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An apparatus for the manufacture of pipes having transverse profile features has a machine bed, on which half shells, which can
be combined to form a mold, are rotatably and displaceably drivable. The half shells are pressed together on a molding path by
guide rails, of which one Is displaceable at right angles to the direction of production by hydraulically actuatable drives.
Interlockings may be provided in addition, a locking member of which engaging with an associated locking recess.
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ABSTRACT OF THE DISCLOSURE

An apparatus for the manufacture of pipes having transverse profile fea-
tures has a machine bed, on which half shells, which can be combined to
form a mold, are rotatably and displaceably drivable. The half shells

are pressed together on a molding path by guide rails, of which one is
displaceable at right angles to the direction of production by hydrau-
lically actuatable drives. Interlockings may be provided in addition, a
locking member of which engaging with an associated locking recess.
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APPARATUS FOR THE MANUFACTURE OF A PLASTIC PIPE
HAVING TRANSVERSE PROFILE FEATURES

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The invention relates to an apparatus for the manufacture of a plastic
pipe having transverse profile features.

BACKGROUND ART

In an apparatus of the generic kind known from U.S. patent 4,900,503 the
half shells arranged in continuous sequence one after the other are in-
terconnected by means of fish plates to form a chain. At the beginning of
the molding path, a driving pinion engages with a denticulation provided
on the upper side of the half shells, the driving pinion simultaneously
driving the half shells associated with each other in pairs. An injection
head of an extruder is arranged before the molding path and injects a
thermally plastic tube of plastic material into the molding chamber
where, between a calibrating mandrel and mold recesses provided in the
half shells, it is formed into a pipe having transverse profile features,

for instance ribs. The mold recesses are acted upon by vacuum through
vacuum lines formed in the half shells. They are connected to a negative
pressure source by way of suction connections provided in the machine
bed. The guide devices which press the half shells together on the mold-
ing path have guide rails arranged on both sides of the molding path
and to which guide rollers are rotatably mounted, which in turn rest
against the outside of the half shells. One guide rail is fixed to the
machine bed, while the other guide rail is pressed by springs against

the half shells passing though the molding path. This is necessary in
order to ensure that the half shells adjoining in pairs mutually abut
closely to each other. This basic structure of the apparatus has been
known for a long time from U.S. patent 3,776,679.
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Considerable changes of pressure between the calibrating mandrel and the
halt shells arise due to fluctuations in the performance of the extruder,
changes in the viscosity of the plastic material as a result of variations
of temperature in the extruder or as a result of fluctuating cooling con-
ditions on the molding path and as a result of frequently changing
quantities of plastic material needed for the manufacture of the pipe
along a section in the length of the plastic pipe, for instance when a
rib is formed or when smooth but rather thick-walled sockets or spigots
are injection-molded. These fluctuations of pressure cannot be taken up

by the springs mentioned which are commonly in the form of packages of
pre-stressed disk springs.

To counter this problem it has become known from EP 0 359 088 A2 to
provide a compensation chamber where the injection head passes into the
calibrating mandrel and to fill it with a fluid under pressure which, in
turn, can yield. Any excess plastic material may escape into this cham-
ber. This implies considerable sealing problems.

In this connection, DE 38 10 915 C1 teaches to rigidly interlock the half
shells abutting in pairs on the molding path, the interlocking being pro-
duced at the beginning of the molding path and released at the end of
the molding path by corresponding stops being triggered.

EP 0 240 838 A2 teaches a fundamentally similar solution in which the
half shells abutting in pairs on the molding path are mutually inter-

locked by conical pins engaging with the half shells. These pins are
removed at the end of the molding path.

SUMMARY OF THE INVENTION

It is an object of the invention to embody an apparatus of the generic
type such that, given a simple structure, high locking pressures can be

exerted on the half shells in the area of the molding path, which, on the
other hand, can be cancelled in a simple manner.
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In accordance with the invention this object is attained by the following
features:

A machine bed, half shells arranged on the machine bed and guided in
two continuous series, a drive for the continuously revolving movement of
the series of half shells, a molding path, on which in each case one half
shell from each series form a pair and are driven by the drive in a di-
rection of production, half shells located one behind the other in the
direction of production closely resting with a first front end against a
second front end of an adjacent half shell and defining a molding cham-
ber, and guide devices laterally defining the molding path pressing the
pairs of half shells together in a direction parallel to the machine bed
and at right angles to the direction of production, at least one guide
device being displaceably guided in a direction of displacement and be-
ing acted upon by pressure devices, wherein the pressure devices are
hydraulically actuatable piston-cylinder drives.

The hydraulically actuatable piston-cylinder drives provided according to
the invention are easy to be set and opened, they ensure extremely high
locking pressures to be exerted and in particular the mold to be opened
in an emergency. This solution is extraordinarily simple. Moreover, with
the hydraulically actuatable piston-cylinder drives, the pressure and
consequently the locking pressure working on the half shells can be
changed continuously during operation. This is not possible where disk
springs are used for the exertion of forces on a guide rail. Disk springs

will require a short-term interruption of the production to allow setting
of the pressing forces.

The mold being closed transversely of the direction of production and in
parallel to the machine bed by the extremely high forces under regard
results in an increase in the frictional forces on the molding path to be
overcome by the drive - even when guide rollers are inserted between the
half shells and the guide devices; this requires higher driving torques.

This leads in turn to an increase of the tilting moments on the half
shells directly driven at a time, there being the risk that half shells
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arranged one after the other in sequence are slightly displaced one re-
lative to the other perpendicularly to the machine bed, i.e. in the verti-
cal line, which brings along considerable disadvantages in quality of the
tube to be produced. In practice, this is tried to be countered in that
the half shells have a denticulation not only on their upper side, but
also on their underside, with which a second pinion engages, whereby
the danger of the tilting moments is at least reduced. The expense of
this is great. Entire compensation of the tilting moments is not possible
in this way either. This problem is countered by further inventive fea-
tures, which positively prevents that half shells located on after the
other in sequence change in level relative to each other. Although this
solution very advantageously combines with the half shells being pressed
together laterally according to the invention by means of the hydrau-

lically actuatable piston-cylinder drives, it may of course also be used
independently of this.

Further features, details and advantages of the invention will become ap-

parent from the ensuing description of an example of embodiment taken in

conjunction with the drawing.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a plan view of an apparatus for the manufacture of plastic

pipes,

Fig. 2 is a section through the apparatus according to section line II-II

in Fig. 1,

Fig. 3 is a partial section according to the section line III-III in
Fig. 2, ' '

Fig. 4 is a partial plan view of the apparatus with two half shells be-
ing swung into the molding path,
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Fig. 5 is a partial plan view of the molding path after the half shells
have been swung into the molding path, and

Fig. 6 1s a vertical section through the apparatus according to the sec-
tion line VI-VI in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As seen in Figs. 1 and 2, an apparatus for the manufacture of piastic
pipes having transverse profile features comprises a machine bed 1, on
which half shells are arranged, which are joined together respectively in
two so-called chains 3, 3’. For this purpose, fish 'plates S5, Sa are

coupled by means of a coupling bolt 6 to each half shell 2, 2° in the

outer region thereof and downstream thereof with respect to the direction
4 of production, each fish plate 5, 5a being attached to the succeeding
half shell 2, 2 at the corresponding position, likewise oy means of an-
other coupling bolt 6. The chains 3, 3’ thus formed, at their rear end
with respect to the direction 4 of production, are carried around guide
wheels which serve as and may be designated feed rollers 7. The indi-
vidual half shells 2, 2’ are swung into a molding path 9 by the revolu-
tion of the chains 3, 3’ in the direction of the arrows 8, &. In this
path 9, two halt shells 2, 2’ at a time are united to a half shell pair,
so that an unbroken succession of pairs of half shells mutually abut in
the direction 4 of production. In order to achieve repid closure of the
half shells 2, 2’ into a parallel and adjmmng orientation, so-called
steering rollers 10 and closing rollers 11 are provided, which brmg the
rear ends of the half shells 2, 2, referred to the direction 4 of pro-
duction, together in an accelerated fashion.

In the molding 'path 9 _itself the mutuelly abotiing ‘half shells 2, 2’ are

pressed together by means of guide rollers 12. These are positioned in
straight series, referred to the direction 4 of production, one after the
other in a guide rail 13 or a guide rail 14. At the front end, referred to
the direction 4 of production, of the machine bed 1, which is not shown
in Fig. 1, return rollers, likewise serving as guide wheels, are rotatably
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mounted, around which the chains 3, 3’ are guided and returned to the
feed rollers 7, as is generally known with this type of machines and as
1s illustrated and described for instance in U.S. patent 4,900,503.

On the upper side of the half shells 2, 2° a set of teeth 15 is provided,
the two sets of teeth 15 of the half shells 2, 2° which are arranged in
abutting pairs being in alignment, so that a common pinion .16 can en-
gage in the teeth 15 from above and push the half shells 2, 2° along the
molding path 9 as a closed mold. This drive pinion 16 is driven in a
customary way by a motor (not shown) through a drive wheel gear 17
which is fixedly mounted on a shaft 18 which in turn bears the pinion 16
fixedly mounted on it. The shaft 18 is housed in a bearing 19 which is

supported on the machine bed 1 and is firmly connected with the latter
by means of screws 20.

Plastic pipes 21 having transverse profile features, i.e. ribs 22 or

grooves extending around their girth, are manufactured on the apparatus
illustrated. To this end an extruder is provided of which only the in-
jection head 23 is outlined, from which a tube 23a - roughly outlined in
Fig. 5 - is extruded which, in a thermally plastic condition, enters into
the mold formed on the molding path 9, in which mold the formation a-
mong others of the ribs 22 takes place by the mold chamber 24 formed on
the molding path 9 being acted upon by vacuum. The mold recesses 25,
25" spared in the half shells 2, 2° for the formation of a molding cham-

‘ber 24 have a shape that is complementary to the outside shape of the

pipe 21. By means of vacuum lines (not shown) they are connected to a
negative pressure source, as illustrated and described in detail in U.S.
patent 4,900,503 already mentioned. From this publication, to which ex-
plicit reference is made in this regard, it is also known to provide a
calibrating mandrel 24a in the molding chamber 24 at the beginning of
the molding path, ie. following the injection head 23; the plastic pipe
21 to be produced is given its shape, inclusive for instance of ribs 22,
between the calibrating mandrel 24a and the mold recesses 25, 25’. High
pressures may occur between this calibrating mandrel 24a and the half
shells and can cause the half shells 2, 2’ abutting in pairs to be
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pressed together.

The guide rail is tightly connected with the machine bed 1 by means of
screws 20, there being the possibility that additional holes 27 are pro-
vided in the guide rail 13 in order to fundamentally ensure the shifting
of the guide rails and their being again tightly mounted for any change
in the size of the half shells 2, 2°. As long as half shells 2, 2’ of

constant external dimensions are used, there is no shifting of this guide
rail 13.

The other guide rail 14 - shown on the right in Figs. 1 and 2 - is dis-
placeable on the machine bed 1 at right angles to the direction 4 of pro-
duction, i.e. in the horizontal line. To this end it is provided with ob-
long holes 29 extending in the direction 28 of displacement which are
passed through by guide rods 30 secured to the machine bed 1, so that

the guide rail 14 is displaceable on these guide rods 30 in the direction
28 of displacement.

Three linear drives on the whole are fixed on the machine bed 1 in the
form of hydraulically actuatable piston-cylinder drives 31, 31a, 31b, of
which the cylinder 32 is secured to the machine bed by means of screws
33. Each of their piston rods 34 has a push button 35 on its free end
which engages with a recess 36 in the guide rail 14 which is open to the
top and T-shaped in cross-section. Depending on the direction of drive of
the piston-cylinder drive 31, 31a, 31b, the guide rail may either be
moved in the direction towards the half shells 2 or away from them. To
this end the drives 31, 31a, 31b are formed as double-acting piston-cy-
linder drives, into which terminate two hydraulic lines 37, 38, 37a, 37b,
38a at a time which are collected at a central control valve block 39.
The piston-cylinder drives 31, 31a, 31b are short-stroke drives of which
the maximum stroke is in the range between 10 to 20 mm, as a rule

15 mm. Such a stroke is sufficient to ensure, in the case of malfunction
due to overpressure in the mold, the mold to be opened by the control
valve block 39 being triggered, the drives 31, 31a, 31b to be actuated
and, consequently, the guide rail 14 to be moved backwards. To this
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effect a pressure transducer 39a is provided in the hydraulic line 37 and
is connected to the control valve block 39.

An opening gap 25a with a gap width a of a few millimeters is visible in
Figs. 5, 6.

As seen in Fig. 1, the first piston-cylinder drive 31 seen in the direction
4 of production engages with the guide rail 14 in the vicinity of the
first or the second closed pair of half shells 2, 2’ directly after the feed
rollers. The second drive 31a seen in the direction 4 of production en-
gages with the guide rail 14 at a comparatively small distance from the
first drive 31, namely approximately in the vicinity of the fourth pair of
half shells 2, 2. The third drive 31b seen in the direction of production
4 comes into engagement at a considerably greater distance. The arrange-
ment of the plurality of the drive 31, 31a at the beginning of the mold-
ing path 9, namely in the vicinity of the calibrating mandrel 24a, 1s due
to the fact that this is where the greatest pressures occur within the
mold, whereas further to the back in the molding chamber 25 seen in the
direction 4 of production, there are hardly any forces acting outwards.
The drive 31b situated there primarily serves for displacement of the
guide rail 14 parallel to itself. Since the forces acting on the guide

rails 13, 14 can be comparatively great, it can be useful to connect the
guide rails 13, 14 right across the half shells 2, 2° on the molding path
9 by a transverse beam which is connected with the machine bed 1 by

means of tie rods. This would create a sort of a frame structure of a
high rigidity of its own. -

Figs. 2 and 6 also show the way the guide rollers 12 are housed. They
are arranged in pairs on an axis 40 and rest in bearing flanges 41 pro-
jecting from the respective guide rail 13 or 14.

A locking member 43 and 43’ is provided on one front end 42 and 42" of
each half shell 2 and 2’, namely on the front end 42 and 42’ following
In the direction 4 of production. A locking recess 45, 45’ matching the
locking member 43, 43’ is formed in the other front end 44, 44,
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advancing in the direction 4 of production, of each half shell 2, 2’. It
1s the purpose of the interlockings 46 thus formed to bring the half
shells 2 and 2’ following one after the other in a chain 3 and 3’ into
locking engagement at least on the molding path 9 in such a way that
they are fixed in level relative to each other, i.e. in their position
perpendicular to the plane of the machine bed 1.

The locking members 43 and 43’ have the cross-section of a cylinder ex-
tending over more than 180° with a diameter d, their axis 47 extending
at right angles to the direction 4 of production, parallel to the machine
bed 1, i.e. in the direction 28 of displacement, as seen in Fig. 6. They
are arranged in a suited, about semi-cylindrical accommodation 48 and
48’, respectively, in the associated front end 42 and 42’ and secured to
the respective half shell 2 and 2’ by countersunk screws 49, so that they
project with a semi-cylindrical locking section 50 from each front end 42
and 42’ following in the direction 4 of production. As seen in Fig. 3, the
respective locking recess 45 and 45’ combines with the respective accom-
modation 48 and 48 to form a cylinder, of which the axis coinciding
with the respective axis 47 is situated slightly before the front ends 42
and 42’ having the locking sections 50. This misalignment b of the axis
47 reterred to the two front ends 42, 44 and 42, 44’, which abut when
the mold is closed, results in that the locking section 50 gets firmly
braced with its bottom side and its upper side in the accommodating

locking recess 45 and 45’. This results in that no vertical play occurs in

the interlocking 46 even after prolonged operation. The misalignment b of
the axis 47 referred to the front ends 42, 44, 42’, 44’ is very small. Re-
ferred to the diameter d of the locking members 43 and 43’, the relation
12<d/b< 1S applies to it. In parti;cular,' d/b a¢ 14 applies.

In the direction 28 of displacement, the locking sections 1 50 each have a
clear play 53 in the respective locking recess 45 and 45, so that it is
possible for the locking sections 50 to be entered into the respective
locking recess 45 and 45’ when the half shells 2 and 2’ are swung into
the molding path 9 without any damages occuring.



2100043

10

By means of the described interlocking 46, tilting moments are compen-
sated which are exercised by the pinion 16 on the half shells 2, 2’ with
which it engages in each case. Consequently, any displacement in level

of successive half shells 2 and 2’ in relation to each other is precluded.
The interlocking 46 is of special advantage for half shells 2, 2’ for the
manufacture of pipes 21 of a comparatively great diameter, such as pipes
with a diameter from 200 mm onwards. It is absolutely reliable even when
only one drive from above is used and, in particular, it does without the
known use of a drive from above and a drive from below.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An apparatus for the molding from a plastic tube, a plastic pipe having transverse
profile features, the apparatus comprising:

a machine bed defining a horizontal plane;

a first guide device and a second guide device arranged parallel to each other and to the
horizontal plane and to a direction of production, at least one of said first and said second
guide devices being displaceably guided 1n a direction of displacement, which direction of
displacement is perpendicular to said direction of production and parallel to the horizontal
plane;

pressure devices connected to said at least one of said first and second guide devices and
acting upon said at least one of said first and second guide devices in the direction of
displacement;

a molding path defined between said first and said second guide devices, said molding path
having a first end and a second end;

half shells arranged on the machine bed in a first continuous series and a second continuous
series, said second continuous series being arranged in mirror symmetry to said first
_continuous series with respect to the molding path and the half shells arranged 1n the
molding path in the form of pairs, each pair consisting of one half shell of said first
continuous series and one half shell of said second continuous series and several of such
pairs arranged one behind another in said molding path between said first and said second
guide devices and defining a molding chamber for molding the plastic pipe and said half
shells of one pair of half shells being pressed together by said guide devices;

a drive arranged adjacent to said first end of said molding path being in driving engagement
with one pair of half shells to push said half shells from said first end to said second end of
said molding path; and

means for guiding the half shells outside of said molding path from said second end to said
first end of the molding path, wherein the pressure devices are hydraulically actuatable

piston-cylinder drives, connected by hydraulic lines to a control valve;
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wherein control means are provided which upon overpressure in the molding chamber

trigger the control valve to move said at least one of said guide devices in the direction of the

displacement away from the molding path.

2. An apparatus according to claim 1, wherein the piston-cylinder drives are double-

acting piston-cylinder drives.

3. An apparatus according to claim 1 or 2, wherein the piston-cylinder drives are in

locking engagement with said at least one of said first and second guide devices.

4, An apparatus according to claim 1, 2 or 3, wherein the piston-cylinder drives are

short-stroke drives with a stroke of 10 to 20 mm.

5. An apparatus according to any one of claims 1 to 4, wherein the control means is a
pressure transducer which 1s provided in one of the hydraulic lines and which 1s connected to

the control valve.

0. An apparatus according to any one of claims 1 to 5, wherein the transverse profile

features are ribs.
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