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(57) Abstract: An electric actuator assembly (20) having a support housing
(28, 124), a first stator magnetic field generating assembly (26) secured to the
support housing (28, 124) and a movable armature assembly (22). The mov-
able armature assembly (22) includes a plate assembly having a center support
(150). The electric actuator assembly also includes a first armature magnet-
ic field generating assembly configured to provide magnetic fields operative
with a first stator magnetic field generating assembly to provide linear motion
of the movable armature assembly (22) along a reference axis, the first arma-
ture magnetic field generating assembly including first and second magnetic
assemblies secured to opposite sides of the center suppott. In another embod-
iment, the electric linear actuator (20) includes a rotational component (27)
coupled to a linear component (25) to move therewith. The rotational compo-
nent (27) includes an armature magnetic field generating assembly being one
of longer or shorter than a stator magnetic field generating assembly.
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ELECTRIC ACTUATOR

BACKGROUND
[0001] The discussion below is merely provided for general background information and is
not intended to be used as an aid in the scope of the subject matter.
[0002] Aspects herein disclosed relate to actuators and particularly to a construction of an
electromagnetic actuator which requires application of linear force in possible combination with
providing a torque. A particular advantageous use of such an actuator is in a test machine or
apparatus used to test parameters and/or performance of materials, components, consumer
products as well as medical and other devices (i.e. test specimens). Typically, test machines
include one or more actuators to apply input loads and displacement.

SUMMARY

[0003] One general aspect includes an electric actuator having first and second stator
magnetic field generating assemblies secured to the support housing. A movable armature
assembly is disposed in the support housing and includes a first armature magnetic field
generating assembly configured to provide magnetic fields operative with the first stator
magnetic field generating assembly to provide linear motion of the movable armature assembly
along a reference axis and a second armature magnetic field generating assembly configured to
provide magnetic fields operative with the second stator magnetic field generating assembly to
provide rotational motion of at least a portion of the movable armature assembly. The second
armature magnetic field generating assembly is either longer or shorter than the second stator
magnetic field generating assembly.
[0004] Implementations may include one or more of the following features. The
magnetic field generating assemblies can be formed with windings or magnets: in particular,
where the first stator magnetic field generating assembly includes windings, where the first
armature magnetic field generating assembly includes permanent magnets; where the second
stator magnetic field generating assembly includes windings; where the second armature
magnetic field generating assembly includes windings.
[0005] The first armature magnetic field generating assembly can have a cylindrical or planer
shape. The electric actuator assembly can include bearings rotatably coupling the second

armature magnetic field generating assembly to the first armature magnetic field generating
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assembly. The bearings can include a thrust bearing spaced apart from an additional bearing
configured to react lateral loads; an angular contact bearing; and or a tapered bearing.

[0006] In one embodiment, the electric actuator assembly is configured where the first
armature magnetic field generating assembly includes a center support and first and second
magnetic assemblies are secured to opposite sides of the center support. If desired, the center
support can be made of material softer than the first and second magnetic assemblies. In one
embodiment, the second armature magnetic field generating assembly is secured to the center
support with a fastener, where the second armature magnetic field generating assembly is spaced
apart from the center support so as to bear against the first and second magnetic assemblies. In
another embodiment, the shaft extends within a bore extending along a longitudinal length of the
first armature magnetic field generating assembly. The electric actuator assembly can include an
end member secured to the center support with a fastener, where the end member is spaced apart
from the center support so as to bear against the first and second magnetic assemblies

[0007] In yet another embodiment, the bearings support the second armature magnetic field
generating assembly on a shaft extending at least partially into the first armature magnetic field
generating assembly, whereas in another embodiment, the shaft extends within a bore extending
along a longitudinal length of the first armature magnetic field generating assembly.

[0008] Another general aspect includes an electric actuator assembly having a support
housing, a first stator magnetic field generating assembly secured to the support housing and a
movable armature assembly. The movable armature assembly includes a plate assembly having a
center support. The electric actuator assembly also includes a first armature magnetic field
generating assembly configured to provide magnetic fields operative with a first stator magnetic
field generating assembly to provide linear motion of the movable armature assembly along a
reference axis, the first armature magnetic field generating assembly including first and second
magnetic assemblies secured to opposite sides of the center support.

[0009] Implementations may include one or more of the following features. The electric
actuator assembly where the center support is made of material softer than the first and second
magnetic assemblies. The electric actuator assembly and including an end member secured to the
center support with a fastener, where the end member is spaced apart from the center support so

as to bear against the first and second magnetic assemblies.
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[0010] BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 is a perspective view of an exemplary testing machine having an actuator
herein disclosed.
[0012] Figure 1A is a perspective view of an actuator with a different operating
configuration.
[0013] Figure 2A is a schematic section view of a first actuator.
[0014] Figure 2A is a schematic section view of a second actuator.
[0015] Figure 3 is a perspective sectional view of an embodiment of the first actuator.
[0016] Figure 4 is a schematic section view of a rotating component of an actuator having a
first bearing configuration.
[0017] Figure 5 is a schematic section view of a rotating component of an actuator having a
second bearing configuration.
[0018] Figure 6 is a schematic section view of a rotating component of an actuator having a
third bearing configuration.
[0019] Figure 7 is a schematic section view of a fourth actuator.
[0020] Figure 8 is a schematic section view of a fifth actuator.
[0021] Figure 9 is a schematic perspective view of the actuator of Figure 1.
[0022] Figure 10 is a schematic section view of the actuator of Figure 9 taken along an axis
parallel to a longitudinal axis of the actuator.
[0023] Figure 11 is a schematic section view of the actuator of Figure 9 taken along an axis

perpendicular to a longitudinal axis of the actuator.

[0024] Figure 12 is a schematic section view of an end of an actuator.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0025] The present disclosure provides an electric actuator capable of linear and/or rotary
displacement. The actuator can be used for many different applications. In one non-limiting but
advantageous embodiment, the electric actuator is provided in a testing machine 10 illustrated in
FIG. 1. Generally, the testing machine 10 includes a crosshead 12 that is moveable on vertical
columns 14 by a crosshead drive (motor, gear reducer, drive belts, etc.) not shown, where the
columns 14 in turn are supported by a base 15. An electric actuator 20 having aspects herein

described is mounted to the crosshead 12 for movement on the vertical columns 14. A housing
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21 surrounds the electric actuator 20 and is also mounted to the crosshead 12 to move therewith.
A user interface 24 is provided to control the electric actuator 20 and the testing machine 10 at
least in part although commonly, the testing machine 10 further includes a computing device that
generates a graphical user interface (GUI) through which the user can further control the testing
machine 10. In an alternative embodiment, the testing machine 10 can be of size to be supported
by a table top. In FIG. 1 the actuator 20 has a lower end to which an object such as a test
specimen is operatively coupled. In FIG. 1A, the actuator 20 has an upper end to which the
object is operatively coupled. It should be understood, the actuator 20 can be oriented as needed
given the application in which it is used. As appreciated by those skilled in the art, components
of the electric actuator 20 can be of size as necessary to impart the desired loads.

[0026] FIGS. 2A and 2B schematically illustrate embodiments of the electric actuator 20
having a linear motion component 25 and a rotational or torsional motion component 27. In the
schematic illustration of FIG. 2A, the electric actuator 20 includes a movable armature assembly
22 having a first armature magnetic field generating assembly 23 secured thereto with magnetic
fields with alternating polarity suitable for operation as a linear motor. A first stator magnetic
field generating assembly 26 is secured to a support housing 28 that can be , for example,
secured to the crosshead 12 illustrated in FIG. 1, or any other base or fixture depending on the
manner in which the actuator 20 is used.

[0027] At an end of the armature assembly 22, herein a lower end, the rotational or torsional
motion component 27 is located. The rotational or torsional motion component 27 includes a
rotatable (partial and/or complete rotation) as well as linearly movable armature 34 having a
second armature magnetic field generating assembly 31 secured thereto with magnetic fields
with alternating polarity suitable for operation as a rotational motor and a second stator magnetic
field generating assembly 30 secured to the support housing 28. The rotatable armature 34
rotates about a center support shaft 33 on bearing assemblies 35A, 35B. In the schematic
illustrated embodiment, support plates 36 schematically illustrate a support structure couplable to
the bearings 35A, 35B to allow the armature 34 to rotate about the support shaft 33.

[0028] A winding controller 40 energizes at least one of the first armature magnetic field
generating assembly on the armature 22 and first stator magnetic field generating assembly 26,
as well as at least one of the second armature magnetic field generating assembly 31 on the

armature 34 and the second stator magnetic field generating assembly 30, where each energized
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magnetic field generating assembly accordingly comprises windings in a configuration suitable
for generating magnetic poles in a desired pattern suitable for operation as a linear or a rotatory
motor. For instance, in one embodiment, the winding controller 40 can energize windings of the
first stator magnetic field generating assembly 26 and the second stator magnetic field generating
assembly 30, where the first armature magnetic field generating assembly 23 on the armature 22
and the second armature magnetic field generating assembly 31 on the armature 34 can comprise
permanent magnets. Likewise, in alternative embodiments, one or both of the armature magnetic
field generating assemblies can comprise windings that are energized by the winding controller
40, while one or both of the stator magnetic field generating assemblies comprise magnets. If
one or both of the armature magnetic field generating assemblies comprise windings suitable
contacts are provided to allow energization in the presence of movement of each respective
armature.

[0029] By way of example only, if the first stator magnetic field generating assembly 26 and
the second stator magnetic field generating assembly 30 each comprise windings, the winding
controller 40 energizes one or more stator windings 26 of the linear motion component 25 and
the one or more stator windings 30 of the rotational or torsional motion component 27 so as to
achieve the desired motion of the armature assembly 22 relative to the support housing 28. In
particular, controlled excitation of one or more stator windings 26 of the linear motion
component 25 will cause axial displacement of the actuator assembly 22, and in particular, the
rotatable armature 34 (up and down in the illustration of FIGS. 2A and 2B). If it is also desirable
to cause rotation of the rotatable armature 34, the winding controller 40 energizes one or more
stator windings 30 so as to cause the armature 34 to rotate about the support shaft 33.

[0030] Referring to either of FIGS. 2A and 2B, the second armature magnetic field
generating assembly 31 on the armature 34 and second stator magnetic field generating assembly
30 are of different axial lengths. This construction allows magnetic fields of the armature 34 and
the stator 30 to interact and thereby cause rotation of the armature 34 even though the axial
position of the armature 34 is displaced by the linear motion component 25. In FIG. 2A, the
second armature magnetic field generating assembly 31 on the armature 34 is axially longer than
the second stator magnetic field generating assembly 30, while in FIG.2B, the second armature
magnetic field generating assembly 31 on the armature 34 is axially shorter than the second

stator magnetic field generating assembly 30. In one advantageous embodiment of the type
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illustrated in FIG. 2A, the second armature magnetic field generating assembly 31 on the
armature 34 comprises magnets, while the second stator magnetic field generating assembly 30
comprises windings. This embodiment is advantageous because costs are generally lower due to
the lesser amount of windings in the embodiment of FIG. 2A than a similarly configured
embodiment of FIG. 2B.

[0031] It should also be noted that the shape of the armature in the linear motion component
25 can be tubular as represented by FIG. 2A or can be in the form of a movable plate illustrated
in FIG. 2B. The armature of the linear motion component 25 is guided for example by linear
guides schematically indicated at 29. In the embodiment of FIG. 2B, the first armature magnetic
field generating assembly on the armature and the first stator magnetic field generating assembly
are not shown due to the schematic sectional view provided. The first armature magnetic field
generating assembly would be mounted to plate members 37 (one of which is illustrated) on
opposite sides of the linear guides 29.

[0032] FIG. 3 is a sectional view of an exemplary rotatable or torsional motion component
27 constructed in a manner similar to that schematically illustrated in FIG. 2A . The rotatable or
torsional motion component 27 includes a support collar 50 secured to or formed integral with
the crosshead 12 as a single unitary body. The support collar 50 supports the second stator
magnetic field generating assembly 30. The armature 34 includes an end mounting plate or
member 52 through which forces are applied, for example, to a test specimen. In the embodiment
illustrated, the end member 52 includes a cylindrical wall 54 of sufficient diameter so as to
overlap the support collar 50 for various linear positions of the armature 34 relative to the second
stator magnetic field generating assembly 30, in one embodiment comprising windings. The
cylindrical wall 54 inhibits contaminants or other debris from contact with the armature 34.
[0033] The end member 52 is secured to one end of a cylindrical support 60 for the second
armature magnetic field generating assembly on the armature 34, in one embodiment comprising
individual magnets bonded thereto. At an end opposite the end member 52, an upper mounting
ring 62 is secured to the cylindrical support 60 of the armature 34. The support shaft 33 extends
through the armature 34 where bearing assemblies generally indicated at 35A, 35B mounted
thereto allow the cylindrical support 60 of the armature 34 to rotate relative to the support shaft
33. In this embodiment, each bearing assembly 35A, 35B comprises an axial thrust bearing 70

configured to transmit axial forces through the support shaft 33 and the cylindrical support 60 of
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the armature 34. The axial thrust bearing 70 can, for example, comprise a needle bearing
assembly. The thrust bearing 70 is operably coupled between the cylindrical support 60 and a
support plate 74. A fastener such as a nut 75 engages threads provided on the support shaft 33
and holds the armature assembly together.

[0034] On an upper end of the armature 34, the thrust bearing 70 is operably coupled
between the cylindrical support 60 and an annular shoulder 80 provided on the support shaft 33.
In view that the thrust bearings 70 are not generally suitable for carrying lateral loads that are
orthogonal to the axis of rotation, additional bearing assemblies 72 suitable for reacting such
lateral loads are also provided. For example and without limitation, the additional bearing
assemblies 72 can comprise roller bearings. Inner races of the additional bearings 72 are secured
to the support shaft 33 while outer races are secured to the cylindrical support 60 herein using by
way of example retainer rings 86 that secure the outer races against annular flanges 88 of the
cylindrical support 60.

[0035] Preferably, components of the rotational or torsional motion component 27 are pre-
loaded in an axial direction in an amount greater than the maximum axial load to be applied by
the actuator 20, for example to the test specimen, from the linear motion component 25. In this
manner, precise linear positioning of the armature assembly 22, armature 34 and end member 52
can be maintained. In the embodiment illustrated, fasteners 90 (portions of which are shown)
secure the end member 52 to an end of the cylindrical support 60, while fasteners 92, similar to
fasteners 90, secure the mounting ring 62 to the cylindrical support 60 on an end opposite the end
member 52. Likewise, the nut 75 preloads the thrust bearings 70 so as to exceed the axial forces
applied by the actuator 20. In the embodiment illustrated, fasteners, one of which is illustrated at
77, mount the support shaft 33 to an end 104 of the linear motion armature.

[0036] A rotational sensor is operably configured so as to provide an output signal indicative
of rotation of the armature 34. The rotational sensor can take many forms. In the embodiment
illustrated, an encoder is illustrated where an encoder ring 102 having positional markings is
mounted to and rotates with the mounting ring 62. A sensing component of the encoder, not
shown, is suitably mounted so as to sense movement of the encoder ring 102. If desired, or in the
alternative, an analog resolver can be provided to measure absolute rotational position of the
armature 34. In the embodiment illustrated, the resolver includes a stationary component 106

mounted in a cavity provided in the support shaft 33 while a rotatable element 108 extends
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through a bore 110 provided in the support shaft 33 and is secured herein to end member 52 with
a fastener 81 so that the rotatable element 108 rotates with rotation of the armature 34. Each of
the rotational sensors illustrated move linearly with the armature 34. In another embodiment,
rather than be located as illustrated, if desired, the rotational sensors can be mounted to the
armature 34 at its end.

[0037] FIGS. 4, 5 and 6 schematically illustrate other bearing arrangements for the torsional
motion component 27, where like reference numbers have been used for components having the
same function as described above. The embodiment of FIG. 4 generally illustrates bearings 35A
and 35B that allow rotation of the support 60 relative to the spindle shaft 3. Nut 75, which is
secured to support shaft 33 preloads the bearings 35A and 35B. The embodiment of FIG. 5 is
similar to the embodiment of FIG. 4 where bearings 85A and 85B are angular contact bearings.
The embodiment of FIG. 6 is similar to the embodiment of FIG. 4 where bearings 87A and 87B
are tapered roller bearings. These embodiments are further exemplary bearing arrangements and
assemblies that can be used but should not be considered limiting. Any of these bearings can be
stacked on top of one another in series for additional load carrying capacity.

[0038] FIGS. 7 and 8 schematically illustrate other configurations of an electric actuator
having a movable armature assembly capable of both linear and rotational movement. Referring
first to the embodiment of FIG. 7, an electric actuator 91 includes an armature assembly 93
movable relative to a support structure 95. The electric actuator 91 includes linear motion
component 97 and a rotatory or torsional motion component 99. Unlike the previous
embodiments where the rotatory or torsional motion component directly supports an end member
101 used to impart loads to a test specimen or other component, the rotatory or torsional motion
component 99 is mounted at an opposite end of the armature assembly 93. It should be noted that
the rotatory or torsional motion component 99 is schematically shown but can include any of the
features discussed above, particularly, the features described with respect to FIGS. 2A and 2B.
[0039] With the rotatory or torsional motion component 99 mounted on an end opposite end
member 101, a support shaft 111 is mounted and configured to rotate within the armature
assembly for the linear motion component 97. Upper bearing assembly 103A and lower bearing
assembly 103B allow rotation of the support shaft 111 relative to the armature assembly for the
linear motion component 97. Typically, at least one of the bearing assemblies is preloaded to

sustain the maximum axial loads imparted by the actuator 91, for example, to the test specimen.
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In the exemplary embodiment illustrated, the lower bearing assembly 103B includes thrust
bearings 105A and 105B and a radial or lateral load carrying bearing 107. A fastener 109 such as
a nut threadably engages an end of the support shaft 111 and further engages spring elements
113, such as Bellevue type washers, that impart the preload force to the thrust bearings 105A and
105B. The upper bearing 103A can comprise a radial or lateral load carrying bearing allowing
the support shaft 111 to rotate relative to the armature of the linear motion component 97. Linear
bearings schematically illustrated at 115 guide the armature assembly 93 for linear movement
relative to the support structure 95. Suitable armature and stator magnetic field generating
assemblies, not shown but similar in function to that illustrated in FIG. 2A, are mounted to the
armature assembly 93 and support structure 95 to provide controlled linear movement of the
armature assembly 93.

[0040] Portions of another electric actuator assembly 131 is schematically illustrated in Fig.
8. In this embodiment, a rotatory or torsional motion component 133 would directly support an
end member 135. Unlike the embodiment of FIG. 7 where the support shaft 111 extends
completely through a bore in the armature of the linear motion component 97, a support shaft
137 extends only partially within a bore 139 in an armature 141 of a linear motion component
143. A single bearing assembly 145 allows rotation of the support shaft 137. In the exemplary
embodiment illustrated, the bearing assembly 145 is similar to bearing assembly 103B and
includes thrust bearings 151A and 151B and a radial or lateral load carrying bearing 153. Any of
the bearing assemblies illustrated in FIGS. 4-6 could also be used. A fastener 155 such as a nut
threadably engages an end of the support shaft 137 and further engages spring elements 157,
such as Bellevue type washers, that impart the preload force to the thrust bearings 151A and
151B. A rotational sensor 161 optically monitors indications 163 provided on the support shaft
137 to measure rotational position thereof. Armature and stator magnetic field generating
assemblies having reference numbers identified in FIG. 2A are also indicated.

[0041] Referring to FIGS. 9, 10 and 11 the electric actuator 20 includes a support structure
120 that includes opposed side rails 122 and an upper cross member 124 joining ends of the side
rails 122 together. The side rails 122 and cross member 124 can comprise separate elements
fastened together with fasteners or welding. In a further embodiment, the side rails 122 and cross
member 124 are integrally formed together from a single unitary body. Ends of the side rails 122

opposite the cross member 124 are joined to the crosshead 12. In a preferred embodiment, the
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crosshead 12 includes a recess 130 into which the side rails 122 extend, being mounted to a
lower surface 132 of the recess 130. In this manner, the overall height of the assembly can be
reduced.

[0042] Referring to FIGS. 10 and 11, the armature assembly 22 of the electric actuator 20
comprises a plate assembly 138 having major surfaces comprising magnets and planar stator
winding assemblies 142. The stator winding assemblies 142 are mounted to the support structure
120, in a preferred embodiment, in an aperture 144 defined by the opposed side rails 122, cross
member 124 and crosshead 12 on each side of the plate assembly 138.

[0043] The plate assembly 138 includes a center support plate 150 preferably made of a light
weight material such as aluminum. Linear bearings 152 couple side flanges 154 of the center
support plate 150 to the side rails 122 so as to provide guided linear movement of the plate
assembly 138 with respect to the side rails 122. Magnetic assemblies 156 are fastened to opposite
sides of the center support plate 150. Each magnetic assembly 156 includes a back plate 158
where magnets (not shown) are bonded thereto. Fasteners 160 secure each of the back plates 158
to the center support plate 150. If needed, cooling plates 162 having internal channels 164 for
cooling fluid can be secured on each side of the support structure 120 and placed at least
proximate to each of the stator winding assemblies 142 to remove heat therefrom.

[0044] The structure of the plate assembly 138 is particularly advantageous. In general, the
structure is a “sandwich” structure comprising the center support plate 150 and the magnet
backing plates 158 mounted on opposite sides of the center support plate 150. Generally, it is
important that the plate assembly 138 be very stiff. The center support plate 150 being made of
relatively light weight material such as aluminum, which is not very stiff in bending, but due to
the magnet backing plates 158 mounted thereto on opposite sides, the whole structure becomes
very stiff because of the geometry.

[0045] To prevent uncontrolled movement of the armature assembly 22 when power is
interrupted, a braking assembly 170 (FIG. 9) is configured to arrest or stop movement of the
armature assembly 22 in the event of power loss. The braking assembly 170 includes at least one
caliper assembly 172 having spaced apart plates that form a gap therebetween when power is
supplied to the electric actuator 20. In the embodiment illustrated, two caliper assemblies 172 are
provided. Each caliper assembly 172 is secured to the support structure 120 such as to one of the

side rails 122 herein between apertures 174 provided in the side rail 122. A brake band 178 is
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coupled at opposite ends to the center support plate 150 where mounting brackets for the ends of
the brake band 178 extends through the apertures 174. The brake band 178 is attached to the
center support plate 150 such that the brake band 178 is substantially vertical and is located
substantially parallel to the linear motion of the armature assembly 22.

[0046] As the armature assembly 22 moves along linearly, the brake band 178 also moves in
a parallel path. Because the brake band 178 does not contact the caliper plates while power is
supplied to the electric actuator 20, the caliber plates provide no resistance to the brake band 178
when power is supplied to the electric actuator 20. However, when power is interrupted, the
caliber assemblies 172 cause the plates thereof to move toward each other. As the plates move
toward each other, the plates frictionally engage the brake band 178 and therefore prevent further
movement of the armature assembly 22.

[0047] It should be noted that the rotational or torsional motion component 27 of the electric
actuator 20 need not always be required. Rather, an electric actuator having only the linear
motion component 25 may be desired in some applications. In such an embodiment, construction
of the linear motion component 25 can include the structure discussed above. Since a rotational
or torsional motion component is not present in such an embodiment, the support shaft 33
comprises a standoff 190 as illustrated in FIG. 10. The end member 52 is fastened to or formed
integral with from a single unitary body an end of the standoff 190 using suitable fasteners.
Preferably, the standoff 190 is mounted to the plate assembly 138 so as not to have any back
lash, or stated another way, the standoff 190 is pre-loaded when mounted to the plate assembly
138. However, instead of mounting the standoff 190 directly to the center support plate 150 such
that the center support plate 150 carries the axial load, instead the standoff 190 engages end
surfaces of the back plates 158 so as to react the axial load directly to the armature components
having the magnets. As illustrated in FIG. 12, a space 200 is provided between an end of the
standoff 190 and an end surface 202 of the center support plate 150. A suitable fastener 204
mounts the standoff 190 to the center support plate 150 such as with a bolt extending upwardly
in the standoff 190 that engages a threaded aperture 208 provided in the center support plate 150.
The bolt 204 is tightened until a desired pre-load force, greater than the axial force to be exerted
by the actuator 20 in operation, is achieved.

[0048] It should be noted in a manner similar to mounting of the standoff 190 to the center

support plate 150 as discussed above, this technique can also be used to mount the support shaft
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33 of the rotational and torsional component 27 so as to engage the back plates 158 rather than
the center support plate 150. Again, space 200 is provided between an end surface of the support
shaft 33 and an end surface of the center support plate 150. Suitable fasteners are used to secure
the support shaft 33 to the center support plate 150. In one embodiment, two bolts are provided.
The bolts are disposed on opposite sides of the axis of rotation and extend upwardly to engage
threaded apertures in the center support plate 150.

[0049] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. An electric actuator assembly comprising:
a support housing;
a first stator magnetic field generating assembly secured to the support housing;
a second stator magnetic field generating assembly secured to the support housing;
a movable armature assembly comprising:

a first armature magnetic field generating assembly configured to provide
magnetic fields operative with the first stator magnetic field generating
assembly to provide linear motion of the movable armature assembly
along a reference axis; and

a second armature magnetic field generating assembly configured to provide
magnetic fields operative with the second stator magnetic field generating
assembly to provide rotational motion of at least a portion of the movable
armature assembly, the second armature magnetic field generating
assembly being one of longer or shorter than the second stator magnetic

field generating assembly.

2. The electric actuator assembly of claim 1 wherein the first stator magnetic field generating

assembly comprises windings.

3. The electric actuator assembly of any one of claims 1 or 2 wherein the first armature magnetic

field generating assembly comprises permanent magnets.

4. The electric actuator assembly of any one of claims 1-3 wherein the second stator magnetic

field generating assembly comprises windings.

5. The electric actuator assembly of any one of claims 1-4 wherein the second armature magnetic

field generating assembly comprises windings.
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6. The electric actuator assembly of any one of claims 1-5 wherein the first armature magnetic

field generating assembly has a cylindrical shape.

7. The electric actuator assembly of any one of claims 1-5 wherein the first armature magnetic

field generating assembly is planar.

8. The electric actuator assembly of any one of claims 1-7 and further comprising bearings
rotatably coupling the second armature magnetic field generating assembly to the first armature

magnetic field generating assembly.

9. The electric actuator assembly of claim 8 wherein the bearings comprise a thrust bearing

space apart from an additional bearing configured to react lateral loads.

10. The electric actuator assembly of claim 8 wherein the bearings comprise an angular contact

bearing.

11. The electric actuator assembly of claim 8 wherein the bearings comprise a tapered bearing.

12. The electric actuator assembly of any one of claims 8-11 wherein bearings support the
second armature magnetic field generating assembly on a shaft extending at least partially into

the first armature magnetic field generating assembly.

13. The electric actuator assembly of claim 12 wherein the shaft extends within a bore extending

along a longitudinal length of the first armature magnetic field generating assembly.

14. The electric actuator assembly of any one of claims 1-11 wherein the first armature magnetic
field generating assembly comprises a center support and first and second magnetic assemblies

secured to opposite sides of the center support.

15. The electric actuator assembly of claim 14 wherein the center support is made of material

softer than the first and second magnetic assemblies.
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16. The electric actuator assembly of claim 15 wherein the second armature magnetic field
generating assembly is secured to center support with a fastener, wherein the second armature
magnetic field generating assembly is spaced apart from the center support so as to bear against

the first and second magnetic assemblies.

17. An electric actuator assembly comprising:
a support housing;
a first stator magnetic field generating assembly secured to the support housing;
a movable armature assembly comprising:
a plate assembly having a center support; and
a first armature magnetic field generating assembly configured to provide
magnetic fields operative with the first stator magnetic field generating
assembly to provide linear motion of the movable armature assembly
along a reference axis, the first armature magnetic field generating
assembly comprising first and second magnetic assemblies secured to

opposite sides of the center support.

18. The electric actuator assembly of claim 17 wherein the center support is made of material

softer than the first and second magnetic assemblies.

19. The electric actuator assembly of claim 18 and comprising an end member secured to the
center support with a fastener, wherein the end member is spaced apart from the center support

so as to bear against the first and second magnetic assemblies.
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