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(54) TIMEPIECE MOVEMENT COMPONENT AND ITS METHOD OF MANUFACTURE

(57) Timepiece movement component (1) intended
to cooperate with a further timepiece movement com-
ponent in dynamic friction, said timepiece movement
component (1) comprising a titanium alloy core (3) and
an outer layer (5) provided upon at least a part of said
core (1) in an area intended to cooperate with said

further horological component.
According to the invention, said titanium alloy is a

binary titanium-zirconium alloy comprising at least 10
wt%, preferably at least 20 wt%, further preferably at
least 30 wt% zirconium, and in that said outer layer (5)
is a thermal oxide layer.
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Description

Technical Field

[0001] The present invention relates to the field of
horology. More particularly, it relates to a timepiece
movement component intended to cooperate with a
further timepiece movement component in dynamic
friction, and hence be subject to frictional wear. The
invention also relates to a method of manufacture of
such a timepiece movement component. Examples of
such timepiece movement components are axles, ar-
bours, staffs (particularly balance staffs), gear wheels,
pinions, racks, pallet stones, impulse pins, bearings
and so on.

State of the Art

[0002] Modern watchmaking has a strong preference
for using amagnetic or paramagnetic materials for
movement components, in order to minimise or elimi-
nate the effect of external magnetic fields on the run-
ning of the movement. This effect is most pronounced
on the regulating system, which is typically of the con-
ventional balance-hairspring type, is affected by exter-
nal magnetic fields, since very small variations can,
cumulatively, give significant deviations in the running
of the movement. Indeed, resistance to magnetic fields
of 15,000 Gauss is one of the conditions tested by
Omega’s "Master Chronometer" certification, and Ro-
lex’s "Superlative Chronometer" certification tests resis-
tance to magnetic fields of 10,000 Gauss.
[0003] To this end, various alloys of titanium have
gained favour, although a compromise always must be
reached in respect of the machinability of the alloy, and
the surface hardness of the finished part. In essence,
an alloy with a sufficient surface hardness for surfaces
which cooperate with other parts in dynamic friction,
that is to say which comprise bearing surfaces which
are in moving contact with other components and which
are hence subject to wear, is difficult or impossible to
machine. An alloy which has good machinability typi-
cally has a native surface hardness which is very much
insufficient for wear resistance. This leads to unaccep-
tably rapid wear, and hence the component will require
frequent replacement: it should be borne in mind that
certain components of a timepiece movement, in parti-
cular the balance staff, pallet stones and escapement
wheel, are subject to potentially billions of frictional cy-
cles during the expected lifetime of the timepiece in
which the component is integrated.
[0004] The typical solution is to provide a surface
hardening treatment to a machinable alloy, and to this
end document EP3339968 discloses a horological axle
in a non-magnetic alloy of aluminium, titanium or mag-
nesium, which is surface-hardened by anodisation in
an aqueous bath. Particular alloys mentioned are alu-
minium alloys in the 6000 series (Al, Mg, Si) and 7000

series (Al, Zn, Cu), titanium grade 5 (5.5‑6.75 wt% Al,
3.5‑4.5 wt% V, balance Ti), and Mg-Zr alloys. This sur-
face anodising exhibits a hardness of at least 300 HV,
most preferably greater than 500 HV.
[0005] While the resulting axles do exhibit good per-
formance, improvement is still desirable, particularly in
respect of wear resistance when used with industry-
standard lubricants such as Moebius 9010.
[0006] Document CH707504 describes a different so-
lution, namely surface hardening of a titanium alloy bal-
ance staff by ion implantation, in order to obtain a sur-
face hardness of at least 900 HV.
[0007] Although this potentially results in a much
higher surface hardness than the anodisation of
EP3339968, ion implantation is a complex process re-
quiring specialised equipment, and is hence expensive
and time-consuming to carry out.
[0008] The aim of the invention is hence to at least
partially overcome the above-mentioned limitations of
the prior art.

Disclosure of the Invention

[0009] More precisely, the invention relates to a time-
piece movement component intended to cooperate with
a further movement component in dynamic friction, said
timepiece movement component comprising a titanium
alloy core and an outer layer provided upon at least a
part of said core in an area intended to cooperate with
said further horological component, or even over the
entire core.
[0010] According to the invention, said titanium alloy
is a binary titanium-zirconium alloy comprising at least
10 wt%, preferably at least 20 wt%, further preferably at
least 30 wt% zirconium, and said outer layer is a ther-
mal oxide layer, which is distinguishable from an anodic
oxide layer by analysis of its surface morphology and
thickness, which is typically significantly larger than the
at most several hundred nanometres of thickness of an
anodic oxide layer.
[0011] Preferably, said alloy comprises between 20
wt% and 78.4 wt% zirconium, preferably between 30
wt% and 70 wt%, further preferably between 40 wt%
and 60 wt% zirconium, the balance being titanium and
up to 1 wt% impurities.
[0012] Surprisingly, the use of such a binary titanium-
zirconium alloy, provided with a thermal oxide layer,
provides unexpectedly excellent wear resistance and
tribological properties, with the thermal oxide layer
being producible with conventional, simple heat treating
equipment and ambient air. Furthermore, the native al-
loy hardness of around 270 HV (+/‑ 30 HV) provides
good machinability for producing the core. As a result,
no specialised equipment or industrial gases are re-
quired, rendering production of the timepiece move-
ment component extremely economical, despite its ex-
cellent surface hardness of at least 1000 HV, preferably
between 1100 HV and 1400 HV.
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[0013] The invention relates to all timepiece move-
ment components which cooperate with other move-
ment components in dynamic friction, such as axles,
arbours and staffs generally, gear wheels, pinions,
racks, metallic pallet stones, impulse pins, components
of bearings, and so on, and these preferably have a
principle dimension (i.e. a longest dimension) less than
10mm, preferably less than 5mm. However, it should
be noted that the invention is particularly suited for hor-
ological axles, and more particularly balance staffs,
which typically have pivots with a diameter between
0.04 and 0.08 mm which cooperate with antishock
bearings. Such balance staffs can be incorporated in a
timepiece oscillator comprising at least one further os-
cillator component, such as a hairspring and/or a bal-
ance wheel.
[0014] Although the entirety of the timepiece move-
ment component may be provided with the outer layer
of thermal oxide, this latter may be provided only on the
contact surfaces, such as the pivots of an axle or bal-
ance staff, on the teeth of a gear wheel or pinion, or
similar as appropriate for the type of component con-
cerned.
[0015] Typically, said outer layer of thermal oxide has
a thickness of between 0.5 µm and 20 µm, preferably
between 1 µm and 15 µm, further preferably between 3
µm and 13 µm, further preferably between 5 µm and
10 µm.
[0016] The invention likewise to a method of manu-
facturing a timepiece movement component as defined
above. This method comprises steps of:

- machining a piece of said titanium alloy to form
said core;

- heat treating said as-machined core in the pre-
sence of oxygen to form said outer layer on said
core.

[0017] This method hence provides the advantages
mentioned above in the context of the timepiece move-
ment component itself.
[0018] It should be noted that when the outer layer of
thermal oxide is formed on the core, this leads to a
slight increase in the dimensions of the part. If the di-
mensions and tolerances justify taking into account this
increase, said core is, in its as-machined form, typically
slightly smaller than the desired dimensions of the time-
piece movement component in order that the formation
of the thermal oxide layer brings the overall component
to its desired final dimensions. If this is not an issue,
this compensation can be omitted.
[0019] The heat treating can be carried out in a con-
ventional oven, by induction heating or similar, prefer-
ably in one or more cycles at at least one temperature
between 250°C and 880°C, for a duration of between
10 and 110 minutes. More specifically, this may be car-
ried out in a single cycle at a temperature of between
15 and 80 minutes at a temperature of between 600°C

and 850°C.
[0020] Advantageously, said heat treating may be
carried out in ambient air at ambient pressure, which
avoids using any industrial gases, keeping the cost of
the method as low as possible.
[0021] An optional step of burnishing may also be
carried out after said machining and before said heat
treating, and/or a step of tribological finishing may be
carried out after said heat treating.
[0022] As before, this method results in particularly
economical production of timepiece movement compo-
nents with unexpectedly excellent wear resistance and
tribological properties, and is compatible with conven-
tional heat treating equipment and can be carried out
with ambient air rather than industrial gases.

Brief description of the drawings

[0023] Further details of the invention will become
apparent upon reading the detailed description, in re-
ference to the appended figures which illustrate:

- Figure 1: a schematic representation of a balance
staff;

- Figure 2: a schematic, not-to-scale representation
of a cross-section of the pivot of the balance staff
of figure 1, along the line A-A;

- Figure 3: optical micrographs of a comparison test
piece and an invention test piece after a tribological
test;

- Figure 4a: a wear graph of the comparison test
piece illustrated in figure 3;

- Figure 4b: : a wear graph of the invention test piece
illustrated in figure 3;

- Figure 5: graphs of coefficients of friction measured
during the tribological tests resulting in the optical
micrographs of figure 3;

- Figure 6: a graph of coefficients of friction plotted
against wear volume for the results of said tribolo-
gical tests.

Embodiments of the Invention

[0024] Figures 1 and 2 illustrate a timepiece move-
ment component 1 according to the invention. Although
this component 1 is illustrated in the form of a balance
staff, it should be understood that the invention likewise
applies to all timepiece movement components which
cooperate with other movement components in dy-
namic friction, such as axles, arbours and staffs gener-
ally, gear wheels, pinions, racks, metallic pallet stones,
impulse pins, components of bearings, components of
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chronographs, components of calendars and so on.
[0025] The term "dynamic friction" relates to a coop-
eration between two components wherein a relative
movement is produced therebetween, such that the
contact surfaces are subjected to friction as a result of
this relative movement. This is opposed to a static fric-
tion, which is the case for instance when a first part is
force-fitted onto a second part, such as where e.g. a
gear wheel is force fitted onto its axle, and hence no
relative movement between the two components oc-
curs in use.
[0026] Such components 1 typically have a principal
dimension less than 10 mm, preferably less than 5 mm.
The principal dimension is the longest dimension, i.e.
the length for elongate components such as arbours,
axles and shafts, the diameter for wheels, and either
the diameter or the length for pinions, depending on
the aspect ratio. In the specific case of a balance staff,
the length is typically of the order of 2 mm, with a dia-
meter of less than 2 mm, and pivots with a diameter of
the order of 0.06 mm.
[0027] The component 1 is based on a particular fa-
mily of binary titanium-zirconium alloys, which form the
core 3 of the component 1. These titanium-zirconium
alloys contain at least 10 wt% (5.5 at%) zirconium, pre-
ferably at least 20 wt% (11.6 at%) zirconium, further
preferably at least 30 wt% (18.4 at%) zirconium, further
preferably between 20 wt% (11.6 at%) and 78.4 wt%
(65.6 at %) zirconium, further preferably between 20
wt% (11.6 at%) and 70 wt% (55.1 at%) zirconium,
further preferably between 40 wt% (25.9 at%) and 60
wt% (44.1 at%) zirconium, the balance being titanium
and the industry standard allowance for impurities (typi-
cally up to 1 wt%). Typical alloys are Ti51Zr49 (wt%)
and Ti50Zr50 (wt%).
[0028] This family of alloys presents a significantly
increased hardness compared to both titanium and zir-
conium alone, while still retaining sufficiently-good ma-
chinability, typical as-supplied hardness being 270 HV
+/‑ 30 HV.
[0029] Furthermore, and surprisingly, when simply
heat treated in an oxygen-containing atmosphere, oxi-
dation of the surface of the alloy results in the growth of
a Ti-Zr oxide ceramic outer layer with remarkable and
unexpected tribological properties in the context of
timepiece movement components.
[0030] As a result, the component 1 is provided with
an outer layer 5, which is a thermal oxide layer of this
type, at least in areas which will be subject to dynamic
friction when in use, e.g. on the pivots of a balance
staff, on the contact surfaces of teeth of gear wheels,
of pallet stones or similar.
[0031] In order to manufacture the component 1 ac-
cording to the invention, a billet, bar, rod or semi-fin-
ished blank of said alloy is provided, and the core 3 is
machined conventionally, e.g. by high-precision profile
turning ("décolletage") in the case of an axle or staff,
conventional teeth cutting for a gear wheel or pinion,

etc. Alternatively, the core 3 can be machined by laser
turning. An optional burnishing or other surface finish-
ing step may be carried out prior to thermal oxide layer
5 growth.
[0032] The thermal oxide layer 5 is not an added
coating applied on to the surface of the core 3, but is
grown by thermal oxidation and is hence intimately in-
tegrated with the material of the core, giving excellent
resistance to chipping. Since the growth of the thermal
oxide layer 5 occurs approximately half inside the alloy
and half on its surface, the dimensions of the core 3 as-
machined, i.e. prior to heat treatment, may take into
account this subsequent change if the dimensions and
tolerances justify such compensation, and the core 3
as-machined is hence typically of slightly smaller di-
mensions than the finished component 1. If this change
in dimensions is not critical, it can be ignored, however.
[0033] Typically, the final thickness of the thermal
oxide layer is between 0.5 µm and 20 µm, preferably
between 1 µm and 15 µm, further preferably between 3
µm and 13 µm, and the finished component 1 may be
considered as being a metal/ceramic composite.
[0034] Typical process conditions for growing the
thermal oxide layer 5 are a temperature of 250°C to
880 °C, in ambient air, for a duration of between 10
and 110 minutes, in one or more cycles, and with op-
tional quenching steps in the case of multiple cycles.
Good results have been obtained with a single cycle of
between 15 and 80 minutes at a temperature of be-
tween 600°C and 850°C.
[0035] Although ambient air at ambient pressure
shows good results, and is particularly economic to
carry out since it does not require the provision of in-
dustrial gases, the use of a controlled atmosphere at a
different pressure than ambient pressure is not ex-
cluded.
[0036] The entire core 3 as machined can be heated
in an oven, as is generally known, but it is also possible
to carry out local heating e.g. by induction heating, for
instance if it is desired to provide the thermal oxide
layer 5 only on the pivots of an axle, balance staff or
similar.
[0037] After heat treatment and cooling, the thermal
oxide layer 5 is typically subjected to a tribological fin-
ishing step such as a polishing step.
[0038] Tribological tests were carried out using stan-
dardised invention test pieces, with a 6 mm +/‑ 1 mm
radius contact surface which was polished to a mirror
finish (<20 nm roughness, as per ISO 25178). The in-
vention test pieces were prepared according to the pro-
cess as described above, with an approximately 10 µm
thick thermal oxide layer 5, and as a comparison, com-
parison test pieces conventionally manufactured from
AISI 1095 carbon steel and thermally-hardened were
also produced. This steel is commonly used for balance
staffs in applications not requiring resistance to mag-
netic fields, and is hence a relevant point of compari-
son.
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[0039] The test was carried out by pressing the test
pieces, lubricated with Moebius 9010, against a ruby
block with a force of 6.4 N, giving an average Hertz
pressure of 600 MPa over a contact width of 58.3 µm.
The ruby block was displaced in translation back and
forth at a speed of 2.38 mm.s‑1, at a frequency of 4 Hz,
giving a total distance travelled between each test
piece and the ruby block of 200 m. This test hence
simulates the conditions between a balance staff pivot
and a ruby endstone of an anti-shock bearing.
[0040] The results of these tests for the invention test
pieces and the comparison test pieces are illustrated in
figures 3‑6.
[0041] Figure 3 illustrates optical micrographs of the
contact surfaces of the test pieces, the comparison test
piece being illustrated on the left and the invention test
piece on the right, and figures 4a (comparison test
piece) and 4b (invention test piece) illustrate surface
wear topologies of the contact surface, with the original
surface as reference. As can be clearly seen, signifi-
cant visible wear has occurred on the comparison test
piece, whereas the invention test piece has in fact
picked up material and has not been subject to any
visible wear. The worn volume of the comparison test
piece was measured via Keyence surface measure-
ments as 5142 µm3, whereas for the invention test
piece this was so small as to not be quantifiable.
[0042] Figure 5 is a graph illustrating the variation in
coefficient of friction (COF) measured during the test,
with values at the start, the average, and at the end. As
can be clearly seen, the coefficient of friction increases
significantly for the comparison test piece as it wears,
whereas it decreases slightly for the invention test
piece.
[0043] Figure 6 is a graph of worn volume (horizon-
tal-axis) vs coefficient of friction (vertical-axis), which
again illustrates the large increase in performance of
the invention over the conventional AISI 1095 carbon
steel.
[0044] As can be seen from the foregoing, the use of
binary titanium-zirconium alloy as described above for
the core 3, with a thermal oxide layer 5 thereupon,
provides significant improvements for wear resistance
and tribological properties, when lubricated with Moe-
bius 9010, which is a generally-available industry-stan-
dard lubricant with proprietary formulation. Further-
more, the thermal oxide outer layer can be formed
using conventional heat treating equipment, and with
ambient air, with a relatively short processing time,
which makes the method of the invention particularly
economical to carry out. This combination of extremely
high wear resistance, excellent tribological perfor-
mance and simplicity of the formation of the thermal
oxide layer 5 is highly advantageous and highly unex-
pected, particularly in view of prior art solutions.
[0045] Preferably, the timepiece movement compo-
nent 1 of the invention is a balance staff, which is part
of a timepiece oscillator, in combination with at least

one additional oscillator component such as a balance
wheel and/or a hairspring. The said at least one addi-
tional oscillator component is advantageously non-
magnetic, for example a hairspring made of non-mag-
netic material. The hairspring can thus be provided in
the form of a non-magnetic spiral, such as a silicon
spiral or a non-magnetic metal alloy spiral (FeMn, NbZr,
NbTi base, etc.) with its ferrule, also advantageously
made of a non-magnetic metal alloy. Even more advan-
tageously, the timepiece oscillator is made up solely of
non-magnetic parts. For example, a brass balance, a
brass or nickel silver (an alloy of copper, nickel and
zinc) plateau, a corundum ellipse and a silicon spiral
can be provided. In addition, a skilled person may
choose to combine the oscillator with an axis according
to the invention with a non-magnetic escapement. For
example, the pallet and/or escape wheel may be made
of non-magnetic NiP alloy or silicon. It should also be
pointed out that in the context of the above mentioned
non-magnetic metal alloy hairspring, the index assem-
bly (raquetterie in French) which is mounted friction-
tight on the balance cock or bridge consists of an index
where the hairspring passes between the curb pins or
between the boot and the pin. To minimize wear
caused by the hairspring blade, the boot and pin are
advantageously constructed from a non-magnetic ma-
terial and treated according to the invention.
[0046] Although the invention has been described in
reference to specific embodiments, further variations
are possible without departing from the scope of the
invention as defined in the appended claims.

Claims

1. Timepiece movement component (1) intended to
cooperate with a further timepiece movement com-
ponent in dynamic friction, said timepiece move-
ment component (1) comprising a titanium alloy
core (3) and an outer layer (5) provided upon at
least a part of said core (1) in an area intended to
cooperate with said further horological component,
characterised in that said titanium alloy is a bin-
ary titanium-zirconium alloy comprising at least 10
wt%, preferably at least 20 wt%, further preferably
at least 30 wt% zirconium, and in that said outer
layer (5) is a thermal oxide layer.

2. Timepiece movement component (1) according to
claim 1, wherein said alloy comprises between 20
wt% and 78.4 wt%, preferably between 20 wt%
and 70 wt%, further preferably between 40 wt%
and 60 wt% zirconium, the balance being titanium
and up to 1 wt% impurities.

3. Timepiece movement component (1) according to
any preceding claim, wherein said timepiece move-
ment component (1) has a principle dimension less
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than 10mm, preferably less than 5mm.

4. Timepiece movement component (1) according to
any preceding claim, wherein said outer layer (5)
has a thickness of between 0.5 µm and 20 µm,
preferably between 1 µm and 15 µm, further pre-
ferably between 3 µm and 13 µm.

5. Timepiece movement component (1) according to
any preceding claim, wherein said timepiece move-
ment component (1) is a horological axle.

6. Timepiece movement component (1) according to
any preceding claim, wherein said horological axle
is a balance staff.

7. Timepiece movement component (1) according to
any preceding claim, wherein said balance staff
has pivots with a diameter between 0.04 and 0.08
mm, said outer layer (5) being provided at least on
said pivots.

8. Timepiece oscillator comprising a timepiece move-
ment component (1) according to claim 6 and at
least one other oscillator component.

9. Timepiece movement comprising at least one time-
piece movement component (1) according to any
of claims 1‑7.

10. Timepiece comprising a timepiece movement ac-
cording to the preceding claim.

11. Method of manufacturing a timepiece movement
component (1) according to any of claims 1‑7,
comprising steps of:

- machining a piece of said titanium alloy to
form said core (3);
- heat treating said as-machined core (3) in the
presence of oxygen to form said outer layer (5)
on said core (3).

12. Method according to the preceding claim, wherein
a step of burnishing is carried out after said ma-
chining and before said heat treating.

13. Method according to any of claims 11‑12, further
comprising a step of tribological finishing carried
out after said heat treating.

14. Method according to any of claims 11‑13, wherein
said heat treating is carried out in one or more
cycles at at least one temperature between 250°C
and 880°C, for a duration of between 10 and 110
minutes.

15. Method according to claim 14, wherein said heat

treating is carried out in a single cycle at a tem-
perature of between 15 and 80 minutes at a tem-
perature of between 600°C and 850°C.
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