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METAL FRAME FOR SPECTACLES

The present invention pertaihs to an eyeglass frame containing at least some
metallic components such as the temples, the bridge and/or connection bar between
the eyewires holding the vision correction lenses, sunglass lenses or safety lenses or
directly between the said lenses.

The use of shape memory alloys for making certain components of metallic
eyeglass frames has already been knowﬁ.

Any metal alloy that is able to regain its initial shape by simple heating after
having undergone a permanent deformation at a lower temperature is called a shape
memory alloy (SMA).

"This property is the macroscopic expression of a physical phenomenon involved

in the atomic organization of the material: The reversible martensitic transformation.
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viewpoint, by the curve shown in Figure 1, in which the temperature is shown on the
abscissa and the transformed fraction is shown on the ordinate.

On cooling (direct martensitic transformation), martensite begins to be formed

5 beginning from the temperature Ms "martensite start, and the sample is completely
martensitic at the temperature Mf "martensite finish".

On reheating (inverse transformation), austenite (or B phase) begins to be
formed at a temperature As "austenité start’, and the sample is completely austenitic
at the temperature Af "austenite finish". |

10 The reversible martensitic transformation is the cause of the specific properties
of the shape memory alloys:
- one-way memory effect,
- two-way memory effect,
- superelastic effect,
15 - rubber effect.

The martensitic transfodrmation takes place not only in the case of T < Ms, but
also at T > Ms by the application of a mechanical stress. If this stress is relieved for
an alloy deformed at T > Af, inverse transformation of the martensite into austenite
takes plaqe with a transformation hysteresis. This phenomenon is called the

20 superelastic effect. It is illustrated in Figuré 2, in which the defofmation is shown on

the abscissa and the mechanical stress is shown on the ordinate.
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alloy is able to withstand without irreversible plastic deformation persisting after the

e IS the maximum deformation € which a shape memory
shape memory alloy is relieved of any mechanical stress.
The standard NF A 51-080 defines the terminology and the measurements
5 associated with the shape memory alloys. The terms used in this text refer to that
standard. |
There currently are eyeglass frames containing temples, bridges or bars in which
all or part of thesé components are madé of a superelastic shape memory alloy. The
shape memory alloy used to prepare these components is an alloy based on titanium
10 and nickel. This results in considerable difficulties in terms of the preparation and the
mechanical strength of the eyeglass frames:
- Low fatigue strength of the Ti-Ni alloys, which displays a fragile rupture after
some stress cycles.
- Work hard)ening may be used to palliate -the poor fatigue strength of Ti-Ni
15 alloys, but the superelastic deformation ¢, is limited to about 3% to 4% in this case.
The rigidity of the Ti-Ni alloy inéreases rapidly beyond this limit, and the alloy tends
to break.
- The Ti-Ni alloys contain a high percentage of nickel and must be coated with
nickel for assembly by means of silver solder which is usually used in making
20 eyeglasses. The element nickel may cause allergies in the wearer of the eyeglass

frames.
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nickel silver, bronzes, cuproberyllium, stainless steels, titanium alloys) cannot be easily

performed.
5 Three methods are currently employed to assemble the superelastic components
with the conventional components (which lack the property of superelasticity):

- The first method consists of force-fitting the end or ends of the superelastic
component into a socket made of a metal that can be soldered with silver.- With the
superelastic component being fitted into the socket, the socket is then soldered to the

10 conventional components.

It should be noted that a galvanic nickel coating may be used to improve the
coupling and the soldering.

- The second method consists of coating the superelastic component with a
galvanic nickel layer and subsequently soldering to the conventional component with

15 a silver solder.

- The third method consists of welding the superelastic components to the
conxtentional components with the energy of a laser beam or electron beam. These
expensive methods are, however, rarely employed in making eyeglasses.

Other shape memory alloys have also been tested for making superelastic

20 eyeglass frame components. These tests and the patents that may have resulted

therefrom mention Cu-Zn-X alloys (in which X = Al, Sn, ...) and Cu-Al-Ni. Such alloys
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Ti-Ni, these alloys cannot withstand e,,,, deformations greater than 3% to 4%. Beyond
this limit, they are fragile and break because of their coarse grain structure.

5 It is currently desired to improve the mechanical strength and the use of the
shape memory alloys used in making eyeglasses, such as Ti-Ni as well as other shape
memory alloys.

The methods used consist of hardening the material in order to increase its yield
strength as much as possible.

10 A vefy fine-grain structure is desirable for this purpose; it is obtained either by
recrystallization of the coarse structures generated in the foundry after considerable
work hardening, or by structural hardening achieved in the course of heat treatments
causing the precipitation of the hard phases, or by cold working.

The major drawback of these methods is that the deformations associated with

15 superelasticity are greatly limited. The grain boundaries, the precipitates and the work
hardening block the martensitic transformation and lead to a great increase in the
rigidity of the superelastic alloy.

The goal of the present invention is to provide a metallic eyeglass frame in
which certain components, such as the temples, the bridges or bars, are made of an

20 alloy capable of undergoing deformation under the action of mechanical stresses, while

completely resuming their shape once they cease to be subjected to a stress.
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In addition, such components should be able to undergo a large number of
bending cycles without rupture. Such components should also be able to be easily
assembled with other components forming part of the eyeglass frame.

The frame to which the present invention pertains is therefore characterized in
that it contains temples and/or a bridge and/or one or more bars made of a
monocrystalline shape memory alloy, i.e., an alloy that is forme& by a single crystallite
or a plurality of crystallites separated by weakly disoriented boundaries and is selected
from among the alloys based on Cu or Fe.

The use of a monocrystalline shape memory alloy is advantageous insofar as it
makes it possible to benefit from the most homogeneous structure possible from a
microscopic viewpoint in order to prevent any local mechanical stress concentration
from appearing. The shape memory alloys are selected from among the following
copper-based alloys:

Cu-Zn-Al,
Cu-Al-Ni,
Cu-Al-Be,
Cu-Al-Mn,
or from among the following iron-based alloys:
Fe-Mn-Si,
Fe-Mn-Cr,

Fe-Mn-Cr-Si.
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11%, at least between -40°C and +80%, or 2 to 3 times that of a Ti-Ni alloy, without
any increase in rigidity being observed, which represents a certain advantage for the
person wearing the eyeglass frame in the case of an accident such as a shock.

It should be noted that the same Cu-Zn-Al, Cu-Al-Ni, Cu-Al-Be or Cu-Al-Mn
and Fe-Mn-Si, Fe-Mn-Cr or Fe-Mn-Cr-Si alloys cannot be deformed by more than 3%
to 4% and have a very limited fatigue strength if they have a polycrystalline structure,
as opposed to the monocrystalline structure.

Under these circumstances, the frame is deformed and the eyeglass frame
resumes its original geometry without residual deformation after the shock.

The fatigue properties of a component made according to the present invention
are also advantageous. While a component made of a Ti-Ni alloy runs the risk of
breaking after a certain number of stress cycles, the components made of a
monocrystalline shape memory alloy according to the present invention are able to
withstand several thousand cycles without breaking. It is consequéntly unnecessary to
work harden such a component to confer a better fatigue strength on it. On the
contrary, the work hardening of a monocrystalline alloy would run the risk of

producing a change in its superelastic characteristics. The components made according

\
to the present invention advantageously preserve their deformability properties in a
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sone st+ess cycles. Work hardening may be used to palliate

the poor fatigue strength of Ti-Ni 15 all oys, but the superelastic
deformation [err] is limted to about 3% to 4%in this case. The
rigidity of the Ti-Ni alloy increases rapidly beyond this limt, and the
all oy tends to break. - The Ti-N alloys contain
a high percentage of nickel and nust be coated with ni ckel for
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eyegl asses. The el enment nickel may cause allergies in the wearer of the

eyegl ass gperelastic colpdBiits preserve their elastic rebound without any residual
deformation in the range of -40°C to +80°C, as opposed to the Ti-Ni alloys, whose use
temperatures are between -20°C and +40°C.

5 It should be noted that the alloys based on Cu-Zn-Al, Cu-Al-Ni, Cu-Al-Mn, Cu-
Al-Be, and those based on Fe-Mn-Si, Fe-Mn-Cr or Fe-Mn-Cr-Si can be directly welded
or soldered to the other alloys commonly used in making eyeglasses among the shape
memory alloys used to prepare the components according to the present invention.

It should be noted that the silver solders can be used directly on monocrystalline
10 shape memory copper alloys due to the absence of grain boundaries. In fact, the
presence of grain boun&aries during soldering is manifested by the formation of
intermetallic compounds in these grain boundaries, and these compounds cause an
impairment in the mechanical strength of the boundaries.
Moreover, as these mohocrystalline shape memory alloys ao not reﬁuire work
15 bardening or structural hardening, welding or soldering does not cause any changes in
the state of the superelastic shape memory alloy, thus making it possible to use the
existing equipment, whose cost of use and depreciation are lower.
It is thus possible to directly weld the components according to the present
invention to the components forming part of the frame made of the metal alloys
20 commonly used in making eyeglasses. Thus, in particular, the temples can be directly

welded to the eyewires of the frame, or each temple can be provided with a torsion bar

8 — B
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=4- . - - The assenbl y of the superel astic cgrrpcments made of
Ti-Ni alloy with the conponents nmade of conventional netals
commonl y used in maki ng eyegl asses (Monel, ni cke'l'hISﬂIéeVHiisBeenR eplaced

bronzes, cuproberyllium stainless steels, titaniumall QyS)mmlHMH 'm
easily per f or med. 5 _ Three net hods "
enpl oyed to assenbl e the superel astic conponents

convent i gitehd&ed (P BBaRilded Whhafileybaik dfhiBe BFraRErty of superelasticity):

To facilitate bending at the temples [of the frame], it is possible to reduce the
thickness of the material acting as the hinges, but without using hinge components as
they are commonly known in the area of eyeglass-making. One advantage of this type

5 of articulation of the temples to the body of the frame is that it makes possible the
automatic opening of the temples on removal from an eyeglass holder, which makes
it possible to put on the eyeglasses with one hand only.

It is also possible to provide other zones of reduced thickness to make it
possible to fold up the frame. It is possible in this case to provide zones of reduced

10 thickness on the bridge connecting the two eyewires, on the bar possibly provided
between them, as well as in the middle of each temple.

According to another featufe of the present invention, a conventional
thermomechanical treatment may be carried out locally at the end of each temple to
change its behavior from a superelastic t;ehavior to a plastic behavior, which makes it

15 possible to adjust it to the contour of the ear. This treatment can also be easily
performed on any part of the bridges and/or of the temples of the frame.

According to another embodiment, the bridge made of monocrystalline shape
memory alloy is directly attached to the lenses, and the temples made of
monocrystalline shape memory alloy are attached efther directly to the lenses or to tﬁe

20 hinges, which themselves are directly attached to the lenses.

Another advantageous feature of the components according to the present



< The first nethod consists of force-fitting the end or % of the

superel astic conponent into a socket made of a ?ﬂ%mhwbe
soldered with silver. Wth the superel astic;co '

fitted into the socket, the socket is then soldered to th

conventi onal conponents It should be noted that

gal vani ¢ nickel coating may be used to i mprove the coupling and

t he sol ddnyvengion is that they do not contaimhickekindhd case olode adloys chsr;rcsharc 6atAhg the
superel astic conponent with a gal vani ¢ ni ckel |ayer and
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. The components made of shape memory alloy according to the present
5 invention are prepared from a wire made of monocrystalline shape memory alloy,
whose cross section can be framed in a circle having a diameter of less than 4 mm.
This feature permits easy shaping for preparing the components, without requiring
considerable deformation resulting freom a work hardening, which is harmful for the
monocrystalline structure and for the resulting properties.

10. According to another feature of the present invention, the components are |
made of a monocrystalline shape memory alloy whose transformation temperature Af,
beginning from which the martensite begins to be formed, is between -100°C and -
20°C. |

The presént invention will be bettér understood from the following description

15 with reference to the schematic drawing attached, which shows as nonlimiting examples

a number of embodiments of a pair of eyeglasses.
Figure 3 is a diagram showing the deformation of a component according to the
present invention as a function of the stress applied to it.
Figure 4 shows a perspective view of a pair of eyeglasses.
20 Figure 5 shows a perspective view of part of a pair of eyeglasses, showing more

specifically the articulation of a temple to an eyewire.

10
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Figure 6 is a perspective view of another pair of eyeglasses.

Figure 3 shows a diagram of the deformation of a component made of
monocrystalline shape memory alloy according to the present invention as a function
of the stress applied to it. As is shown in the left-hand part of the diagram, the elastic
deformation of a component made of titanium-nickel does not exceed 4%. On the
contrary, the elastic deformation of a component made of a shape memory alloy
according to the present invention reaches 11%, and this value of deformation is
obtained with a stress lower than -that necessary for achieving the maximum
deformation of the component made of titanium-nickel.

Figure 4 shows a pair of eyeglasses containing two eyewires 2 intended to
accommodate the lenses and connected to one another by a bridge 3 and by a bar 4.
A t.emple 6, artic;ulated by means of a hinge 5, is mounted on each eyewire 2. The
bridge 3, the bar 4, and the temples 6 may be prepared from a monocrystalline shape
memory alloy according to the above provisions.

Figure 5 shows an embodiment variant, in which each temple 6 is mounted on
the corresponding eyewire 2 by welding, via a torsion bar 7. Consequently, there is no
longer a hinge proper, as the alloy permits, considering its possibilities, the pivoting
function of the temples toward the closed position to be accomplished. It would be
equally possible, without using a bar 7, to provide a section of reduced material
thickness facilitating bending on the temple 6 and in the vicinity of its end welded to

the eyewire 2.

1
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-5- are described especially in the docunents FR-A-2 504 284 and

USs- A-4 893 917 However, these are polycrystalline alloys.

However, conpared with the alloys based on Ti-N, these alloys

cannot withstand [err] deformations greater than 3%to 4% Beyond

this limt, they are fragile and break because of their coarse grain

structure. 5 It is currently desired to inprove the

mechani cal st fégugelt showvstdnothereembpodiment of eyeglasses, sthope frapreoisyintginded $o used

in maki ng eyegl asses, such as Ti-Ni as well as other shape

menory abkdgkled up. In this case, the brillpe 3rainltaids awsattaCongsi of reducbd tigicknatg t he

material in order to increase its yield strength as nuch as

possi bl g, the bar 4 has a central zone of reduced thickness 9, and each of the temples 6
contains a central zone of reduced thickness 10 each.

5 It is thus possible first to fold up the two temples 6 over themselves by pivoting

around the zones of reduced thickness 10, and then to fold the frame over itself by
pivoting around the zones of reduced thickness 8, 9.

As is apparent from the above, the present invention brings about a great

improvement in the existing technique by providing an eyeglass frame using

10 components made of shape memory alloy, which possess excellent deformability, are
not subject to the usual risk of breaking after a certain number of deformations, can
be directly welded or soldered to the other components of the eyeglasses made of a
conventional alloy, and can be folded without the use of a hinge, which limits the
pumber of components of such a frame.

It is obvious that the present invention is not limited to the embodiments of this
frame which are described above as examples; on the contrary, it also encompasses all
variants.  Thus, the bridge, made of a shape memory alloy, could be directly attached
to the lenses, and the temples, made of a monocrystalline shape memory alloy, could

be attached either directly to the lenses or to the hinges, which themselves are directly

attached to the lenses.

12
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whi ch certain conponent’s, such as the tenples, the bridges or bars, are

made of aPgyig bridge (3) and/or one or more said bars (4) made of a monocrystalline shape
memory alloy, i.e., an alloy formed by a single crystallite or a plurality of crystallites

separated by boundaries with weak disorientation and selected from among the alloys

based on Cu or Fe.

2. Frame in accordance with claim 1, characterized in that the said components
(3, 4, 6) made of shape memory alloy are selected from among the following Cu-based

alloys: Cu-Zn-Al, Cu-Al-Ni, Cu-Al-Be, Cu-Al-Mn.

3. Frame in accordance with claim 1, characterized in that the said components
(3, 4, 6) made of shape memory alloy are selected from among the following Fe-based

alloys: Fe-Mn-Si, Fe-Mn-Cr, and Fe-Mn-Cr-Si.

4. Frame in accordance with any of the claims 1 through 3, characterized in that
the transformation temperature (Af) beginning from which the martensite begins to

be formed in the shape memory alloy in question is between -100°C and -20°C.

3 e e
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the said components made of shape memory alloy are able to undergo superelastic

deformation by 11%, at least between -40°C and +80°C.

6. Frame in accordance with any of the claims 1 through 5, characterized in that
the said components (3, 4, 6) made of a shape memory alloy are prepared from a wire
of monocrystalline shape memory alloy whose cross section can be framed in a circle

having a diameter less than 4 mm.

7. Frame in accordance with any of the claims 1 through 6, characterized in that
the said components (3, 4, 6) made of a monocrystalline shape memory alloy can be
directly welded to other components which form part of the frame and are made of the

metal alloys commonly used in making eyeglasses.

8. Frame in accordance with claim 7, characterized in that the said temples (6)

are directly welded to the said eyewires (2) of the frame.

9. Frame in accordance with claim 7, characterized in that the said temples (6)
are each provided with a said torsion bar (7) intended to be welded to an eyewire of

the frame.
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one or nore bars made of a monocrystal | i ne sha j"iﬂ,l ﬁ"'
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The shapeomaimsgidatdmes sofarexlused ehiokdedsr (BN BNt garrdigedoin thed Bidinity of the
copper - based al | oys:
connection zone between a said temple and a said eyewire, and/or at mid-length of the

said temples and/or in the middle of the said bridge and of the said connection bar

between the said two eyewires of the frame.

11. Frame in accordance with any of the claims 1 through 7, characterized in
that the said bridge (3), made of a mondcrystalline shape memory alloy, is directly
attached to the lenses, and the .said temples, made of a monocrystalline shape memory
alloy, are attached either directly to the lenses or to the said hinges (5), .which in turn

are directly attached to the lenses.

12. Frame in accordance with any of the claims 1 through 11, characterized in
that the components (3, 4, 6), made of a monocrystalline shape memory alloy, contain
one or more zones having subjected to a conventional thermomechanical treatment to
change the behavior of the material from a superelastic behavior to a plastic behavior,

which makes possible the adjustment of these components.
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e A first advantage of these alloys is that they are
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It .shoul d be noted that the same Cu-Zn-Al, Cu-Al-Ni, .Cu-Al - Be or Cu-Al-M
and Fe-Mnh-Si, Fe-Mh-Cr or Fe-Mh-Cr-Si alloys cannot be deforned by nore

t han 3% to 4% and have a very linted fatigue strength if they
have a pol ycryENGLISIE TRANSLATION OF AMENDMEWWN?CT*H{T{CLE 34
nonocrystal line structure. der these cirunstances, the
frame is deforned and the eyegl ass frane resunes its orlglna
geonetry without residual deformation.after the shock. - The
fatigue properties of a conponent made according to the—present—inv

are al so advant ageous. Wil e a conmponent made of a Ti-N . aIIo runs the
risk of 15 breaking after a certain nunber of st ¢ Bes Replabg
conponents made of a : ‘monocrystal | i ne shape ne rdlng
to the present invention are able to.

METAL FRAME FOR SPECTACLES

'fhe preseﬁt invention pertains to an eyeglass frame containing at least.sor'ne
metallic eomponents_Such as the temples, the bridge and/or conﬁection bax; between
the eyewires holding the vision correctioa lenses, sunglass_' lensee or Safety lenses or

5 _direcﬂy between tﬁe ea’_id lenses.

The use of shape memory ailoys for making certain components of metallic
eyeglass frames has already beea known.

Any metal alloy that is able to regain its mmal shape by sxmp]e heatmg after

| -havmg undergone a permanent deformatlon ata lower temperature is called a shape
0. memory alloy (SMA). o
| This property is the macrqscqpic expressien_ of a'_ physical phenomenon invol;ied

in the atomic organization of the material: The reversible martensitic transformation.




'Wlthstand several thousand cycl es W|thout "breaki ng.- is consequentl y _
‘unnecessary to wor k harden ‘such a corrponent to confer-a better .. =~
fatigue strength on it. On the - "~ contrary, the work hardening.of a.
monocryst al | i nThel inaytemtibctransfomimanl adn bé deRéribed, fr:pmmltprhengmnolugm;e in

Its superelastic characteristics. The conponents made accordi ng _

t <r30t gtrat :0 re gﬁzwi;onmntsy hé Sirvedkhownas Rigeleyl, i GAGEH thet tegiperatate ﬁmﬁtu\dn bl the
P8' i abscissa and the transformed fraction is shown on the ordmate o
| 'On cooling (direct m_artensitic tra-nsformation), mertensite begins to be formed :
5 beginning from ‘the tem'pe'reture Ms "martensite start", and the sample is completely"
) -maxtensitic at the tempereture Mf "martensite finish". - |
- On reheatmg (mverse transformatxon) austemte (or ﬁ phase) begms to be i
formed ata temperature As "austemte start" and the sample is completely austemtlc;.‘..'_ L
: at the temperature Af! austemte ﬁmsh" |
10 . “The reversrble martensmc transformatron is the cause of the specrﬁc propertres
-of the shape memory alloys:- |
-.one-way memory effect,
- two-way memer'y effect,
- superelastic effect,
15 . - rubbereffect.
| The martensitic transformation takes place not only irr tlte case of T < Ms, but
~ also at T > Ms by the application of a mechanicel' stress. If this stress is relieved for
: an alloy deformed at T > Af, inverse.transformation of the martensite into austenite
takes place with a transformation -}llyster‘esis.- This ph'enomerron is called the
20 _ superelestic effect. It is illustrated in Figure 2, irr which the deforrnation is shown on

‘the abscissa and the _mechanical'stress is shown on the ordinate.
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_broad terrperature range spannr ng at | east 120[err]C For . exanpl. e the_
nonocrystallrne o superelastrc .conponent s preserve their.€lastic
rebound wthout any residual - ~deformation’in the range of .
-40[err}Cto +éﬂ1eed¢qomaagnmnouehemmmm defdrrmatlbmyeswhmhasshamememoxy
tenperatures are between -20[err]C and +40[err]C. . 5 - : It should
be- not ed tallay is hbleatiol withstamd edthout Buevdsible, plasticAefdimation persidtingGifter the

Al -Be, “and those based on Fe-M-Si, Fe-M-Cr or Fe-M-Cr-Si can be directly

wel ded: - shape men@cﬁrysaﬂldyﬁls ealésedtdfengt.heéhaaldapyﬁeeommnI y used in making
eyegl asses anong the shape .~ menory alloys used to prepare the

conponents accorydl S@anbiard NF A 83880 dd teh@ny rmlnol and the meashfe
u ?&}, G | ne

be noted that the silver solders can sed |rect on -MoNoCrys
105 ot HGREEWRIY oROBRTe %eh%r; ﬂ“e e o S50 i 6 R B
o standard. | .'
There 'cu'rren'tly are. eyegl'ass fram‘es containing temples; hridges or bars in wliiéh_
~all'or part of these components are made of a superelastlc shape memo:y alloy. The
shape memory alloy used to prepare these components is an alloy based on tltamum.
10 and mckel. This results in consrderable difficulties in terms .of the preparatron and the -
mechanical strength of the -eyeglass £rames: |
Low fatigue strength of the Ti-Ni alloys, whlch displays a fragile rupture after
some stress cycles. | | |
- Work hardening. may be used to palliate the poor fatigue strength of Ti-Ni )
15 alloys, but the superél_astic deformation s,m is limited to about 3% to 4%:-in this case.
“The rigidity of the Ti-Ni alloy increases rapidly beyond this limit, and the alloy tends
-to break. |
- The T1-N1 alloys contain a lugh peroentage of mckel and must be coated with *
mckel for assembly by means of silver solder whlch ls usually used m maklng: '-

20 eyeglasses The element mckel may cause’ allergres in the wearer of the eyeglass -.

frames. -
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-presence of gral n boundar.i es dur| ng sol deri ng is mani fested by the ’
formation of = . . ‘intermetallic corrpounds in these grain boundari es
and these-conpounds cause an . . inpairnment in thée mechanical = .
“strength of the Fruastemblisof the superelastlc compondnts avasle, ofaTi-Ni edloy with the - -
monocryst al | i.ne -shape merory al |l oys do not require work 15 : hardenlng

or struct ¢smipohestd afudedf cdﬁldilti&ﬁanheﬁws dﬁmﬁﬂmertﬂikmgemlmys Meneles in
the state of the superel astic .shape nenory alloy, thus. making it possible

to use thgjopel. snlver bronﬁ'é%' %pngeﬁ'ﬂl’dd? rﬁﬁhlesmeéﬁ fanfur? hlIoR Zcﬁ'ilfbt be easllyI y

depreci.ation are thus possible to direc
wel d the ﬁBﬁﬂgdts accordlng to.the present : .. invention to the
conponent ormng part of the frame nade of the metal: all.oys. 20

gio e-c'tn : ))C used LIll!nree met}?od%ye Lt%?'gnt?y employéd to asggml)lectli”e ?dpere agné '& Il)ggenqtan be

~ with the conventlonal components (whlch lack the property of superelastxcxty)
| - The first method conststs of force-ﬁttmg the end or ends of the superelastxc :
N | component mto a socket made of a metal that can be soldered w1th sxlver With the
'superelastlc component bemg ﬁtted intothe socket the socket is then soldered to. the
10 - co_nventlonal _components;._ o . | |
- It should .be_.noted. that'- a_galvanic nickel .eoa__ting may he tl'sed to improve- the
coupling and the soldering N | |
- The second method eons:sts of coatmg the superelastlc component with a
galvamc.mckel layer and subsequently soldenng to the oonventxonal oomponent with
15 | a sﬂver solder. | | l |
. The third method consists of welding the stxperelastlc components to the
conventional components with the energy ofa laser'beam or 'electron beam. These
| . expensive methods are; however rarely employed in makmg eyeglasses
Other shape memoxy alloys have also been tested for makmg superelastlc
20 o eyeglass frame components These' tests and the patents th_at -may have resulted.

‘therefrom- mentton Cu- Zn-X alloys (m whtch X= Al Sn, ) and Cu-Al-Ni. Such alloys

Sheet Has Been Replaced -
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Wwel: ded to the eyeW|res of the frame - of each terrple can. be prow ded W|th a-

t:orsi on bar o _ . : - 9--

i ntended to be wel ded’ to an eyeW| re of ‘the frame o ' LI To
faci | i t at greb@sbrite@dagspebially empdhede@hddne FR-Ar2]504i 284 &nﬁOEISLAMe 89% meduce_ :
the . ~ thickness of the material acting as the hinges, but wthout

using h' NBfowe e Wéeate Palycrystalline alloys. However, compared with the alloys based on
- Ti-Ni, these aﬂo&s Canﬁot withstand €,,,, deformations greater than 3% te 4%. Bejo’nd
this limit, they are fragile _and break beeause of .the.i.r coarse grain structure.
5 o o . It is cu_frently_ desiréd 'te_l'im_prove* ﬁhe hlechanical strength and the use of the
-. -shape' niémery allo§s used in mékihg éyeglasses,. such. as Ti-Ni as well ."as other shape
memory alloys. | |
| _The' nié-thqu_:l'lsed_-eo_n.sist_ 6f__llardening the_mateﬁal'i_r‘:_ order 'to'inerea.se‘its ).r_iel_'d.
| strehgth’a; much as poss:ble _ o | |
10 - - A very ;ﬁne-gfgin‘:structﬁfe:is_l;l'e'si__fa.l_.ble for this purpose; it 1s obt;'iined'either-by .
fecxjsfa’llizatio_ri ef th_'e'co'ars_e st';.u'ctﬁ.ires g'enel;a_ted'inlthe..foundry".after'-. cons_id_éraihle' o
‘work hardening,.or"bj :'st-ruct'u'ral hardening achieved m the course of heat tréa_tméhts .
" 'cau.'si'ng-ihe"precipi?aﬁon of the hard phases, or by cold working.
The inajor drawback of these methods is that the defor_matic‘ms associated with

15 _supe;elast"icity. are greatly{limited.. ‘The grain boundaries, the

This Sheet Has Been R,
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"'t hey ‘are corrrmnm n the ar ea of eyegl ass- ITBkI ng One advant age- ‘of -

‘this type ' n of theterrples t.o the. body. of theframe."”"
is that it makesl“ﬂm"m “l uwmm aut omati c openi ng. of t he terrpl es
on._réenoval . from ar eyeg ass | de ' kes . - it - possible to

put on the eyegl asses with one hand on y ' o dtli's al so.
possi bl'e to provide other zones. of reduced thlckness to nmake it
possibl e to-fold up the frame. It is p055|ble in this case to provide zones

of - reduced -10 t hi ckness on the bridge caonnecting the two eyewi res,
on the bar pos%r alﬁysglpaqeﬁame characterlzegé whatit ¢ontains said templesd6) and/pe- |
m ddl e of each tenple According to another feature of the

present i Awaid badge @kord/ehpne @aimore said bars (4) madeoofa tmonmystalhoetshnpe rray .
be carrled out- IocaIIy at the end of each tenple to :
memory alloy, ie., an alloy formed by a single crystalhte or a plurahty of crystalhtes- .
B separated by boundanes with weak dlsorlentatlon and’ selected from among the alloys

'based on Cu or .Fe.

2 Frame m accordance w1tl1 clalm 1, charactenzed in that the: sald components"'
' '(3 4, 6) made of shape memory alloy are selected from among the followmg Cu-based e

.alloys Cu-Zn-Al, Cu-Al-Nl, Cu-Al.-Be,, Cu-Al Mn

3 Frame in accordance with clalm 1 charactenzed in that the said components | o
| (3, 4, 6) made of shape memory alloy are selected from among the followmg Fe-based

alloys: Fe-Mn-Sr, Fe-Mn-Cr, and_ Fe-Mn-Cr—Sr.

: 4.' Frame in accordance with'any of the claims 1 through 3, eharacteriZed in that
the transformatron temperature (Af) begmmng from which the martensrte begins to

be formed in the shape memory alloy in qnestzon is between -100°C and -20°C

Cu
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" This treatnent-car also be edsit perf.ornmed on any part.of the

bridges and/ ors, qfraﬁaleentzemuescmw lfly 6f h@Rlaims 1 through 4, charactedizedlifltlzg 10
anot het " ermbodi ment, the bridge nmade of nonocrystalline shape ' '

menory: althexsai@c&lhbsséﬂty rﬁédeasmfhﬁeommery 8§ tre AB {oEndergp s peroMkeicOT

nonocrystal line shape nenory alloy are attached either direCtly.to the

I enses Orde%’nhﬁ?on 8)011%, at l@ds@%@%vee%hﬁkb ves are directly att éc,h.ed -

o: the | enses er. a vantageous feature of the
gconponents accordlng to the present ‘ o

. Frar'ne"'in aeeordance With- any o‘f the "cla'ims'l' .thr-oil.gh'S' 'charact'erized-’ih that o -
" “the said components (3 4 6) made ofa shape memory alloy are prepared ﬁom a wnre

' "of monocrystallme shape memoxy alloy whose cross sectlon can be ﬁamed in a clrcle -

' avmg a du_lmeter less than 4 mm. .

- 7. Frame in ac'c_:ordanee with any of the claims 1 through 6, characterized iri that
= the said components (3, 4, 6) made of a:monOCIystalllhe' shape '--mem'ory all-dy can he'-' :
dlrectly welded to other components which- form part of the frame and are made of the' -

| metal alloys commonly used in makmg eyeglasses

8. Frame in accordance with claim 7, characterized in that the said temples (_6). o

- are directly welded to the said eyewires (2) of the frame.

9. Frame in accordance with clalm 7 characterized in- that the sald temples (6)'
are each prowded with a ‘said torsion bar (7) mtended to-be welded to an eyewxre of -

the frame.

R
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-10- .- ' invention is-that they:do not contain nickelwin the ca%ﬁg‘ -
t he al-t oys..other than Cu-Al - - Ni, which elimnates any risk o
allergy résulting fromcontact with an alloy containing t his 'PoS
constituent for the wearer of the eyegl asses. The

conponent s made of shape nenory alloy according to the present 5
I nvention are prepared froma wire nmade of nonocrystalline shape nenory

al | oy, whose cross section carn®e franed in a circle having a
di aneter of |less than 4 mm This feature perm t s--easy—shapi-ng—-or
preparing the conponents, without requiring REPLACEMENT SHEET

G 9 MAY 7001

METAL FRAME FOR SPECTACLES

The present jnvention perta.ins to an eyeglass frame containing at least some
metallic componeﬁm such as the temples, the bridge and/for connection bar between
the eyewires holding the vision correction lenses, sunglass lenses or safety lenses or

5 directly between the said lenses.

The use of shape memory alloys for making certain components of metallic
eyeglass frames has alre.ady been known. _

Any metal alloy that is able to regain its initial shape by simple heating after
having vndergone a permanent deformation at a Jower temperature is called a shape

10 memory alloy (SMA).

This property is the macroscopic expression of a physical phenomenon involved

in the atomic organization of the material: The reversible martensitic transformation.



consi der abl e deformation resulting froma work hardening, which is: harnttr!
for the monocrystal'line structure and for the. resul ting el
properties.” 10 Accordi ng to another featur g ? t he resent

i nvention, the conponents are made of a nonoctyst & 9iHaY Mabe
menory all oy whose transformation tenperature Af, begi nni ng ff
which the martensite begins to be forned, is betvveen -10Q[err] C and -
20[err] C The present i2mvention will be
fromthe follow ng description 15 with reference to the schematic
drawi ng att acheghe WhirtdhsititOMEnsAsronaivni &dn be describepl) fsm a phenomenokgivatrber
of enbodi nents of a pair of eyegl asses. Figure 3 is a

di agram shouiReidk Ny G&f QUi B FiguROIRRRAGAdH the comPerngureds tievn on the

abscissa and the transformed fraction is shown on the or.dinate.
On cooling (direct martensitic transformation), martensite begins to be formed
5 beginning from the temperatufe Ms "martensite stari", and the sample is completely
martensitic at the temperature Mf "martensite finish". )

‘On reheating (inverse trapsformation), austenite {(or B phase) begins to be
formed at a temperature As "austepite start’, and the sample is ;:omple.tely austenitic
at the temperature Af "austenite finish".

10 The reversible martepsitic transformation is the cayse of the specific properties
of the shape memory alloys: |
- one-way memory effect,
- two-way memory effect,
- superelastic effect,
15 - rubber effect.

'i'he martensitic transfo‘rma.tion takes place not only in the case of T < Ms, but
also at T > Ms by the application of a mechanical stress. If this stress is relieved for
an alloy deformed at T > Af, inverse transformation of the martensite inio austenite
takes place with a transformation hysteresis. This phenomenon is called the -

20 superelastic effect. It js illustrated in Figure 2, in which the deformation is shown on

the abscissa and the mechanical stress is shown on the ordinate.
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10

15

20

i-nvention as a function of the stress applied to [REPLACEMENT SHEET!. .
Figure 4 shows a perspective view '6f apair of eyegl asses| [t

Figure 5 shows a perspective view of part of a pair of eypg|a i N
nor e specifically the articulation of a tenplejtp ﬁ?i‘%‘mﬁﬁ

-3-

The deformation €, is the maximum deformation € which a shape memory
alloy is able to withstand without irreversible plastic deformation persisting after the
shape memory alloy is relieved of any mechanical stress.

The standaxd NF A 51-080 defines the terminology and the measurements
associated with the shape memory alloys. The terms used in this text refer to that

standard.

-

There currently are eyeglass £ram_es containing temples, bridges or bars in which
all or part of these components are made of a superelastic shape memory allay. The
shape memory alloy used to prepare these components is an alloy based on titanium
and nickel. This resulis in considerable difficulties in terms of the preparation and the
mechanical strength of the eyeglass frames: ’ |

- Low fatigue strength of the Ti-Ni alloys, which displays a fragile rupture after
some stress cycles.

- Work hardening may be used to palliate the poor fatigue strength of Ti-Ni
alloys, but the superelastic deformation' S 18 limited to abou't 3% to 4% in this case.
The rigidity of the Ti-Ni alloy increases rapidly beyond this limit, and the ail-loy tends
to break.

- The Ti-Ni alloys contain a high percentage of nickel and must be coated with
nickel for assembly by means of silver solder which is usually used it making
eyeglasses. The element nickel may cause allergies in the wearer of the eyeglass

frames.



Figure 6 is a perspective view of another pair of eyegl a:
Figure 3 shows a di agram of .t he deformati on of a conpone ﬁ%ﬁ%“ﬂ” SHEET
nonocrystal line shape nenory alloy according to the presgn{ inventTonmas
function of the stress applied to it. As is shopng |g1 ME?ZM
left-hand part of the diagram the elastic 5 def pr frati On O §
conponent nade of titaniumnickel does not exceed 4% On|the

contrary, the elastic defornmation of a cénponent made of}a shape mem)ry
al | oy ' according to the present invention reaches TI% and tirs
val ue of deformatd,on is obt ai ned _w a str . 1,0 n.t hat
necessary for achi ev‘i‘sﬁﬁmPIIXeOfnt&? isﬁﬁﬁ’iel?asgc wmpon&ﬁ%f%ﬁ?ﬂﬁﬁkb\ﬁﬁ?%gl ofSonent
made of titanium

re 4. shows a | r
e | ot oo DBPPRETS M5 e Rbeayenfional metsls permmogby ed in maldng eydpiastes hMonel,

nickel silver, bronzes, cuproberyllium, stainless steels, titanium alloys) cannot be easily

performed.
5 Three methods are currently employed to assemble the superelastic components
with the ;:onventional components (which Jack the property of superelasticity):

- The first method consists of force-fitting the end or ends of the superelastic
component into a socket made of a metal that can be soldered with silver. With the
superelastic component being fitted into the socket, the socket is then soldered to the

10 conventional .components.

It should be noted that a galvanic nickel coating may be used to improve the
coupling and the soldering.

- The second method consists of coating the superelastic component with a
galvanic nickel layer and subsequently soldering to the ;:onventional component with

15 a silver solder.

- The third method consists of welding the superelastic components to the
conventional components with the energy of a laser beam or electron beam. These
expensive methods are, however, rarely employed in making eyeglasses.

Other shape memory alloys bave also been tested for making superelastic

20 eyeglass frame components. These tests and the patents that may have resulted

therefrom mention Cu-Zn-X alloys {in which X = Al, Sn, ...) and Cu-Al-Ni. Such alloys



accomodat e the | enses and .connected to one .anot her .by a brj

LACEMENTSHEET |

bar 4. A "~ _Atenple 6, articulated by nmeans of a hinde {5, |s TOUNT e
on each eyewire 2. The bridge 3, the bar 4, and tihg tg )
be prepared froma nonocrystalline shape menory Ion acc dﬁ“@a
to the above provisions. 15 Figure 5 shows a

variant, in which each tenple 6 is mounted on t hge correspondi ng

eyewire 2 by welding, via a torsion bar 75-Consequently, there 1s no

l.onger a hi nge r, as the alloy permts, n ng 0SSi tles
t he pivoti ng?‘~re destribed wardailomn Gie ldﬁ%‘“F%‘ﬁblF&’%t'gvﬁ’gdisﬁhémii&g ]| on
to be acconplished. It would be ual ly possible, wthout u5| ng a
bar 7, to pr&lavwRyen thesemronolyerystalline éHoyﬁaH@weW cgrppared withithe allegsdiased on
facilitating bending on the tenple 6 and in the vicinity of its end wel ded
to Ti-Ni, these alloys cannot withstand €, deformations greater than 3% to 4%. Beyond

this limit, they are fragile and break because of their coarse grain structure.

5 It is currently desired to improve the mechanical strength and the use of the
shape memory alloys used in making eyeglasses, such as Ti-Ni as well as other shape
memory alloys. )

The methods used consist of hardening the materjal in order to increase its yield
strength as much as possible.

10 A very fine-grain structure is desirable for this purpese; it is ob.tained either by
recrystallization of the coarse structures gencrated in the foundry after considerxable
work hardening, or by structural hardening achieved in the course of heat treatments
causing the precipitation of the hard phases, or by cold working.

The major drawback of these methods is that the deformations assocjated with

15 superelasﬁciiy are greatly limited. The grain boundaries, the precipitates and the work
hardening block the martensitic transformation and lead to a great increase in the
rigidity of the superelastic alloy. -

The goal of the present invention is to provide a metallic eyeglass frame in
which certain components, such as the teruples, the bridges or bars, are made of an

20 alloy capable of undergoing deformation under the action of mechanical stresses, while

completely resuming their shape once they cease to be subjected to a stress.
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10

15

20
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Fi gure 6 ‘showis anot her enbodi mei{ fF eye(gl asses;

vvhosefrarrE|S|ntendedto be folded up. In thi$
3 contains a central zone of reduced thickness Bﬁ%%? ?@&P

I

zone of reduced thickness 9, and each of the terrp es—6

-6-

In addition, such components should be able to undergo a large number of
bending cycles without rupture. Such components should also be able to be easily
assembled with other components forming part of the eyeglass frame.

The frame to which the present invention pertains is therefore characterized in
that it comtains temples and/or a bridge andfor one or more bars made of a
monocrystalline shape memory alloy, i.e., an alloy that is formed by a single crystallite
or a plurality of crystallites separated by weakly disoriented boundaries and is selected
from among the alloys based on Cu of Fe.

The use of a monocrystalline shape memory alloy is advantageous insofar as it
makes it possible to benefit from the most homogeneous structure possible from a
microscopic viewpoint in order to prevent any local mechanical stress concentration
from appearing. The shape memory alloys are selected from among the following
copper-based alloys:

. Cu-Zn-Al,
Cu-AlNj,
Cu-Al-Be,
Cu-Al-Mn,
or from among the following iron-based alloys:
Fe-Mn-Si,
Fe-Mn-Cr,
Fe-Mn-Cr-Si.,

"Ez_ :




contains a central zone of reduced thickness 10 each.” 5 - (
thus possible first to fold up the two tenples 6 over therBRe PLAGE ENT SHEET
pi voti ng around the zones of reduced thickness 10, and then to
fold the franme over itself by pi voting around tHe {zdh8sMaY 2n0
reduced thickness 8, 9. As is apparent frorpthe above, the
present invention brings about a great _,_ i nprovemdnt in the cesting
techni que by providing an eyeglass frame using 10 corponent.s—nade .0of.;

shape nenory al | Q¥rstal &htafOSE AtSe AHER! ik et tHES ermiih lebyexpehsive than the
not subject to the usual risk of breaking after a certain nunber of

Component & DY AV Fopmeonty $98L I8 SpakitaBle) ¢ty B T anc
can be fol d&%rz‘x’gtér@s%, ge@%us%sﬁe()&aﬁmmﬂqgfoﬁﬂg.{i%] iJ Bﬁﬁtﬁé o}(nﬁ of magnitude of
119, at least between -40°C and +80%, or 2 to 3 times that of a Ti-Ni alloy, without
5 any increase in rigidity being observed, which represents a certain advantage for the
person wearing the eyeglass frame in the case of an accident such as a shock.
It should be noted that the same Cu-Zn-Al, Cu-Al-Ni, Cu-Al-Be or Cu-Al-Mn
and Fe-Mn-Si, Fe-Mn-Cr or Fe-Mn-Cr-Si alloys cangot be deformed by more than 3%
to 4% and have a very limited fatigue strength if they bave a polycrystz;lﬁne structure,
10 as opposed to the monocrystalline structure.
Under these circumstances, ‘the frame is deformed and the eyeglass frame
resumes its original geometry without residual deformation after the shock.
The fatigue properties of a component made according to the present invention
are also advar;tageous. While a component made of a Ti-Ni alloy runs the risk of
15 breaking alfl'._er a certain pumber of stress cycles, the compopents made of a
monocrystallive shape memory alloy accor&ing to the present invention are able to
withstand several thousand cycles without breaking. It is consequently un;ecessary to
work harden such a component to confer a better fatigue strength on it. On the
contrary, ‘the work hardening of a monocrystalline alloy would run the risk of

20 producing a change in its superelastic characteristics. The components made according

A\
to the present invention advantageously preserve their deformability properties in 2



nunber of conponents.of such a frane. 5
the present invention is not -limted to the enbodi nents of t

. rents of -t HREPLACEMERT SHEET

frame which are descri bed above as exanpl es; on the contrary t al so
enconpasses al | variants. Thus, the bridge, made pf| alsh3k¥Y 2001

menory al l oy,
t enpl es,

10

15

made of a nonocrystalline shape nenory alloy, could
attached either directly to the | enses of-to the hinges, whi
are directly attached to the | enses.

could be directly attached to the Ienses, and the

pe
h thensel ves

broad temperature range spapning at least 120°C. For example, the monocrystalline
superelastic components preserve their elastic rebound without any residual
deformation in the range of -40°C to +80°C, as opposed to the Ti-Ni alloys, whose use
tepnperatures are between -20°C and +40°C.

1t should be noted that the alloys based on Cu-Zn-Al, Cu-AJ-Nj, Cu-Al-Mn, Cu-
Al-Be, and those based on Fe-Mn-Si, Fe-Mn-Cr or Fe-Mn-~Cr-Si can be djrectly welded
or soldered to the other alloys commonly used in making ey;glasses among the shape

memory alloys used tb prepare the components according to the present invention.

It should be noted that the silver solders can be used directly on monocrystalline

shape memory copper alloys dne to the absence of grain boundaries. In fact, the

presence of grain boundarjes duriﬁg soldering is manifested by the formation of
intermetallic conipounds in these grain boundaries, and these compounds cause an
impairmént in the mechanical strength of the boundaries.

Moreover, as these monocrystalline shape memory alloys do not require work
hardening or structural ilardening, welding or soldering does not cause any changes in
the state of the superelastic shape mermory #lloy, thus making it possible to use the
existing equipment, whose cost of use and depreciation are lower.

It is thus possible to directly weld the components according to the present
invention to the components forming part of the frame made of the metal alloys
commonly used in making eyeglasses. Thus, in particular, the temples can be directly

welded to the eyewires of the frame, or each temple can be provided with a torsion bax
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eyegl ass frame, characterized in that it contains said te MW@@B/&{EET
a said bridge (3) and/or one or nore said bars (4) nade of{ 4
nonocrystalline shape nenory alloy, i.e., an alloy forne byo@ sw\l\f
crystallite or a plurality of crystallites separated by Qoun Igl li!H
weak di sorientation and sel ected from-aglg@'ng the alloys bgsdd—an-Cu_or Ee

intended to be welded to an eyewire of the frame.

To facilitate bending at the temples [of the frame], it is possible to reducc.fhc
thickness of the materjal acting as the hinges, but without using hinge components as
they are commonly known in the area of eyeglass-making. One advantage of this type

5 of articulation of the temples to the body of the frame is that it makes possible the
automatic opening of the temples on removal from an eyeglass holder, which makes
it possible to put on the eyeglasses with ope hand only. .

It is also possible to provide other zones of reduced thickness to make it

possible to fold up the frame. It is possible in this case to provide zones of reduced
10 thickuess on the bridge connecting the two eyewires, on the bar possibly provided
between them, as well as in the middle of each temple.

According to another feature of the present invention, a conventional
thermomechanical treatment may be carried out locally at the end of each temple to
change its behavior from a superelastic behavior to a I;Iasﬁc behavior, which makes it

15 possible to adjust it to the contour of the ear. This treafment can also be easily
performed on any part of the bridges and/or of the temples of the frame.

According to another embodiment, the bridge made of monocrystalline shape
memory alloy is directly attached to the lenses, and the temples made of

. monocrystalline shape memory alloy are attached either directly to the lenses or to the
20 hi{lges, which themselves are directly attached to the lenses.

Another advantageous feature of the components according to the present
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2. Frane in accor dance wi.t h' cl-ai m 1, characterized in_t ha

conponent:s
the foll ow

3. Frane in accordance with claim1, characterized in tha

conponent s
the foll ow

4. Frane in accordance with any of the. &% ms 1 through 3;

that the t
martensite

10

15

20

(3, 4, 6) made of shape nenory alloy are sel e
ng Cu-based alloys: Cu-zZn-Al, Cu-Al-N, Cu-Al

(3, 4, 6) made of shape nmenory alloy are sele
ng Fe- based all oys: Fe-Mh-Si, Fe-Mi-Cr, and Fg-M-Cr-Si.
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egl ns
Ni, which eliminates any risk of allergy resulting from contact with an alloy containing
this constituent for the wearer of the eyeglasses.

The components made of shape memory alloy according to the present
invention are prepared from a wire made of monocrystalline shape memory alloy,
whose cross section can be framed in a circle having a diameter of less than 4 mm.
This feature permits easy shaping for_preparing the compt;nents, without requiring
considerable déformation resulting frem a work hardening, which is harmful for the
monocrystalline structure and for the resulting properties.

According to anotber feature of the present invention, the components are
made of a monocrystalline shape memory alloy whose transformation temperature Af,
beginning from. which the martensite begins to be formed, is between -100°C and -
20°C.

The present invention will be bettc'r understood from the following description
with reference to the schematic drawing attached, which shows as nonlimiting examples
a number of embodiments of a pair of eyeglasses.

Figure 3 is a diagram showing the deformation of a component acc:rding to the
present invention as a function of the stress applied to it.

Figure 4 shows a perspective view of a. pair of eyeglasses.

Figure S shows a perspective view of part of a pair of eyeglasses, showing more

specifically the articulation of a temple to an eyewire.

chraracteri zed 1 n
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5. Frane in accordance Wit R any “of the* cIalnB 1 through 4, c
that the said conponents made of shape nenory alloy are ablfe
superel astic
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Figure 6 is a perspective view of another pair of eyeglasses.

Figure 3 shows a diagram of the deformation of a component made of
monocrystalline shape memory alloy according to the present invention as a function
of the stress applied to jt. As is shown in the left-hand part of the diagram, the elastic

5 deformation of a component made of titanium-micke] does not exceed 4%. On the
contrary, the elastic deformation of a component made of a shape memory alloy
according to the present invention reaches 11%, and this value of deformation is
obtained with a stress lower than that necessary for achieving the maximuta
deformation of the component made of titanium-nickel.

10 Figure 4 shows a pair of eyeglasses containing two eyewires 2 intended to
accommodate the lenses and conpected to one another by a bridge 3 and by a bar 4.
A temple 6, articulated by means of a hinge 3, is mounted on each eyewire 2. The
bridge 3, the bar 4, and the temples 6 may be prepared from a monocrystalline shape
memory alloy according to the above provisions. .
15 Figure 5 shows an embodiment variant, in which each temple 6 is mounted on
the corresponding eyewire 2 by welding, via a torsion bar 7. Consequently;there is no
' ionger a hinge proper, as the alloy permits, considering its possibilities, the pivoting
function of the temples toward the closed position to be accomplished. It would be
eqﬁally possible, without using a bar 7, to provide a secHon of reduced material
20 thickness facilitating bending on the temple 6 and in the vicinity of its end welded to

the eyewire 2.



def ormatt+on—by 11% ~at~|east between -40[err] C and +80[err]
Frame in accordance with any of the clainms 1 through 5, cha
that the said components (3, 4, 6) nade of &a-shape nenory*
prepared frema wire of nonocystalline shape nenory all oy
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section can be framed in a circle having a dianeter less t Q%WZ&'M

7 Frame in accordance with any of the clainms 1 through 6, dgh | I n

that the said conponents (3, 4, 6) madéldf a nonocrystallijne shape nenory
alloy can be directly welded to other conponents which formp
frame and are nade of the '

Figure 6 shows another embodiment of eyeglasses, whose frame is intended to

be folded up. In this case, the bridge 3 contains a central zone of reduced thickness
8, the bar 4 has a central zone of reduced thickness 9, and each of the temples 6
contains a'central zome of reduced thickness 10 each.
5 It is thus possible first to fold up the two temples 6 over themselves by pivoting
around the zones of reduced thickness 10, and then to fold the frame over itself by
pivoting around the zopes of reduced thiclmess 8, 9.
As is apparent from the above, the present invention brings about a great
improvement in the existing technique by providing an eyeglass frame using
10 components made of shape memory alloy, which possess excellent deformability, are
not subject to the usual risk of breaking after a certain number of deformations, can
be directly welded or soldered to the other components of the eyeglasses made of a
conventional alloy, and can be folded without the use of a hinge, which limits the
number of components of such a frame. |
1t is obvious that the present invention is not limited to the embodiments of this
frame which are described above as examples; on the contrary, it also encompasses all
variants. Thus, the bridge, made of a shape memory alldy, could be directly attached
to the lenses, and the temples, made of a monocrystalline shape memory alloy, could
be attached either directly to the lenses or to the hinges, which tl_:émselves are directly

attached to the lenses.



nmet al aIons comonly used in nah—ng—eyegﬁisses—— 8. Franme in

directiy welded to the sai d eyew fr

accordance wth claim?7, 'characte @cﬂ [}“,Dﬂ W said tenples (6) are
i n accordance with claim7, chara Bﬂ tlj the said tenples (6)

each provided with a said torsion bar (7) intended to be welded to an

eyew re of

t he frame.
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CLAIMS

1. Metal eyeglass frame, characterized in that it contains said temples (6) and/ox
a said bridge (3) and/or one or more said bars (4) made of a monocrystalfline shape
memory alloy, i.e., an alloy formed by a single cxystallite or a plurality of crystallites
separated by boundaries with weak disorientation and selected from among the alloys

-

based on Cu or Fe.

2. Frame in accordance with claim 1, characterized in that the said components
(3, 4, 6) made of shape memory alloy are selected from among the following Cu-based

alloys: Cu-Zn-Al, Cu-Al-Ni, Cu-Al-Be, Cu-Al-Mn.

3. Frame in accordance with claim 1, characterized in that the said components
(3, 4, 6) made of shape memory alloy are selected from among the following Fe-based
alloys: Fe-Mn-Sj, Fe-Mnu-Cr, and Fe-Mn-Cr-Si.

4. Frame in accordance with any of the claims 1 through 3, characterized in that
the trapsformation temperature (Af) beginning from which the martensite begins to

be formed in the shape memory alloy in question is between -100°C and -20°C.
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9. Frane

are
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- 15- | 10. Frane in accordance wth any of the clains 1 through 9,

characterized in that the said m “ﬂl“m 6) nmade of a
nonocrystal line shape nenory. al.l mmm‘w ones of. reduced-thi ckness
(8, 9, 10) arranged i‘n- the" vici'hi )y of the" cbnriecti‘on zone between a said

tenple and-a said eyewire, and/or at md-length of the said tenples and/or
in the mddle of the said bridge and of the said connection bar between
the said two eyewires of the frane. -14-

5. Frame in accordance with any of the claims 1 through 4, characterized in that
the said components made of shape memory alloy are able to undergo superelastic

deformation by 11%, at least between -40°C and +80°C.

6. Frame in accordance with any of the claims 1 through S, characterized iu that
the said components (3, 4, 6) made of a shape memory alloy‘are prepared from a wire
of monocrystalline shape memory alloy whose cross section can be framed in a circle

baving a diameter Jess than 4 mm.

7. Frame in accordance with any of the claims 1 through 6, characterized in that
the said components (3, 4, 6) made of 2 monocrystalline shape memoty alloy can pe
directly welded to other components which form part of the frame and are made of the

metal alloys commonly nsed in making eyeglasses.

8. Frame in accordance with claim 7, characterized in that the said temples (6)

are directly welded to the said eyewires (2) of the frame.

9. Frame in accordance with claim 7, characterized in that the said temples (6)
are each provided with 2 said torsion bar (7) intended to be welded to an eyewire of

the frame.




11. Frane in accordance with anMrOugh 7, characterized

in that the said bridge (3), nade Flllne shape menory aIon
is directly attached to the Ien “\mm “ﬁm tenmples; ‘made of ‘a -
nonocrystal i ne shape nenory - aII tathed either d| rectly to the

| enses or to the said hinges (5), which in turn are directly attached to
the | enses. 12. Frane in accordance with any of the clains 1
through 11, characterized in that the cdponents (3, 4, 6), nade of a
nonocrystal i ne shape nenory all oy, contain one or nore zones having

subjected to a ¢ ntional t errm hani ca ea e.th
behavi or of the ﬁg %ﬂ”é’l in;3o60% A it {ie ‘(’i‘fﬂ%q& rﬁuéga? ﬁp @ptegized in
behavi or, . )
that the said components (3, 4, 6) made of a monocrystalline shape memory alloy
contain said zomes of reduced thickness (8, 9, 10) arrapged in the vicinity of the
connection zone between a said temple and a said eyewire, and/or at mid-length of the

said temples and/or in the middle of the said bridge and of the said copnection bar

between the said two eyewires of the frame.

11. Frame in accordance with any of the claims 1 through 7, characterized in
that the said bridge (3), made of a monderystalline shape memory allay, is directly
attached to the lenses, and the said temples, made ofa monocrystalline shape memory |
alloy, are attached either directly to the lenses or to the said hinges (5), which in tern

are directly attached to the lenses.

12. Frame in accordance with any of the claims 1 through .11, characterized in
that the components (3, 4, 6), made of 2 monocrystalline shape memeory alloy, contain
one or more zomes having subjected to a conventional thermomechanical-treatment to
change the behavior of the material from a superelastic behavior to a plastic behavior,

which makes possible the adjustment of these components.
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