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©) Electromagnetic actuator.

@ An electromagnetic actuator comprises inner and
outer annular pole pieces 13, 14 which define pole
faces 13A, 14a presented to an armature 11, and
which when a winding 12 is energised assume op-
posite magnetic polarity. An annular bridging mem-
ber 17 is provided to interconnect the pole pieces at
their ends remote from the armature. The pole
pieces are formed by winding magnetic strip ma-
terial. The bridging member 17 can be formed as a
stock of laminations.
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ELECTROMAGNETIC ACTUATOR

This invention relates to an electromagnetic
actuator of the kind comprising a magnet structure
and an armature, the magnet structure defining at
least two pole pieces which when an electrical
winding forming part of the magnet structure is
energised, assume opposite magnetic polarity, the
armature being presented to the pole faces and
being attracted to the pole faces when the winding
is energised.

It is known to form the magnet structure as a
stack of laminations of generally "E" shape with
the winding located about the centre limb. In this
case the free end of the centre limb forms one pole
face having one polarity when the winding is ener-
gised and the outer limbs define pole faces which
both assume the opposite polarity. The armature is
of generally rectangular section.

It is also known to form the magnet structure
so that the centre limb is cylindrical and the outer
limbs form part of an annular member, the winding
being located about the centre limb. Such a mag-
net structure will have associated with it a circular
armature.

British specification 2201039A discloses such
an arrangement as described in the preceding
paragraph and also describes a number of ways of
constructing the siructure in order to minimise the
eddy currents.

The object of the invention is to provide an
electromagnetic actuator of the kind specified in a
simple and convenient form.

According to the invention in an electromag-
netic actuator of the kind specified the magnet
structure comprises inner and outer annular mem-
bers formed from wound strip material and an
annular bridging member interconnecting one end
of the inner annular member with the adjacent end
of the outer annular member.

According to a further feature of the invention
the faces of said ends of the inner and outer
annular members are chamfered and the inner and
outer peripheral surfaces of the bridging member
are shaped in a complementary manner.

An example of an electromagnetic actuator in
accordance with the invention will now be de-
scribed with reference to the accompanying draw-
ing in which:

Figure 1 is a part sectional side elevation of
the actuator,

Figure 2 is a similar view showing a modi-
fication,

Figure 3 is a similar view showing a further
modification and

Figure 4 is a similar view showing a further
modification of the arrangment shown in Figure 2.
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The actuator comprises a magnet structure 10
and an armature 11. The magnet structure includes
an annular winding 12 and defines annular pole
faces 13A, 14A which when the winding is ener-
gised assume opposite magnetic polarity. The ar-
mature is spaced from the pole faces and the
magnetic flux passing between the pole faces and
the armature causes an atiraction force to be de-
veloped between the armature and the magnet
structure. The pole faces are defined at one end of
pole pieces 13, 14 respectively.

The pole pieces are defined by, inner and
outer annular members 15, 16 and the magnet
structure further includes an annuiar bridging mem-
ber 17 which provides magnetic coupling between
the ends of the annular members remote from the
armature. The members 15, 16 and the bridging
member are formed from magnetic material.

Each of the annular members 15, 16 is formed
by winding magnetic strip material about a man-
drel, the material preferably being non-grain orien-
tated or grain orientated across its width, adjacent
layers of the strip being secured in any convenient
manner such for example by adhesive or cement,
and the adjacent layers of the sirip being elec-
trically insulated from each other by an insulating
coating applied to one or both faces of the strip.
The radial width of the annular member 16 is less
than that of the member 15.

The bridging member 17 comprises a stack of
laminations which may be formed from non-grain
orientated material and in order to enhance the
magnetic coupling between the bridging member
and the annular members 15, 16 the inner and
outer peripheral edges of the bridging member are
chamfered and the adjacent end surfaces of the
inner and outer annular members 15, 16 are cham-
fered in a complementary manner. The chamfering
may be effected by grinding or by eroding tech-
niques or in any other convenient manner.

The resultant actuator has a magnetic circuit a
substantial part of which is of a laminated nature so
that the eddy currents which arise due to changes
in the magnetic flux during the use of the actuator,
are minimised. The actuator is intended specifically
to control a valve member of a fluid control valve
and a connecting member to the armature can
pass through the central opening in the inner an-
nular member if so required.

In the arrangement shown in Figure 2, the
outer annular member 16 is of reduced axial length
and an annular pole piece 18 is provided which is
magnetically coupled to the end face of the outer
member and which extends towards the inner an-
nular member 15. The inner face of the pole piece
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is cut at an angle to reduce magnetic leakage. It
will also be noted that the armature 11A is of
reduced diameter and therefore lighter.

Figure 3 shows a further modification in that
the bridging member 17A is constructed as an
annular member from solid magnetic material. The
inner and outer annular members 15A, 16A have
flat ends for engagement with the flat surface of the
member 17A. The modification as described with
reference to Figure 2 can be applied to the modi-
fied actuator as shown in Figure 3.

Figure 4 shows a further modification of the
example shown in Figure 2 and in this case as in
the example of Figure 1, the inner and outer an-
nular members 15, 16 are of the same axial length.
The annular pole piece 18 is provided as also is an
inner annular pole piece 19 which has an integral
spigot 20 which is located in the central opening in
the inner member 15. The spigot 20 is hollow and
in the example a portion of the inner surface is
provided with a screw thread. The thread in use
can be engaged by a threaded bolt which can
secure the magnet structure to a support. The bolt
can be hollow to allow the passage therethrough of
a connecting member. The outer periphery of the
pole piece 19 is shaped in a manner complemen-
tary to the inner periphery of the pole piece 18.

An alternative way of constructing a magnet
structure is to form the inner and outer annular
members and also the bridging member from a
plurality of lengths of wire which may be of square
or round section. Each length of wire during the
process of constructing the magnet structure is
bent to "U" shaped form.

In one method of making the magnet structure
a bundle of wires is assembled about a mandrel
and in a central opening in an annular die. The
wires are then bent radially outwardly and then
axially in one or a series of press operations follow-
ing which the wires are secured, relative to each
other by for example a potting compound, before
removal from the die. With this arrangement the
thickness of the bridging member will decrease
towards its outer peripheral edge and the outer
annular member will be of reduced thickness as
compared with the inner annular member, the
cross sectional area of the magnetic circuit remain-
ing constant.

Claims

1. An electromagnetic actuator of the kind com-
prising a magnet structure (10) and an armature
(11), the magnet structure including inner and outer
annular members (15, 16) which form pole pieces
(13, 14) defining pole faces (13A, 14A) presented
to the armature (11) and which assume opposite
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magnetic polarity when a winding (12) is energised,
and a bridging member (17, 17A) extending be-
tween the members (15, 16) at their ends remote
from the armature (11) characterised in that the
inner and outer annular members (15, 16) are each
formed from wound strip material.

2. An electromagnetic actuator according to
Claim 1 characterised in that the bridging member
(17A) is of annular form and is formed from solid
material and the adjacent ends of the inner and
outer annular members (15, 16) are flat and are
engaged with the end surface of the bridging mem-
ber.

3. An eleciromagnetic actuator according to
Claim 1 characterised in that the bridging member
(17) is formed from an annular stack of laminations
the ends of said inner and outer members (15, 16)
being chamfered and the inner and outer peripheral
edges of the bridging member (17) being of com-
plementary shape.

4. An electromagnetic actuator according to
Claim 2 or Claim 3 characterised in that the outer
annular member (16) is of reduced axial length and
at its end adjacent the armature (11) carries an
annular pole piece (18) extending inwardly towards
the inner annular member (15)>

5. An electromagnetic acutator according to
Claim 4 characterised by a further pole piece (19)
mounted at the end of the inner annular member
(15) adjacent the armature.

6. An electromagnetic actuator according to
Claim 5 characterised in that said further pole
piece (19) is provided with an integral spigot (20)
extending within the inner annular member (15).

7. An electromagnetic actuator comprising a
magnet struciure and an armature the magnet
structure including inner and outer annular mem-
bers interconnected at one end by a bridging
member characterised in that the inner and outer
annular members and the bridging member com-
prise a plurality of lengths of wire of square or
round section each length of wire of beinghaped
form.

8. A method of making a magnet structure
having inner and outer annular memebrs which are
connected at one end by a bridging member com-
prising assembling a bundle of wires about a man-
drel iocated in an opening in a die, bending the
wires outwardly and then axially so that each as-
sumes a "U" shaped form, securing the wires
relative to each other and removing the wires from
the die and the mandrel.
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