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(57) Abrége/Abstract:

The invention relates to an injection unit for a plastic injection moulding machine, comprising an endless screw; a screw drive
mechanism in the form of a first driving element via which said screw can be driven In a rotating manner for plastication and can
be moved along the axis for injection; a spindle nut as a second driving element, which is coupled to the screw drive mechanism
via the thread of the screw; a large fixed electric motor, by means of which one driving element can be driven In a rotating
manner so that the screw can be moved during injection, while the other driving element is rotationally blocked; and a fixed
device, by means of which the speed of one driving element can be set during plastication, said speed being different to that at
which the large electric motor simultaneously drives the other driving element. According to the invention, the driving element
which Is rotationally blocked during the movement of the screw for injection can be blocked using a detachable mechanical
brake, In order to build a more economical injection unit.
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Abstract

Injection unit for a plastic injection molding machine

The invention 1s based on an 1injection unit for a
plastic injection molding machine having a screw, having a
motion spindle as first drive element, via which the screw
can be rotatlionally driven for the plasticization and 1is

movable in the axial direction for the injection, having a

spindle nut as second drive element, which 1s coupled to

the motion spindle via a motion screw thread, having a

large electric motor which is arranged so as to be fixed
to the frame and by which, while one drive element is held
against rotation, the other drive element can Dbe
rotationally driven for moving the screw during the
injection, and having a device which is arranged so as to
be fixed to the frame and by which a rotational speed of
the one drive element can be ©preset during the
plasticization, this rotational speed being different from
the rotational speed at which the large electric motor
simultaneously drives the other drive element.

In a known 1njection unit of this type, two equally
large electric motors, which <can both apply a large
torgue, are used, by which such a counter-torque 1is
exerted on the motion spindle during the injection
operation that the motion spindle does not rotate. On the

whole, the known injection unit is quite expensive on
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account of the two electric motors designed for a high
torque.

According to the 1invention, 1in order to provide a
more cost-effective injection unit, the drive element held
against rotation during the moving of the screw for the

injection can be locked by a releasable mechanical brake.
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Descrigtion

ITniection unit for a plastic injection molding machine

The invention is based on an injection unit for a
plastic injection molding machine which has the TIfeatures
of the preamble of patent claim 1.

Such an injection unit has been disclosed by DE 43 44
335 C2. There, two equally large electric motors which are
formed as hollow-shaft motors are arranged one behind the
other in alignment with the axis of the screw. The screw
is firmly connected to a motion spindle which is guilided 1n
a spindle nut. The screw joint between the motion spindle
and the spindle nut contains balls as rolling bodies. The
spindle nut forms the hollow shaft of the one electric
motor, which, as viewed from the screw, 1is located 1in
front of the other electric motor. The hollow shaft of
this other electric motor, with a splined Jjournal which
lies 1in the axis of the motion spindle, engages 1in a
spline recess of the motion spindle, so that splined
journal and motion spindle are connected to one another 1in
a rotationally locked manner, but the motion spindle can
be displaced axially relative to the splined journal.

Essentially two different motion states of the screw

can be distinguished from one another during operation.

During the plasticization, the rear electric motor drives
the screw at a certain rotational speed via the motion

spindle and the splined journal. The front electric motor
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rotates the spindle nut at a rotational speed which
differs by a small amount from the rotational speed of the
rear electric motor. For example, the front electric motor
can rotate slightly slower than the rear electric motor.
The difference in rotational speed determines the speed at
which the screw travels back. In the process, the
difference in rotational speed is controlled 1n such a way
that a certain dynamic pressure is built up and maintained
in the screw antechamber into which the plasticized
plastic material is delivered. To inject the plastic
material, the screw has to be moved forward. To this end,
the front electric motor continues to rotate the spindle
nut, while the rear electric motor is energized 1in such a
way that it prevents the motion spindle from rotating via
the splined journal.

In the known injection unit, two equally large
special electric motors which are relatively expensive are
used for the drive of the screw.

The object of the 1i1nvention 1s therefore to develop
an injection unit which has the features of the preamble
of patent claim 1 1in such a way that 1t can be produced
more cost-effectively.

This object is achieved 1n that, 1n an 1njection unit
having the features of the preamble of patent claim 1,
according to the characterizing part of this patent claim,
the drive element held against rotation during the moving
of the screw for the 1injection can be locked by a
releasable mechanical brake. According to the 1invention,

during the injection of plastic into the mold, which takes
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place under high pressure, not one of the electric motors
is therefore used in order to lock the drive element to be
secured against rotation, which has to take place against
a relatively high torque on account of the high injection
pressure and therefore also necessitates a relatively
large electric motor. In addition, the counter-torque
applied by the electric motor must correspond to the
torque acting on the drive element, a factor which
necessitates complicated control for the angular position
of the drive element. In an injection unit according to
the invention, on the other hand, the drive element 1is
locked by a brake in a simple manner. No special control
is necessary for this purpose. Only one large electric
motor 1s used.

Advantageous configurations of an 1injection unit
according to the 1invention can be gathered from the
subclaims.

According to patent claim 2, the braking force of the
brake 1s variable, and the brake is at the same time the
device by which the rotational speed of the one drive
element can be preset during the plasticization. According
to patent claim 3, however, a second electric motor may
also be used as such a device. This second electric motor
may be relatively small and be of a conventional type of
construction, so that the 1njection unit 1s still cost-
effective even taking 1into account the costs for the

brake.

It 1s also favorable 1n an 1njection unit according

to the invention for the large electric motor, by which a
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drive element can be rotationally driven during the
injection operation for moving the screw, to be arranged
with its axis 1in alignment with the axis of the motion
spindle and to be formed as a hollow-shaft motor which
drives the drive element directly without a drive
mechanism connected 1in between.

According to patent claim 5, a second electric motor
is advantageously arranged outside the axls of the motion
spindle and 1s connected to the motion spindle or the
spindle nut via driving means. The latter, according to
patent claim 5, are preferably part of a speed reducer.

In an especlally preferred development according to
patent claim 9, the rotational speed of the spindle nut
can be preset by the device. If a second electric motor is
provided for this purpose, it thus rotates in a driving or
braking manner only while the plastic material is being
plasticized. To be precise, 1t rotates the spindle nut at
a rotational speed which deviates slightly from the
rotational speed at which the first electric motor drives
the motion spindle. The difference 1in rotational speed
determines the speed at which the screw moves back
together with the motion spindle. In this case, the
construction of the 1njection unit is especially simple
1f, according to patent claim 10, the large electric motor
1s connected to the motion spindle via a sliding pair, and
the spindle nut can be 1locked against rotation by the
brake. The large electric motor drives the motion spindle
for the plasticization when the brake is released and when

the spindle nut 1s driven by the second electric motor and
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for the injection of plastic when the spindle nut 1s
locked by the brake. In principle, it 1is concelvable for
the motion spindle and the screw to be firmly connected to
one another, so that the screw also rotates during the
injection of the plastic. However, 1t then appears to be
difficult to accurately maintain the preset quantity of
the plastic to be injected into the mold. Provision 1s
therefore made according to patent claim 11 for 1t to Dbe
possible for a rotational movement of the motion spilndle

to be transmitted to the screw via a clutch. During the

injection, the clutch is released, so that the screw does

not rotate despite a rotating motion spindle.

According to patent claim 12, the spindle nut can be
rotationally driven by the large electric motor, and the
motion spindle can be locked against rotation by. the
brake. In this configuration, it 1s possible to connect
the motion spindle and the screw to form a fixed robust
unit without the screw being rotated during the 1njection
operation. This 1s Dbecause, during this injection
operation, the motion spindle and thus the screw can be

locked against rotation by the brake.

In this case, it 1s advantageous 1f, according ¢to
patent claim 13, the large electric motor 1s coupled to
the motion spindle via a first clutch for rotating the
screw during the plasticization and to the spindle nut via
a second clutch for the injection of plastic. The large
electric motor, as 1in the configuration according to

patent claim 13, 1is thus used both to rotate the screw
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during the plasticization and to displace the screw
forward during the injection of plastic 1nto the mold.

The number of requisite components 1s kept small by a
configuration according to patent claim 14.

A clutch which 1s present may be an externally
operated clutch or a one-way clutch, a “freewheel”. If
there are a plurality of clutches as 1n the configuration
according to patent claim 13, it 1is also possible to use
one exXternally operated and one one-way clutch.

Also in the configuration according to patent claim
17, the screw and the motion splindle may be firmly
connected to one another. The second electric motor 1is
coupled to the motion spindle via a sliding pair, a drive
element lying 1n the kinematic chain between the second
electric motor and the sliding pair, which drive element
can be locked against rotation by the brake. In order to
plasticize plastic, the second electric motor drives the
motion spindle when the brake 1s released and when the
spindle nut 1s driven by the first electric motor. For the
injection of plastic, the first electric motor rotates the
spindle nut when the motion spindle is locked against
rotation by the brake, so that the motion spindle moves
forward together with the screw. Such a powerful second
electric motor has to be used here that it can apply the
torque required for rotating the screw during the
plasticization.

Several exemplary embodiments of an injection unit

according to the invention can be seen from the drawings.
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The 1nvention will now be explalined 1n more detail with

reference to the figures of these drawings, in which:

Figure 1 shows the first exemplary embodiment, 1in which a

large electric motor 1s directly coupled to the
motion spindle wvia a sliding pair, a second
electric motor drives the spindle nut via a belt,
and the spindle nut can be locked by a brake,

Figure 2 shows a second exemplary embodiment, which is
constructed 1like that from figure 1 with regard
to the two electric motors, the motion spindle
and the spindle nut, but in which an externally
operated clutch 1s located between motion spindle
and screw,

Figure 3 shows a third exemplary embodiment, which differs
from that according to figure 2 merely in that
the clutch is a one-way clutch,

Figure 4 shows a fourth exemplary embodiment, in which the
large electric motor can be coupled to the motion
spindle via a first clutch and to the spindle nut
via a second clutch, and the brake acts on the
motion spindle,

Figure 5 shows a fifth exemplary embodiment in which the
large, filrst electric motor rotationally drives
the spindle nut and the second electric motor
rotationally drives the motion spindle, and the
brake acts on the motion spindle,

Figure 6 shows a sixth exemplary embodiment, in which, as

in the first exemplary embodiment, a large

electric motor is directly coupled to the motion
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spindle wvia a sliding pair, and the spindle nut
can be braked to a desired rotational speed by
the Dbrake for producing a dynamic pressure and
can also Dbe locked by the brake for the
injection.

According to figure 1, a motion spindle 10 of the
injection unit, a detail of which is shown, has a section
11 with an external thread 13 suitable for guiding balls
12 and a section 14 which is formed as a splined shaft and
1s provided with axially running keyways 15. At one end of
the threaded section 11, the motion spindle 1is firmly
connected to a screw 16. The motion spindle 10 can be
rotationally driven by a first electric motor 20. The
latter 1s formed as a hollow-shaft motor with a hollow
shaft 21 which has splines 22 on the inside, these splines
22 engaglng in the keyways 15 of the motion spindle 10. A
sliding pair is formed between the electric motor and the
motion spindle 10 by the keyways 15 in the section 14 of
the motion spindle 10 and by the splines 22 in the hollow
shaft 21, this sliding pair permitting a rectilinear
movement Dbetween the motion spindle 10 and the hollow
shaft 21 1n the direction of the axis 23 of the motion
spindle. A housing 24 of the electric motor 20
accommodates a stator with windings 25 and is arranged so
as to be fixed relative to the frame. The hollow shaft 21,
which carries the rotor 26, is mounted in a rotatable
manner 1n the housing 24 via two rolling-contact bearings

27 which can absorb both radial and axial forces. The
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electric motor 20 is a relatively powerful motor which can
apply high torques.

Guided on the threaded section 11 of the motion
spindle 10 1s a spindle nut 30 which 1is formed as a
recirculating ball sleeve and is axially supported via a
thrust Dbearing 31 on 1its side facing the electric motor
20. In 1ts center, the spindle nut 30 is provided with a
disc-shaped flange 32, the outer periphery of which is
toothed. A relatively small, second electric motor 35
having a drive pilnion 36 1s arranged so as to be fixed
relative to the frame at a distance from the motion
spindle 10 1in such a way that the pinion 36 lies in the
plane of the flange 32. The pinion 36 and flange 32 are
connected to one another via a toothed belt 37.

The flange 32, as a type of brake disk, is also an
integral part of a brake 40 which has brake shoes 41 on
both sides of the flange, these brake shoes 41 being
movable perpendicularly to the plane of the brake disk 32
but being arranged so as to be fixed relative to the frame
parallel to this plane. With the brake 40, which can be
actuated electromagnetically for example, the spindle nut
30 can be locked against rotation.

During operation, in order to plasticize plastic, the
motion spindle 10 together with the screw 16 is driven by
the first electric motor 20. The second electric motor 35
rotates the spindle nut 30 at a rotational speed which is
slightly greater than the rotational speed of the motion
spindle 10, in the same direction in which the motion

spindle also rotates. On account of the difference in
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rotational speed, the motion spindle 10 travels back with
the screw 16 in the direction of the arrow A depicted in
figure 1. In this case, the rotational-speed difference
and thus the return speed are selected in such a way that
a certain dynamic pressure builds up in the plasticized
plastic in front of the screw. The axial force exerted on
the spindle nut 30 as a result is absorbed by the bearing
31.

If sufficient plastic is plasticized, the‘brake 40 1s
applied and 1locks the spindle nut 30 against further
rotation. The electric motor 35 can be switched off. The
electric motor 20 continues to rotate the motion splndle
10 as before in the same direction at a rotational Speed
required for the injection operation, so that, on account
of the screw joint between the motion spindle 10 and the

spindle nut 30, the motion spindle 10 and the screw 16 are

plastic is injected into the mold.

In 1ts basic construction with regard to the motion
spindle 10, the spindle nut 30 and the two electric motors
20 and 35, the embodiment according to figure 2
corresponds to the embodiment according to figure 1, so
that this need not be dealt with again. Only two
developments of the embodiment according to figure 1 shall
be considered in more detail.

Firstly, the motion spindle 10 and the screw 16 are
not firmly connected to one another in the direction of

rotation. Rather, an eXternally operated clutch 45 having
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spindle 10 and an axilially movable clutch disk 47 guided on
the screw 16 1s arranged between them. In addition, the
screw and the motion spindle are axially supported against
one another via a rolling-contact bearing 48. In figure 2,
the clutch 45 1s depicted 1n its closed state above the
axis 23 and 1in its open state below the axis 23.

Unlike the embodiment according to figure 1, a brake

disk 49 of a brake 40 is integrally formed on the spindle

nut 30 on the one side of the belt 37. This brake disk 49
engages 1n a brake ring 50 which 1is provided with the
revolving inner dgroove and on which axially movable brake
shoes 41 which can be pressed against the brake disk 49
are held on both sides of the latter. The advantage of the
brake arrangement according to figure 2 compared with that
according to figure 1 consists in the fact that the
toothed belt 37 can be exchanged without being impaired by
the brake.

In the embodiment according to figure 2, in order to
plasticize plastic, the motion spindle 10 is driven at a
certain rotational speed by the first electric motor 20.
The clutch 45 is actuated, so that the screw 16 rotates at
the same time and at the same rotational speed. The
electric motor 35 drives the spindle nut 30 at a slightly
higher rotational speed, so that the screw travels back
with the motion spindle 10 in the direction of the arrow A
under the effect of the dynamic pressure. For the
injection, the spindle nut 30 is locked by the brake 40.
In addition, the clutch 45 is released. The electric motor

20 continues to drive the motion spindle in the same
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direction of rotation, so that the motion spindle 10 and
the screw 16 travel forward against the direction of the
arrow A and plastic 1s injected. The screw 16 does not
rotate 1n the process.

The embodiment according to figure 3 differs from
that according to figure 2 from the constructional point
of view only 1in the region of the coupling between the
motion spindle 10 and the screw 16. Between these two
parts there 1s now a one-way clutch, a “freewheel” 52,
from which the rotation of the motion spindle 1is
transmitted i1n the direction of the screw 10, whereas the
screw 16 remains at rest during a rotation of the motion
spindle 10 1in the opposite direction. Unlike the
embodiment according to figure 2, the thrust bearing 48
between the screw 16 and the motion spindle 10 does not
contain any barrel rollers, but rather contains cones 53
as rolling-contact Dbodies, which are 1located in a
clearance space, widening conically outward, between
motion spindle 10 and screw 16. As a result, a neat
rolling movement of the rolling-contact bodies 1s
possible.

The other type of clutch between the motion spindle
10 and the screw 16 1is combined with another type of
control of the two electric motors 20 and 35. Assuming
that the threads on the motion spindle 10 and spindle nut
30 are right-hand threads, the electric motor 20 rotates
the motion spindle 10 counterclockwise at the desired
rotational speed for plasticizing the plastic. Via the

freewheel 52 effective 1in this direction, the motion
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spindle 10 rotates the screw 16 along with it. The spindle
nut 30 1s driven by the electric motor 35 at a rotational
speed which 1s slightly lower than the rotational speed of
the motion spindle 10. Accordingly, the screw 16 and
motion splndle 10 travel slowly back in the direction of
the arrow A. For the 1njection, the spindle nut 30 1is
locked by the brake 40. The electric motor 20 now rotates
in the opposite direction, in which the motion spindle 10
travels forward against the direction of the arrow A and
carries the screw 16 along with it without the latter

performing a rotation.

In the embodiment according to figure 4, the motion

spindle 10 having a threaded section 11 and a spline
section 14 1is firmly connected to a screw 16 as in the
embodlment according to figure 1. A spindle nut 30 1is
guided on the threaded section 11 of the motion spindle 10
and 1is axlally supported via the thrust bearing 31. The
spindle nut can be rotationally driven by the electric
motor 35 via an output belt pulley 36 and a belt 37. The
first electric motor 20 of the embodiment according to
figure 4, as in the embodiments according to figures 1 to
3, is arranged in the region of the splined shaft 14 of
the motion spindle 10. Compared with the electric motor 20
from figures 2 and 3, it 1is modified inasmuch as the
hollow shaft 21 now projects on both sides beyond the
housing 24. Guided in a rotationally locked but axially
displaceable manner on the splined shaft 14 in front of
that end of the hollow shaft 21 which is remote from the

spindle nut 30 is a disk 55 which assumes a fixed position
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relative to the frame in the axial direction and has the
function of a clutch disk and a brake disk. It is a clutch
disk 1nasmuch as it can be driven via a first externally
operated clutch 60 by the electric motor 20 via the hollow
shaft 21, the motlon spindle 10 being carried along in a
rotational manner when the clutch is closed. The clutch 60

also 1includes a clutch disk 61 which is coupled to the

g™

hollow shaft 21 wvia a sliding pair and can be moved
axlially relative to the hollow shaft 21 and the disk 55.
The actuation may be effected, for example, in interaction
between a pneumatic actuating element and a restoring
spring. The disk 55 is a brake disk inasmuch as a brake
ring 50 and brake shoes 41 of a brake 40 are assigned to
the disk 55. The disk 55 can be locked against rotation by
the brake 40, as a result of which the motion spindle 1is
also locked against rotation.

The hollow shaft 21 can also be coupled to the
spindle nut 33 by a second externally actuated clutch 62.
In the same way as the clutch 60, the clutch 62 also has
an axlally guided clutch disk 61 on the hollow shaft 21,
and this clutch disk 61 can be pressed against the spindle
nut 30.

In order to plasticize plastic, the clutch 60 is
closed, so that the screw spindle 10 is driven in the
direction of rotation, for example counterclockwise, by
the electric motor 20. The electric motor 35 drives the
spindle nut 30 at a slightly lower rotational speed
likewise in the counterclockwise direction of rotation, it

peing assumed that the threads on motion spindle and
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spindle nut are right-hand threads. The spindile 10 then
travels slowly back in the direction of the arrow A. FoOr
the injection, the clutch 60 is opened and the clutch 62
closed. In addition, the disk 55 and thus the motion
spindle 10 and the screw 16 are locked agalnst rotation by
the brake 40. The electric motor 20 maintains 1ts
direction of rotation and now drives the spindle nut 30 1n
the counterclockwise direction of rotation. As a result,
the screw 16 and motion spindle 10 travel forward against
the direction of the arrow A,

It is also possible for the electric motor 20, during
the plasticization, to rotate the motion spindle clockwilse
against the direction of rotation during the 1njection.
The rotational speed of the spindle nut 30, during the
plasticization, must then be slightly higher than the
rotational speed of the motion spindle 10. Different
directions of rotation of the electric motor 20 during the
plasticization and during the 1i1njection offer  the
possibility of using freewheels 1nstead of externally
actuated clutches 60 and 62, of which freewheels the one,
in the one direction of rotation of the electric motor 20,
couples its hollow shaft 21 to the motion spindle 10 wvia
the disk 55, and the other couples the hollow shaft 21 to
the motion spindle 10 1in the other direction of rotation
via the spindle nut 30.

The screw 1s also firmly connected to the motion
spindle 10 in the embodiment according to figure 5. The

motion spindle 10 again has a threaded section 11 having a

thread and a section 14 with keyways 15. Guided on the
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threaded section 11 1s a splindle nut 30 which 1s supported
via the thrust bearing 31 and which, unlike  the
embodiments according to figures 1 to 4, 1is now at the
same time the hollow shaft 21 of the first electric motor
20. With regard to the housing 24, the windings 25 and the
rotor 26, this electric motor 1is formed in exactly the
same way as 1n the embodiments according to figures 2 to
4., As 1n the embodiment according to figure 4, a drive
disk 55 1s guided in the region of the splined shaft 14 on
the motlion spindle 10, this drive disk 55 assuming a
position fixed relative to the frame in the axial
direction and engaging with splines 22 in the keyways 15
of the splined shaft 14. As a result, a sliding pair is
formed between the motion spindle 10 and the drive disk
55, this sliding pair permitting an axial displacement of
the motion spindle 10 relative to the disk 55 but firmly
connecting the two elements to one another in the
direction of rotation. The disk 55 can be rotationally
driven by the electric motor 35 via its output pinion 36
and a toothed belt 37. In addition to the drive disk, the
disk 55 also forms a brake disk for a brake 40, the brake
shoes 41 of which, as in the embodiment according to

figure 1, are arranged on both sides of the plane in which

the belt 37 moves.

In the embodiment according to figure 5, in order to
plasticize plastic, the motion spindle 10 and with it the
screw 16 are driven by the electric motor 35 at the

requisite rotational speed. The electric motor 20 drives
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slightly from the rotational speed of the motion spindle
10, so that the screw 16 and the motion spindle 10 travel
back slowly 1n the direction o0f the arrow A during the
plasticization. Since the torque required for  the
plasticization 1s relatively small, a small electric motor
35 1s still sufficient. To 1nject plastic into the mold,
the disk 55 1s locked by the brake 40, so that the motion
spindle 10 and the screw 16 can no longer rotate. The
electric motor 20 now drives the spindle nut 30 in such a
direction of rotation that the screw 16 and motion spindle
10 are displaced forward agalnst the direction of the
arrow A.

In the exemplary embodiment according to figure 6,
compared with the first exemplary embodiment, the second
electric motor and the drive means between this electric
motor and the spindle nut are omitted. Otherwise, the
sixth exemplary embodiment, from the constructional point
of view, 1s 1identical to the first exemplary embodiment.
Accordingly, a motion spindle 10 of the injection unit, a
detail of which 1s shown in figure 6, has a section 11
with an external thread 13 suitable for guiding balls 12
and a section 14 which is formed as a splined shaft and is
provided with axially running keyways 15. At one end of
the threaded section 11, the motion spindle is firmly
connected to a screw 16. The motion spindle 10 can be
rotationally driven by a large electric motor 20. The
latter 1s formed as a hollow-shaft motor with a hollow
shaft 21 which has splines 22 on the inside, these splines

22 engaging in the keyways 15 of the motion spindle 10. A




CA 02409867 2002-11-20
— 18 -

sliding pair 1s formed between the electric motor 20 and
the motion spindle 10 by the keyways 15 1n the section 14
of the motion spindle 10 and by the splines 22 1n the
hollow shaft 21, this sliding ©palr permitting a
rectilinear movement between the motion spindle 10 and the
hollow shaft 21 in the direction of the axis 23 of the
motion spindle. A housing 24 of the electric motor 20
accommodates a stator with windings 25 and 1s arranged soO
as to be fixed relative to the frame. The hollow shaft 21,
which carries the rotor 26, 1is mounted in a rotatable
manner 1in the housing 24 via two rolling-contact bearings
27 which can absorb both radial and axial forces. The
electric motor 20, as already 1indicated above by the
eXpression Y“large”, 1s a relatively powerful motor which
can apply high torques.

Guided on the threaded section 11 of the motion
spindle 10 1s a spindle nut 30 which is formed as a
recirculating ball sleeve and is axially supported via a
thrust bearing 31 on 1its side facing the electric motor
20. On the outside, the spindle nut 30 is provided with a
disk-shaped flange 32. In contrast to the first exemplary
embodiment, the flange does not have an external tooth

system. The flange 32, as a type of brake disk, is alsc

an
integral part of a brake 40 which has a plurality of brake
calipers 42 which overlap the flange and in which brake
shoes 41 are located on both sides of the flange, these
brake shoes 41 being movable perpendicularly to the plane
of the brake disk 32 but being arranged fixed to the frame

and parallel to this plane. With the brake 40, which can
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be actuated electromagnetically or hydraulilically for
example and with which braking forces of different
magnitude can be exerted, the spindle nut 30 can be braked
specifically to a desired and also variable rotational
speed and can also be locked completely against rotation.
If, during operation, the motion spindle 10 is driven
by the electric motor 20 in one direction of rotation, for
example clockwise, the direction of the axial movement of
the motion spindle 10 depends on the rotational speed of
the spindle nut 30 relative to the rotational speed of the
motion spindle 10. If the spindle nut 30 rotates clockwise
quicker than the motion spindle 10, the latter travels to
the rear 1n the direction of the arrow A. If the
rotational speeds of spindle nut and motion spindle are
ildentical, the motion spindle does not move in the axial
direction. If the rotational speed of the spindle nut is
less than the rotational speed of the motion spindle, the
latter travels axially forward. During the plasticization,
plastic material is delivered by the rotating screw in
front of 1ts one end. A dynamic pressure which attempts to
displace the screw and the motion spindle rearward in the
direction of the arrow A builds up there. A displacement
Lo the rear 1s only possible if the spindle nut 30 rotates
clockwlise quicker than the motion spindle. If the brake 40
is released, the minimum possible dynamic pressure is
obtained. The latter is determined by the friction moments
in the screw joint between the motion spindle 10 and the
spindle nut 30, 1in the thrust bearing 31 and in the

released brake 40 and results from the force which is
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necessary 1n order to displace the motion spindle 10 in
the direction of the arrow A when brake 40 is released and
with the spindle nut 30 rotating. The friction moment
acting on the spindle nut can now be increased by exerting
defined braking forces, so that the force required for
displacing the motion spindle and thus the dynamic
pressure 1ncrease. If the spindle nut is braked to the
rotational speed of the motion spindle, the motion spindle
comes to a stop axilally and the dynamic pressure increases
sharply. By braking the rotational speed of the spindle
nut to below the rotational speed of the motion spindle,
the axial direction of movement of the motion spindle can
even be reversed and an even sharper increase 1in the
dynamic pressure can be obtained. In this way, a certain
dynamic pressure profile can be covered during the
plasticization by varying the braking moment. The axial
force exerted on the spindle nut 30 in the process is
absorbed by the bearing 31. It is also conceivable to
actuate the brake directly as a function of a measured
value of the dynamic pressure.

If sufficient plastic is plasticized, the spindle nut
30 1s locked against further rotation by the brake 40. The
electric motor 20 continues to rotate the motion spindle
10 clockwlise at a rotational speed required for the
injection operation, so that, on account of the screw
joint between the motion spindle 10 and the spindle nut
30, the motion spindle 10 and the screw 16 are displaced

against the direction of the arrow A and plastic 1is

injected into the mold.
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Patent claims

1. An injection unit for a plastlic 1injection molding
machine

having a screw (16),

having a motion spindle (10) as first drive element, via
which the screw (l1l6) can be rotationally driven for the
plasticization and 1s movable in the axial direction for
the injection,

having a spindle nut (30) as second drive element, which
1s coupled to the motion spindle (10) via a motion screw
thread (13),

having a large electric motor (20) which is arranged so as
to be fixed to the frame and by which, while one drive
element (10, 30} 1is held against rotation, the other drive
element (30, 10) can be rotationally driven for moving the
screw (16) during the injection,

and having a device (35, 40) which i1s arranged so as to be
fixed to the frame and by which a rotational speed of the
one drive element (10, 30) can be preset during the
plasticization, this rotational speed being different from
the rotational speed at which the large electric motor
(20) simultaneously drives the other drive element (30,
10),

characterized by the fact that the drive element (10, 30)
held against rotation during the moving of the screw (16)

for the 1njection can be locked by a releasable mechanical

brake (40).
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2. The injection unit as claimed in claim 1,
characterized by the fact that the braking force of the
brake (40) 1s variable, by the fact that the brake forms
the device, and by the fact that the rotational speed of
the spindle nut (30) can be preset by the latter during
the plasticization.

3. The injection unit  as clalmed in claim 1,
characterized by the fact that the device 1s a second
electric motor (35), by which the one drive element (10,
30), during the plasticization, <can be driven at a
rotational speed which 1s different from the rotational
speed at which the large electric motor (20)
silmultaneously drives the other drive element (30, 10).

4, The 1njection unit as claimed in c¢laim 1, 2 or 3,
characterized by the fact that the large electric motor
(20) 1s arranged with its axis 1in alignment with the axis
(23) o©of the motion spindle (10) and is formed as an
electric motor having a hollow shaft (21).

5. The 1njection unit as claimed in claim 3 or 4,
characterized by the fact that the second electric motor
(35) 1s arranged with its axis outside the axis of the
motion spindle (10) and 1s connected to the one drive
element (10, 30) via driving means (36, 37).

6. The injection unit as claimed in claim 5,
characterized by the fact that the driving means (36, 37)
are part of a speed reducer.

7. The 1njection unit as claimed in claim 5 or 6,

characterized by the fact that the second electric motor
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(35) has an output pinion (36) which is coupled to the one
drive element (10, 30) via a belt drive (37).

8. The injection unit as claimed in claim 7,
characterized by the fact that the belt drive has a V-belt
or toothed belt (37).

9. The 1njection unit as claimed in one of the preceding
claims, characterized by the fact that the rotational
speed of the spindle nut (30) can be preset by the device
(35, 40).

10. The injection unit as claimed 1n claim 9,
characterized by the fact that the large electric motor
(20) 1s connected to the motion spindle (10) via a sliding
palr (15, 22), by the fact that the spindle nut (30) can
be locked against rotation by the brake (40), and by the
fact that the large electric motor (20) drives the motion
spindle (10) for the plasticization when the brake (40) is
released and when the spindle nut (30) is driven by the
second electric motor (35) and for the injection of
plastic when the spindle nut (30) is locked by the brake
(40) .

11. The injection unit as claimed 1n claim 10,
characterized by the fact that a rotational movement of
the motion spindle (10) can be transmitted to the screw
(16) via a clutch (45, 52).

12. The injection unit as claimed in one of claims 1 to

9, characterized by the fact that the spindle nut (30) can
be rotationally driven by the large electric motor (20) ,

by which the screw (16) can be moved during the injection,




CA 02409867 2002-11-20
- 24 -

and by the fact that the motion spindle (10) can be locked
against rotation by the brake (40).

13. The injection unit as claimed in claim 12,
characterized by the fact that a first clutch (60) which
is effective for rotating the screw (16) during the
plasticization 1is arranged between the motion spindle (10)
and the large electric motor (20), and a second clutch
(62) which 1s effective for moving the screw (16) during
the i1njection 1s arranged between the spindle nut (30) and
the large electric motor (20)..

14. The injection unilt as claimed 1n claim 13,
characterized by the fact that the motion spindle (10) 1is
coupled via a sliding palr to a third drive element (55)
which at the same time llies 1in the kinematic chain between
the motion spindle (10) and the large electric motor (20)
and 1n the kinematic chain between the motion spindle (10)
and the brake (40).

15. The 1injection unit as claimed in one of claims 11 to
14, characterized by the fact that one clutch (48, 60, 62)
1s an externally operated clutch which is operated between
the plasticization and the injection.

16. The 1injection unit as claimed in one of claims 11 to
15, characterized by the fact that one clutch (52) is a
one-way clutch, and by the fact that, by the large
electric motor (20), one drive element (10) can be driven
in the one direction of rotation for the plasticization
and 1n the other direction of rotation for the injection.
17. The injection unit as claimed 1in c¢claim 12,

characterized by the fact that the second electric motor
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(35) is connected to the motion spindle (10) wvia a sliding
pair, by the fact that a drive element (55) 1n the
kinematic chain between the second electric motor (33) and
the sliding pair can be locked against rotation by the
brake (40), and by the fact that, for the plasticization,
the second electric motor (35) drives the motion spindle
(10) when the brake (40) is released and when the spindle
nut (30) is driven by the first electric motor (20), and,
for the injection of plastic, the first electric motor
(20) drives the spindle nut (30) when the motion spindle

(10) is locked against rotation by the brake (40).

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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