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A driving device for moulds for the production of containers, for example, bottles or the like made of polyethylene, polypropylene or
other plastic materials, in which the moulds (2) consist of two half-shells (3) designed to be brought together and pressed against
one another along outer profiles (4), has a unit (/) which drives the movement of the half-shells (3), to which an electric main drive
and a mechanical auxiliary drive, in particular hydraulic or pneumatic, are connected.
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Abstract
A driving device for moulds for the production of
containers, for example, Dbottles or the 1like made of
polyethylene, polyproPylene or other plastic materials, in
which the moulds (2) consist o©of two half-shells (3)
designed to be brought together and pressed against one
ancther along outer profiles (4), has a unit (7) which
drives the movement of the half-shells (3), to which an
electric main drive and a mechanical auxiliary drive, 1in

particular hydraulic or pneumatic, are connected. [Figure

5]
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A MOULD DRIVING DEVICE
The present invention relates to a mould driving device.
The following description makes specific reference,
although without limit:ing the scope of the invention, to
moulds for the production of containers such as bottles
or the like made of polyethylene,‘polypropylene oxr other
plastic materials.
In general, production of the above-mentioned type of
containers 1involves the extrusion of a continuous
cylindrical tube of plastic material towards a forming
station housing a mould designed to give the containers
the required shape. Moulding is performed by c¢losing a
piece of tube betweenitwo half-shells of the mould and,
on one hand, seals the tube along the profiles of the
half-shells and, on the other, cuts off the excess
material, again along the profiles of the half-shells,
which, 1in this way, act as compression cutting edges.
Depending on the material used and the length of the
cutting line, the forces to be applied in order to close
the half-shells vary from several tons to several tens of
cons.
Traditionally, amongst mould driving devices, such forces
are guaranteed directly, or by means of linkages, by
double-acting hydraulic cylinders with maximum Operating
pressures normally of between 100 and 200 atmospheres.

As well as guaranteeing the high closing forces required,
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mould driving devices must guarantee mould closing in two
separate steps, specifically in a step in which the half-
shells rapidly approach one another, braking when they
reach the final stretch of the stroke, with subsequent
slow contact between the two half-shells for the sealing,
and a rapid closing step for the half-shells, commonly
known as bumping, to cut off waste with i1impulsive
compression.

For this reason, the mould driving device hydraulic
cylinders are supplied by relatively complex hydraulic
circults.

Driving devices with hydraulic c¢vylinders are very
inefficient, and therefore require quite a lot of energy
in order to operate.‘Moreover, they are noisy, they need
extra energy to c¢cool the o0il which, during the
compression steps, tends to overheat, and they are
dangerously polluting due to the large quantity of o1l
they require in thelr supply circuits.

One aspect of the present invention is to provide a mould
driving device which 1is efficient both in its half-mould
approach and contact step and in its bumping step.
Another aspect of the present invention is to provide a
mould driving device with relatively guiet operation.

A further aspect of the present invention is to provide a
mould driving device which 1is relatively environmentally

friendly.
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According to one aspect, the present invention provides a

driving device for moulds for the production of
containers, for example, bottles or the like made of
polyethylene, polypropylene or other plastic materials;
the moulds consisting of two half-shells designed to be
brought together and pressed against one another along
outer profiles; the device comprising a unit which drives
the movement of the half-shells; the device being
characterised in that it cbmprises a main drive and an
auxiliary drive for the drive unit, in which the main
drive is electric and the auxiliary drive 1s mechanical.
The dependent c¢laims refer to preferred, advantageous
embodiments of the invention.

Preferred embodiments of the invention will now be
described, without restricting the scope of the inventive
concept, with reference to the accompanying drawings in
which: .

- Figure 1 is a front view of a mould to which a closing
device made according to an aspect of the present
invention 1s attached, in which the mould and the device
are illustrated in thelir closed position;

- Figure 2 1is a side view of the mould and the closing
device illustrated in Figure 1;

- Figure 3 1i1s a rear view of the mould and the closing

device illustrated in Figure 1;

- Figure 4 is a front view of the mould and the closing
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device made according:to the present invention, in which
the mould and the device are i1llustrated 1in their open
position; '

- Figure 5 1s a schematic illustration of a hydraulic
circuit which is pért of the closing device made
according to the present invention, in which the state of
the circuit corresponds to the device open position
illustrated in Figure 4;

- Figure 6 is a schematic illustration of the hydraulic
circuit 1llustrated 1in Figure 5, 1in which the state of
the circuit corresponds to a substantially closed
intermediate position of the device made accor'ding to an
aspect of the present invention; and

- Figure 7 1s a schematic illustration of the hydraulic
circulit i1llustrated ih Figure 5, in which the state of
the circuit corresponds to the closed position of the
device made according to an aspect of the present
invention.

With reference to Figure 1, the numeral 1 denotes as a
whole a driving device for a mould 2 for the production
of containers (not illustrated) such as bottles oxr the

like made of polyethylene, polypropylene or other plastic

materials.

The mould 2 consists of two half-shells 3, which have the

same outer profile 4, shaped according to the shape to be

given to the above-mentioned containers.
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As 1s known and not illustrated, the production of
containers involves extrusion of a continuous cylindrical
tube of plastic material towards a forming station 5
housing the mould 2. Moulding is performed by closing a
piece of tube between the two half-shells 3 of the mould
2 and, on one hand, seals the tube along the profiles 4
of the half-shells 3 and, on the other, cuts off the
excess material, again along the profiles 4 of the half-
shells 3, which 1in this way act as compression cutting
edges. During tube sealing and‘ cutting, there 1i1is a tube
blowing step whilst the profiles 4 £fit together
perfectly.

In the forming process described, the function of the
device 1 1s to move the half-shells 3 c¢cyclically away
from and towards one another and to clamp them together
to perform the above-mentioned sealing and cutting steps.
The device 1 comprises a frame 6 supporting a unit 7 for
driving the movement of the half-shells 3.

The unit 7 comprises‘ a recilrculating ball screw 8,
rotatably supported by the frame 6 in such a way that it
can rotate about its vertica.l central axis 9, a toggle
10, having a central joint 11 connected like a lead nut
to the screw 8 so that 1t slides along the axis 9
following rotation of the screw 8, and two rocker arms
12, each hinged at its lower and upper ends to the toggle

10 and, respectively, to a half-shell 3. Specifically,

T
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each rocker arm 12 1is hinged to the toggle 10 and to the
relative half-shell 3 by hinges 13 and 14, both having a
horizontal axis. .

The toggle 10 consists of two arms formed by respective
opposite hYdraulic cyiinders 15 with a short stroke, in
particular 5 mm, whose outer bodies 16 are hinged to the
joint 11 and whose inner rods 17 are each hinged to a
regspective rocker arm 12 by one of the above-mentioned
hinges 13.

Each rocker arm 12 also pivots on the frame 6 at the
former’'s central portion by means of a hinge 18, also
having a horizontal axis.

As 1llustrated in Figure 2, the frame 6 also supports an
inverter-controlled reversible electric motor 19 whose
output shaft 20 has a pinion 21 keyved to 1t, which 1is
connected, by a toothed belt 22, to a pinion 23 fixed
below and coaxially with the screw 8.

In addition to the drive unit 7 and the motor 18, the
device 1 comprises .a piston pump 24 , which, as
1llustrated 1in Figure 3, has its ends hinged to the
toggle 10 and to the rocker arms 12 by the above-
mentioned hinges 13.

As 1llustrated 1n Figure 5, the pump 24 is part of a
closed and sealed hydraulic circuit 25 containing oil or,
alternatively, any other fluid suitable for the purpose.

The circuit 25 also includes the inner chambers of the
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cylinders 15, which communicate with one another wvia a
manifold 26, in turn connected to a pump 24 input/output
plpe 27 by a solenoid valve 28.

The pipe 27 1s also connected to an accumulator 29 by
another solenoid wvalve 30 to which a non-return valve 31
1s connected in parallel. The accumulator 29 1s of the
bladder type and contéins,_ on one gide the o1il, and, on
the other, nitrogen, Qith a precharge pressure of between
50 and 100 bar, preferably 70 bar, which 1s substantially
the pressure inside the circuit 25.

The following i1is a brief description of device 1
operation starting with the configuration, illustrated in
Figure 5, 1in which the half-shells 3 are opposite one
another and at the maximum distance from one another, the
joint 11 is in 1its 1ov;rer limit position, the pump 24 1is
discharged, the c¢cylinder 15 chambers are full of oil, the
accumulator 29 1s charged, the solenocid wvalve 28 1is
closed and the solenoid valve 30 is open.

The subsequent rotation of the screw 8 imparted by
rotation of the electric wmotor 19 shaft 20 in a
predetermined direction raises the \joint 11 along the
screw 8, causes opposite rotation of the cylinders 15
about the joint 11, opposite rotation of the rocker arms
12 about the hinges 18 and causes the half-shells 3 to
move towards one another.

The electric motor 189 keeps operating until the joint 11

W\tw\w‘\*‘#'ﬂ*‘* o - A e RSl S
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reaches the upper limit position, corresponding to

reciprocal alignment of the axes of the cylinders 15 and

maximum pump 24 exXpansion.

Simultaneously with the start of the electric motor 19,
the solenoid valve 28 is opened and the solenoid valve 30
1is closed. For the entire period during which the

electric motor 19 c¢ontinues to operate, the solenoid

valves 28 and 30 are képt, respectively, open and closed.

During said step involving movement of the half-shells 3
towards one another, the pump 24 expands and draws the
cl1l contained in the toggle 10 cylinders 15 through the
solenoid valve 28.

When the device 1 \reaches the toggle 10 aligned
configuration, that 1s to say, with reciprocal alignment
of the axes of the chinders 15, the electric motor 19
stops. In this configuration, illustrated in Figure 6,
the half-shells 3 are almost in contact with one another
but are still separatedsince the toggle 10 cylinders 15,
from which the pump 24 previously drew most of the oil,
are at the back end of their stroke.

In this step the half-shells 3 seal the containers.
During the next step, while the electric motor 19 and the
screw 8 remain stationary, the solenoid valve 30 is also
opened (Figure 7) and the pressurised o1l in the charged
accumulator 29 18 gsent to the c¢ylinders 15, which

complete their short stroke definitively ciosing the
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moulds with a force equivalent to the product of their
section multiplied by the pressure in the circuit.

This sudden, substantially impulsive movement called
bumping allows the waéte from container shaping to be cut
off.

During the subsequent c¢ycle, the electric motor 19 is
restarted in the Opéosite direction of rotation and
inverted rotation of the screw 8 1lowers the joint 11
along the screw 8, causing inverted opposite rotation of
the cylinders 15 about the joint 11, inverted opposite
rotation of the rocker arms 12 about the hinges 18,
movement of the half-shells 3 away from one another and
contraction of the pump 24.

Simultaneously with reStarting of the electric motor 19,
the solenoid wvalve 28 is closed and the solenoid valve 30
is kept opened. For the entire period during which the
electric motor 19 conf:inues its 1inverted rotation, the
solenoid valves 28 and 30 are kept, respectively, closed
and open.

During the above-mentioned step in which the half-shells
3 move away from one another, the pump 24 transfers the
0il it contains to the accumulator 29, charging the
latter.

It should be noticed that the volume of oil contained in
the piston pump 24 1s equivalent to that required to make

the two cylinders 15 perform the mould 2 closing movement
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with the maximum force.

When the start of cycle configuration 18 reached,
illustrated in Figure 5, in which the half-shells 3 are
again opposite and at the maximum distance from one
another, the joint 11 1is again 1in its lower limit
position, the pump 24 1is discharged, the cylinder 15
chambers are full of o011l and the accumulator 29 is
charged, the electric motor 19 1is stopped and then
started again with the original direction of rotation to
repeat the cycle.

It should also be noticed that, during operation of the
device 1, the circuit 25 is affected by a cyclical
movement of oil, involving a relatively small quantity
strictly necessary for performing the bumping step, from
the cylinders 15 to the pump 24, from the accumulator 29
to the cylinder 15 and finally from the pump 24 to the
accumulator 29. The significant closing force required
during the bumping étep 18 therefore hydraulically
guaranteed by the circuit 25 thanks to a small quantity
of oil, around one 1litre, with evident advantages in
terms of costs and pollution, whilst the remaining steps
of the mould 2 c¢losing cycle, which constitute most of
the cycle, are guaranteed by electric operation of the
toggle 10, with relatively low power reguired from the

motor 19, a high energy yield and very low level of noise

emissions.

10
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The bumping stroke may also be electronically regulated
by modifying the opening and closing times of the
solenoid valves 28 and 30 so as to vary the volume of oil
cyclically transferred in the c¢ircuit 25. In this way,
the mould 2 closing force can be adapted to the material
used for production of the containers, to the thickness
of the extruded tube and to the length of the cutting
line deriving from the desired shape for the containers.
In an embodiment not illustrated, but easily inferred
from the above description, the circuit 25 may be
substituted by a pneumatic circuit similar to the circuit
25 but containing compressed air, or any other gas, 1in
place of a fluid, fbr example, o©il. In this case,
similarly to what is described above, the pneumatic
circuit would be affected by the cyclical transfer of
compressed ailr, in a low quantity strictly necessary for
performing the bumping'step, from the cylinders 15 to the
pump 24, from the accumulator 29 to the cylinders 15 and
finally from the pump 24 to the accumulator 29.

More generally, the device 1 comprise a main drive and an
auxiliary drive for the unit 7 which drives the movement
of the half-shells 3, in which the main drive is electric
and the auxiliary drive 1s mechanical, in particular
hydraulic or pneumatic.

According to another embodiment, not illustrated but

easily 1inferred from the above description, one of the

11
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two cylinders 15 of the toggle 10 may be substituted with

a passive lever.

The invention can be modified and adapted 1n several ways
without thereby departing from the scope of the inventive

concept described in the claims herein.
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LIST OF REFERENCE CHARACTERS

1 Driving device 17 Rods of cylinders 15
2 Mould 18 Hinge

3 Half-shells 19 Electric motor
4 Profiles 20 Shaft

5 Forming station 21 Pinion

&6 Frame 22 Belt

7 Drive unit 23 Pinion

8 Screw 24 Pump

9 Axis 25 Circuit

10 Toggle 26 Manifold

11 Joint 27 Pipe

12 Rocker arms 28 Solenoid valve
13 Hinges 29 Accumulator

14 Hinges 30 Solenoid wvalve
15 Cylinders 31 Valve

16 Bodies of cylinders 15
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What is claimed is:

1.

A driving device for moulds for the production of
containers, for example, bottles or the like made of
polyethylene, polypropylene or other plastic
materials; the moulds consisting of two half-shells
designed to be brought together and pressed against
one another along outer ©profiles; the device
comprising a unit which\ drives the movement of the
half-shells; the device being characterised i1in that
it comprises a main drive and an auxiliary drive for
the drive unit, in which the main drive 1s electric

and the auxiliary drive 1is mechanical.

The device according to c¢laim 1, characterised in
that the main drive comprises an electric motor, a
screw designed to rotate about its own central axis
driven by the electric motor, a toggle connected to
the screw 1in such a way that it slides along the
central axis following rotation of the screw, and

two rocker arms connecting the toggle to the half-

shells.

The device according to claim 2, characterised in
that the toggle comprises a joint connected to the

screw 1n such a way that it slides along the central

14
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axls following rotation of the screw, and two arms,
at least one of which consists of an actuator
cylinder; both arms being hinged on one side to the

joint and on the other side to a rocker arm.

The device according to c¢laim 3, characterised in
that the arms consist of actuator c¢ylinders set
opposite one another; each  actuator cylinder
comprising an outer body, hinged to the joint, and

an inner rod, hinged to a rocker arm.

The device according to claim 3 or 4, characterised
in that the actuator c¢ylinders are part of the

auxiliary drive.

The device according to c¢claim 5, characterised in
that the auxiliary drive also comprises a piston

pump, hinged at its ends to the ends of the arms

opposite the joint.

The device according to c¢laim 6, characterised in
that the auxiliary drive also comprises a manifold
inserted between the inner chambers of the actuator

cylinders and a pump input/output pipe.

The device according to c¢laim 7, characterised in

15
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10.

11,

12,

that the manifold 1s connected to the pump

input/output pipe by a first solenoid valve.

The device according to c¢laim 8, characterised in
that the auxiliary drive comprises a precharged
accumulator, connected to the pump input/output pipe

by a second solenoid valve.

The device according to c¢laim 9, characterised 1n
that the auxiliary drive comprises a c¢losed and
sealed hydraulic or pneumatic c¢ircult containing a
fluid or a gas and at least partly consisting of the
actuator cylinders, the piston pump, the wmanifold,
the pump input/output pipe, the first and the second

solenoid valves and the precharged accumulator.

The device according to claim 10, characterised in
that the accumulator 1s of the bladder type and
contains on one side a fluid and on the other side a
gas, 1n particular nitrogen, with a predetermined

precharge pressure.

The device according to claim 11, characterised in

that the predetermined precharge pressure is between

50 and 100 bar.

16
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13.

14.
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The device according to any one of claims 10, 11, or

12, characterised in that the f£fluid is oil.

The device according to any one of c¢laims 10, 11,
12, or 13, characterised in that the hydraulic or
pneumatic circuit 1s affected by a cyclical transfer
of fluid or gas, in a quantity strictly necessary
for performing a half-shell bumping step, from the
actuator cylinders to the pump, from the accumulator

to the actuator cylinders and from the pump to the

accumulator.
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