Vat ch Conponent of Titanium All oy The present invention
concerns a watch conponent of titaniumalloy according to the preanble
of claim 1. Anong conventional nmaterials such as gold and
steel, titaniumhas 5 occupied an increasingly inmportant position in the
production of watch cases for several years now. For a price
appreciably less than that of gold, it offers in conpari son with steel
t he advantage of being very well tolerated by the skin and of not
giving rise to nickel allergies. Furthernore, its commercial success

has been favoured by its eagﬁtyhi%nppﬂﬁﬂb%'rlfaﬂ“ﬂmﬁlm whi ch has started a
10 craze, all the nore so as this material is generally associated with
wat ches or ot her The pdesent irnfention lconcerinistaywatch component of titanitine alloy

i nvention sets off. fromthe opservation that this very particul ar

surface appe@FERANGiC thergem Retal Iy used in wat chmaking wil

pr obably not al ways benefit fromthis fashion effect. Thus, the
aesthetic restricti oAmong canvpotienal myatetials suah @sigold and steeditanivg has ways
to be accep t %&t?ﬁ@eg aha}ﬁgreeasinglycgnj)p%rrltta%k Sbsition in the production of watch cases for
several years now. For a price appreciably less than that of gold, it offers in
comparison with steel the advantage of being very well tolerated by the skin
and of not giving rise to nickel allergies. Furthermore, its commercial success
has been favoured by its easily identifiable mat finish which has started a
10 craze, all the more so as this material is generally associated with watches or

other products of high quality.

The invention sets off from the observation that this very particular
surface appearance of titanium as generally used in watchmaking will probably
not always benefit from this fashion effect. Thus, the aesthetic restrictions

15 imposed by this material are liable not always to be accepted by a large
clientele.

Attempts have aiready been made in the prior art to modify the
appearance of watches made of titanium, e.g., by means of colouring, or by
plating particular alloys of titanium on other materials. However, the plating

20 operation adds to the cost of the components, which are, moreover, susceptible

to shocks and to deep scratches.

Thus, one object of the invention is to propose watch components in
titanium having an appearance different from prior art titanium components and

thus capable of occupying other commercial niches.

25 This object is fulfilled according to the invention by means of a watch
component made of a titanium alloy unprecedented in watchmaking.

In particular, this object is attained by resorting to a family of alloys
containing at least 75% titanium, hardened by thermomechanical treatment and



Attenpts have already been made in the prior art to nodify the

appearance of watches made of titanium e.g., by neans of colouring, or by
pfating particular alloys of titaniumon other materials. However, the

pl ati ng 20 operation adds to the cost of the conponents, which are,

nor eover, susceptible to shocks and t®» deep scratches. _

Thus, one object of the invention is to propose watch conponents in
titani um havi ng an appearance different fron1prior art titani um conponents
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and

Tests have already been made in the prior art with polishing watch

5 components made of titanium. However, the titanium alloys conventionally
used do not allow large parts, such as the caseband or bracelet, to be polished
completely. The surface condition obtained is similar to orange peel, so that
only small parts such as bezels, or small portions of larger parts, have been
produced in polished solid titanium.

10 The orange peel appearance is due especially to the presence in the
structure of numerous two-phase alloys, for example the phases o and &, which
are of different hardnesses and to which it is therefore difficult to give the same
polishing finish. European Patent No. 0 416 929 describes a process for
manufacturing a watch case made of a titanium alloy in which the already

15 machined part is heated to a temperature above the B transformation point, i.e.,
above about 780°C, then quenched, so as to bring it into a martensitic phase.
An ageing operation is then necessary before the watch case can be polished.
Since this process comprises a large number of separate operations, it is

consequently difficult to carry out on an industrial scale.

20 Tests have shown, however, that the grain size of the alloy plays a
determining part in the quality of the polish obtained. Ordinary titanium alloys
are composed of grains 150 to 200 um in size; thus, differences in polishing

between adjacent grains are very visible.

Optimal polishing quality may therefore be obtained by refining the
25 microstructure of the alloy, i.e., by reducing the size of the grains making up the
alloy of the watch component. According to this invention, such refining is
obtained by subjecting the watch component to a thermomechanical treatment.

The invention will be better understood with the aid of the examples
given in the following description, no figure being necessary to illustrate them.



having in common a nechani cal 'strength greater than 750 MPa, preferably
However close to 1000 MPa. These particul ar alloys have the advant age of

being able to be polished on | arge surfaces. Tests have
al ready been nmade in the prior art with polishing watch 5 conponents nade
of titanium However, the titanium alloysgconventionally used do not

allow |l arge parts, such as the caseband or bracelet, to be polished
conpletely. The surface condition obtained is simlar to orange peel, so
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titaniumallg ich the already 15 nachined part is heated to a
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Ordinary titani um al 1Ry allo s%a@re%?’é@gg%ngﬂéféhsmjtﬁg rﬁrf&r%ﬁ@o[ Gs&lgm i n
size; thus, differences in polishing etween adj acent grains are very
vi si bl e. 10 watchmaking because of unyielding prejudices, numerous watchmaking
specialists believing that these materials cannot be properly machined and
stamped. For that reason, titanium alloys having low mechanical strength have
always been used in watchmaking. Since the mechanical properties of such
alloys have been easily sufficient for watchmaking applications, there has been

15 no incentive to use alloys supposedly much more difficult to work.

Tests carried out despite the prevalent opinion have nonetheless
provided unexpected results and have shown that watch components can be
produced in such alloys with modern cutting and stamping tools such as those
used to machine stainless steel. Furthermore, acid engraving is likewise

20 possible. These tests have therefore shown that those skilled in the art of
machining watchmaking parts can, after a few routine manipulations, machine
these new alloys by means of conventional tools despite all existing prejudices.
For example, these new alloys can be machined by carefully selecting the
machining tools among those currently existing and by reducing the machining

25 speed.

it has then been found that by subjecting these alloys to a
thermomechanical treatment, it is possible to reduce considerably the size of
the o and R grains of the alloy and thus to obtain a material capable of being

polished to give the parts a brilliant mirror finish. Such a polish is unusual in



Opti mal pol i shi n'g quality'rray'therefore be obtained by refining the 25

m crostructure of the alloy, i.e., by reducing the size of the grains
maki ng up the al l oy of the watch conponent. According to this
isznvention, such refining is obt ai ned by subjecting the watch conponent
to a thernonechanical treatnent. 4 The invention wll be
better understood with the aid of the exanples given in the foll ow ng
description, no figure being necessary to illustrate them

The present nti “applies to the manufacture of any watch
corrpgnent, p%‘ﬁmlﬁﬁ”g fttﬁén’é'ﬁ‘s\gﬁfé?hés t'he as’é{alztaseouﬁ@rmrbﬁs eht¥s t he
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part of a potikes fommt'hﬂ’ie uSe of andthet mietal would have been preféfre@fer ng to the
I nvention, at |east one of these parts is nade of a medi um or

hi gh- st r engt Aestbetia reasansi um al oy, i.e., of a titaniumalloy having a
mechani cal strength of nore than 750 MPa, but preferably close to 1000 Ma.
5 The thermomechanical treatment preferably consists of an operation

of heating the alloy to a temperature below the B transformation point (780°C)
during a deformation operation of the initial part. Preferably, the
thermomechanical treatment consists of stamping the heated part at a
temperature of between 600 and 750°C, but preferably between 600 and

10 700°C. Tests have shown that effective refining of the microstructure of the
alloy is obtained when it is simultaneously subjected to pressure or to a
significant deformation and heated to a temperature slightly below the R
transformation point. Various mechanisms, e.g., dynamic recrystallization, may
be used for refining the microstructure. Grain sizes of less than 5 microns, on

15 the order of 1 um, may be obtained through a judicious choice of the heating
temperature and the deformation pressure applied.

The alloys used may also be electrolytically oxidised and anodised
to obtain different colour effects.

Hardening and stamping of the part are therefore carried out in a
20 single operation; no subsequent heating, quenching, or ageing operation is
necessary. Hence this process is particularly advantageous to implement as

compared with prior art processes.

The family of medium- and high-strength titanium alloys suitable for

such polishing includes especially:
25 binary alloys: Ti 8Mn

ternary alloys: Ti 6Al 4V,
Ti 7Al 4Mo



These al |l oys have never been considered in the prior art for use in 10

wat chmaki ng because of unyiel ding prejudices, nunerous wat chmaki ng
specialists believing that these materials cannot be properly machi ned and
stanped. For that reason, titaniumalloys having | ow nechani cal strength
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Ti 15V 3Cr 3Al 3Sn
10 (the numbers indicating percent by weight in the composition).

In general, these are two-phase o + B titanium alloys offering an
optimum compromise between ductility and mechanical strength. However,
almost monophase a alloys or alloys of 8 structure are not excluded. These
two-phase alloys can be refined and hardened by suitable thermomechanical

15 freatments.

In the titanium alloys, the aluminium has the property of stabilising
the a phase, stable at temperatures of up to 880°C. The vanadium stabilises
the R phase, which is normally stable at temperatures above 880°C. Tests
have shown that the alloy Ti 6Al 4V proves optimal for the manufacture of a

20 mirror-polished titanium watchmaking part. The composition of this alloy may
vary as follows (composition in percent by weight):

aluminium 5.5 to 6.75, vanadium 3.5 to 4.5, nitrogen 0.05 maximum,
carbon 0.1 maximum, hydrogen 0.015 maximum, iron 0.4 maximum, oxygen 0.2
maximum, various elements 0.1 maximum each, total 0.5 maximum, the
25 remainder being titanium.

Advantageously, the caseband, back, bezel, spread buckle, clasp,
and/or bracelet of a watch are made of one of these alloys. It is nevertheless
also possible to combine the use of these alloys for certain elements, or for



4° matbhnﬁking for titaniumwatches. The advant ageous properties of

t'hi s material, especially its anti-allergic properties, nmay thus be
extended to watch i nes for which the use of another netal would have
been preferred for aest heti c reasons. 5 The

t her nonechani cal treatnment preferably cormgists of an operation of
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to obtain different colour effects. Har deni ng and st anpi ng
of the part are therefore carried out in a 20 single operation; no

subsequent heating, quenching, or ageing operation is necessary. Hence
this process is particularly advantageous to inpl erent conpared with
prior art processes. The Tam |y of

hi gh-strength titanium alloys suitable for such”aalmr Im]“ll'wl I“L
especially: 25 bi nary all oys: Ti e€r nary
al | oys: Ti 6Al 4V, Ti 7AI 4Mb .

5 quaternary alloys: GRAIM& 1M 1v, Ti 10V 2Fe 3Al

1. Method of manufacturing a watch component made of a solid titanium

alloy, comprising the steps of

5 hardening an alloy containing at least 75% titanium and having a me-
chanical strength greater than 750 MPa during a thermomechanical treatment
step, and

polishing visible outside surfaces of the component.

10 2. Method of manufacturing a watch component according to the
preceding claim, characterised in that said thermomechanical treatment is
obtained by heating the alloy below the B transformation point during an
operation of deformation of the initial part.

3. Method of manufacturing a watch component according to one of the

15 preceding claims, characterised in that said thermomechanical treatment is
obtained by heating the alloy to a temperature of between 600 and 750°C
during stamping of the watch component.

4. Method of manufacturing a watch component according to one of the
preceding claims, characterised in that the heating time, the heating temper-
20 ature, and the pressure exerted are so optimised as to obtain a grain size of

the alloy of less than 5 ym.

5. Method of manufacturing a watch component according to one of the
preceding claims, characterised in that it comprises no quenching step.

6. Method of manufacturing a watch component according to one of the
25 preceding claims, characterised in that said alloy is of the two-phase o +

type.
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Ti 6AI 6V 2Sn  °~ Ti 4Al 3M 1V 5 Ti 10V 2Fe 3Al Al'l oys
conposed of five or nore elenents: Ti 6Al 2Sn 4Zr 6M Ti _S5Al_2Sn 4Zr
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may vary as follows (conposition 1 n percent by el ght):

al um ni ums5. Satbdnt0. T Mmaximoet] inydréhem 0.018 nfaximutny; irga .4 nizximami oxygen 0.2
carbon 0.1 maxi mum hydrogen 0.015 maxi mum iron 0.4 maxi pum oxygen 0.2
maxi mum  var MAXMEMe Meneds elements Orumasiaum eash.detal O maxiniim, theHemain-

der being titanium.

8. Watch component made of a solid alloy containing at least 75%
titanium, characterised in that said alloy is hardened during a thermomechani-
10 cal treatment step, has a mechanical strength greater than 750 MPa, and at

least the visible outside surfaces of the component are polished.

9. Watch component according to the preceding claim, characterised in
that the grain size of the alloy is less than 5 pm.

10. Watch component according to one of the claims 8 or 9, character-

15 ised in that said alloy is of the two-phase o + B type.

11. Watch component according to the preceding claim, characterised
in that said alloy has the following composition (composition in percent by
weight):

aluminium 5.5 to 6.75, vanadium 3.5 to 4.5, nitrogen 0.05 maximum,
20 carbon 0.1 maximum, hydrogen 0.015 maximum, iron 0.4 maximum, oxygen 0.2
maximum, various elements 0.1 maximum each, total 0.5 maximum, the remain-

der being titanium.

12. Watch component according to one of the preceding claims, charac-
terised in that it is constituted by a caseband of which only the visible outside
25 surfaces are polished.

13. Watch component according to one of the claims 8 to 12, character-
ised in that it is constituted by a bezel the visible outside surfaces of which are

polished.
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25 remai nder bei 'ng titanium Advant ageously, the caseband,
Back, bezel, spread buckle, clasp, and/ or braceret of a watch are nade

of one of these alloys. It is neverthel ess al S - nbi ne t he
use of these alloys for certain elenments, or for ﬂ“mmml 'ﬂ“ lﬂ”m
6 certain parts of certain elenents,gwth other saterital & fdr ot her

el enments. In particular, it is possible to conbine the use of titanium
havi ng nmedi um or hi gh mechani cal strength for certain conponents,
especially for parts which are vi si bl e when the watch is worn, with

titani um having | d& Wetearamponsnt apeardingde anel efdbe glaimg|&toptd, haracter-, f or
the spread bygld it it feshitutbd B 81hcBRt PR1ESH %% visible outside surfaces of

which are polished.

15. Watch comprising at least a caseband according to claim 12 and a

5 bracelet according to claim 14.

16. Watch according to the preceding claim, characterised in that it
further comprises at least one other piece of titanium or of titanium alloy with a

mechanical strength less than that of the caseband.

17. Watch according to the preceding claim, characterised in that at
10 least one element of the spread buckle is made of titanium or of titanium alloy
with a mechanical strength less than that of the caseband.
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7° - S d ai ms 1. Met hod of

manuf acturi ng a watch conponent nmade of a solid titanium al | oy,
conprising the steps of 5 har deni ng an all oy containing at | east
75% titani um and having a me- chanical strength greater than 750 MPa
during a thernonechani cal treatnent step, and pol i shi ng

vi si bl e outside surfaces of the conponent. 10 2. Method of

manuf acturi ng a watch conponent according to the precedi ng claim
characterised in that said thernmonmechanical treatnent is obt ai ned by
heating the alloy below the [err] t r anP8tagti on poi nt during an
operation of deformation of the initial part. 3. Method of

manuf acturing a watch conponent accordi ng to one of the 15 preceding

clains, character d. in_that chanl treatpent, i s
obt ai ned by heati Nge‘f’HémaTH%&?" QEE%%%W@ 8 %@Pm'tmnmcqﬂd{yer rjc

during stanpiwgg j; t he watch conponent. 4. Met hod of
manuf acturi ng a wat ch conponent according to one of the
5 aluminium 5.5 to 6.75, vanadium 3.5 to 4.5, nitrogen 0.05 maximum,

carbon 0.1 maximum, hydrogen 0.015 maximum, iron 0.4 maximum, oxygen 0.2
maximum, various elements 0.1 maximum each, total 0.5 maximum, the
remainder being titanium.

This alloy allows the watch component to be machined and polished
10 with conventional tools and to be given a brilliant mirror appearance.



pf ecedi ng cl aj ms characterised in that the heati ng tine, the heating
t'enper- 20 ature, and the pressure exerted are so optimsed as to obtain a
grain size of the alloy of less than 5 [err]m 5. Met hod of

manuf acturi ng a watch conponent according to one—of-the —preceding

claims, characterised in that it conpriseg no que I S e 6.
Met hod of manufacturing a watch conponent accordla ] iljm f"lMﬂ!ES
preceding clains, characterised in that said allo Ol Lt NE -Phase

[err] + [err] AVENDED PAGE

8 8 t ype. 7. Method of mér@imst ur | ng a watch conponent
according to one of the preceding clainms, characterised in that said
all oy has the follow ng conposition (conposition in percent by weight):

1. Method of manufacturing a watch component made of a solid titanium

alloy, comprising the steps of

5 hardening an alloy containing at least 75% titanium and having a me-
chanical strength greater than 750 MPa during a thermomechanical treatment
step, and

polishing visible outside surfaces of the component.

10 2. Method of manufacturing a watch component according to the
preceding claim, characterised in that said thermomechanical treatment is
obtained by heating the alloy below the B transformation point during an
operation of deformation of the initial part.

3. Method of manufacturing a watch component according to one of the

15 preceding claims, characterised in that said thermomechanical treatment is
obtained by heating the alloy to a temperature of between 600 and 750°C
during stamping of the watch component.

4. Method of manufacturing a watch component according to one of the
preceding claims, characterised in that the heating time, the heating temper-
20 ature, and the pressure exerted are so optimised as to obtain a grain size of

the alloy of less than 5 um.

5. Method of manufacturing a watch component according to one of the
preceding claims, characterised in that it comprises no quenching step.

6. Method of manufacturing a watch component according to one of the
25 preceding claims, characterised in that said alloy is of the two-phase o + 3
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5¢ "alimnium5.5 to 6.75, vanadium 3.5 to 4.5, nitrogen 0.05
Raxi mum carbon 0.1 maxi nrum hydrogen 0.015 nmaxi mrum iron 0.4 maxi mum
oxygen 0.2 maxi mum various elenments 0.1 maxi num each, total 0.5

gaxi mum the remain- der being titanium ————8 MeEthod of

manuf acturi ng a watch conponent made of agsolid tika . ol {11
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consi sts - on the one hand, in the sel esti on of ¥ansal Foy having
the foll ow n? conposition (conposition in percent by weight) alum nium
5.5 to 6.75, %¥Pe. vanadium 3.5 to 4.5, nitrogen 0.05 nmaxi num carbon 0.1
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10. Watch cogam®.1aneamding hydroddhe0.0n 8 eeakimoms ireh0.4 atedmotmeokggeh 0.2 i n
that the grain size of the alloy 1s less than 5 [err]m

: , 3 . 11.
Wat ch conponstaximutoverioys elemants 11 maximunaeashdotal O1p maxiyaymcthe remain-
der being titanium.

8. Method of manufacturing a watch component made of a solid titanium

10 alloy according to any one of the claims 1 to 6, characterised in that it consists

- on the one hand, in the selection of an alloy having the following
composition (composition in percent by weight) aluminium 5.5 to 6.75,
vanadium 3.5 to 4.5, nitrogen 0.05 maximum, hydrogen 0.015 maximum,
oxygen 0.2 maximum, various elements 0.1 maximum each, total 0.5 maximum,

15 the remainder being titanium, <sic.>

-on the other hand, in the hardening of this alloy during a step of
thermomechanical treatment.

9. Watch component made of a solid alloy containing at least 75%
titanium, characterised in that said alloy is hardened during a thermomechani-
20 cal treatment step, has a mechanical strength greater than 750 MPa, and at
least the visible outside surfaces of the component are polished.

10. Watch component according to the preceding claim, characterised

in that the grain size of the alloy is less than 5 um.

11. Watch component according to one of the claims 9 or 10, character-

25\ AMENDED PAGE
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25 ' I sed in that
gaid alloy is of the two-phase [err] + [err] tyﬁe\le\atch

cpnponent according to the preceding claim chara in that said
al l oy has the follow ng conposition (conposition |gﬁmﬂm ’m,um

wei ght): 5 alumnium5.5 to §.75, va

nitrogen 0.05 maxi num carbon 0.1 maxi mum hydrogen 0 015 nhxi mum
iron 0.4 nmaxinum oxygen O 2 maxi num various el enents 0.1 maxi mum
each, total 0.5 maxi num enai n- der being titanium

13. Watch cor'ﬁﬁ%'@rihab%%@aﬂpﬁ§ efthgtwodhashet pielypai ng clai ms, charac- 10
terised in that it is constituted by a caseband of which onIy the visible
out si de sur f ad2s Wlaetchmonipdnedt according to the preceding claim, characterised

in that said alloy has the following composition (composition in percent by
weight):

5 aluminium 5.5 to 6.75, vanadium 3.5 to 4.5, nitrogen 0.05 maximum,
carbon 0.1 maximum, hydrogen 0.015 maximum, iron 0.4 maximum, oxygen 0.2
maximum, various elements 0.1 maximum each, total 0.5 maximum, the remain-
der being titanium.

13. Watch component according to one of the preceding claims, charac-
10 terised in that it is constituted by a caseband of which only the visible outside

surfaces are polished.

14. Watch component according to one of the claims 9 to 13, character-
ised in that it is constituted by a bezel the visible outside surfaces of which are
polished.

15 15. Watch component according to one of the claims 9 to 13, character-
ised in that it is constituted by a bracelet, at least the visible outside surfaces of
which are polished.

16. Watch comprising at least a caseband according to ¢laim 13 and a
bracelet according to claim 15.

20 17. Watch according to the preceding claim, characterised in that it
further comprises at least one other piece of titanium or of titanium alloy with a

mechanical strength less than that of the caseband.

18. Watch according to the preceding claim, characterised in that at
least one element of the spread buckle is made of titanium or of titanium alloy

25 with a mechanical strength less than that of the caseband.
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14. *Wateh conmponent  according to one of the clains 9 to 13, character-

iséd inthat it is constituted by a bezel the visible o ng}, NN :
vvhigh are polished. 15 15. Wat ch conponent aﬁ%r m@ﬁo on§§HEEq
the clains 9 to 13, character- i sed i@ that it is constituted by a

bracelet, at |east the visible outside surfaces _of whi ch are polished.
16. Watch conprising at | east a caseband accoriﬂi&'"ﬁ -unl H"and a
bracel et according to claim15. 20 17. hY'¥Elo the
precedi ng cl aype. characterised in that it further conprises at | east
one other piece of titaniumor of titaniumalloy with a mechani cal

strength | ess thary tjatholf oftrhgnifasteling @ watch component détorifigdb oneaditide ng t o
the preceding claim characterised in that at | east one el enent of the

spread buckl epreseding€laimst charactenised inthat saighaliemhas thy fRllowing KORPRSERANI cal
strength |l ess, than that of th? c%;?&% d.
AVENDED PAGE {composition in percent by we P

5 aluminium 5.5 to 6.75, vanadium 3.5 to 4.5, nitrogen 0.05 maximum.

carbon 0.1 maximum, hydrogen 0.015 maximum, iron 0.4 maximum, oxygen 0.2
maximum, various elements 0.1 maximum each, total 0.5 maximum, the remain-

der being titanium.

8. Method of manufacturing a watch component made of a solid titanium

10 alloy according to any one of the claims 1 to 6, characterised in that it consists

- on the one hand, in the selection of an alloy having the following
composition (composition in percent by weight) aluminium 5.5 t0 6.75,

vanadium 3.5 to 4.5, nitrogen 0.05 maximum, carbon 0.1 maximum, hydrogen

0.015 maximum, iron 0.4 maximum, oxygen 0.2 maximum, various elements 0.1 -

15 maximum each, total 0.5 maximum, the remainder being titanium,

-on the other hand, in the hardening of this alloy during a step of

thermomechanical treatment.

9. Watch component made of a solid alloy containing at least 75%
) titanium, characterised in that said alloy is hardened during a thermomechani-
20 cal treatment step, has a mechanical strength greater than 750 MPa, and at

least the visible outside surfaces of the component are polished.

10. Watch component according to the preceding claim, characterised

in that the grain size of the alloy is less than 5 ym.

11. Watch component according to one of the claims 9 or 10, character-
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