬁ:tﬁﬁﬁér%teﬁﬂ! BEF e bladk fbat the

i nt er nal ﬁi rcunfere ce of S- se tlo[@?’gf t hose seqél ons ff

mat er i aI n WfRE ca shee CH TOVing $gie FRPe

larger. 6. A rmhéoﬂoﬂg ttﬂeablmfk iand asfyubt ereedi Dy elbﬁgd’aing:f‘m’eebl)arnhdn
the axial direction of the blank, wherein after the last
re-shaping operatmn the thinner material has an oriented state,
- and wherein the thickness of the thinner material corresponds to
15  that vhich a sheet of amorphous material will obtain by monesxial
_ stretching to yielding of the material of said sheet, if,
immediately before the stretching of said sheet, the thickness of
the sheet is the same as the initial wall thickness of the blank
| and the temperature of the material of the sheet is the same as
20 the temperature of the mater1a1 of the blank immediately before
the last re-shaping operat:l.on.

2. A method as claimed in Claim 1, vherein immediately before
‘the reduction in thickness, the material which will undergo a
25  reduction in thickness as the transitional zone is moved has a
tenperattme _be_low.or in the rahge of the glass transition
teinpei:éture of the material. _
 whetn
3. A method as claimed in Claim 1 or 2 [Ehe mechanical shaping
30 devices are in contact with and form bearing surfaces against the
' material in the area of the transitional zone and in that the
material in the transitional zone is maintained at a temperature
close to its glass transition temperature by the transfer of heat
between the material and the mechanical shaping devices.



15 reduction in thickness occurs in one or nore
and/ ar adjacent to the ends of the blank and the blank may then be

Separ at ed where required so-as to forma nunber of of wh
WTI. prefer ably have an area of reduced_wall thi ckr’mmﬁm,"m’m t hod
- claimed in any preceding claim wherei” n3? e reduction in thigkness -

comences in tracks extending all the way round the peri phery of the bl ank

and-t he reductlon n t hi cknesg of the wa er:ferabl.y. take lace in .
botti directioné” 25A E?"?% tmfnﬁi ¥ 6Py (B zﬁfﬁérpg&% i Y"?(ﬁ}'& a'ﬁpal nmed in
daim?7, \/\herelmaterlialbeomeeatdiast assumedei o re&mmrmll thiddineap; ig devi ce '
. noves sectlons n t%%@é atYiagt with
t he ‘ext er nal (?881 ur c%li% e#oman r In or‘aéer to %a%xh'%ﬂtggpos%l on of the -
"blank relative Qeypem%ﬂdr el, at l'east during the initial stage-of the
‘reductiong n the thickness-of the wall of the bl ank by means of the

T M O Soihes Serclaiing in ooy et Sl e R e"e""”g
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or Gpnt hal at o hickress: of dhacutenial e nedusedqrillbecms éia‘i alon, eas

is reduceqqpt 0 anf g thi) fIBAA eiraﬂ&aewa'%elé&atsé&aoarw':ﬂaée

t hi ckness of .t he '
_ - sections of the mat:erial in which the th:.ckness of the material N

- is reduced will become larger. ;

en

6 A method as claimed in any precedmg claim, wherein the
15 reduction in thickness occurs in one or more areas located
o between and/or adjacent to the ends of the blark and the blark
'mythenbe separatedwtuererequlred so as to formanumber of
~ objects, each of which will preferably have an area of reduced
wall thickness. : :
20
7. A method as claimed in any precedmg claim, wherein the
reduction in thickness comences in tracks exterﬂmg all the way _
round the periphery of the blank and the reduction in the
' _thickness of the wall perferably takes place in ‘both directions
- 25 from the track or tracks. :

8. Amethodasclaimed 1nClaim7 wheremintheareaofthe
base of the track, a clamping dev'lce moves sections of the R
material in the wall of the blank into contact with the extemal
30  surface of a mandrel in order to fix the position of the blank
- relative to the mandrel, at least during the initial stage of the
reduction in the thickness of the wall of the blank by means of |
 the mechamcal shaping devices. B



10 material, and wherein the material, at |east im‘fﬂdhwgi ot
fingg~~xeduction in thickness takes place, is brought to a tenperature bel ow _
or fechDe range of its glass transition tenperature Whl es from )
sai Y{“DeNperature by no nore than [err] 15 11. A nethod @l’lﬁ% CIalm *
10, Wwhervein at |east immediately beforggthe final r educt ess

takes place, the material is brought to a tenperature which devi ates from

the glass transition tenperature by less than [err]. 20 12. Apparatus for -~
t he producti o8. b aethexhas d:aimduilmedny iprétedimglcbding thdreiarorebeadt of

plastics et opeane! £aa- it Wik O AUDILRON B! Yeapopglious, mat erial.

t he apparat us corrprl s ng-a nechanical - shapin evice h nunmber of -
draw rings araﬁemenmneds@-sbap@amm dhomng d‘l&jmamrmﬁ.eamdal

shapi ng devi Cgréda-abSTiing StEe efidi Gob! $6CHh hhakp ngs and said . |
| ha &gtp n%d

I nt er nal shaplng devi ce define a ri ng- shaped zone er of drive
-devi ces arranged to nmove the draw rings and/or the |nternal shapi ng deV|ce'

“relative to tbe. bhaﬂtmdom dlasmekiif, arfP prevdtiingbyldife wHepuid ithgs and/ or
the internal e the nore transiional zones al ong.
t he bl ank andﬁ?%&mﬂ?%e gﬁ’?@l %ﬂ'ﬁ%’ﬂk ﬂﬂa@%’é‘&ﬁ r??t e draw

. rings and/ or mmrdaleimaaiélmplmgmmmadds mgdudesl tedudnal i n thi ckness.

| |1§t eﬁﬁg?r 2Lg;|‘?§k§éw ce 2 e%%&tg éz M&%nneg lgpa%'{tc?fﬂggassasgé 01'E hg

liquid f¥ steEserial ngnd cther paterdal; it Aeast iimbediatele befark at a
value COFFeSp&@'ﬁﬁaPﬁreﬁh@ﬁ%nt 'thlclmess takes place, is brought to a

‘temperature below or in the range of its glass transition
temperature th.ch deviates from said temperature by no’ more than

- 15°c.
15 B - '
ll; A method as claimed in Claim 10, wherem at least
imediately before the final reduction in thickness takes place,
' the material is brought to a temperatm:e which deviates from the .
| glass tran31tion temperature by less than 3°C.

12. Apparatus for the production by a method as claimed in Claim
1 of a tubular object of plastics material from a tubular blank
of substantially amorpl'nus material the apparatus comprising a _
' mechanioal shaping device having a mumber of draw ‘rings arranged
25  s0 as to surround said blank and an internal shaping device
' located inside said blank such that the draw’ rmgs and said
internal shaping device define a ring-shaped zone, and a number
of drive devices arranged to move the draw rmgs and/or the
 internal shaping device relative to the blank along 1its axis,
30  wvhereby the draw rings and/or the internal shapmg device move
' the one or more transitional zones along the blank and in which
the material has bearing surfaces against the draw rings and/or
the 1nterna1 shaping dev1ce during the Teduction in thickness.



Y  range of its glass transition tenperature. 14. Appara el ai rred in

Claim1l2 or 13, wherein the draw rings are corrpo a nunber of dr
;ang segnents whi ch are.novabl € by drive nmeans t B " lﬂﬂlﬁm
~position in which 10 the drawrlngsforma subs I I ed

seal ed ‘i nternal. surface which fits the &kirface which deflnes the limts of
.the track, and wherein the draw rings are preferably di vided.axially.into

‘rivhg.-sections ich are nera L OVi ual -t he i nsul ati on,

arré'geach ring. t.m#é m%itiﬁ‘ Eiﬁ’d‘? re%‘héi?ﬁe‘i’%aw qigsAppar at us

_ﬁsl clai med lbln Ghrsdli/ 6T Iehe eraan shapingl devidd agelga:obmemdl&yctmarl safori ng

al ves novabl e us- as._ cl ai in-an

of Cains 12 to%pgés%gh‘?f/% gﬁ%ﬁ F%psﬁabflgﬁ%@?ﬁ %‘1‘“&’8”%‘?‘?’5@@?‘?0 be Y

novabl e to and niateni%in lnp@n’abhrgt pbsa Na&nelowmhspmdﬁmg orl clgsentp diei ce

hol.ds sectg ons,_n;h§ ‘i@+ t%@#ﬁyﬁ Gg.tomof the track in firm
Xt er na :

contact-wth th aceo mandr e |n ‘order to fix 25 the _
posi ti'on of the blank rel atlve to the mandrel. 17.. A nethod for producing a -

_ gl astlgsdmat ealm fommhﬁga?@amlﬁf Cbaﬂlllgsaﬂﬂiti?%eg%inllé:% kel tnbef]g)re .
~gdescri pbed wt r.etference to CCO raw ngs para Us or .
the production P88 FHEEPPO8 qu %ﬁ%r BY Jihg 39S "’B?‘ég

- substantial l'y amvh‘eleabybdn‘weemehmctotmﬂ ﬁrduhanedperauing positidn ain which
' I | ustrat Q.‘é in éﬁed?éiﬁ WM SEEA8R 1411y colum-shaped sealed internal
S " surface which fits the surface which defines the limits of the
_ track and vherein . the draw nngs are preferably divided axially
. into. ring sections which are generally provided with mutual
. thermal insulation, and each ring section is provided with liqu:.d
15 channels. ' |

| Apparatus as claimed in Claim 14 wherein each draw ring is
- formed by two draw ring halves movable by said drive means.

0 16 Apparatus as claimed in any of Claims 12 to 15, further
' comprising a clampmg device arranged to be movable to and from
. an operating position in which the clamping device holds sections
~ of the wall of the blank in the bottom of the track in firm
- cont:act with the external surface of a mandrel in order to fix
25 the position of the blank relative to the mandrel.

17. A method for producing a plastics material cbject from a
t:ubular blank substantially as hereinbefore described with
o reference to the accompanying drawings.
' 18. Apparatus for 'the pr'oduct:ion of a plastics material object
. from a tubular blank substantially as hereinbefore described with
o reference to and as illustrated in the acccxnpanymg drawings.




