1 Method and Device for producing a tubul ar object
fromthernoplastic material Description The present
invention relates to a nethod and a device for
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superimposed on a continuously controlled velocity characteristic of the withdrawal

unit, such that the thickness of the wall formed is altered in a wave-like manner, over
valleys and peaks. The object produced in this manner is a preform for blow-moulding
a bellows.

The object of the present invention is to develop a method and a device of this
type such that tubular objects made of thermoplastic material formed in any manner
thereby, may be produced with a precisely adjustable wall thickness over the length of
the object,



the object. 2 The nethod according to the present
invention for achieving this object is defined in

claim1. The device according to the present invention

for achieving this object is defined in claimS8.
According to the present invention, the novenents of

the withdrawal unit, the plunger and the die body are
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adjusted over their length with extremely high accuracy.

The method according to the invention offers the possibility of allowing the
movements of the withdrawal unit and the plunger to start at the same time, but
moreover, to be carried out asynchronously, such that the duration of the movement of
the withdrawal unit and the duration of the movement of the plunger are then unequal.
As a result, as already mentioned, influences impairing the process sequence may be
optimally considered.

In principle, however, an automatic "synchronisation” of the movements of the
plunger and of the injection-moulding die is also possible. To this end, in a further

embodiment of the invention, the control unit may be adjusted such that the velocity
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Figure 2 shows a very schematic view of a control unit for the device of Figure

Figures 3 to 5 show diagrams for the movement path of the withdrawal unit,
the plunger and the die body of the device in Figure 1.

The device shown in Figure 1 corresponds in its essential construction to the
device according to the aforementioned EP O 535 254 B1. It serves for producing a
tubular object made of thermoplastic material in the form of a preform for blow-
moulding a bellows. In this case, it is merely one embodiment of the invention. As
already mentioned, by means of the method and device of the invention, any tubular

objects may be produced from thermoplastic material, the wall thickness thereof being



moul ding a bellows. In this case, it is nerely one
enbodi nent of the invention. As already nentioned, by
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respective hydraulic drive 26 and/or 28 and/or 30 is provided in the form of a piston-
cylinder-unit, the pressurisation thereof being respectively controlled by a control
valve 32 and/or 34 and/or 36.

At the start of the production of the tubular plastic object K, the withdrawal
unit 6 is in an initial position adjacent to the die 4. The plunger 10 is then moved in
the ejection direction by its drive 26, whereby a quantity of plasticised plastic
material, determined by the plunger path, is forced out of a melt reservoir (not shown)
via the die channel 16 through the die opening 17. In this connection, a head part of
the plastic object K to be produced is firstly created by an injection-moulding process

in the mould cavity 22 of the withdrawal unit 6. After completing this head part, the



unit 6 is in an initial position adjacent to the die
4. The plunger 10 is then noved in the ejection
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path being provided in the form of percentage figures.

As Figure 4 shows, a reference value curve in the form of a velocity profile P
1s provided for the velocity of the plunger 10, over the path of the plunger 10, the
velocity and the path being provided again in the form of percentage figures.

Figure 5 shows that for the movement of the die body 14 a reference point
curve in the form of a position profile Pp is provided over the path of the withdrawal
unit 6 or the path of the plunger 10. The position (the path) rather than the velocity is

therefore predetermined for the movement of the die body 14.



of the withdrawal unit 6 over the path of the

W thdrawal unit 6, the velocity and the path being
provided in the form of percentage figures. As Figure

4 shows, a reference value curve in the formof a
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the plunger 10, over the path of the plunger 10, the
velocity and the path being provided again in the form
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the plunger 10 are adjustable freely and thus independently of one another. The
movements of the withdrawal unit 6 and the plunger 10, therefore, do not have to be
carried out concurrently. The duration and the start and the end of their movements
may, therefore, be selected to be unequal. In the embodiment, in which the device
serves to produce a bellows, the velocity profiles P and Pg are, for example, selected
such that the movements of the withdrawal unit 6 and the plunger 10 start at the same
time but end at different times.

As already mentioned above, however, an automatic "synchronisation"
between the movements of the withdrawal unit 6 and the plunger 10 is possible,

whereby it is automatically ensured that the duration of the movement of the plunger
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ol s Nkt i Bk ACerReset gy e g hatr over its
Mhgth, and/ or the plunger as a "slave". The velocity
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adj ustleifreqiediustakitity aftibe veloeituptofidest Bxe Pp hreds theobitioy profile Pp

' . ' L. thickness distribution .
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bl ow nould half 24 in Figure 1, a tubular plastic
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A particularly critical point is the transition between the head part (mould
cavity 22) and the central part of the plastic object K. As may be ascertained from the
diagrams of Figures 3 and 4, this difficulty may be countered by a quite specific curve
characteristic at the start of the extrusion process.

The end of the bellows produced from the plastic object K, must generally be
cut off by a specific cutting process (not shown), in order to obtain a clean end of the
bellows. The method according to the invention for controlling the velocities of the

withdrawal die 6 and the plunger 10, as well as the position of the die body 14, allows



a wall thickness which increases and decreases in an
oscillating manner over its |length. The free
adjustability of the velocity profiles Pz, Ps and the
position profile PD allow an optimal consideration of
the influences inpairing the groduction process, such
as for exanple a subsequent swelling of the plastic
material or sagging of the tubular plastic object K
Aspaifid and pretiye eddubiicinbf MOWHI thekh&8 off &W bioﬂhe plastic body K
bet ween the head part (nould cavity 22)
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t hi ckness of the Fart of the plastic body to be cut
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Eqmtmi&sre@fcura@plﬁ@mem@by sel ected vel oc. ty and
position profiles Pz, Ps and PD towards the end of

the extrusion process may be ascertained fromthe

di agrans of Figures 3 to 5. As a result, the quantity
of rejects occurring during the cutting-off process
may be significantly reduced. Reference is further
made to the fact that the curves shown in the diagrans
of Figures 3 to 5 are nerely exanpl es of possible
profiles, as have been selected for producing a

speci fic bellows. For producing other bellows and in
particular for producing other tubular objects, the
freely adjustable profiles Pz, Ps and PD may have a
quite different curve characteristics. 9 dains 1.

Met hod for producing a tubul ar object from

thernopl astic material by



means of a device which conprises: a die wwth a die

| and and a die body which form between them an
annul ar die opening, the die body bei ng novabl e
relative to the die land in order to alter the cross-
sectional surface of the die @pening, an extrusion
device with a plunger which during its novenent
extrudes a specific quantity of plasticised plastic
oedigki al determi ned by the plunger path through the
die in order to produce a tubular plastic object, a
wi t hdrawal unit which is novable froman initial

positio ' to the di.e, in the.diregction awa .

P om # ndfbe S5 bidddehials Yyiar, Soikid® o, s tmatcria by
oiepiecdf a devivegviich Esmapriddee di e, during the extrusion
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at h : ! :
the | 8At Hithe digland apd palic badysvhigh Gorme betvass thenp.cam gngplar die
ey f ; o
tiflring B B BoAFbbn R A TONEAPE e i 1efintliferdB Bller the cross-
smcadedt] enrfacealiltiee pe@pering,f or t he purpose of adj usting
the wall thickness of. the tubular plastic object over
its | BhgkRusion dgpicg RVt B8R Vg sitppigvgment extrudes a

Hﬂe&ﬂﬁrq@i‘éﬁﬂitywiﬂasti%@&i @hﬁﬁ%ﬁéteﬂﬂ%ewﬁ?ineqi vy tB? E%lrng\él\r;q ath through
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of the plunger, and the novenent of the die body is _
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body i somed] rungtdfop ubntfcddling e rAav@ndi éf iherli@Body)€he plunger and

novenpent of the w thdrawal unit or the plunger. 2.
6t Viokdrawab uaitn gcaoding 4p e predeteaminable, pEsERm nior the mumeose of
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.h uration of the novenent of the plunger are
‘ﬁ}ﬁg’ag%\ﬁr.e cpgtroled %EH&H according to Claim 1,

char agk 6hbe&sert ot hat with@aWel Qfit Y AR b&Sad®fding to a freely
adjustable velocity profile over the path of the withdrawal unit,

the movement of the plunger is carried out according to a freely adjustable
velocity profile over the path of the plunger, and

the movement of the die body is carried out according to a freely adjustable
position profile over the path of the withdrawal unit or the path of the plunger, so that
the movement of the die body is carried out for the same duration as the movement of
the withdrawal unit or the plunger.

2. Method according to Claim 1, characterised in that the velocity profiles for
the movements of the withdrawal unit and the plunger are adjusted such that the
duration of the movement of the withdrawal unit and the duration of the movement of

the plunger are unequal.



t he novenents of the withdrawal unit and the plunger
are adjusted such that the duration of the novenent
of the withdrawal unit and the duration of the
novenment of the plunger are equal. 4. Method
according to Claim3, characterised in that the
control unit may be adjusted such that the velocity
profile for the withdrawal unit is automatically

adapt @dMethod tadeordRigaeiClinP N OfHakRtdrRed ih thaireheersiitlityQrofiles for
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a die with a die land and a die body which form, between them, an annular die
opening, the die body being movable relative to the die land in order to alter the cross-
sectional surface of the die opening,

an extrusion device with a plunger which, with an ejection movement,
extrudes a specific quantity of plasticised plastic material through the die, determined
by the plunger path, in order to produce a tubular plastic object,

a withdrawal unit which is movable from an initial position adjacent to the die
in the direction away from the die, in order to guide the tubular plastic object
emerging from the die, during the extrusion process, the path of the withdrawal unit

determining the length of the plastic object, and



determning the I ength of the plastic object, and 11

a control unit which controls the novenents of the

wi t hdrawal unit, the plunger and the die body by neans
of a predeterm nable program such that the novenent
of the withdrawal unit is canrried out according to a
freely adjustable velocity profile over the path of
the withdrawal unit, the novenment of the plunger is

carri edcodtbl @ﬁﬁ%ﬁicﬁgcdlﬁro?s fHeeﬁioXleﬁgﬂthS(HaﬁﬂeewnH@ﬂa%l tumt the
profile over the gath of the plunger, and the novenent
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or theppargeet of ghe phingee isaerrdpdiony aecsrdingitenagfreely adjustable
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conputer with a control ependi ng on
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refer val ues the vel ocjt rofLI
roventi: Doy “Fharlind i SRt hRisttrisefoin st bF captrol uni
yhprises the position profile for the rmvemsnts of the

di e body generat es control signals for drives of the
wi t hot 2@l sepsirtfor determpininggastual yathes 08 thii eelpeityyof the withdrawal

wunit,

a path sensor for determining actual values of the velocity of the plunger,

a path sensor for determining actual values of the velocity of the positions of
the die body, and

a computer with a controller which, depending on the differences between the
actual values and the reference values of the velocity profiles for the movements of
the withdrawal unit and the plunger as well as the position profile for the movements
of the die body, generates control signals for drives of the withdrawal unit, the plunger
and the die body.



