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(57) So as to f1x a fragile object, such as a mirror (10) embarked on a man-made satellite, which 1s required to undergo
significant temperature varniations, as well as impacts and vibrations, two dovetail-shaped grooves are machined on
this object, a pair of thin strips (20, 22) being placed in each of said grooves. The thin strips are secured to a supporting

b

ock (14) by means of screws (24), a stack of spring washers being placed between the head of each screw and the

b

ock. Sheets, preferably made of malleable metal such as gold, are placed between the object (10) and each of the

parts of the fixing device 1n contact with this object.
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ABSTRACT OF THE DISCLOSURE

8o as to fix a fragile object, such as a mirror
(10) embarked on a man-made satellite, which is
required to undergo significant temperature variations,
as well as impacts and vibrations, two dovetail—shaped
grooves are machined on this object, a pair of thin
strips (20,22) being placed in each ot said grooves.
The thin strips are secured to a supporting block (14)
by means of screws (24), a stack of spring washers
being placed between the head of each 3crew and the
block. Sheets, preferably made of malleable metal such
as gold, are placed between the object (10);énd-each of
the paxts of the fixing device in contact'with  th1s
object. -
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DEVICE FOR FIXING A FRAGILE OBJECT, SUCH AS A MIRROR

FIELD OF THE INVENTION

The invention concerns a device making it possible
to fix a fragile object, such as a mirror requiring
precise positioning, whilst enabling it to withStand
high temporary mechanical loads and temperature

gradients.
BACKGROUND OF THE INVENTION

Ssuch a fixing device may in particular be used on a
man-made satellite sd as to secure to the satellite a
silica or glass mirror whose weight may be up to about
20 kg. In fact, between its conditions of use in space
and on the ground, such a mnmirror 1is subjéCted to
temperatures which may vary betweéni —269‘C and +180°C.
Moreover, it is required to withstahd 31gnificant
vibrations and accelerations, especially during the
launching phase, without sustaining any degradations or
deformations and in partiCular of its active surface.

Amongst the currently known devices fox secg§§@g.a'
fragile object, such as :a'mirror, none of ﬁtheséwiully
satisfy these various requiréments. '

Accordingly, the known technique, for example,
consisting of glueing blocks flush with the substrate
of the mirror, which does not exhibit or hardly
exhibits any drawback within a range of temperatures of
less than 40°'C, may result in the glue £film oxr the
substrate rupturing during extremely large temperature
ranges owing to the stresses generated in the substrate
of the mirror by differential éxpansions. ' '
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SUMMARY OF THE INVENTION

The precise object of the invention is to provide é
device for fixing a fragile object, such as a mirror,
whose special design makes it possible to withstand
such differential expansions without inducing any
excess stresses generated in the substrate of the
mirror by differential expansions and also to withstand
any high temporary loads whilst retaining correct
positioning accuracy without generating any
deformations.

According to the invention, this result is obtained
by means of a device for fixing a fragile object, such
as a mirror, wherein it includes :

- at least one groove with a dovetail-shaped section
formed in said object, said groove comprising two non-
opening extremities ;

- at least one pair of trapezoidal sectional thin
strips suitable for being mounted in sald groove so
that each wooden strip 1is in contact with one (flat
lateral slanted face of the groove ;

- a supporting block placed opposite saidf.groove'and
bearing at least one locking membexr suitable for being
placed between the thin strips so as to keep them in
place against said lateral slanted faces ;

- screws via which each of the thih sttips is secured
to the supporting block ; and |

- at least one spring washer inserted between said
supporting block and the head of each screw.

In this device, the non-opening nature of the
dovetail gqroove formed in the object to be fixed makes
it possible to avoid the latter becoming embrittled at
the location of the groove. The shape given to the thin
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strips enables them to be introduced into the groove
and to extract them from said groove, whilst allowing
for effective f£ixing when the locking member is placed
between the thin strips. The spring washers associated
with the screws allow for backlash elimination due to
the differential expansions of the materials used
whenever the temperature rises and £alls, without the
tightening tension of the screws varying significantly.

The tightening power of the screws 1s adjusted so that

at any time, that is especially under the effect of
gravity and at the ¢time o0f 1launching, the forces
applied to the mirror are taken up by friction.

In one preferred embodiment of the 1invention, the
locking member is constituted by a section projecting
from the supporting block and having slanted flat faces
forming, along with the lateral faces of the groove,
two 1isosceles trapezoid-shaped sectional housings 1in
which the two thin strips are placed.

So that the tightening powers o0f the screw are
applied on as larxge as poSsible surface of the object
to be fixed, each thin strip advantageously exhibits
one flat face suitable for being applied agalnst one ot
the lateral faces of the groove, and one convex face,
for example roughly in the shape of an axc of a cixcle,
suiltable for being applied against one 0of the slanted
flat faces of the locking member.

Preferably, the device of the invention includes
two parallel grooves with the same dimensions formed in
the object, a pair of thin strips bheing housed in each
of the grooves, all the thin strips being connected to
a single supporting block.

In this case, the two thin strips most inside the

device are made of a first material, such as stainless
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steel, having a high coefficient of expansion with
respect to a second materlal, such as invar, in which
the other two thin strips and the supporting block are
embodied.

In the case where the device includes two parallel
grooves, the single supporting block preferably bears
between the grooves a positioning slug sultable forx
being received with virtually no play inside a
cylindrical housing formed in the object.

So as to avoid at the time of tightening peeling ot
the surface micro-roughnesses and accordingly the start
of microcracks able to then spread until the objJject
breaks up, a fine sheet made of a malleable material,
such as gold, is preferably placed between the object
and each of the sections of the device with which said
object is in contact, namely the block, the thin strips

and, if it exists, the positioning slug.
BRIEF DESCRIPTION OF THE DRAWINGS

One preferred embodiment of the invention is now to
be described by way o0f non-restrictive example with
reference to the accompanying drawings in which :

- figure 1 is a partial cutaway ftaht view along
the line I-I of figure 2 and represents a fixing de#ice
according to the invention ;

- fiqure 2 is a partial cutaway top view along the
line II-II of figure 1 of the fixing device ;

- figure 3 is a cutaway view along the line III-III
of figure 1 not showing the screws for fixing the thin
plates on the block ;

- figure 4 1is a sectional view representing on a
larxrger scale the fixing of one of the thin plates of

SP 5321.69 GP
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the device onto the block ; and

- fiqure 5 1is a sectional view representing on a
larger scale the slug enabling the block to be
positioned on the mirror.

DPETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The £f£ixing device of the invention and illustrated
on figures 1 to 4 is intended to ensure the fixing of a
mirror 10 made of a fragile material, such as silica,
onto a suitable bearer structure (not shown) of a man-
made satellite. The mirror 10 has the shape of a flat
disk whose diameter may, £for example, be close to 600
mm and whose weight may be about 20 kg.

So as to take account of the forces applied to the
mirror, both on the ground (gravity) and 1in space
(launching), which are mainly orientated along
directions tangential to the mirroxr, the f£ixing of the
mirror 10 1s ensured by at least three fixing devices,
such as the device 12, cooperating with  the
circumferential edge 10a of the mirror 10.

At the location of each of the fixing devices 12,
this circumferential edge 10a of the mirror 10 exhibits

'a rectangular-shaped flat surface 10b which does not

extend as far as the front and rear faces of the
mirror, a&s shown in particular on figures 2 and 3. The
rectangular flat sole l4a of one supporting block 14 of
the fixing device 12 is applied onto this flat surface
10b. More precisely, the rectangular sole of the block
14 has a length approximately egual to the
circumferential length of the flat surface 10b and a
width slightly less than the width of this flat

sur tace.
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The supporting block 14 also comprises a rib 14b
which projects from the sole l4a from the side opposite
the mirror 10 along a direction parallel to the faces
of the latter. This rib 1l4b is traversed at its middle
by a hole 16 orientated parallel to the axis of the
mirror and allowing for £ixing of the block 14 onto a
supporting structure (not shown) provided £foxr this
effect on the satellite. This £fixing may be effected
with the aid of any suitable means, such as a bolt 17
partially represented by the dot-and-dash lines on
figure 3.

The fixing device 12 of the invention also includes
two parallel grooves 18 with a dovetail-shaped section
(figure 1) and which are machined in the flat surface
10b along a direction parallel ¢to the axis of the
mirror 10 close to each otf the circumferential
extremities of this flat surface 10b. As clearly shown
on figure 3, the grooves 18 comprise extremities which
do not open onto the lateral faces of the mirror 10.
This characteristic 1is an essential one, as it makes it
possible to retain the circular shape of the mirror
near to each of its faces, which avoids the formation
of brittleness zones where ruptures may start to ocgg;.

Each of the dovetail-shaped grooves 18 eihibitgﬁ%wo
lateral slanted faces 18a opposite the bottom of the
groove and, along with the latter, forming an angle of
close to 60°. The grooves, just like the flat surxrface
10b, are directly machined in the mirror 10, forx
example by milling.

Two thin strips 20 and 22 are placed in each of the
grooves 18, sald strips roughly having as a section the
shape of rectangular trapezoids. The dimensions of
these strips 20 and 22 are such that they may be

SP 5321.69 GP
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inserted into and extracted from the corresponding
groove 18 and placed side by side 1in this groove SO
that each of them is in contact with one of the lateral
faces 18a, as shown on figure 1.

More precisely, figures 1 to 4 show that each of
the thin strips 20 and 22 have one slanted flat face
respectively 20a and 22a suitable £for taking support
against the corresponding lateral face 18a of the
groove 18 where these thin strips are placed.

The supporting block 14 also has, on the face of
the sole l4a turned towards the mirror 10, two coxrner-
shaped projecting sections l4c to be placed bétween the
thin strips 20 and 22 mounted in each of the grooves 18
when the block 14 is put in place. The projecting
sections 14c thus constitute 1locking members against
which the thin strips 20 and 22 are also supported.

More precisely, each of the proJjecting sections l4c
comprises two flat slanted surfaces l4cl turned towaxds
the bottom of the corresponding grcove 18 and forming
with the latter the same angle as the lateral slanted
faces 1l8a. The projecting sections 1l4c thus delimit
inside the corresponding groove 18 two sectional
isosceles trapezoid housings in which each of the'thin
strips 20 and 22 are confined.

So as to guarantee a satisfactory contact between
the £flat slanted faces 20a and 22a of the thin strips
and the flat lateral faces 18a of the grooves, the
faces 20b and 22b of the thin strips 20 and 22, which
are 1in contact with the slanted faces l4cl of the
prxojecting sections 1l4c, have a complex shaped section,
this section being an arc of a circle-shaped section
(figure 4). One hollow section may also be provided on
these faces 20b and 22b in oxder ¢to in particular
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lighten the thin strips.

As shown on figures 1 and 2, each of the thin
strips 20 and 22 is secured to the sole of the block 14
by means of screws 24, for example three for each of
the thin strips. These screws 24 freely traverse the
sole of the block 14 and their extremity is screwed
into the corresponding thin strip.

As shown in more detail on £figure 4, the head of
each screw 24 is in support by means of a support
plugwasher 26 on a stack of spring washers, such as
Belleville washers 28. The Belleville washers 28 are
themselves in support on the bottom of a countersinking
formed on the outer face of the sole l4a of the block
14 by means of a washer 30.

When the screws 24 are screwed into the thin strips
20 and 22, the latter are clad with a specific force
against the lateral faces 1l8a of the grooves 18 and
against the slanted faces 14¢cl o0of the projecting
sections l4c of the block. The force thus applied
through the screws 24 1is determined so that £fixing of
the mirror 10 1is able to withstand the accelerations
and vibrations the satellite 1is subjected to,
especially during the launching phase. | .

The insertion of spring washers 28 between the
screws 24 and the Dblock 14 mnakes it possible to
compensate for the differential expansions which occur
between the various materials when the device is
subjected to significant temperature variations.
Moreover, the characteristics of the spring washers,
despite this backlash elimination, make 1t possible to
keep the chucking power applied to the thin strips at a
relatively constant value.

Preferably, the block 14, as well as the thin

SP 5321.69 GP
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strips 20 situated outside the device, are made of a
material, such as invar, having an extremely 1low
coefficient of expansion. On the other hand, the thin
strips 22 situated inside the device are made of a
material, such as stainless steel, having a higher
coefficient of expansion. This choice of materials
makes it possible to obtain a simultaneous displacement
with a similar value of the thin strips 20 and 22,
either towards the block 14 when the temperature drops,
or by moving them away from this block 1n the event of
the temperature rising. It should be mentioned that the
angles of inclination of the lateral faces 18a of the
grooves (close to 60°) are optimized so as to allow for
this relative displacement.

In the embodiment shown on the figures, the case
has been illustrated of a fixing device 12 making it
possible to maintain an extremely precise positioning
of the mirrxor 10 where said mirrxor is subjected to
thermal cycles. 80 as to ensure this positioning and as
illustrated in more detail on figure 5, the sole 1l4a of

the block 14 bears at its center a positioning slug 32

‘which projects into a c¢ylindrical housing 34 machined

at the center of the £flat surface 10b of the mirror

between the two grooves 18.
The section of the slug 32 situated inside the

cylindrical housing 34 has a truncated shape and its
diameter increases further as it approaches the bottom
of the housing. A split ring 36 formed, for example, of
three circular sectors, 1s housed between this
truncated section of the slug 32 and the cylindrical
wall of the housing 34. The split ring 36 has a lower
truncated surface complementary to that of the

truncated section of the slug 32 and an external
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cylindrical surface. As a result, when'the slug 32 l1s
moved towards the block 14, the ring 36 is clad agalinst
the cylindrical wall of the housing 34. Such a tractive
force may in particular be applied to the positioning
slug 32 by a screw (not shown) taking support on the
upper face of the sole 14a of the block 14 and screwed
into a threaded hole 32a formed for this purpose in the
slug 32.

When the position of the slug 32 corresponds to a
satisfactory cladding of the ring 36 against the
cylindrical wall of the housing 34, a blocking part 38,
shown on figures 2 and 5, is fixed into the sole of the
block 14, for example by means of screws 40. As shown
on figure 2, this blocking part 38 is placed 1inside a
recess 41 formed for this purpose in the sole 1l4a of
the block 14 and comprises a projecting section whose
extremity comes to take support on one side of the slug

so as to block it in the sole.
A fine sheet 42, made of a malleable material such

.as annealed fine gold, 1is preferably inserted between

the mirror 10 and each of the parts in contact with the
latter. Thus, a sheet 0f gold is placed between the
sole 1l4c of the block and the f;at-SUxface 10b §9rmed
on the mirror between the lateral faces 18a éfw the
grooves and the faces 20a and 22a of the thin strips
and between the sectors 36 and the cylindzical recess

34.
As shown in particular on figures 1 and 4, a sheet

of gold 42 may also be placed between each of the
pxojecting sections l4c of the block 14 and the thin
strips 20 and 22.

These various sheets of gold 42 make it possible to

avoid superficial micro~roughnesses of the mirrorx
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during clamping by distributing the chucking power over
all the surfaces in contact. In this way, 1t 1is
possible to prevent microcracks from starting which
could then spread and result in the mirror breaking.

The fixing device 12 described above makes it
possible to withstand, without damage occuring,
temperature variations of between -269°C and +180°C.
Furthermore, it withstands temporary loads possibly in
excess of 20g with a positioning precision of several
microns when the miiror is used. Finally, the
deformations of the active surface of the mirror are
less than 0.1 microns.

Of course, the invention is not merely restricted
to the embodiment described above given by way of

example, but also can be extended to all variants.

In the first place, one can readlily understand that
the fixing device of the invention may be used to fix
fragile objects other than mirrors and whose shape may
be different. The location of the {fixing device may
also differ from the location described above.

In addition, in certain applications, the centering
slug may be suppressed.

When the forces and impacts borne by the object are
less significant, a single groove, similaxr to the
grooves 18, may be embodied in the object. The two thin
strips received in this groove, as well as the block to
which they are secured, are then made of a given
material, such as invar, having a low coefficient of
expansion.

The shape of the thin strips may also differ from
the one described earlier, especially as regards their
faces turned towards the locking member 1l4c, the latter
also able to be embodied separately from the block 14

SP 5321.69 GP
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and placed after the latter.
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CLAIMS

1. Device for tightly attaching a fragile object, such as a
mirror, and comprising:

at least one sectional dovetail-shaped groove formed in said
object, said groove comprising two non-opening extremities:

at least one pair of thin strips with a trapezoidal section suitable
for being mounted into said groove so that each thin strip is in contact with
one flat lateral slanted face of the groove;

a supporting block placed opposite said groove and bearing at
least one locking member suitable for being placed between the thin strips
so as to keep them against said slanted lateral faces: |

screws screwing each of the thin strips to the supporting block:
and

at least one spring washer inserted between said supporting

block and the head of each screw.

2. Device according to claim 1, wherein said locking
member is constituted by one section projecting from the supporting block
and having slanted flat faces forming, along with the lateral faces of the
groove, two housings with an rectangular isosceles section, the two thin

strips being placed in said housings.

3. Device according to claim 2, wherein each thin strip has
one flat face suitable for being applied against one of the lateral faces of the
groove, and one convex face suitable for being applied against one of the

slanted flat faces of the locking member.
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4. Device according to claim 1, wherein a sheet made of
a malleable material is placed between the object and the block and between

the object and the thin strips.

5. Device according to claim 1, wherein a sheet made of
a malleable material is placed between the locking member and the thin

strips.

6. Device according to claim 1, wherein two parallel
grooves of the same dimensions are formed in said object, one pair of thin
strips being housed in each of the grooves, all the thin strips being

connected to a single supporting block.

7. Device according to claim 6, wherein the two thin strips
most inside the device are made of a first material having a coefficient of
expansion higher than a second material in which the two other thin strips

and the supporting block are embodied.

8. Device according to claim 7, wherein the first material

IS stainless steel and the second material is invar.

9. Device according to claim 6, wherein the single
supporting block bears between the grooves a positioning slug suitable for
being received with virtually no play in a cylindrical housing formed in said

object.

10.  Device according to claim 9, wherein a sheet made of

a malleable material is placed between the object and the positioning slug.




11.  Device according to any one of claims 4, 5 or 10,

wherein said malleable material is gold.
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