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Claim

1. A method for the continuous formation of an extruded product,

comprising:-

¢ausing a first force-applying means to generate a force
to perform work upon material to extrude it through a die
having a die outlet of fixed cross-section, at least the
outer surface of the extrudate being solid as it leaves the
die outlet;
causing a second force-applying means to apply a sécond

force to the extrudate at a point of application downstream
of where its surface becomes solid, and by that second force
causing the speed of the extrudate leaving the die outlet
over a first part of the periphery of its cross-section to
exceed the speed over another 'part of that cross-section, .
whereby causing the extrudate to form into a permanent bend,
the inner and outer radii of which correspond to the parts of
the periphery moving at the relatively lesser and greater
speed respectively characterised in that the second force
performs further work upon the material, extra to the work
performed by the force generated by the first force-applying
medans.
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(57) Abstract

A method and apparatus for continuously extrudiag a product, and forming it into a bend by applying a force (20)to it at &
point of application downstream of where its surface becomes sofid. The force has a transverse component relative to the die axis
(18), and performs work upon the extruded material (5), extra to the work that has already been performed to extrude it. Non-
contact means of applying the force are described, and varioys ram-type ontacting means (33) are illustrated. Alternative means
of operation are described in which the point of application of the force to the extrudate during bending varies relative both to the
extrudate and to the die (4), relative to the extrudate only, and relative to the die only. Means to alter the direction of bending are
described, and to diminish the necessary bending force by creating a fluctuating melt pressuré within the die.
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IMPROVEMENTS IN OR RELATING TO METHODS AND APPARATUS
FOR_THE CONTINUQUS FORMATION OF AN EXTRUDED PRODUCT

This- invention relates to methods and apparatus for the
continuous formation of an extruded product consisting of any
suitable extrudable material, but especially of materials
comprising a plastics base. It relates particularly to methods
of extrusion, and apparatus for carrying them out, as described
in International patent publication No. WO 90/08024. _

More particularly still, it relates to meams for extruding an
elongated product of any section, but especially one of hollow
section, having a bent or sinuous configuration. One known
metﬁod of extruding a product of hollow section to such a
configuratior is described for instance in an article on pages
38-39 of "Elastomerics", March 1986, and essentially requires
apparatus, veferred to in the zrticle as a "moving head
extruder”, in which the inner member of the die can move out of
concentricity with the outer member in a carefully controlled
manner. When the finner and outer members of the die are not
concentric, so that they define between them an uneven annular
gap that is thicker to one side of the extrusion axis than the
other, extruded material leaves the die at an uneven speed, the
parts of the periphery which correspond to the thinnest and
thickest parts of the annular section travelling respectively
slowest and quickest. This tends to induce in the product a bend
in the axial plane which includes the two but displaced axes of
the 1inner and outer die members, the outside of the bend
corresponding to the part of the periphery where the material was
travelling fastest on leaving the die. Obvious limitations of
such a known process are that it applies only to dies which
extrude a hollow product and which therefore include an inner die
member, and also that the die is of variable geometry and the
mechanism for supporting the inner member and controlling its
translational movements relative to the outer one are necessariiy
relatively complex and costly. Also, such a process can only
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apply where the extrudate on leaving the die is not yet solid,
but still strictly a very viscous fluid.

An example of another known kind of method for bending an
extruded product is to be found in Patent Specification
US-A-3748077. In this example, when the leading end of the
extrudate emerges from the die, it is received by a collar or
clamp mounted at the free end of a pivoted arm. As the extrudate
then continues to emerge from the die, the region engaged by the
cap or clamp is constrained by the arm to follow a circular arc,
so forming the extrudate into a bend. In such a process the
entire force used to create the bend has to be provided by the
extrusion ram, and the radius and direction of the bend are both
fixed by the length of the arm and the location of its pivot.
Also, although the cap or clamp is constrained to follow a
circular arc, there is no guarantee that the final shape of the
extrudate, following behind it, will conform accurately to the
same arc.

Our invention arises firstly from appreciating that =z
variation, around the periphery of the product, of the velocity
of the extrudate leaving a die may in appropriate circumstances
be achieved more simply than as described in the "Elastomerics”
article, in a way applicable to both hollow and non-hollow
extrudates, and with a fixed-geometry die. Secondly, from
appreciating that where a fixed-geometry die is used and bends
are created by applying a constraint to the product after its
surface has become solid, adequate control of both the radius and
the direction of the bends requires that a second force, in
addition to the extrusion force, must be generated and must act
upon the extrudate so as to perform work upon it, over and above
the work performed upon it by the extrusion force and upstream of
where it becomes solid. Our invention is defined by the claims,
the contents of which are to be read as included within the
disclosure of this specification, and includes methods and
apparatus as described with reference to the accompanying
drawings. Embpdiments of the invention will now be described by
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way of example with reference to the accompanying diagrammatic

drawings in which:-
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Figure 1 is a section, taken during operation, through a
die extruding a solid product according to the prior art;

Figure 2 is a similar section taken during the extrusion
of a product according to the present invention;

Figures 3 and 4 relate to products of hollow section,
but are otherwise similar to Figures 1 and 2;

Ftgures 5 and 6 show apparatus features and dimensions
associated with one method of extrusion generally accordihg
to Figure 4;

Figure 7 schematically shows another method of carrying
out the present invention;

Figure 8 is an elevation of apparatus for carrying out
the method of Figure 7;

Figure 9 is a view in the direction of arrow IX in
Figure 8;

Figure 10 is a section through a die for extruding a
hollow product, and for carrying out the method of the
invention in another way;

Figure 11 is a view in the direction of the arrow XI in
Figure 10;

Figure 12 is a plan view of apparatus for applying the
method of the invention to the extrusion of a strip-like form;

Figure 13 is a view in the direction of the arrow XIII
in Figure 12; '

Figure 14 i1s a side elevation of the apparatus of Figure
12 working in an alternative fashion, and

Figure 15 is a view in the direction of the arrow XV in
Figure 14.

Figure 1 shows raw material 1, for instance of a plastics

base such as polyethylene, polyprapylene, nylon or other suitable
thermoplastic, being delivered from a hopper 2 to an extruder
screw 3 by which it is turned into a melt and extruded through a
35 die 4, to emerge as an extrudate, i.e. a solfd product 5, from
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the die outlet 6. The necessary force to expel the extrudate
from the die could be provided solely by the steady melt pressure
generated by the screw 3. Alternatively that pressure could be
supplemented in known fashion by a melt pump, built into the
die: si#ch & pump is shown in outline at 7. As a yet further
alternative, the force - referred to in the claims as "“the first
force" - necessary to expel the extrudate from the die could be
contributed, in part at least, by the reciprocation of a drivable
member in communication with the material within the die. Figure
I shows two such members in the form of pistons 9, 10, working ih
cylinders 11 and 12 respectively, and driven and programmed (by
means indicated schematically at 13) to execute related
movements, in the manner described in WO 90/08024. As described
in that document, at certain times in the programme boeth pistons
may move inwardly towards the cavity of the die, so exerting
force to help expel the extrudate, and at other times the pistons
may reciprocate out of phase to  promote beneficial
characteristics in the product, as described in detail in that
publication.

It should be particularly noted that such drivable members in
general, and in particular pistons 9, 10 as shown, and as
described in greater detail in KO 90/08024, communicate with the
interior of the die downstream of the extrusion screw 3 and any
possible associated devices (such as the melt pump 7), and
therefore are in contact with the material (region 16) where it
is fully molten. According to the present invention one
particular advantage of reciprocating at least one such drivable
member i% that it promotes a fluctuating melt pressure within the
die, varying between a peak value when the member 1is driven
inwards and augments the force exerted on the melt by the screw
(and pump, if present), and a minimum value when the member moves
outwards. It would appear that the relaxation of melt pressure,
as such a member retracts, promotes some slight shrinkage of the
melt, leading to diminished resistance at the die outlet and thus
easier expulsion of extrudate as the melt pressure then rises to
its next peak value.

PCT/GB93/01122
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In Figure 1 reference 15 indicates, for an extrusion
according to the present {invention, the shape and general
location of a typical interface that will be established in a
steady state condition between the molten (16) and solid (17)
material within the die cavity 14. Because the entire periphery
of the product 5 is moving at the same velocity as it emerges
from die outlet 6, item 5 emerges as a straight product with side
walls parallel to the die axis 18, and interface 15 Iis
symmetrical about axis 18, as seen both in the plane of Figure 1
and in the plane at right angles. Figure 2 shows what happens
when, in accordance with the present invention, a force 20 having
a component transversé to the extrudate 5 is applied to it at a
point (20a) downstream of the location where the outer surface of
the extrudate solidifies. As shown in Figure 2 that location
(20b) lies within the structure of the die 4, but in other
embodiments of the invention the location could coincide more
nearly with the die outlet 6 but still within the die structure
as a whole. Such a force sets up reaction forces 21 and 22 and
performs work upon the material being extruded, over and above
the work performed by the total extrusion force within the die.
The forces 21 augment the extrusion force towards the same side
of the extrudate to which the force 20 is applied, and the
reaction forces 22 oppose the extrusion forces tc »rds the other
side. The result is a distorted melt/solid ini.rface 15a, and
extrudate 5 leaves the die outlet at an uneven velocity, the
velocity being greatest around that part of the periphery close
to reaction forces 21 and least closest to forces 22. This
causes the extrudate to take u. a permanent Band, as shown, over
the arc 23. If force 20 continues, the arc will extend. 1f
force 20 ceases, the bend over arc 23 will remain, but extrudate
subsequently leaving the die outiet 6 will emerge straight.
should be noted particularly that the diminished resistance .o
the expulsion of extrudate at the die outlet, obtatnable by
fluctuating melt pressure as already described, 1$ of special
significance and potenttal benefit where a bending force such as

!!V
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20 is to be applied according to the invention. This is because
the reaction forces 21, set up by the bending force on the
outside of the bend, have to overcome the die outlet resistance.
If that resistance is diminished, a lower bending force will
suffice.

Figures 3 and 4 show the similar contrast for an extrudate
5a, of hollow section, extruded from a die 4 comprising
relatively fixed outer 25 and inner 26 members, both coaxial with
the die axis 18. The crest of the molten/solid interface 15b now
1ies in a transverse plane (27) when no sideways external load 20
is applied. HWhen such a load is applied the interface 15¢ takes
up the distorted shape shown in Figure 4 being most forward
ciosest to where fhe augmenting forces 21 are greatest, and most
rearward closest to the greatest opposing forces 22.

Figures 5 and .6 1illustrate some of the dimensions and
relative motions associated with a method of bending an extruded
tube, as shown in outline in Figure 4. The bending force 20 is
applied to the surface of the extrudate 5 by contact with a
roiler plunger 28 mounted on the free end of a rod 32 driven by a
hydraulic ram 33 fixed in position at 33a. Plunger 28 may

conveniently by contoured to match the curved outer surface of .

extrudate 5. Rod 32 lies at right angles to the die axis 18, and
lfes a distance 2d from the outiet 6 of die 4, where d is the
outer diameter of the extrudate. Figure 5 shows the ram as a
bending operation is about to begin, and where the contact of
roller 28 with the extrudate lties & distance A forward of fhe ram
body. During bending the ram 33 is programmed and driven (by
control means indicated in outline at 29) to advance piunger 28
at a velocity which may be variable but is preferably constant
(say VP). Figure 6 shows the same items after the force exerted
by plunger 28 against the extrudate has formed that extrudate
into a right-angle bend in which the radius of curvature of the
centre-Tine 5b is 3d/2. From Figure 6 it is apparent, for the
right-angle bend there shown, firstly that when the bend is
complete, the extension of roller 28 forward of the ram body 33
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will be (2d + A), and will thus have increased by 2d during the
bending. Secondly that the section (28a) where the vroller
contacted the extrudate 5 in Figure 5, at the start of bending,
now lies a distance 2d forward of the roller, demonstrating that
in this embodiment of the invention there is constant relative
movement between the extrudate and the ram plunger. The roller
form for that plunger is thus clearly appropriate. Thirdly that
if VO and VI are the velocities at which extrudate leaves the die
outiet 6 at the outer and inner radii of the bend respectively,
as bending proceeds, then for equilibrium the following equations
must be fulfilled:-

(i) VI = VO , and
2
(ii) VO = w = 1.57 approx,
VP 2

and control means 29, acting also on the driving mechanism 39 of
screw 3, must synchronise the screw with the ram to achieve this
fulfilment.

It should be particularly noted that according to this aspect
of the invention, this bend is achieved solely by limited area
contact between the extrudate and a driven piston or other
plunger. In contrast to the knrown method of bending an
extrudate, as shown in specification US-A-3748077, the ram 33
performs extra work on the extrudate, in addition to what is
performed by the screw 3, and there is positive correlation
between the movements and thus the work rates of the ram and the
screw (via the common control means 29). Also, it is obviously a
simple matter to vary the clearance (2d in Figures 5 and 6)
between rod 32 and the die outlet 6, and thus to set the
apparatus to form & bend of a greater radius. Further, by
shortenin§ the distance by which the plunger 28 1is advanced
during bending, it will of course be possible to form bends with
an amgle Yess than a right-angle.

PCT/GB93/01122
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With reference to Figures 5 and 6 it should finally be noted
that the bends described are achieved by means only of the simple
force of a driven plunger upon the surface of an extrudate that
would otherwise have remained straight after leaving the die
outlet 6. No bend formers, or other passive channels of curved
shape, as shown for instance 1in prior patent specification
US-A-2422953 or 4359446, are necessary.

It should be noted that while Figure 2 and all the other
drawings show transverse forces being applied to the extrudate by
direct contact between the solidified outer surface of that
extrudate and a solid, piston-like member, other methods of
carrying out the invention are possible. For instance, with a
hollow extrudate as shown in Figures 3 and 4, provided the inner
surface of the tip of the extrudate is sufficiently solid, the
force could be applied by way of force-applying means adjustably
inserted into the open forward end of the extrudate. Also,
instead of being by way of solid-to-solid contact between a
piston, lever or 1like component and a solid surface of the
extrudate, the bending force could be applied inh other ways. For
instance, by a high pressure liquid or gaseous Jjet directed
transversely at the extrudate surface, or even by non-contact
means such as transverse magnetic attraction or repulsion upon an
extrudate ¢f a composition which itself responds to such forces,
or which contains constituents that do. In its broadest aspect,
the invention requires only that forces are applied to the
extrudate, once it has solidified sufficiently, so as to exert a
bending couple upon it.

Figures 7 to 9 illustrate in principle another way in which
the method according to the invention, as described with
reference to Figure 2, may be extended to bend the extrudate 5
into a full right-angie. 1In the embodiment of Figures 5 and 6
the body of the ram 33 was held stationary, and the point of
contact between the plunger 28 and the extrudate changed
substantially and continuousty as bending proceeded. As the
extrudate 5 emerges continuously from the die outlet 6 in the
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embodiment of Figures 7 to 9, the source of the bending force 20
moves simultaneously along a track 30. The shape of the track
may be matched to the extrusion speed so that the point of
application of the force to the extrudate undergoes less change,
indeed theoretically no change, and a continuous bending force is
applied at a more constant point. Figures 7 and 8 show in
outline some mechanical components by which this method could be
achieved. Here as in Figures 3 to 6 a hollow product 5a is being
produced, and the bending action is now exerted by a piston head
31 which may again be a roller (like item 28) but which, because
of less movement relative to the product during a bending
operation, may for instance sifiply be arc-shaped to .match the
curvature of that surface. Again the head 31 is mounted on the
rod 32 and driven by ram 33. The ram is mounted, by way of
supporting arms 34, on two rails 35, 36 which constitute the
track 30 of Figure 7 and are mounted on a ring-shaped mounting
bracket 42 which is rotatably attached to the die by means not
shown, so that the direction of bend can be altered by rotating
the bracket 42 relative to the die. The driving means 37 both
control the operation of ram 33 and traverse it around the track
30 as the extrudate 5 emerges from the die, and the control means
38 synchronise the driving mechanism 37 with the corresponding
mechanisft 39 of the screw 3 to ensure that the locatien of the
point of application 40 of piston 31 with the extrudate 5 is
controlied as desired.

The ram 33 of the embodiment of Figures 5 and 6 could also be
mounted on a ring bracket 42, or otherwise similarly to the same
ram in Figures 7 to 9, so as to facilitate altering the direction
of bending.

As already indicated, the force exerted on the extrudate § in
Figures 5 to 9 tends to speed up the exit of material from the
die outlet 6 on that side of the extrudate where the force is
applied, and siow down the exit on the opposite side. Items 28,
31 therefore make contact with the extrudate on the outside of
the bend that i1s formed. In Figures 10 and 11 four pistons 50 -

PCT/GB93/01122
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53, driven by cylinders 54 - 57 respectively, are fixed to the
outlet face 58 of the die, and therefore bear upon the surface of
the hollow extrudate 5a immediately adjacent the die outlet 6.
There 1is thus considerable relative movement between these
pistons and the extrudate, during operation, as there was between
the extrudate and the plunger 28 1in the Figures 5 and 6.
Moreover, as Figure 10 shows, the inner member 27 of the die now
projects axially beyond the end face 58 of the outer member 25,
so that whenever one of the pistons 50 - 53 exerts a dynamic
force and performs. work on it, the extrudate is gripped between
that piston and the extending part of inner member 27. Four
pistons 50 - 53 are provided simply to facilitate bending the
extrudate 5 in any direction by appropriate balancing of the
actions of the four pistons. khen one of the pistons is now
activated, for instance piston 52 as shown, the result is to
impose a frictional restraint upon the part of the extrudate
gripped between that piston and the inner member 27. The speed
of exit of the eéxtrudate at that point around its periphery is
therefore retarded relative to the speed at the opposite part
(i.e. where piston 50 is located) and the extrudate bends so that
the activated piston lies on the inside of the bend.

Figures 12 to 15 show proposed apparatus, according to the
invention, for extruding and bending & product 5c¢ of strip-like
form. As in Figures 10 and 11 there are again four pistons (60 -
63) but now two of them (60, 61) bear against one (65) of the
long sides of the cross-section of the product, and the other two
(62, 63) in corresponding locations against the other side 66, so
that pistons 60, 62 and 61, 63 are aligned with each other. If
now pistons 60, 62 are inoperative but pistons 61, 63 are active,
as shown in Figure 13, the speed of exit of the extruded material
from die outlet 6 wiil be slowed down by friction towards the
side of the strip where piston 61, 63 are located, and relatively
raised - provided the operation of screw 3 is unchanged, and the
same total volume of material continues to leave outlet 6 in unit
time - towards the other side where rams 60, 62 are inoperative.
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As shown in Figure 12, a right-hand bend of the strip 5c, in the
planes of its long sides 65 and 66, is therefore promoted, with
the active and friction-creating pistons 61 and 63 on the inside
of the bend.

Figures 14 and 15 illustrate the different effect that
results when pistons 62 and 63, both of which engage with the
same long side 66 of the extrudate, are activated, and the other
two pistons 60 and 61 are idle. The force of pistons 62, 63 on
side 66 has the effect of speeding up the speed of exit of the
material from the die mouth 6 on this side of the strip. The
reaction between the product and pistons 62, 63 depends not upon
pistons 60 and 61, both of which remain out of contact with the
product, but upon the support of the product by the adjacent
structure of the die 4. The resulit is that the strip bends in a
plane lying parallel to the short sides 67, 68 of the product
section, with the active pistons (as shown 62, 63) on the outside
of the bend.

It should be noted that while reciprocating hydraulic rams
have been shown as the means for applying the bending forces in
all 1illustrated exaniples, other forms of physically-contacting
force-applying means - for instance driven screw-operated
plungers - are possible, in addition to non-contacting means of
which some examples have already been given. It should also be
noted that while Figures 7 to 9 showed embodiments of the
invention in which the point of application of the bending force
possibly moved little relative to the extrudate but considerably
relative to the die, and Figures 5, 6 and 10 - 15 the converse
case where the points of application of the bending forces were
fixed relative to the die, the invention also includes bending
methods and apparatus in which the point or points at which the
bending force is applied to the extrudate may move substantially
relative both to the extrudate and to the die.
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CLAIMS
1. A method for the continuous formation of an extruded product,
comprising:-
causing a first force-applying means to generate a force
to perform work upon material to extrude it through a die
having a die outlet of fixed cross-section, at least the
outer surface of the extrudate being solid as it leaves the
die outlet;
causing a second force-applying means to apply a second
force to the extrudate at a point of application downstream
of where its surface becomes solid, and by that second force
causing the speed of the extrudate Teaving the die outlet
over § first part of the periphery of its cross-section to

exceed the speed over another part of that cross-section, .

whereby causing the extrudite to form into a permanent bend,
the inner and outer radii of which correspond to the parts of
the periphery moving at the relatively lesser and greater
speed respectively characterised in that the second force
performs further work upon the material, extra to the work
performed by the force generated by the first force-applying
means.

2. A method according to Claim 1 in which the second force is

applied by solid-to-solid contact between the  second

force-applying means and the outer surface of the extrudate.

3. A method according to Ciaim 1 in which a surface of interface

" between liquid and solid material exists wholly within the die,

and the application of the second force distorts the geometry of
that surface.

4. A method according to Claim 1 in which the second
force-applying means are fixed relative to the die, and in which
the effect of the second force is to retard the part of the
extrudate periphery to which it is applied relative to other
parts of that periphery.
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5. A method according to Claim 1 in which the second force
contains a component parallel to the direction in which the
extrudate is moving where the second force is applied, whereby
the second force tends to increase the speed at which the part of
the periphery of the extrudate corresponding to where it is
applied is leaving the die outlet.
6. A method according to Claim 1 1in which the point of
application of the second force moves, relative to the die,
during the appliication of that force.
7. A method according to Claim 1 in which the point of
application of the second force to the extrudate changes as
bending proceeds.
8. A method according to Claim 1 in which the second force is
applied to the extrudate without the use of any curved bend
former.
9. A method according to Claim 3 in which the pressure of the
Tiquid material within the die is caused to fluctuate.
10. A method according to Claim 9 1in which the pressure
fluctuation is caused by exposing the liquid material within the
die to at lteast one reciprocating driven member.
11. A methed according to Claim 10 in which there are at Jeast
two such reciprocating driven members, programmed to -execute
related movements.
12. Apparatus for carrying out the method of continuous formation
of an extruded product, according to Claim 1, comprising an
extrusion die presenting a die outlet, and at Tleast one
force-generating imeans located downstream of the die outlef and

transversely of the extrudate, and operable to generate a bending

force to act upon the extrudate.

13. Appdratus according to Cfaim 1Z in which the force generating
means includes & piston-like member operable to bear upon the
extrudate surface while permitting relative movement between
member and surface in use.

14. Apparatus according to Claim 13 in which at least two pistons
are mounted to bear against the surface of the extrudate, and are
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spaced-apart from each other around the extrudate periphery,
whereby by differential operation of the pistons the extrudate
can be caused to bend in different directions.

15. Apparatus according to Claim 12 in which the force-generating
means is mounted to move.

16. Apparatus accdrding to Claim 12 im which the force-generating
means is fixed relative to the die outiet.

17. Apparatus according to Claim 12 in which the generated force
acts upon the extrudate transversely relation to the die axis.

18. Apparatus according to Claim 12 in which the generated force
acts upon the extrudate in a direction having a component
parallel to the die axis.

19. Apparatus according to Claim 13 in which the piston-like
member includes a roller by which it makes contact with the
extrudate surface.

20. Appratus according %0 Claim 12 including at least one driven
reciprocable member, communicating with the interior of the
extrusion die, and operable to promote a fluctuating pressure in
the Tiquid material with in the die.
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