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CurveED MAGNETIC ACTUATORS, AND SYSTEMS, AND MeTHoDs FOR
MounNTING TILT PLATFORMS

BACKGROUND

(00811 Various magnetic actuators have besn implemented in certain
applications to actuate and/or pivot a component, such as an optical device. As
periaining to optical devices, some applications require highiy accurate and
repeatable actuation 1o actuate or tilt a platform, for example, a mirror of a fast
steering mirror assembly. In most cases, itis desirable 1o maximize the
acceleration of a fast steering mirror assembly. This is particularly the case for

optical devices in satelliie or ielescope applications.

10002} Prior attempts have been made to implement a magnetic actuator within
an optical device having a mirror, wherein the magnetic actualor comprises a
singular straight magnet disposable through or positioned relative to a coil
assembly, the magnetic actuator facilitating actuation of the mirror. However, as
a straight magnet travels/rotates relative to its coil assembly, the straight magnet
reguires sufficient clearance o move freely within the coil assembly {0 achieve a
desired it ravel of the mirror. To accommodate the needed clearance,
relatively large coll assemblies are designed and implemented o achieve the

desired movement of the straight magnet about the coil assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

10003} Features and advantages of the invention will be apparent from the
detailed description which follows, taken in conjunclion with the accompanying
drawings, which together illustrate, by way of exampile, features of the invention;

and, wherein:

[oo04] FIG. 1 shows an isomeiric view of a fast steering mirror assembly, in
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accordance with an example of the present disclosure;

[0005] FIG. 2A shows a cross-sectional view of the fast sieering mirror assembly
of FIGG. 1 about lines 2A-24A;

[ooos] FIG. 2B shows the cross-sectional view of the fast steering mirror

assembly shown in FIG. 2Ain a tilted configuration,

[e007] FIG. 3 shows an isometric view of a first portion of a pivot tilt assembly of

the fast steering mirror assembly shown in FIG. 2A,;

[0008] FIG. 4 shows an isometric view of a second portion of the pivot tilt

assembly of the fast steering mirror assembiy shown in FIG. 24;

[p00g] FIG. 5A shows a cross sectional view of one of the magnetic assemblies

of the pivot tilt assembiy of the fast steering mirror as shown in FIG. 24;

(0010} FiG. 5B shows a cross sectional view of a single magnet of the magnetic

assembly shown in FIG. BA;

[0011] FIG. 6A shows a cross-sectional view of a straight magnetic actuator as

known in the prior art;

[0012] FIG. 6B shows a cross-sectional view of a curved magnetic actuator

assembly, in accordance with an example of the present disclosure;

[6013] FIG. 6C shows a cross-sectional view of a curved magnetic actuator, in

accordance with an example of the present disclosure;

[p014] FIG. 7A shows an isometric view of a platform of a tilt platform assembly,
such as that shown in FIG. 2A, in accordance with an example of the present

disclosure;

[00158] FIG. 7B shows an isometric view of a pedestal of a tilt platform assembly,
such as that shown in FIG. 74, in accordance with an example of the present

disclosure;

[0016] FIG. 8 shows an isometric view of a mount device of a magnetic

assembly, such as that shown in FIG. 1, in accordance with an example of the
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present disclosure;

[0017] FIG. 9 shows an isometric view of an interface between the mount device
of FIG3. 8 and the plaiform of FIG. 78, in accordance with an example of the

present disclosure;

[0018] FIG. 10 is a flow diagram illustrating a method of making a tilt platform

assembly, in accordance with an example of the present disclosure;

[0049] FIG. 11 is a flow chart illustrating a method of making a magnstic

actuator, in accordance with an example of the present disclosure; and

[0020] FIG. 12 is a flow chart illustrating a method of mounting a platform, in

accordance with an example of the present disclosure.

[0021] Reference will now be made to the exemplary examples lllustrated, and
specific language will be used herein to describe the same. [t will nevertheless
be understood that no limitation of the scope of the invention is thereby

intended.

DETAILED DESCRIPTION

(00227 As used herein, the term "substantially” refers to the complete or nearly
complete extent or degree of an action, characteristic, property, state, structure,
item, or result. For example, an object that is “substantially” enclosed would
mean that the object is either completely enclosed or nearly complately
enclosed. The exact allowable degree of deviation from absolute completeness
can in some cases depend on the specific context. However, generally
speaking the nearness of completion will be s0 as to have the same overall
result as if absolute and {otal completion were oblained. The use of
“substantially” is equally applicable when used in a negative connctation to refer
to the complete or near complete lack of an action, characteristic, property,

state, structure, item, or result.

100237 As used herein, "adjacent” refers to the proximity of two structures or

elements. Particularly, elements that are ideniified as being “adjacent” can be
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either abutting or connected. Such elements can also be near or close to each
other without necessarily contacting each other. The exact degrees of proximity

can in some cases depend on the specific context.

[00243 An initial overview of technology examples is provided below and then
specific technclogy examples are described in further detail later. This initial
summary is intended to aid readers in understanding the technology more

guickly but is not intended to identify key fealures or essential features of the

technology nor is it intended to limit the scope of the claimed subject matier.

[0028] in one example of the present disclosure there is provided a magnetic
actuator. The actuator can comprise a first magnet having a first magnetic axis
and having a first magnetic field, and a second magnet having a second
magnetic axis and having a second magnetic field. The first and second
magneis can define, at least in part, a magnetic assembly. A coil actuator
assembly can be at least partially disposed about the magnetic assembly. The
magnets can be arranged in the magnetic assembly such that the first and
second magnetic fields collectively approximate a curve, wherein the magnetic

assembly essentialiy comprises an effectively curved magnetic field.

[0028] In some examples of the magnetic actuator, the first magnet is positioned

relative to the second magnet (o angularly offset the respective magnetic axes.

100271 In some examples of the magnetic actuator, the magnetic assembly
comprises a plurality of magnets stacked on each other and sach having a

tapered cross-section.

[0028] In some examples of the magnetic actuator, each magnet comprises a

wedge-shaped configuration.

10029} In some examples of the magnetic actuator, each magnet comprises an

outer surface height dimension greater than an inner surface height dimension.

[00307 In some examples of the magnstic actuator, each magnet comprises

opposing curved surfaces that combine to curve the magnet assembly.
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[8031] In some examples of the magnetic actuator, the actuator further
comprises a phlurality of stacked magnets {0 at least partially form the magnstic
assembly, wherein each magnet of the magnetic assembly has a magnetic axis,
and wherein at least some of the magnetic axes are anguilarly offset from one

another.

[0032] In some examples of the magnelic actuator, the actuator comprises an
attachment pole piece secured (o an end of the magnetic assembly. The
attachment pole piece can comprise at least two alignment components that
interface with respective first and second support surfaces of a platform, the at
least two glignment components being arranged o facilitate self-alignment of a
mount device relative to the platform, and the at least two alignment
componeants being configured to restrict movement of the mount device relative

to the platform.

[0033] In some examples of the magnetic actuator, the magnet assembly can
include a plurality of magnets stacked on each other and attached {ogether,
wherein adjacent magnets of the stack are arranged such that north and south

poles of the adjacent magnets are positioned in an alternating manner.

[0034] In some examples of the magnetic actuator, the magnet assembly can be

attachable to an opiical device and disposable within a coil actuator assembly.

10035} In one example of the present disclosure there is provided a method of
manufaciuring a magnetic actuator. The method can include configuring a first
magnet having a first magnetic axis and a first magnedic field and configuring a
sacond magnet having a second magnetic axis and a second magnetic field.
The method can include positioning the first magnet relative 1o the second
magnet io angularly offset the respective magnetic axes and to defing, at least
in part, 2 magnetic assembly. Thus, the first and second magnetic fislds
collectively approximate a curve, such that the magnetic assembly effectively
comprises an approximated curved magnetic field. The method can include

locating the magnetic assembly within a coil actuator assembly.
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[8038] In some examples of the method of manufacturing a magnetic actuator,
the method can further comprise configuring the first and second magnets with
a wedge-shape design, the magnets combining to provide the magnet assembily

with an approximated curved configuration.

100371 In some examples of the methed of manufacturing a magnetic actuator,
the method can further comprise configuring the first and second magnets with
opposing curved surfaces, such that the magnet assembly comprises opposing

curved sufaces.

[0038] in some examples of the method of manufacturing a magnetic actuator,
the method can further comprise securing an aftachment pole piece to an end of
the magnetic assembly. The pole piece can comprise at least two alignment
components interfaced to at least one of first and second support surfaces of a
plaiform. The at least two alignment components can be arranged to facilitate
saif-alignment of the mount device relative to the platform prior {o curing of an
adhesive. The atleast two alignment components and the adhesive can

collectively resirict movement of the mount device relative to the platform.

100391 In some examples of the methed of manufacturing a magnetic actuator,
the method can further comprise configuring a plurality of magnets to be
stacked on one another {o form the magnet assembly, wherein north and south

poles of adiacent magnets are arrangsad in an alternating manner.

[0040] In some examples of the method of manufaciuring a magnetic actuator,
the method can include generating an approximated curved magnetic field by

activating the coil actuator assembly.

[8041] In some examples of the method of manufacturing a magnetic actuator,
the method can further comprise configuring the coll actuator assembly to
comprise a housing having an opening {e.q9., a circular cross-section opening or
a rectangular cross-section opening) through which the magnet assembly is

located.

100421 In some examples of the methed of manufacturing a magnetic actuator,

PCT/US2017/046600
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the method can further comprise configuring each of the first and second
magnets with an cuter surface height dimension greater than an inner surface

height dimension.

[0043] In some examples of the method of manufacturing a magnetic actuator,
the method can further comprise configuring the first and second magnels to
comprise opposing curved surfaces that combine to provide the magnet

assembly with opposing surfaces having a curved configuration.

100441 In some examples of the method of manufacturing a magnetic actustor,
the method can further comprise configuring a plurality of magnets gach having
a magnetic axis and a magnetic field, the plurality of magnets stacking to at
least partially form the magnetic assembly, wharein at least some of the

magnetic axes are angularly offset from one another.

[00458] In some examples of the method of manufacturing a magnetic actuator,
the method can further comprise attaching the magnet assembly to an optical
device and atiaching the coll actuator assembly to a support base of a fast

steering mirror assembly, or vice versa.

[0048] In one example of the present disclosure there is provided a til platform
assembly. The lilt platform assembly can include a support base and a tilt
platform pivolally coupled to the support base. The assembly can include at
least one coll actualor assembly mounted to one of the support base or the tilt
platform, and at least one magnet assembly mounted to the other of the support
base or tilt platform. The at least one magnet assembly can be disposable
within the at least one coll actuator assembly. The al least one magnetic
assembly can comprise al [east two magnets having respective magnetic fields
anguiarly offset from one anocther and that colliectively approximate a curve, the
magnetic assembly effectively exhibiting an approximated curved magnetic field
(not a ruly curved magnetic fisld, but one that approximates a curve due fo the
positioning of the magnets relative {0 one ancther and the resulling angularly

oiffset magnetic axes).

~J
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[8047] In some examples of the tilt platform assembly, each of the at least two
magnets has a magnetic axis about their north and south poles, and wherein at

least some of the magnetic axes are angularly offset from one anocther.

[0048] In some examples of the tilt platform assembly, each of the at least two
magnets has a wedge-shape design and combine to approximate a curve inthe

magnet assembly.

(00497 In some examples of the tiit platform assembly, the at least two magnets
have an outer surface height dimension greater than an inner surface height

dimension.

100507 In some examples of the tilt platform assembly, the inner surface height
dimensions of the at least two magnels are arranged adjacent each other to

form a noniinear magnet assembly.

100511 In some examples of the tilt platform assembly, the at least two magnets
comprise opposing curved surfaces that combine o provide the magnet

assembly with opposing curved surfaces.

[0052] In some examples of the tiit platform assembly, the at least two magnets
comprise five magnets each having a magnetic axis. The five magnets can be
sacured to each other in a stack wherein at least some of the magnetic axes are

angularly offset from one anocther.

[0053] In some examples of the tilt platform assembly, the magnet assembly
further comprises an attachment pole piece secured to an end of the at least

two magnets.

[0054] In some examples of the tilt platform assembly, the platform includes a
first support surface and an adjacent second support surface. The attachment
pole piece can inciude at least two alignment components interfaced to at least
one of the first and second support surfaces. The at least two alignment
components can be arranged to facilitate self-alignment of the mount device
relative to the platform prior to curing of an adhesive between the platform and

the attachment pole piece. The al ieast two alignment components and the
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adhesive can collectively restrict movement of the mount device relative to the

platform.

[0058] in some examples of the tili platform assembly, the assembly comprises
four magnetic assemblies each atiached approximately to corner areas of the il
platform. Four colf actuator assemblies can be attached to the support base
and positioned o receive and actuate a corresponding magnet assembly to

pivot the tilt platform.

10058} In some examples of the tilt platform assembly, the at least one coll
actuator assembly includes a housing having an opening (e.q., a circular cross-
section opening or a rectangular cross section opening) through which the

magnetic assembly is at least partially disposed.

[8057] In some exampies of the tilt platform assembly, the housing has a central

axis that is non-perpendicular to a planar operating side of the tilt platform.

[0058] in some examples of the tili platform assembly, the magnet assembly
includes a plurality of magnets stacked on each other and atiached together,
wherein magnets of the stack are arranged such that north and south poles of

adjacent magnetis are positioned in an allernating manner.

[0059] In some examples of the tilt platform assembly, the tilt platform is a mirror

or other optical device.

[00607 In some examples of the tilt platform assembly, the assembly is at least

part of a fast steering mirror assembly.

(8081} In one example of the present disclosure there is provided a method of
facilitating pivot of a tilt platform assembly. The method can include providing a
tilt platform assembly having a support base, a tilt platform pivotally coupled io
the support base, and at least one coll actuator assembly mounted o one of the
support base or the tilt platform. The assembly can include al least one
magnetic assembly mounted {o the other of the support base or tilt platform, and
being disposable within the atl least one coll actuator assembly. The at least

one magnetic assembly can comprise at least two magnets having respective



WO 2018/075127 PCT/US2017/046600

10

15

20

25

magnetic fields. The method can include approximating a curved magnetic field
by positioning the at least two magnets adjacent each other, and facilitating
actuation of the at least one magnet assembly {0 pivot the il platform relative to

the mount plate.

100621 In some examples of the method of facilitating pivot of a tilt platform
assembly, the step of approximating the curved magneltic field can further
comprise configuring a first magnet having a first magnetic axis; configuring a
sacond magnet having a second magnetic axis; and positioning the first magnet
relative to the second magnet to angularly offset the respective magnetic axes

and io define, at least in part, the magnetic assembly.

100631 In some examples of the method of facilitating pivot of a tilt platform
assembly, each of the at least two magnels comprises a magnetic axis about
the north and south poles, and wherein at least some of the magnelic axes are

anguiarly offset from one anocther.

[0064] In some examples of the method of facilitating pivot of a tilf platform
assembly, each of the at least two magnets comprise a wedge-shape design

that combine 1o approximate a curve in the magnetic assembly.

(0088} In some examples of the method of facilitating pivot of a tilt platform
assembly, the at least two magnets comprise opposing curved surfaces that

combine o curve the magnstic assembly.

[0068] in some examples of the method of facilitating pivot of a tilt platform
assembly, the at least two magnets comprise five magnets each having a
magnetic axis, the magnets secured to each other in a stack wherein at least

some of the magnetic axes are angularly offset from one another.

100671 In some examples of the method of facilitating pivot of a tilf platform
assembly, the method can further include coupling an attachment pole piece {o

one end of the at least two magnets.

100681 In some examples of the method of facilitating pivot of a tilt platform

assembly, the method can further comprise positioning the attachment pole

10
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piece against the tilt platform and adhering the atlachment pole piece {o the tiit
platform. The {ilt platform can include a first support surface and an adjacent
second support surface. The attachment pole piece comprises at least two
alignment componenis interfaced (o at least one of the first and second support
surfaces, and the at least two alignment components can be arranged {0
facilitate self-alignment of the mount device relative o the platform pricr o
curing of the adhesive. The at least two alignment components and the
adhesive can collectively restrict movement of the mount device relative to the

platform.

[00698] in some examples of the method of facilitating pivot of a tilt platform
assembly, the method can further comprise disposing adhesive between the
attachment pole plece and the tilt platform, and positicning the attachment pole
piece against the tilt platform to allow self-alignment of the at least two
alignment components before the adhesive cures. The method can include
allowing the adhesive 1o cure 1o secure the pole piece and the magnetic

assembly {o the tilt platform.

[0070] in some examples of the method of facilitating pivot of a tilt platform
assembly, the method can further comprise attaching four magnstic assemblies
approximately to corner areas of the tilt platform, and then attaching four coil
actuator assemblies (o the support base {0 receive and acluate respective

magnetic assemblies to pivol the tilt platform.

[0071] In some examples of the method of facilitating pivot of a tilf platform
assembly, the method can further comprise attaching a plurality of magnets
stacked on each other to form the magnetic assembly, wherein north and scuth

poles of adjacent magnets are positioned in an alternating manner.

(00721 In some examples of the method of facilitating pivot of a {ilf platform
assembly, the method can further comprise generating an approximated curved

magnetic field by activating the coil actuator assembly.

[0073] In some examples of the method of facilitating pivot of a tilt platform

11
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assembly, the method can further comprise generating an approximated curved
magnetic field about each of the four magnet assemblies by activating at least
some of the four coil actuator assembiies to pivot the tilt platform about the

support base.

100741 In one example of the present disclosure there is provided a mounting
system for an optical device. The system can include an optical device
comprising an operating side and a mounting side, and the mounting side can
have a first support surface and an adjacent second support surface. The
system can include an external member and a mount device fixedly coupled to
the mounting side of the oplical device via an adhesive and securable o the
external member. The mount device can comprise at lsast two alignment
componeants interfaced to at least one of the first and second support surfaces.
The at least two alignment components can be arranged to facilitate self-
alignment of the mouni device relative to the optical device prior to curing of the
adhesive. The at least two alignment components and the adhesive can

collectively restrict movement of the mount device relative o the optical device.

[0075] in some examples of the mounting system, one of the at ieast two
alignment components comprises a first point of contact and a second point of
contact, where each of the first and second points of contact are interfaced to
the first support surface. Anocther one of the al least two alighment components
can comprise a third point of contact interfaced to the second interface surface,
wherein the first, second, and third points of contact assist to self-glign the

mount device relative to the oplical device.

10076} In some examples of the mounting system, the one of the at least two
alignment components can comprise a planar surface on which the first and
second points of contact are positioned of located. The other one of the at least
two alignment components can comprise a curved surface on which the third

point of contact is positioned or located.

[0077] in some examples of the mounting system, the adhesive is disposed

12
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between a planar surface of the mount device and a recess on the mounting

side of the optical device.

[0078] in some examples of the mounting system, the first support surface and
the second support surface can each be substantially perpendicular to a plans

of the operating side.

[8079] In some exampiles of the mounting system, the optical device can be

gither siatic or kinematic.

[0080] in some examples of the mounting system, the exiernal member
comprises at least one of a structural support member, an actuation member, or

a magnetic actuator component.

[8081] In some examples of the mounting system, the external member
comprises a magnetic assembly and the mount device comprises a pole piece

of the magnetic assembly.

[0082] in some examples, a fast steering mirror mounting system comprises a
plurality of mount devices attached o respective pluralities of the first and

sacond support surfaces of the optical device on the mounting side.

[0083] In some examples of the mounting system, the mounting system can be

deveid of fasteners that are capable of exarting stresses on the optical device.

[0084] in one example of the present disclosure there is disciosed a method of
mounting an optical device. The method can comprise forming an optical
device comprising an operating side and a mounting side. The mouniing side
can have a first support surface and an adjacent second support surface. The
method can include securing a mount device of an extemal member to the
mounting side of the optical device. The mount device can comprise at least
two alignment components interfaced to at least one of the first and second
support surfaces. The at least two alignment components can be arranged o
facilitate seif-alignment of the mount device relative 1o the optical device pricr to
curing of an adhesive. The at least two alignment components and the

adhesive can collectively restrict movement of the mount device relative to the

13
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optical device.

[0085] In some examples of the method of mounting the optical device, the
securing step further comprises disposing adhesive between the mount device
and the optical device, and, while the adhesive is in a liquid state, aligning the at
least two alignment components in position relative to respective first and

sacond support surfaces. The adhesive can then be caused o cure.

(0086} In some examples of the method of mounting the optical device, the
method can further comprise configuring one of the at least two alignment
components with a first point of contact and a second point of contact. Each of
the first and second points of contact can be interfaced to the first support
surface. The method can further comprise configuring the other one of the at
least two alignment components with a third point of contact that can be
interfaced to the second interface surface, such that the first, second, and third

points of contact self-align the mount device relative to the optical device.

[0087] In some examples of the method of mounting the optical device, the
forming the optical device can comprise forming a pedestal having a recess.
The pedestal can be adjacent to the mount device and the recess can define an

area to receive the adhssive.

[0088] in some examples of the method of mounting the optical device, the
method can further comprise configuring the one of the at least two alignment
components with a planar surface on which the first and second points of
cortact are located, and configuring the other one of the at least two alignment

componeants with a curved surface on which the third point of contact is located.

[0089] In some examples of the method of mounting the optical device, the
method can further comprise statically or kinematically mounting the optical

device 1o g support base about the external member.

[0090] in some examples of the method of mounting the optical device, the
method can further comprise at least partially disposing the external member

proximate a coll actuator assembly, the external member comprising at least

14
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one magnet.

[0091] In some examples of the method of mounting the optical device, the
external member can comprise a magnetic assembly comprising at least two
magnets, and wherein the mount device is a pole piece altached to one of the

magnets.

(8082} In some examples of the method of mounting the optical device, the at
feast two magnets can have respective magnetic fields that collectively

approximate a curve.

[0093] In some examples of the method of mounting the optical device, the
method can further comprise forming a plurality of first and second support
surfaces, and securing a plurality of mount devices to respective support

surfaces of the optical device on the mounting side.

100841 In some examples of the method of mounting the optical device, the
mounting method can result in an optical device mounting system that is devoid

of fasteners capable of exerting stresses on the oplical device.

[0095] With reference to FIGS. 1-4, shown is a tilt platform assembly 100 in
accordance with an example of the present disclosure. In this example, the it
platform assembly 100 comprises a fast steering mirror assembly mountable {o
a structure via three mounts 101 (such as for being mountable 1o a telescope,
satellite, aircraft, or other suitable structure). FIG. 1 shows the fully assembiled
filt platform assembly 100, and FIG. 2A shows a cross section of FIG. 1 about
ling 2A-2A. The tilt platform assembly 100 can include a support base 102 and
a tilt platform 104 pivotally coupled to the support base 102 by a flexure device
106 positioned between the support base 102 and the platform 104 (flexure
device 106 is shown generically in FIGS. 2A, 2B, and 3, flexure devices coupled
between a mirror and a base and that facilitate pivot are known in the art and
will not be shown and discussed in detail). The assembly 100 can include at
least one coil actuator assembly 108a-d (see also FIGS. 2A-4) mounted {o the

support base 102 by a plurality of fasteners 110. Four magnstic assemblies
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112a-d (see FIGS. 2A-3) can be mounted fo the tilt platform 104 and can be
disposed within a respective coll actuator assembly 108a-d. Each magnetic
assembly 112a-d can comprise a plurality of magnets 118a-f having respective
magnetic fields that coliectively approximate a curved magnetic field {(see the
discussion below regarding FIGS. 5A and 5B). Regarding FIGS. 1-4 there is
provided an example of four magnetic assemblies 112a-d each disposed at
least partially within a respective coil actuator assembly 108a-d. Those skilled
in the ari will recognize thai, in an inverse arrangement, the coii acluaior
assemblies can be mounted {o the tilf platform while the magnetic assemblies
can be mounted to the support base, such that the coll actustor assemblies

move relative to the magnetic assemblies.

(0096} Coil actuator assembly 108a, for instance, includes a housing 114
{typically aluminum) and a copper coil 116 wrapped around the housing 114
(see FIGS. 2A and 2B). The copper coil 118 can be electrically coupled to a
power source (not shown), such that supplying a controlied vollage to one or
more of the copper coils 116 causes actuation of one or more respective
magnetic assemblies 112a-d, thereby facilitating a desired pivot of the tilt
platform 104 relative to the support base 102 (see FIG. 2B for an example of the
platform 104 tilted toward the right relative to the support base 102 dus to
actuation of the magnetic assemblies). As will be discussed further regarding
FIGS. 5A-8C, because each magnetic assembly 112a-d is arranged in a curved
configuration, each magnetic assembly has optimized clearance to move within
its respective housing of its coll assembly 108a-d as compared to a magnstic
assembly that is substantially straight or linear. This maximized or optimized
clearance provides a more compact assembly as compared {o the clearance
provided by a straight magnetic assembly disposed in a similar coll agsembly, all
while pivoting the platform within a desired range of movement {e.g., +/- 8
degrees in Ry and +/- 3 degrees in Rx axes; see FIG. 1). Indeed, the ratio of
fength L to depth D (FIG. 1) can be increased to provide a more compact, iow-

profile design over prior designs having a straight magnetic assembly. For



WO 2018/075127 PCT/US2017/046600

10

15

20

25

30

example, a mirror having dimensions of 2.7 inches by 4.0 inches can be
included within a {ilt platform assembly 100 as shown in FIGS. 1-4 having a
length L of 5.5 inches and a depth D of 1.5 inches. In other words, the ratio of
depth fo length of this fast steering mirror assembly can be at least a 1:3.66,
while providing a pivotal range of +/- 8 degrees in Ry and +/- 3 degrees in Rx

axes.

[0087] FIG. 5A shows a magnetic assembly 112 having a plurality of magnets
118a-f stacked on each other and having an end pole piece 120 and an
attachment pole piece 122 attached at either end of the stack of magnets 118a-
f. The pole pieces 120 and 122 are typicaily comprised of stainless steel that
assist {0 complete a magnetic field about the stack of magnets. Each magnet
118a-f comprises a magnetic axis 124a-f about their north pole N and south pole
S (for clarity, only the magnetic axes 1243, 124b, and 1241 are shown). In some
examples, at least some of the magnetic axes 124a-f are angularly offset from
one another. For example, FIG. 5A shows that all the magnetic axes 124a-fare
angularly offset from one another, as illusirated by axis 124a being angularly
offset from axis 124b of adjacent magnets. in this example, each magnet 118a-f
comprises a wedge-shape design having an outer surface height dimension H,
greater than an inner surface height dimension H; (see magnset 118d). In other
words, the magnets 118a-f can comprise a tapered or tapering cross-section, as
shown. In some exampies, the magnetic assembly can comprise opposing
curved surfaces 126a and 1260, wherein the individual magnets 118a-f
comprise oppoesing curved outer surfaces that combine to curve the magnet
assembly 112. In other examples, the magnetic assembly 112 can have a
varying configuration, such as a curved section followed by a siraight section
followed by another curved section, the cverall configuration of the magnet

assembly 112 being based upon or defined by the individual magnets 118,

[0088] The magnets 118a-f can be adhered {ogether and arranged as shown
such that their north and south poles alternate relative {o adjacent magnelts, as

idlustrated by the N and S labels on magnets 118a and 118b. Thus, a north pole
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N will exist at pole piece 120, and a south pole 5 will exist at pole piece 122,

Of course, each magnet 118a-f will inherently have a magnetic field, and the
magnetic fields of adjacent magnets in the stack will be slightly offset from each
other due o at least some {or all} of the magnetic axes being angularly offset
from each other. Thus, arranging the magnets 118a-f in this manner such that
the magnetic axes are angularly offset from or relative 10 one ancther will cause
the resulting magnetic fields generated by the magnets 118 within the magnelic
assembly 112 to also be offset from or relative to one ancther, wherein the
magnetic fields collectively and effectively operate o “approximate” a curve.
Stated differently, the collective magnetic fields operate to approximate a curve,
such that the magnetic assembily can be said to comprise a magnetic field that
approximates a curve. Of course, due fo the laws of physics a magnetic field of
a single magnet cannot be “bent” or “curved”. Therefore, by arranging a stack
of magnets in this curved configuration, a curved magnetic field is
approximated. Using this magnetic assembly configuration, a coil assembly can
appropriately actuate the magnstic assembly with predictable results. This
“approximated curved magnetic field” generated by the curved magnetic
assembly is highly advantageous when the magnetic assembly 112 is used in

conjunction with a compact coil actuator assembly, as further discussed below.

[0099] In one example, as illustrated in FIG. 5B, each magnet (e.g., magnet
118a) can have a wedge shape with an angle W. In the specific exampile of
FIG. 5B, the magnet 118a can comprise a wedge of approximately 8 degrees as
measured between a planar surface 130 and an angled surface 131
Accordingly, magnet 118a has an axis angle A of approximately 94 degrees
between the central axis 124a and the planar surface 130 of the magnet if the
axis 124a is oriented normal to the angled surface 131, as shown. Thus, as
shown on FIG. 5A, a collective angle C can be approximately 24 degrees
between opposing end surfaces of the magnetic assembly 112, Of course, the
collective angle C can vary depending on the axis angle A of each magnetin the

stack. In the most simplified example, a pair of wedge-shaped magnets could

18



WO 2018/075127

10

15

20

25

30

be stacked on each other 1o approximate a curved magnetic field for an
actuator; however, three or more magnets is desirable for optimal performance

of travel and actuation by a coll actuator assembly.

[00100] The aforementioned angles and other properties of the magnetic
assembly 112 (a.g., strength, number, size of magnets, configuration of
magnets, force and forque required by each actuator) can be determined and
optimized by a compuler program with other faciors of other components of the
magnetic actuator assembly, such as various features of the coil assembly
components. For example, a particular flexure of a fast steering mirror can
have a known stiffness thal the magnetic actuators must overcome to actuate
the mirror and o achieve a desired mirror pivot travel. Based on these known
quantities, g curved magnsetic actuator assembly can be designad having a
particular required torque to overcome said known factors. For instance, these
known guantities can be inputted by a designer using MAXWELL® software, for
example, {o receive a computer gensrated cutput providing the force required to
actuate the mirror. Specifically, a designer can input the current (e.g., 100
Amps), the actuator radius {e.g., 1.25 inches), the number of actuators (e.g., 4)
and other known parameters that the software program can then use {0
calculate or determine the force needed {o pivot the particular mirror about the
particular flexure. Based on this oulput, the predictive resistance of the
magnetic assembiy can be determined, as well as the force and {orque per amp,
and the resistance, acceleration, acceleration with the flexure, and the torque of
the actuators as compared to the stiffness of the flexure. In the design process,
at least one pole piece can be disposed within the coil assembly for optimal
performance. Such general design determinations are known with siraight
magnetic assemblies. However, in the present disclosure the housings of the
coill actuator assemblies can be designed at a non-perpendicular angle relative
to the operating side of the mirror, and the magnetic assemblies can be
designed o be curved relative {o the coil actuator assembly (e.g., FIG. 2A).

Because of such configuration (as further discussed herein), the coll assemblies
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can be more compact in size as compared to straight {e.q., vertical) coil

assemblies having straight magnets therein.

[0o104]  With reference to FIGS. 8A, a schematic is provided to illusirate the
geomsiric clearances when incorporating a prior related straight magnet 200
into a prior related siraight coll actuator assembly 202 to pivot a tilt platform (not
shown). “Straight” is intended to mean a magnet or magnet assembly having an
axis thatl is not curved or, in the case of a coliection of magneis making up in
part a magnet assembly, that does not approximate a curve. In this illustration,
the straight magnet 200 has the same or similar width as that of the curved
magnetic assembly 208 of FIG. 6B. As shown in FIG. 8A, when the siraight
magnet 200 is actuated upwardly by a coil assembly 202 (a coil assembly
having a same housing size and shape as the coll assembly of FIG. 2A and FIG.
6B (but having a bobbin perpendicular to a mirror surface when in a neutral
position}}, a lower corner area 204 of the straight magnet 200 will confact a left
side wall 208 of the housing of the coil assembly 202, Such “contact” is not
desirable and would render an accompanying tilt platform or actuator inoperable
or would limit that travel of the tilt platform, thus resulting in less than oplimal
performance. Thus, a coil actuator assembly housing having a larger cross
sactional area would be required 1o facilitate the same pivol angle and magnetic
actuation of the travel of the assembly of FIG. 6B, thereby requiring a larger
actuation assembily, which can increase the cost and size of a fast steering
mirror, for instance. With further comparison to FIG. 6B, the system shown as
having the same sized and shaped coll actuator assembly housing as that
Hlustrated on FIG. 8A, the curved magnetic assembly 208 of the present
disclosure can fravel or traverse a greater distance within its coil assembly 210
as compared to the straight magnetic assembly 200 of FIG. 8A due to the
presence of the curved shape of the magnetic assembly 208. As shown, a
lower corner area 212 is clear of {or separated from) a left side wall 214 of the
coil assembly 210 of FIG. 88 upon the magnetic assembly 208 traveling the

same distance as the magnet 200 of FIG. 8A, thus permitling or facilitating
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further travel by the magnetic assembly 208 of FIG. 6B over that of magnet 200,
or a reduction in size of the coil actuator assembly 210, In other words, a
smaller or minimized sized housing can be incorporated with the curved
magnetic assembly 208 as compared 1o a straight magnet in order to achieve

the same desired pivol angle and magnetic actuation fravel.

[00192] In another example, FIG. 6C shows a magnetic actuator assembly
216 having coil assembily 218 with a curved cross sectional shape that
corresponds to a curved shape of the curved magnetic assembly 216, As
shown, a lower corner area 222 is clear of {(or separated from) a left side wall
224 of the coil assembiy 210, which is a greater distance of separation as
compared to that shown in FiGG. 6B, This configuration provides even greater
geometric clearances belween the magnetic assembly and the housing of the
coil assembly, thereby providing an even more minimized or optimized compact
magnetic actuator to that of FIGS. 6A or 6B,

[00103] With reference to FIGS. 7A-9, a self-aligning mounting system 300 is
disclosed (see specifically the mounting system shown in FIG. 9). FIG. 7A
shows a platform 202, which may be an oplical device, such as a mirror or lens
{or other component that is comprised of sensitive material such that stresses
exerted on the platform may cause failure or poor performance of the platform).
As generally known, a mirror of a fast steering mirror assembly {(e.g., FIG. 1)
can be entirely formed of Beryllium, which is quite sensitive {o clamping forces
and other stresses exerted by mechanical fasteners such as screws, bolts, sic.,
for example. Such forces can cause distortion of the reflecting surface or
operating side of the mirror, for example, which leads to poor performance such
as “fuzzy” or blurred or distorted images transmitted by the mirror. In addition,
when mounting one or more external members to the optical device {in order to
mount the optical device staticaily or kinematically), it can be important to
precisely mount said external component to the optical device to restrict
movement between the extiernal member and the optical device and to properly

align the optical device relative to another mirror and/or relative to the mirror's
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mounting struciure, for instance. This is primarily because even the smaliest
tolerances can compound along the mounting system and can dramatically
aiffect the performance of the optical device, particularly with a kinematic-type
mounting system of an optical device. Therefore, the mounting system 200
disclosed herein provides a self-aligning mounting system that minimizes or
substantially reduces stresses on the oplical device as compared to systems
that require mechanical fasteners (or that require additional and/or complex

mounting components).

[00404] In one example, the platform 302 can be formed as a uniform body
{e.q., entirely of Beryllium) having an operaiing side 304 {(e.q., a reflective side,
such as that shown in FIGS. 1-28) and a mounting side 306 (the side shown in
FiG. 7A). The mounting side 308 can include four pedestals 308a-d (see also
elements 108a-d in FIG. 3). With specific reference to the cutout of FIG. 7B
{although also applicabie to all other pedesials), the pedesial 308a can be
raised vertically from a recessed area 310 formed in the mounting side 306,
The pedestal 308a can comprise a first support surface 312a and an adjacent
second support surface 312b, which may be formed such that they are oriented
fransverse (e.g., orthogonal at 80 degrees) relative (o each other (or oriented on

another angle between approximately 30-130 degrees).

[60185] As shown in FiG. 8, a mount device 314 can be secured {(e.g.,
adhered using adhesives) to an end magnet of a magnetic assembly 318
(alternatively, the mount device 314 can be coupled to any other external
member of an optical device assembily, such as a siatic support member,
actuator rod/member, or other magnetic actuator). The mount device 314 can
be configured to self-align and be secured to the mounting side 308 of the
platform 302. More specifically, the mount device 314 (e.q., a pole piece of the
magnetic assembiy) can include a planar adhesive surface 322, Extending a
distance from the adhesive surface 322 can be a primary alignment component
324a and a secondary alignment componant 324b located or positioned

proximate one ancther in a particular or specific strategic configuration
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corresponding to the first and second support surfaces 312a and 312b
(components 324a-b also shown in FIG. 9). The alignment components 324a
and 324b can extend approximately the same distance or height from the
adhesive surface 322, or they can extend different distances depending upon
the configuration of the mounting system 300. In the example shown, the
primary alignment component 324a can comprise a triangular shaped protrusion
having a planar surface 328 that defines a first point of contact 328a and a
second point of coniact 328b (although other protrusion shapes such as a
rectangle or polygon can be used). The secondary aignment component 324b
can be a cylindrical pin having a curved surface that defines a third point of
cortact 328c. With continued reference {0 the pedestal 308a, and as shown in
FIGz. 7B, an upper planar surface 332 and a recess 334 formed therein can be
provided on an upper area of the pedestal 308. The upper planar surface 332
may be substantially planar with and parallel to the operating side 304 of the
plaiform 202, and the first and second support surfaces 312a and 312b may be
substantially perpendicular to the upper planar surface 332 of the pedestal 308a
and the operating side 304 of the platform 302. The recess 334 can be sized 10
receive an adhesive 336 (also shown in FIG. 8) to permanently secure the
pedestal 308a to the adhesive surface 322 of the mount device 314 (see FIG.
782 and 8 for circular “bubbles” that illusirate the adhesive regions on each
component when the mount device is adhered io the pedestal, and as shown
adhered fogether in FIG. 9).

00408] During 2 mounting and self-aligning process, the adhesive surface
322 of the mount device 314 is biased against the upper planar surface 332 of
the pedestal 208. The adhesive 336 is disposed between the recess 334 and
the adhesive surface 322 o adhere the adhesive suiface 322 to the recess 334
of the pedestal 308a. While the adhesive 336 is in a liquid or uncured state in
the recess 334, the mount device 314 can be clocked or self-aligned against the
pedestal 308a and the adhesive 336 allowed to cure. Specifically regarding

said ssif-alignment, while the adhesive 338 is in the liuid state, the primary
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alignment component 324a can be engaged or interfaced with and biased
against the first support surface 312a such that the first point of contact 328a
and the second point of contact 328b interface and engage with the first support
surface 312a. Concurrently or separately (and while the adhesive is still liquid
and uncured), the secondary alignment component 3240 can be engaged or
interfaced with and biased against the second support surface 312b of the
pedestal 3083, such that the third point of contact 328c¢ interfaces or engages
with the second support surface 312b. Once all three points of contact are
engagsed with their respective surfaces, the adhesive can be allowed 10 cure,
thersby permanently securing the magnetic assembly (or other external
member) to the platform 302 in a highly accurate and seif-aligned manner. Of
course, the exact location of a particular point of contact may slightly vary;
however, the crux of the self-alignment configuration is that three points of

contact exist between the mount device 314 and the pedestal 308a.

(001071 This self-aligning mathod can also provide a very repeatable and
highly accurate mounting system between the platform 302 and an exiernal
member or magnetic actuator. Specifically, because the first and second points
of contact 328a-b are posilioned about a single planar surface, the primary
alignment component 324a can be machined with highly accurate precision and
can be planarly biased against the first support surface 312a, thereby
guaranteeing two points of contact {0 assist with self-alignment of the mount
device 314 relative to the platform 302. Similarly, because the third point of
contact 328¢ is positioned about a curved surface, the secondary alignment
component 324b can be biased against the second support surface 312b about
only a single point of contact and without other components or points of contact
against the second support surface 312b. As arranged, the primary and
secondary alignment components 324a and 324b cooperatively and
simultaneousty provide three points of contact (o interface with the platform {o
salf-align or clock the mount device {o the platform with minimized tolerances

{(as compared to two or four points of contact, or a system of mechanical
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fasteners). Providing only iwo points of confact (e.g., just two pins) can resuit in
undesirable tolerance issues because the mount device may tend to rotate
about one of the pins during installation, and tolerance issues may further exist.
Proving four points of contact is also possible (e.q., two identical primary
portions adjacent each other), but there is a risk that one of the points of contact
will not be interfaced with or sealed properly against the pedestal because of
tolerances issues when machining a pair of planar surfaces to interface with a
pair of planar support surfaces, for example. Thus, as shown on FIG. 8,
providing two protrusions (one being configured to provide an elongated planar
interface surface, and the other configured to provide a curved interface
surface) that define three points of contact {2 on the planar surface and one on
the curved surface) can facilitate accurate and proper self-alignment (e.g., all
points of contact properly interfaced and engaged with the pedestal), and can
minimize undesirable tolerance issues that can lead to poor performance of the
overall mounting system. Those skiiled in the art will recognize other
configurations that can accomplish a similar resuit. For example, the primary
alignment component 3243 can comprise a pair of parallel pins or pretrusions,
each defining a point of contact, that coliectively define a plane against which to
glign and interface or engage the first support surface of the pedestal.

However, because of machining tolerance issues, the primary portion 324z
shown having a single planar surface may be preferable because of the

aforementioned advantages.

00108} FIG. 10 illustrates a method 400 of facilitating pivot of a tilt platform
assembly, such as described regarding the tilt platform assembiy and related
components and operations discussed with reference to FIGS. 1-58B. The
method 400 can include step 402 of providing a &ilt platform assembly having a
support base, a tilt platform pivotally coupled {o the support base, and at least
one coil actuator assembly mounted o one of the support base or the it
platform (e.g., as described regarding FIGS. 1-4). The assembly can include at

least one magnetic assembly {e.q., 112a-d) mounted to the other of the support
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base or iilt platform, and being disposabie within the at least one coil actuator
assembly {e.g., 108a-d). The at leasi one magnetic assembly can comprise at
least two magnets having respective magnetic fields, and anguilarly offset
magnetic axes, such as discussed specifically regarding FIGS. A and 5B. The
method 400 can include step 404 of approximating a curved magnetic field by
positioning the at least two magnets adjacent each other, and step 408 of
facilitating actuation of the at least one magnet assembly to pivot the tilt plaiform

relative to the mount plate, as further discussed regarding FIGS. 1-5.

001091 Step 404 of approximating the curved magnetic field can comprise
step 408 of configuring first and second magnets each having a respective
magnetic axis (8.¢., as described regarding FIGS. 5A and 5B). Step 410
comprises positioning the first magnet relative to the second magnet tc
angularly offset the respective magnetic axes and to defing, atleastinpart, a
magnetic assembly (FIG. BA). Such positioning ¢an be achieved by adhering or
otherwise sacuring the magnets to each other about corresponding planar
surfaces of each magnet, as arranged in the example of FIG. 5A and discussed
herein. Step 412 comprises locating the magnetic assembly within a coil
actuator assembly, as shown and discussed regarding FIGS. 2A and 2B. Step
414 comprises coupling an attachment pole piece to one end of the at least two
magnets (e.g., as described regarding FIGS. 54, 8, and 89). The attachment
pole piece can be adhered or otherwise secured 10 an end of a stack of
magnets, such as shown on FIG. 5A. Step 416 comprises positioning (e.g.,
self-aligning) the attachment pole piece against the tilt platform and adhering
the attachment pole piece 1o the {ili platform (e.q., as further described
regarding FIGS. 7A-9). This can be achieved by a machineg or person holding
and positioning a magnetic assembly (having the pole piece) proximate a
pedestal of the tilt platform (e.g., mirror), then biasing the pole piece against the
pedesiai, and then clocking or self-aligning the pole piece relative to the
pedestal {as discussed regarding FIGS. 7-9), and then allowing deposited

adhesive to cure and secure the pole piece to the pedestal. Step 418
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comprises generating an approximated curved magnetic field by aclivaling the
coil actuator assembly, which is further described in the examples of FIGS. 1-8.
The steps described regarding method 400 can be repeated or otherwise
performed for a plurality of magnetic assemblies {e.g., 112a-d) secured {0 a

platform of a tilt platform assembly having coll assemblies.

[001107 FIG. 11 illustrates a method 500 of manufaciuring a magnstic
actuator, such as described further regarding the operations and componenis
discussed with reference to FIGS. 1-8, namely the actuators 108a-d. The
method 500 can comprise step 502 of configuring a first magnet having a
magnetic axis and a first magnetic field, and step 504 of configuring a second
magnet having a magnetic axis and a second magnetic field (e.g., as described
regarding FIGS. 5A and 5B). The method 500 comprises step 506 of
positioning the first magnet relative to the second magnet o angularly offset the
respective magnetic axes and to define, at least in part, a magnetic assembly
(FIG. 5A). Such positioning can be achieved by adhering or otherwise securing
the magnets 1o each other about corresponding planar surfaces of each
magnet, as arranged in the example of FIG. 5A and discussed herein. Thus, the
first and second magnetic fields operate together to collectively approximate a
curve, as discussed in the examples of FIGS. 1-58 and 6B. The method 500
comprises step 508 of locating the magnetic assembly within a coll actuator
assembly, as shown and discussed regarding FIGS. 2A and 2B, Step 510
comprises securing an attachment pole piece to an end of the magnstic
assembly {e.g., as described regarding FIGS. 54, 8, and ). The attachment
pole piece can be adhered or otherwise secured to an end of a stack of
magnets, such as shown on FIG. 5A. Step 512 comprises attaching a plurality
of magnets stacked on each other {0 form the magnet assembly, wherein north
and south poles of adjacent magnets are arranged in an alternating manner.
Such arrangement is further discussed regarding FIG. 5A. The magnets can be
cut or sawed from straight magnet saction, thereby forming a tapered shaped

magnet, and then the magnels can be stacked and adhered fogether in an
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alternating north and south pole to form a curved magnetic assembly, as best
shown on FIG. 5A. Step 514 comprises generating an approximated curved
magnetic field by activating the coil actuator assembly which is further described

in the examples of FIGS. 1-9.

00111} FIG. 12 illustrates a method 800 of mounting an optical device {o an
external member, such as the method of mounting the magnetic assembly108a-
d of FIGS. 1-3 and 7-9 to the mirror platform (i.e., an optical device) described
thersin. The method 600 can comprise step 602 of forming an oplical device
comprising an operating side and a mounting side {e.g., the mirror platform
discussed regarding FIGS. 1-8). The optical device can be formed by existing
methods of making a uniform beryllium mirror, for instance The mounting side
can have a first support surface and an adjacent second support surface (8.g.,
312a and 312b discussed regarding FIG. 7B). A beryllium mirror can be
machined or molded to create such support surfaces into a pedestal of the
mirror, for example. Step 604 comprises securing a mount device of an external
member to the mounting side of the oplical device. The mount device can be
the attachment pole piece discussed regarding FIGS. 7-8. The mount device
can comprise at least two alignment componenis interfaced o at least one of
the first and second support surfaces (e.g., see discussion of FIG. 9,
specifically). The at least two alignment components can be arranged {o
facilitate self-alignment of the mount device relative to the optical device prior to
curing of an adhesive. Such seif-alignment is further discussed regarding
method step 416 and regarding the discussion of FIGS. 7A-9. The at least two
alignment componenis and the adhesive can collectively restrict movement of
the mount device relative to the optical device. Siep 606 can comprise a
number of operations, including disposing adhesive between the mount device
and the optical device, and, while the adhesive is in a liguid uncured state,
aligning the at least two alignment components in position relative (o respective
first and second support surfaces, and then allowing the adhesive to cure (as
further discussed regarding FIGS. 7A-8).
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(00112} Step 808 comprises forming a pedestal having a recess, which can be
formed by known methods of making particular features of an optical mirror, for
example, such as machining or molding methods. The pedestal can be
adjacent the mount device and the recess can define an area {0 receive the
adhesive. Step 610 comprises statically mounting or kinematically mounting the
optical device to a suppert base about the exiemal member The discussions
regarding FIGS. 7A-9 describe an example of kinematically mounting a
magnetic assembly 112a {o the pedestal 308a of the platform 302, for example.
However, a mathod of statically mounting an external member {e.g., magnetic
actuator, rod, support structure, etc.) is disclosed whereby a static exiernal
member {2.¢., having the attachment pole piece 314) is mounted to a siatic
mirror via the attachment pole piece 314, as one example. Specifically, only the
pole piece 314 would be statically mounted {o the pedestal 308a and a stalic
external member would be secured to the pole piece 314. Step 612 comprises
at least partially disposing the exiernal member proximate a coil actuaior
assembly, whereby the external member comprising at least one magnet, as
further discussed regarding FIGS. 1-4).

[00113] itis to be understood that the examples of the invention disclosed are
not limited o the particular structures, process steps, or materials disclosed
herein, but are exiended o equivalents thereof as would be recognized by
those ordinarily skilled in the relevant arts. [t should also be understood that
terminology emploved herein is used for the purpose of describing particular

examples only and is not intended 1o be limiting.

[00114] Reference throughout this specification {0 “one example” or “an
example” means that a particular feature, struciure, or characteristic described
in connection with the example is included in at least one example of the
present invention. Thus, appearances of the phrases “in one exampie” or “in an
example” in various places throughout this specification are not necessarily all

referring 1o the same example.

[00118] As used herein, various examples of the present invention can be
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referred io herein along with alternatives for the various components thereof. it
is understood that such examples and alternatives are not to be construed as
de facto equivalents of one ancther, but are to be considered as separate and

autonomous representations of the present invention.

[00116] Furthermore, the described features, structures, or characteristics can
he combined in any suilable manner in one or more examples. Inthe
description, numerous specific detaiis are provided, such as examples of
fengths, widths, shapes, eic., {o provide a thorough understanding of examples
of the invention. One skilled in the relevant art will recognize, however, that the
invention can be practiced without one or more of the specific details, or with
other methods, components, materials, etc. In other instances, well-known
structures, materials, or operations are not shown or described in detail to avoid

obscuring aspecis of the invention.

(004171 While the foregoing examples are illustrative of the inventive concepis
in one or more particular applications, # will be apparent 1o those of ordinary skill
in the art that numerous modifications in form, usage and details of
implementation can be made without the exercise of inveniive faculty, and
without departing from the principles and concepts of the invention. Accordingly,
it is not intended that the invention be limited, except as by the claims set forth

below.
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CLAIMS

What is claimed is;

1. A magnetic actuator, comprising:

a first magnet having a first magnetic axis and a first magnetic fisld;

a second magnet having a second magnetic axis and a second magnetic
field, ihe first and second magnets defining, at least in part, a magnetic
assembly; and

a coil actuator assembly at least partially disposed about the magnetic
assembly,

wherein the first and second magnetic fields collectively approximate a

curve.

2. The magnetic actuator of claim 1, wherein the first magnet is positioned

relative to the second magnet to angularly offset the respective magnetic axes.

3. The magnelic actuator of claim 1, wherein the magnetic assembly
comprises a plurality of stacked magnets, wherein at least one of the first and
sacond magnets has a tapered cross-section having a magnetic axis angularly

offset from a magnetlic axis of another magnet in the magnetic assembly.

4. The magnetic actuator of claim 1, wherein at least one of the first and

sacond magnets comprises a wadge-shape design.
5. The magneiic actuator of claim 1, wherein the first and second magnets
comprise opposing curved surfaces, such that opposing surfaces of the magnet

assembly are curved.

6. The magnetic actuator of claim 1, further comprising third, fourth, and fifth

magnets stacked on the first and second magnets, wherein each magnet has a
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magnetic axis, and wherein at least some of the magnetic axes are anguiarty

offset from one another.

7. The magneiic actuator of claim 1, further comprising an atlachment pole

piece secured {0 an end of the magnetic assembly.

8. The magnetic actuator of claim 7, wherein the attachment pole piece

comprises at least iwo alignment components.

9. The magnelic actuator of claim 1, wherein the magnet assembly includes
a plurality of stacked magneis attached together, wherein adjacent magnets of
the stack are arranged such that north and south poles of the adiacent magnets

are positioned in an alternating manner.

10. A tilt piatform assembly, comprising:

a support base;

a tilt platform pivotally coupled to the support base,

at least one coil actuator assembly, mounted to one of the support base
or the {ilt platform,; and

at least one magnet assembly mountad {o the other of the suppori base
or ilt platform, and being disposable within the at least one coil actuator
assembily, the at least one magnetic assembly comprising at least two magnets
having respective magnetic fields angularly offset from one ancther and that

collectively approximate a curve.

11. The tilt platform assembiy of claim 10, wherein gach of the at least iwo
magnets has a magnetic axis about their north and south poles, and wherein at

least some of the magnelic axes are angularly offset from one another.

12. The tilt platform assembly of claim 10, wherein each of the at least two

magnets has a wedge-shape design and combine {0 approximale a curve in the
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magnet assembiy.

13. The tilt platform assembly of claim 10, wherein the al [east two magnets
has an ouler surface height dimension greater than an inner surface height

dimension.

14. The tilt platform assembly of claim 10, wherein the inner surface height
dimensions of the at least two magnets are arranged adjacent one another {o

form a nondinear magnet assembly.

15. The tilt platform assembiy of claim 10, wherein the atl [east two magnets
comprise opposing curved surfaces that combine to provide the magnet

assembly with opposing curved surfaces.

16. The lilt platform assembly of claim 10, wherein the at least two magnets
comprise five magnets each having a magnetic axis, the five magnets secured
to each other in a stack, wherein at least some of the magnetic axes are

angularly offset from one another.

17. The tilt platform assembly of claim 10, wherein the magnet assembly
further comprises an attachment pole piece secured to an end of the at least

two magnets.

18. The tilt platform assembly of claim 17, wherein the platform includes a
first support surface and an adjacent second support surface, wherein the
aitachment pole piece comprises at least two alignment components interfaced
to at least one of the first and second support surfaces, the at least two
alignment components arranged to facilitate self-alignment of the mount device
relative to the platform prior to curing of an adhesive between the piaiform and
the attachment pole piece, the at least two alignment components and the

adhesive collectively restricting movement of the mount device relative to the
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plaiform.

19. The tilt platform assembly of claim 10, further comprising four magnetic
assembilies, each attached approximately to corner areas of the tilt platform, and
further comprising four coil actuator assemblies, each attached 1o the support
hase and positioned 1o receive and acluate a corresponding magnet assembly

to pivot the tilt platform.

20. The tilt platform assembly of claim 10, wherein the at least one coil
actuator assembly includes a housing having an opening through which the

magnetic assembly is at least partially disposed.

21. The tilt platform assembly of claim 20, wherein the housing has a central

axis that is non-perpendicular to a planar operating side of the tilt platform.

22. The tilt platform assembly of claim 10, wherein the magnet assembly
includes a plurality of magnets stacked on sach other and atiached fogether,
wherein magneis of the stack are arranged such that north and south poles of

adjacent magnets are positioned in an alternating manner.

23. The tilt platform assembly of claim 10, wherein the tilt platform comprises

a mirror or other optical device.

24, The tilt platform assembly of claim 10, wherein the assembly is at least

part of a fast steering mirror assembly.

25 A mounting system for an optical device, the system comprising:
an optical device comprising an operating side and a mounting side, the
mounting side having a first support surface and an adjacent second support
surface;

an external member; and
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a mount device fixedly coupled to the mounting side of the optical device
via an adhesive and securable 1o the external member, the mount device
comprising at least two alignment components interfaced to al least one of the
first and second support surfaces of the oplical device, the ai least iwo
alignment componenis arranged to facilitate self-alignment of the mount device
relative to the optical device prior to curing of the adhesive, the at least two
alignment components and the adhesive collectively resiricting movement of the

mount device relative o the optical device.

28. The system of claim 25, wherein one of the at least two glignment
components comprises a first point of contact and a second point of contact,
each of the first and second points of contact interfaced to the first support
surface, and wherein ancther cne of the at least two alignment components
comprises a third point of contact interfaced to the second inlerface surface,
wherein the first, second, and third points of contact seif-align the mount device

relative to the optical device.

27. The system of claim 28, wherein the one of the at least two alignment
components comprises a planar surface on which the first and second points of
contact are positioned, and wherein the other one of the at least two glignment
components comprises a curved surface on which the third point of contact is

positioned.

28. The system of claim 25, wherein the adhesive is disposed belween g
planar surface of the mount device and a recess on a mounting side of the

optical device.
28. The system of claim 25, wherein the first support surface and the second

support surface are each substantiaily perpendicular to a piane of the operating

side.
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30. The system of claim 25, wherein the optical device is either stalic or

Kinematic.

31. The sysiem of claim 25, wherein the exiernai member comprises at least
5  one of a structural support member, an actuation member, or a magnetic

actuator component.

32. The system of claim 25, wherein the external member comprises a
magnetic assembly and the mount device comprises a pole piece of the

10 magnetic assembly.
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400 R,

PROVIDE A TILT PLATFORM ASSEMBLY, COMPRISING: A SUPPORT BASE; A
TILT PLATFORM PIVOTALLY COUPLED TO THE SUPPORT BASE; AT LEAST ONE
ACTUATOR COIL ASSEMBLY, MOUNTED TO ONE OF THE SUPPORT BASE OR
THE TILT PLATFORM,; AND AT LEAST ONE MAGNET ASSEMBLY MOUNTED TO

THE OTHER OF THE SUPPORT BASE OR TILT PLATFORM, AND BEING ™ 402
DISPOSABLE WATHIN THE AT LEAST ONE ACTUATOR COIL ASSEMBLY, THE AT
LEAST ONE MAGNETIC ASSEMBLY COMPRISING AT LEAST TWO MAGNETS
HAVING RESPECTIVE MAGNETIC FIELDS

APPROXIMATE A CURVED MAGNETIC FIELD
BY POSITIONING THE AT LEAST TWO e 404
MAGNETS ADJACENT EACH OTHER

FACILITATE ACTUATION OF THE AT LEAST ONE MAGNET
ASSEMBLY TO PIVOT THE TILT PLATFORM RELATIVE TO THE — 406
MOUNT PLATE

CONFIGURE FIRST AND SECOND MAGNETS EACH HAVING | 408
RESPECTIVE MAGNETIC AXIS

POSITION THE FIRST MAGNET RELATIVE TO THE SECOND
MAGNET TO ANGULARLY OFFSET THE RESPECTIVE
MAGNETIC AXES AND TO DEFINE, AT LEAST IN PART, A
MAGNETIC ASSEMBLY

e 410

- LOCATE THE MAGNETIC ASSEMBLY | 440
- WITHIN AN ACTUATOR COIL ASSEMBLY

COUPLE AN ATTACHMENT POLE
PIECE TO ONE END OF THE AT - 414
LEAST TWO MAGNETS

POSITION THE ATTACHMENT POLE PIECE AGAINST THE
- TILT PLATFORM AND ADHERING THE ATTACHMENT  —__ 418
POLE PIECE TO THE TILT PLATFORM

GENERATE AN APPROXIMATED CURVED MAGNETIC FIELD
BY ACTIVATING THE ACTUATOR COIL ASSEMBLY

T 418

FIG. 10
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500
\

CONFIGURE A FIRST MAGNET
HAVING A FIRST MAGNETIC AXIS — 502
AND A FIRST MAGNETIC FIELD

CONFIGURE A SECOND MAGNET HAVING A
. SECOND MAGNETIC AXIS AND A SECOND  +—— 504
MAGNETIC FIELD

|

POSITION THE FIRST MAGNET RELATIVE TO THE
SECOND MAGNET TO ANGULARLY OFFSET THE
RESPECTIVE MAGNETIC AXES AND TO DEFINE, AT LEAST
IN PART, A MAGNETIC ASSEMBLY, WHEREIN THE FIRST
AND SECOND MAGNETIC FIELDS COLLECTIVELY
APPROXIMATE A CURVED MAGNETIC FIELD
I

r~ 506

LOCATE THE MAGNETIC ASSEMBLY — 508
WITHIN AN ACTUATOR COIL ASSEMBLY

SECURE AN
ATTACHMENT POLE
PIECE TO AN END OF ~_ 510

THE MAGNETIC

ASSEMBLY

ATTACH A PLURALITY OF MAGNETS
STACKED ON EACH OTHER TO FORM
THE MAGNET ASSEMBLY, WHEREIN
NORTH AND SOUTH POLES OF
ADJACENT MAGNETS ARE ARRANGED IN
AN ALTERNATING MANNER

|
GENERATE AN APPROXIMATED
CURVED MAGNETIC FIELD BY

ACTIVATING THE ACTUATOR COIL |~ 214
ASSEMBLY

e 512

FiG. 11
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600 T

FORM AN OPTICAL DEVICE COMPRISING AN OPERATING SIDE

AND A MOUNTING SIDE, THE MOUNTING SIDE HAVING AFIRST . go2

SUPPORT SURFACE AND AN ADJACENT SECOND SUPPORT
SURFACE

SECURE A MOUNT DEVICE OF AN EXTERNAL MEMBER TO THE MOUNTING
SIDE OF THE OPTICAL DEVICE, THE MOUNT DEVICE COMPRISING AT LEAST
TWO ALIGNING COMPONENTS INTERFACED TO AT LEAST ONE OF THE FIRSGT
AND SECOND SUPPORT SURFACES, THE AT LEAST TWO ALIGNING
COMPONENTS ARRANGED TO FACILITATE SELF-ALIGNMENT OF THE MOUNT ™ 604
DEVICE RELATIVE TO THE OPTICAL DEVICE PRIOR TO CURING OF AN
ADHESIVE, THE AT LEAST TWO ALIGNING COMPONENTS AND THE ADHESIVE
COLLECTIVELY RESTRICT MOVEMENT OF THE MOUNT DEVICE RELATIVE TO
THE OPTICAL DEVICE

THE SECURE STEP FURTHER COMPRISING DISPOSING
ADHESIVE BETWEEN THE MOUNT DEVICE AND THE OPTICAL
DEVICE, AND, WHILE THE ADHESIVE IS IN A LIQUID STATE,
ALIGNING THE AT LEAST TWO ALIGNING COMPONENTS IN - 606
POSITION RELATIVE TO RESPECTIVE FIRST AND SECOND
SUPPORT SURFACES, AND THEN ALLOWING THE ADHESIVE
TO CURE

THE FORMING OF THE OPTICAL DEVICE COMPRISING
FORMING A PEDESTAL HAVING A RECESS, THE PEDESTAL
ADJACENT THE MOUNT DEVICE AND THE RECESS T 608
DEFINING AN AREA TO RECEIVE THE ADHESIVE

MOUNT THE OPTICAL DEVICE STATICALLY OR
KINEMATICALLY TO A SUPPORT BASE ABOUT THE +—~— 610
EXTERNAL MEMBER

DISPOSE THE EXTERNAL MEMBER
PROXIMATE AN ACTUATOR COIL | &1y
ASSEMBLY, THE EXTERNAL MEMBER
COMPRISING AT LEAST ONE MAGNET

FIG. 12
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1. claims: 1-6, 9-16, 19, 22-24

A magnetic actuator, wherein the magnetic assembly comprises
a plurality of stacked magnets, wherein at least one of the
first and second magnets has a tapered cross-section having
a magnetic axis angularly offset from a magnetic axis of
another magnet in the magnetic assembly.

2. claims: 7, 8, 17, 18, 25-32

A tilt platform assembly, wherein a magnet assembly

comprises an attachment pole piece secured to an end of at
least two magnets.

3. claims: 20, 21

A tilt platform assembly, wherein least one coil actuator
assembly includes a housing having an opening through which
a magnetic assembly is at Teast partially disposed.
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