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ABSTRACT

The invention relates to an actuation magnet for moving a closure needle of a hot-runner nozzle of an
injection moulding tool, with an armature which is coupled in movement to the closure needle, and
may be displaced between a first and a second core by way of subjecting at least one coil to current,
as well as with a permanent magnet which is arranged in a manner such that it exerts an additional

magnetic force onto the armature in at least one, preferably in two movement directions.
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ACTUATION MAGNET FOR MOVING A CLOSURE NEEDLE OF A HOT-RUNNER
NOZZLE OF AN INJECTION MOULDING TOOL

Field of the Invention

The invention relates to an actuation magnet for moving a closure needle of a hot-runner nozzle of an

injection moulding tool.

Background of the Invention

The fluid injection material is often supplied to injection moulding tools or injection moulding
machines via hot-runner nozzles. Such hot-runner nozzles as a rule comprise a needle closure, 1.¢. a
closure needle is provided, which, in the nozzle for closing a nozzle opening, is moved into a

position closing the nozzle opening, and is pulled out of this for opening the nozzle.

Actuation magnets for moving closure needles need to muster a considerable force for closing the

hot-runner nozzle. This leads to a large constructional shape and to an increased electrical

consumption.

Summary of the Invention

Against this background, it is the object of the present invention to provide an actuation magnet for
moving a closure needle of a hot-runner nozzle of an injection moulding tool, which given a small

construction size, musters the required travel forces for opening and closing the hot-runner nozzle,

and has a reduced electrical power consumption
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This object is achieved by an actuation magnet with the features specified in claim 1, as well as by a
hot-runner nozzle with the features specified in claim 7. Advantageous further formations of the

invention are specified in the dependent claims, the subsequent description and the drawings.

The actuation magnet according to the invention, for moving a closure needle of a hot-runner nozzle
of an injection moulding tool, comprises an armature which is coupled in movement to the closure
needle, and may be displaced between a first and second core by way of subjecting at least one coil
to current. The coupling between the armature and the closure needle is designed such that the
closure needle is moved by the armature. The armature may be connected to a non-magnetic plunger,

which actuates the closure needle and in particular is connected to this or is designed as one piece

with this.

With the actuation magnet according to the invention, a yoke and/or a soft-magnetically designed
housing of the actuation magnet, together with the two cores, as well as the armature, form a
magnetic active circuit on subjecting the at least one coil to current. The armature may thus be
moved into two travel positions depending on the polarity of the coil, wherein the armature in a first
travel position is located near to the first core, and in a second travel position is located near to the
second core, and preferably in the first travel position comes to bear on the first core, and n the
second travel position on the second core. A closure needle of a hot-runner nozzle which is formed or
attached on the armature may be moved by way of this into a position closing the hot-runner nozzle,
or a position opening the hot-runner nozzle. The actuation magnet according to the invention is
usefully designed as a reverse travel magnet, magnet, i.e. the travel position in which the armature 1s

located, forms the initial position before the beginning of the travel movement into the other travel

position.
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According to the invention, the actuation magnet comprises a permanent magnet, which is arranged
in a manner such that it exerts an additional magnetic force onto the armature in at least one,
preferably in both movement directions. Thus, by way of the permanent magnet, in particular on
closing the hot-runner nozzle with the closure needle, 1.e. with the travel movement of the armature
in the direction of the first core, it 1s possible to produce an additional travel force increasing with a
reducing air gap between the armature and the first core. For this, the permanent magnet may for
example be part of the magnetic active circuit formed by the yoke and/or housing, one or both of the
two cores, and the armature, wherein the permanent magnet is arranged in a manner such that its
active direction or its magnetic field is directed such that the permanent-magnetic force on the
armature acts in the direction of the travel movement of the armature to the first core. The produced
permanent-magnetic active circuit 1s preferably superimposed on at least one magnetic active circuit,
which is produced by the at least one coil, in a manner such that the active directions of both active
circuits are in the same directions. In this manner, the magnetic actuation force produced by the coils
is amplified. Accordingly, the coil may be dimensioned smaller with regard to its power, i.e. the

electrical power consumption may be reduced.

On account of the high thermal loading of the actuation magnet on subjecting the coil to current, and
which is yet further increased by the comparatively warm surroundings of the hot-runner nozzle, the
permanent magnet 1s preferably arranged in the actuation magnet in a manner such that it provides a
retaining force between the armature and at least one, preferably both cores. In this manner, a
subjection of the coil to current for holding the armature in one of the two travel positions is not
necessary. The coil is subjected to current merely for switching over between both end positions or

travel positions, in which the armature i1s then held alone by the permanent magnetic force.

Accordingly, the actuation magnet is designed in a bistable manner with this design.
3
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The permanent magnet is arranged in the actuation magnet preferably in a manner such that it forms
an additional free pole. This pole is preferably directly actively connected to the armature, and 1s
further preferably a common part of two active circuits which are produced by the permanent magnet
and are independent of one another, of which a first one exerts a retaining force on the armature
which is directed in the direction of the first core, and a second one exerts a retaining force acting on
the armature in the opposite direction, i.e. in the direction of the second core. For this, the permanent

magnet is arranged in the longitudinal direction, preferably between the two cores.

A further advantageous design of the actuation magnet according to the invention envisages this
comprising two coils which are arranged in a soft-magnetic housing in the direction of its
longitudinal axis or distanced to one another in the movement direction of the armature. The two
coils may be electrically circuited such that they may be subjected to current together in the same
direction, i.e. both coils on current subjection, then produce a magnetic field directed in the same
direction. With this embodiment, both coils are subjected to current for switching over the actuation
magnet, wherein the movement direction is changed by switching-over the flow direction.
Alternatively, one may also provide two coils which may be subjected to current separately from one
another, and be arranged such that the magnetic fields produced by them are directed in opposite
directions. With this embodiment, the switch-over of the actuation magnet from the first travel
position into the second travel position may be achieved by subjecting the one coil to current, and the

movement back from the second travel position into the first travel position by way of subjecting the

other coil to current.

In a further design of the actuation magnet according to the invention, a permanent magnet which 1s

preferably designed in an annular manner, is preferably arranged on the inner side of the housing in

4
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the region of the intermediate space between the two coils, and magnetised in the radial direction.
One may provide a hard-magnetic annular magnet whose poles are distanced to one another in the
radial direction of the annular magnet. This annular magnet is preferably attached in a middle region
of the actuation magnet, in which the first and the second coil are distanced to one another in the
movement direction of the armature, essentially enclosing the armature on the inner wall of the
housing. The magnetic field of this permanent magnet is thus directed essentially normally to the
peripheral wall of the armature. One or more rod-like magnets magnetised in the radial direction may

be arranged in the peripheral region of the armature, instead of an annular magnet.

The permanent magnet, together with a region of the housing which is arranged between the annular
magnet and the first core, the first core, as well as the armature of the actuation magnet, may form a
first permanent-magnetic active circuit, whose active direction advantageously runs from the
armature to the first core for producing a first retaining force. Furthermore, the permanent magnet
further preferably together with a region of the housing, which is arranged between the permanent
magnet of the second core, the second core, as well as the armature of the actuation magnet, may
form a second permanent-magnetic active circuit, whose active direction for mustering a second

retaining force runs from the armature to the second core.

Preferably, the armature at its first axial end is designed as a flat armature and faces a
correspondingly formed flat surface of the first core. The armature at its second opposite axial end is

designed as a cone armature and faces a correspondingly conically shaped surface of the second core.

The design of the armature as a flat armature at an axial end means that the armature there has a

plane surface which extends preferably normally to the longitudinal axis or movement axis of the

5
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armature and which runs parallel to an oppositely lying flat upper side of the first core. In this
manner, a plane working air gap 1s created between the armature and the first core. The armature 1s

designed as a cone armature at the opposite axial end, i.e. it comprises at least one active surface
running obliquely to the longitudinal axis or movement axis of the armature and lying opposite a
correspondingly oblique surface of the second core, which preferably runs parallel to this active
surface. The obliquely running active surface of the armature and the opposite obliquely running
surface of the second core are preferably in each case designed in an annular manner, so that these
oblique or conical surfaces form part of a cone superficies. Thereby, the shape of the cone armature
ideally defines the shape of a truncated cone, wherein, as the case may be, a plane active surface of a
smaller diameter remains in the inside of the conical surface, and this active surface preferably lies
opposite a corresponding flat surface of the second armature. This means that with this embodiment,
the working air gap between the second core and the armature at least in sections, extends obliquely
to the movement axis of the armature, preferably in an annular manner, defining the surface of a

truncated cone.

Preferably, the first axial end of the armature and the first core lying opposite this are designed

geometrically differently compared to the second axial end of the armature and the facing second
core, in a manner such that with a first travel movement of the armature to the first core compared to

a second travel movement of the armature to the second core, different travel force - path
characteristics may be realised here, which are adapted to the particular requirements on moving a
closure needle for opening and closing a hot-runner nozzle. An actuation magnet is created by way of
this, which, given a relatively small constructional size, provides adequately large forces for opening

and closing a hot-runner nozzle with a closure needle.
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By way of the fact that the armature at its first axial end is designed as a flat armature, which, with a
travel movement into a first travel position, is moved onto a likewise flatly designed surtace of the
first core, one may realise a characteristic line of the magnetic force with this travel movement, with
which the magnetic force increases steeply to a large value in a last phase before reaching the travel
position, 1.e. shortly before contacting of the first axial end of the armature and the first core. This
essentially corresponds to the force course, which 1s required for closing the hot-runner nozzle.
Accordingly, with the closure movement of the closure needle, the flat axial end is moved in the

direction of the corresponding flat surface of the first core and is brought to abutment there.

With a second opposite travel movement of the armature, with which its second, conically designed

axial end is moved into an inner cone formed on the second core, one may realise such a linear
course of the travel force, with which the friction forces acting on the closure needle on opening the

hot-runner nozzle are essential compensated.

The invention further relates to a hot-runner nozzle which may be reliably opened and closed by way

of coupling the movement of a closure nozzie with the actuation magnet according to the invention.

Brief Description of the Drawings

The invention is hereinafter described in more detail by way of example and by way of the attached

drawings. In these there are shown 1n:

Fig. 1 in a sectioned schematic representation, an actuation magnet for moving a closure

needle of a hot-runner nozzle according to a first embodiment, and
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Fig. 2 in a sectioned schematic representation, an actuation magnet for moving a closure
needle of a hot-runner nozzle, of an injection moulding tool according to a second

embodiment.

One should note that in each case, only one half of the cross section of the rotationally symmetrical

actuation element 1s shown in both figures.

Detailed Description of a Preferred Embodement

Firstly, the first embodiment of the invention is described by way of Fig. 1.

The actuation magnet 2 represented in the figure comprises a soft-magnetic, cylindrical yoke or
housing 4. A first coil 6 which may be subjected to current, and a second coil 8 which may be

subjected to current, which are distanced to one another in the direction of the longitudinal axis A,
are in each case arranged in the housing 4 about a longitudinal axis A of the housing 4. The coils 6
and 8 are connected electrically in series, so that they may be subjected to current in the same

direction.

The housing 4 at its two end-sides, concentrically to its longitudinal axis A, in each case comprises
an opening, wherein a first, soft-magnetic core 10 projects into a first opening, and a second, soft-
magnetic core 12 projects into a second opening, into the housing 4. The core 10 comprises a through

hole 14, and the core 12 comprises a through hole 16, concentrically to the longitudinal axis A of the

housing 4.
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A non-magnetic plunger 18 which actuates a closure needle for opening and closing a hot-runner
nozzle which is not shown in the drawing figure, or merges into such a nozzle, is guided 1in a linearly
movable manner in the direction of the longitudinal axis A, in the through hole 14 of the core 10 as
well as in the through hole 16 of the core 12. The plunger 18 is attached to an armature 20 of the

actuation magnet 2, which is arranged between the cores 10 and 12 coaxially to these, and 1s movable

between the cores 10 and 12 in the direction of the longitudinal axis A.

The first axial end of the armature 20 which faces the core 10, is designed in a flat manner.
Accordingly, the armature 20 at this axial end comprises a flat end-face 22. The first core 10
corresponding to this flat end-face 22, comprises a flat surface 24 which faces the armature and
which is formed by an indented end-face 24 of a hollow-cylindrical recess 26 formed on the core 10.

The end-face 20 and the end-face 24 extend normally to the longitudinal axis A.

The second axial end of the armature 20 which faces the second core 12 is conically designed in the
shape of a truncated cone 28. Corresponding to this, the core 12 is designed as a cone core, wherein it

has an inner cone 30 at its end which faces the armature 20.

A permanent magnet 32 is attached between the coils 6 and 8, on the inner wall of the housing 4
peripherally surrounding the armature 20. This permanent magnet 32 is designed as a radially
magnetised annular magnet, which extends over the whole inner periphery ot the housing 4. A
likewise annular, soft-magnetic pole part 34 is arranged on the inner periphery of the permanent

magnet 32 which faces the armature 20.
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The acting manner of the actuation magnet 2, according to the invention is hereinafter described by
way of the drawing figure. The housing 4, the core 12, the armature 20 as well as the core 10, by way

of subjecting the coils 6 and 8 to current, form a first, soft-magnetic active circuit, in which a
magnetic force acts, directed in direction B or in direction C depending on the polarisation of the

coils 6 and 8.

The permanent magnet 32 which is magnetised such that its magnetisation points to the armature 20
in the direction D, simultaneously produces a first hard-magnetic active circuit which, proceeding
from the permanent magnet 32, extends over the pole part 34, the armature 20, the core 10 as well as
the housing 4. Furthermore, the permanent magnet 32 produces a second, hard-magnetic active
circuit. This extends from the permanent magnet 32, the pole part 34, the armature 20, the core 12

and the housing 4.

If the closure needle of the hot-runner nozzle with the plunger 18 of the actuation magnet 2 1s to be
moved into a position closing the hot-runner nozzle, the coils 6 and 8 are subjected to current in a
manner such that magnetic force acting in the direction B is produced in the soft-magnetic active

circuit. By way of this, the armature 20 with the plunger 18 attached thereto, 1s moved i the

direction B, wherein the air gap 36 between the armature 20 and the core 10 is reduced 1n size. On
account of the flat design of the axial end of the armature 20, which faces the core 10, with the flat
end-face 22 and the flat surface 24 of the core 10 corresponding thereto, given a reducing air gap 36,
a force course of the magnet force or travel force results, with which the travel force increases firstly
only insignificantly, but in a steep manner shortly before contact of the end-face 22 with the surface

24. This increase of the travel force in the end phase of the travel movement 1s increased by the

10
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permanent magnet 32, with which a likewise increasing magnetic force is superimposed on the soft-

magnetically produced travel force given a decreasing air gap 36.

The subjection of the coils 6 and 8 to current may be finished when the armature 26 has reached its
end position, and in this example, when the end-face 22 of the armature 20 contacts the surface 24
formed on the core 10, in the travel position, since the magnetic force produced by the permanent

magnets 32 holds the armature 20 1n the travel position, bearing on the core 10.

If the closure needle of the hot-runner nozzle with the plunger 18 of the actuation magnet 2 is to be
moved into a position releasing the hot-runner nozzle, the coils 6 and 8 are together subjected to
current in a reverse manner, such that a magnetic force acting in the direction C is produced in the
soft-magnetic active circuit. The armature 20 with the plunger 18 attached thereto is moved in the
direction C by way of this, wherein an air gap 38 between the armature 20 and the core 12 1is reduced
in size. A linear course of the force of the magnetic force or travel force, which is adapted to the
course of a counter-force produced by frictions forces on removal of the closure needle form the
injected material, results with a reducing air gap 36, on account of the conical design of the axial end
of the armature 20, which faces the core 12, and of the inner cone 30 of the core 12, which

corresponds thereto.

As soon as the armature has reached this desired second end position, and in this example an end-
face 40 formed on the truncated cone 28 of the armature 20 contacts a surface 42, complementary to
this, of the inner cone 30 formed on the core 12, in the travel position, then the subjection of the coils
6 and 8 to current may also be switched oft in this travel position, since the magnetic force produced

by the permanent magnet 32 holds the armature 20 in the travel position bearing on the core 12.
11
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The armature 20 at its two end positions, i.e. either at the core 12 or the core 10, in each case 1s held
purely via the permanent-magnetically produced force. This means that a soft-magnetic force which
is opposed to this permanent-magnetic retaining force and exceeds this, must be produced by the
coils 6 and 8 for moving the armature. Then, on account of the ever increasing air gap 36 and 38 on
removing the armature 20 from the core 10 or the core 12 respectively, the permanent-magnetic
retaining force at an axial end of the armature 20 reduces, whilst it simultaneously increases at the

opposite side to which the armature 20 1s moved.

The course of the force in the movement direction C may be adapted optimally to the application
purpose or the forces for opening the hot-runner nozzle, which are to be overcome, by way of
changing the inclination angle of the cone surface at the second axial end of the armature 20 as well

as the corresponding surface of the inner cone 30 in the core 12.

The second embodiment according to Fig. 2 differs from the previously described embodiment in
that the armature 22 at its two ends 1s designed as a flat armature. This means that the armature 20
here is designed in a symmetrical manner, and comprise two equal ends. One may also design both
ends as a cone armature instead of as a flat armature. Accordingly, the second core 12 with the

embodiment shown in Figure 2 may also be designed in a flat manner. Alternatively, both cores 10

and 12 could also be designed as cone cores.

With this symmetrical design, actuation forces are produced, which are equal in both movement
directions. Otherwise, the manner of functioning of the actuation magnet according to Figure 2 does

not differ from the manner of functioning of the actuation magnet according to Figure 1, which is

12
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why the preceding description is referred to. Accordingly, in Figure 2, the same reference numerals

are used for identical parts which have been described by way of Fig. 1.

13
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

An actuation magnet (2) for moving a closure needle of a hot-runner nozzle of an injection- -
moulding tool, with an armature (20) which is coupled in movement to the closure needle
(18), and 1s configured to be displaced between a first and a second core (10, 12) by way of
subjecting at least one coil (6, 8) to current, as well as with a permanent magnet (32) which 1s
arranged 1n a manner such that it exerts an additional magnetic force onto the armature (20)

in at least one, movement direction;

wherein the armature (20) has a first axial end that opposes a surface of the first core

(10), and a second axial end that opposes the surface of the second core (12); and,

wherein the first axial end of the armature (20) has a geometric profile that is

different than the geometric profile of the second axial end of the armature (20).

An actuation magnet (2) according to claim 1, wherein, the permanent magnet (32) is

arranged 1 a manner such that it exerts an additional magnetic force onto the armature (20)

in two movement directions (B,C).

An actuation magnet (2) according to any one of claims 1 and 2, wherein the permanent

magnet (32) 1s arranged in a manner such that it provides a retaining force between the

armature (20) and at least one core.

14
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An actuation magnet (2) according to claim 3, wherein the permanent magnet (32) is

arranged 1n a manner such that it provides a retaining force between the armature (20) and

both cores (10, 12).

An actuation magnet (2) according to any one of claims 1-4, wherein the permanent

magnet (32) 1s arranged in the actuation magnet (2) in a manner such that it forms an

additional free pole.

An actuation magnet (2) according to any one of claims 1-5, wherein the actuation magnet
(2) comprise two coils (6, 8), which are arranged distanced to one another in the

movement direction (B, C) of the armature (20), in a soft-magnetic housing (4) of the

actuation magnet (2).

An actuation magnet (2) according to claim 6, wherein at least one annular permanent
magnet (32) 1s arranged on the inner side of the housing (4) in the region of the

intermediate space between the two coils (6, 8), and is magnetised in the radial direction.

An actuation magnet (2) according to any one of claims 1-5, wherein the armature (20) at
its first axial end is designed as a flat armature and faces a correspondingly designed flat
surtace (24) of the first core (10), and at its second opposite axial end is designed as a

cone armature and faces a correspondingly conically shaped surface of the second core

(12).

15
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A hot-runner nozzle with a closure needle which is coupled in movement to an actuation

magnet (2) according to any one of claims 1-8.

An actuation magnet (2) according to claim 5, wherein the at least one permanent magnet

(32) 1s an annular permanent magnet.

An actuation magnet according to any one of claims 1-10, having a soft-magnetic housing
(4), and wherein the soft-magnetic housing (4), the first core (10), the second core (12), and
the armature (20) form a magnetic active circuit upon at least one of the first core (10) and

the second core (12) being subject to current.

An actuation magnet according to any one of claims 1-11, wherein the armature (20) 1is
configured to selectively move between two positions defined by a first travel position and a
second position, wherein the armature (2) in the first travel position is positioned in close

proximity to the first core (10), and wherein the armature in the second travel position is

positioned 1n close proximity to the second core (2).

16
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