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MIRROR MOUNTING ASSEMBLY

Background

i31]  This invention relates to relatively large mirrors, or other surfaces requiring no
surface disruptions, and more specifically to the structure that supports the back of the
mirror or surface.

1021 The lack of discontinuities and/or irregularities on the reflecting face of mirrors
{or other surfaces) are generally desired and are of critical importance where a relatively
farge mirror is used in a scientific instrument, ¢.g. a telescope or other optical device.
Some irregularities in the reflecting face of the mirror may be caused by physical stresses
induced by the mirror mounting stracture, e.g. dimensional changes of the mirror
mounting structure with temperature variation or due to drying of an adhesive. This
effect is an increasing concern where the thickness of the mirror faceplate is relatively
thin which may be desirable in some environments such as to minimize weight.

163]  Some larger mirror faceplates have been supported on the back side by elongated
ribs where each rib continuously engages and, with the use of an adhesive, serves as a
support stracture for the mirror faceplate. Spaced apart ribs are generally an
improvement over mounting the mirror faceplate to a planar sheet of material in terms of
reducing physical stresses induced in the mirror faceplate. However, there exists a need
for an improved mounting structure for such mirrors that further minimizes

discontinuities/irregularitics in the reflecting face of the mirror due to such stresses.

Summary

[04] It is an object of the present invention to satisfy this need.

An exemplary sapport structure for a planar faceplate includes ribs exiending
substantially perpendicular to a bottom surface of the planar faceplate. Spaced apart
projections extend from the ribs towards the bottom surface of the planar faceplate and
have distal ends that engage and are sccured to the bottom surface. Each distal end

defines an arca with a mumerical value that is less than the thickness of the planar
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faceplate measured in the same measurement units as the area to limit any stress
formations induced in the planar faceplate due to thermal changes from reaching a top
surface of the planar faceplate. Alternatively, the projections may be spaced apart mesas

extending outward from a rigid material.

Description of the Drawings

[05] Features of exemplary implementations of the invention will become apparent
from the description, the claims, and the accompanying drawings in which:

106} FIG. 1 is a perspective view showing an exemplary embodiment of a mirror
asscmbly in accordance with the present invention.

1071 FIG. 2 is a partial side view showing the exemplary embodiment of FIG 1.

108} FIG. 3 is a partial side view showing another cxemplary embodiment of a mirror
support structure in accordance with the present invention,

109} FIG. 4 is a perspective view showing a further exemplary embodiment of a mirror

assembly in accordance with the present invention,

Dietailed Description

118}  Onc aspect of the present invention resides in the recognition of how stresses
induced in a mirror faceplate can be better mitigated by managing the area of supports
that cngage the back of the faceplate versus the thickness of the faceplate.

111} Referring to FIGs. 1 and 2, a mirror faceplate 100 s mounted to and supported
by ribs 105 and 110. The ribs may be formed from planar sheets of material or a block of
material may be formed to have a repeating series of parallel peaks and valleys where the
peaks function as relatively narrow support ridges. In this example, the mirror faceplate
100 consisis of a planar sheet of material having a reflective surface 125 and the ribs 105
and 110 comprise sheets of material, e.g. carbon fiber, disposed transverse to the bottom
surface 102 of the mirror faceplate 100. A plurality of cutouts 120, 1.¢. areas where no
rib material is present, are spaced apart along the edge of ribs 105 and 110 disposed

adjacent the bottom surface 102 of the mirror faceplate 100 leaving a corresponding
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spaced apart mumber of projections 115 of the rib material that engages the bottom
surface 102 of the mirror {aceplate 100. The ribs may be manafactured with
corresponding cutouts and projections, or alternatively a rib with a solid edge portion can
be machined to remove the material in the cutout arca. In this exemplary ernbodiment, an
adhesive 130 is disposed on the distal ends of the projections 115 to secure the bottom
surface 102 of the mirror faceplate 100 to the ribs 105 and 110 via the respective spaced
apart projections 115, Any adhesive 130 compatible with the materials being joine

could be used, although adhesives with a similar coefficient of thermal expansion to the
materials being joined are preferred.

112}  Inorder to minimize "print through”, i.c. a stress-induced physical deformation
extending through the mirror faceplate and reaching the reflective face 125 of the mirror,
along the lines of attachment of the ribs to the bottom surface 102 of the mirror faceplate
100, it is preferred that the arca of the distal ends of projections 115 that engage and
support the bottom surface 102 of the mirror faceplate 100 be less than twice the
thickness of the mirror faceplate 160. The distal ends have an arca with a numerical
value that is less than twice the thickness of the planar faceplate measured in the same
measurement units as the area. For example, for a mirror faceplate 100 with thickness of
0.1 inches, the area of the distal end of cach projection 115 should be less than 0.2 square
inches, and preferably be less than 0.1 square inches. A representative stress formation
135 is shown in the mirror faceplate 100 about one of the projections 115, Of course,
corresponding stress formations will likely oceur where each of the projections 115
engage the bottom surface 102 of the mirror faceplate 100. It should be noted that
although the stress formation 135 extends upwardly into the mirror faceplate 100 from
the bottom surface 102 of the mirror faceplate, the maximum extent of the stress
formation 135 does not reach the reflective surface 125 and hence does not adversely
impact the smoothness of the reflective surface, t.e. reflections are from reflective surface
125 are not distorted by such stress formations. The number and location of vibs needed
will vary depending of the required stability of the mirror faceplate.

113} FIG. 3 shows & partial side view of another exemplary embodiment of mirror
faceplate 100 and supporting rib 305. In this example, rib 305 has a plarality of spaced

apart projections 310 having a first perpendicular (relative to the bottom surface 102 of
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mirror faceplate 100} leg 315 connected to a substantially paraliel leg 320 that is
connected to another perpendicular feg 325 having a distal end that engages and 1s affixe
with adhesive 130 to the bottom surface 102, A plurality of cutouts 330 are spaced apart
along the edge of ribs 305 defined between adjacent projections 310, Similar to the
above described embodiment, it is preferred that the area of the distal ends of legs 325
that engage and support the bottom surface 102 of the mirror faceplate 100 be less than
the thickness of the mirror faceplate 100. The projections 310 of the embodiment of FIG.
3 provide reduced sensitivity to thermal changes since the dimensions of the legs of the
projections 310 are selected to accommodate physical movement/bending themselves in
response to dimensional forces associated with thermal changes. The flexibility of leg
320 to allow legs 315 and 325 to move up/down as well as accommodating laterally
movement {in and out the page as seen in FIG. 3) of these legs due to forces caused by
thermal changes further reduces the magnitude of the stress formation 135, Legs 310
may be formed in a pseudo-random pattern so that the respective legs 320 lic within a
plane generally parallel to the area of the mirror faceplate 100 to which each is attached
but with respective legs 320 rotated to form differcnt angles to each other. This will
assist in opposing deflection of a curved mirror faceplate such as due to external forces
such as gravity. Lateral movement of a curved ruirror faceplate such as used for a
telescope is also undesirable.

114}  Other types of nonlinear projections in addition to projections 310 could be
utilized to accommodate movement in the projections themselves to minimize the
magnitude of the induced stress formations in the mirror faceplate. For example,
projections having a general "S" or "C" shape could be used.

115} FIG. 4 shows another embodiment of a support structure for a planar mirror
faceplate 400 having a top reflecting surface 405 and a bottom surface 410. A shect of a
rigid supporting material 420 is generally planar and has a top surface 425 and a bottom
surface 430. Two different types of supporting mesas that project away from the top
surface 425 are Hlustrated.

116} A mesa 440 may have a generally cylindrical or rectangular cross-section and
extend outwardly from the top surface 425 of the support material 420. The distal end

445 of mesa 440 is substantially parallcl to the top surface 425 and has an arca less than
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the thickness of the mirror faceplate 400. All of the mesas 440 will have a similar height
so that each of the distal ends lics within a single plane so that each will contact and be
adhered to the bottom surface 410 of the mirror faceplate 400. The mesas 440 may be
aligned 1n rows along the top surface 425, Alternatively, the mesas 440 may be arranged
in a pseudorandom pattern to eliminate a linear pattern of attachment to the mirror
faceplate 400.

1171 Another type of mesa 450 may be uiilized which also projects outwardly from the
top surface 425 of the support material 420. The mesas 450 are generally similar to the
projections 310 as previously explained. Each mesa 450 includes a first leg 455 attached
to and projecting substantially perpendicular to the top surface 425, Another leg 460 has
an end that attaches to the distal end of leg 455 and extends substantially parallel to the
top surface 425, The other end of leg 460 attaches to one end of leg 465 that projects
substantially perpendicular to the top surface 425, The distal end 470 of leg 465 1s
parallel to the top surface 425 and has an area less than the thickness of the mirror
faceplate 400. The mesas 450 each have a distal end that lies within a single plane that
will engage and be adhered to the bottom surface 410 of the miurror faceplate 400,
Simtilar to mesas 440, mesas 450 may be aligned in rows along the top surface 425 or
alternatively may be arranged in a pseudorandom pattern to eliminate a linear pattern of
attachment to the mirror faceplate 400. Only one type of mesas 440 and 450 may be
utilized on a single rigid supporting material 420, Alternatively, both types of mesas 440
and 450 may be utilized in an intermingled and dispersed pattern to achieve a blend of
strength as provided by mesas 440 and flexibility as provided by mesas 450.

18]  Although exemplary implementations of the invention have been depicted and
described in detail herein, it will be apparent to those skilled in the art that various
modifications, additions, substitations, and the like can be made without departing from

the spirit of the invention. The scope of the invention is defined in the following claims.
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Claims

1. A support structure for a planar faceplate comprising:

ribs extending substantially perpendicular to a bottom surface of the planar
faceplate;

spaced apart projections extending outward from the ribs, cach of the spaced apart
projections having a distal end that les within a single plance for engaging and being
secured to the bottom surface;

each distal end having au arca with a numerical value that is less than the
thickness of the planar faceplate measured in the same measurement units as the area to
Hmit any stress formations induced in the planar faceplate due to thermal changes from

reaching a top surface of the planar faceplate.

2. The support structure of claim Iwherein the numerical value is less than 2 times

the thickness of the planar faceplate

3. The support structure of claim 1wherein at least some of the spaced apart
projections have a nonlinear portion to accommodate physical deflection of the at least

some of the spaced apart projections in order to minimize the stress formations.

4, The support structure of claim 3 wherein the nonlinear portion inclhudes first and
second legs perpendicular to the bottom surface and a third leg parallel to the bottom
surface, the first leg extending from the rib and having a first distal end, the third leg
connects the first distal end to one end of the second leg with the other end of the second

leg engaging the bottom surface.

5. The sapport stracture of claim Iwherein the planar faceplate is a mirror faceplate

having a top reflecting planar surface.
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6. A support structure for a planar faceplate comprising:

a rigid material extending substantially parallel to a bottom surface of the planar
faceplate;

spaced apart mesas extending outward from the rigid material, cach of the spaced
apart mesas having a distal end for engaging and being secured to the bottom surface;

cach distal end having an arca with a numerical value that ts less than the
thickness of the planar faceplate measured in the same measurement units as the area o
limit any stress formations induced in the planar faceplate due to thermal changes trom

reaching a top surface of the planar faceplate.

7. The support structare of claim 6 wherein the numerical value is less than 2 times
the thickness of the planar faceplate.

8. The support structure of claim 6 wherein at least some of the spaced apart mesas
have a nounlinear portion to accommodate physical deflection of the at least some of the

spaced apart mesas in order to minimize the stress formations.

g. The support structure of claim & wherein the nonlinear portion inchades first and
second legs perpendicular to the bottom surface and a third leg parallel to the bottom
surface, the first leg extending from the rigid material and having a first distal end, the
third leg connects the first distal end to one end of the second leg with the other end of

the second leg engaging the bottom surface.

18.  The support structare of claim 6 wherein the planar faceplate is a mirror faceplate

having a top reflecting planar surface.
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11, A mirror assembly comprising:

a faceplale containing a top reflecting surface and a botiom surface;

a support structure;

spaced apart mesas extending outward from the support structure, each of the
spaced apart mesas having a distal end that engages and is secured to the bottom surface;

cach distal end having an arca with a numerical value that ts less than the
thickness of the faceplate measured in the same measurement unils as the area to limit
any stress formations induced in the faceplate due to thermal changes from reaching a top

reflecting surface.

12. The mirror assembly of claim 11 wherein the numerical value is less than 2 times
the thickness of the planar faceplate.

13. The mirror assembly of claim 11 wherein at least some of the spaced apart mesas
have a nounlinear portion to accommodate physical deflection of the at least some of the

spaced apart mesas in order to minimize the stress formations.

14.  The mirror assembly of claim 13 wherein the nonlinear portion includes first and
second legs perpendicular to the bottom surface and a third leg parallel to the bottom
surface, the first leg extending from the mirror assembly and having a first distal end, the
third leg connects the first distal end to one end of the second leg with the other end of

the second leg engaging the bottom surface.

15.  The wirror assembly of claim 11 wherein the top reflecting surface of the

faceplate is planar.
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