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WO 2004/ 008259 PCT/ GB2003/ 003000 1 MECHANI CAL
OSClI LLATOR SYSTEM The present invention relates to a

wore@has2sal oscillator system conprising a baPEnces2@n03000

bal ance spring for use in 5 horol ogi cal mechanisns

(e.g. tinmekeeping devices) or other precision
instrunents. It is thought thdt it will be

particularly applicable to the oscillator systemin a
mechani cal watch, altho i nvention is

not limted to ¥AtEANE @A, Qof Skt S use netal
alloys, in particular Fe-Ni or N, Cu-Be, Au-Cu

all oys, for the balance spring and balance. At its

nost general, in one of its aspects, the present

i Inenpresept opnsentibat rehetbal hnce mschadécal as¢bllator
non-magnetic ceram c material and the bal ance spring

| SysPeR- ABAPet E¢ngnd bs1aBRde 8hdabsdANGS sprimyeroal use in
or a polymer (including thernoset and thernoplastic
g?b%gfgéicafsﬁgﬁﬁaﬁ@gmgh?QQ&[Ct@ﬁ@ﬁée%%ﬁ?”&éviééEPOBr

non- rmgnet| C) cer am c material. n contrast to
meLals. 108, abgye; MBLeNhahEsar €1P0Ds thought that it will

be particularly applicable to the oscillator system in a
mechanical watch, although the present invention is not

limited to this.

Previous mechanisms use metal alloys, in particular Fe-Ni
or Ni, Cu-Be, Au-Cu alloys, for the balance spring and
balance. At its most general, in one of its aspects, the
present invention proposes that the balance is made of a
non-magnetic ceramic material and the balance spring is
non-magnetic and is made of a composite material, or a
polymer (including thermoset and thermoplastic polymers,
esters and phenolic based resins), carbon or (non-

magnetic) ceramic material.

In contrast to metals, the above materials are non-
susceptible to the effects of magnetism - including

electromagnetic damping and magnetically induced change
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susceptible to the effects of magnetism - including
el ectromagneti ¢ danpi ng and nagnetical ly induced

W@ b@ages2y0 2004/ 008259 PCT/ GB2003/ 003000 2 of P€TI6B2003/003000

Young's nodul us. These naterials have some intrinsic
thermal characteristics which _are better than netals
and so a mechani cal oscill ator system havi ng reduced
variation of oscillator frequency with 5 tenperature

ariation with tenp L di scussed
SaFobfentibre RebdrhTia batarcs SoPrAGSar” (e SERe
materials may be | ess susceptible to interna
nmeRhaRREar (%egmairpéﬁraﬁyeaéﬁﬁﬁﬁa UPlFHeavsuH§t§er than
Modul us, allowi ng anplitude to be nmaintained by the 10
babhate and achaghechinégaénegcsilaser| sasten hading
therefore a nore accurate horol ogi cal nechani sm or
pre@iuskanvamsbEtiorNbft banialeebal fepgurgecyThethal ance
spring is arranged to oscillate the balance. 15

Prehgeabtyrbheahabangades avhakascenwheeh; tbhpebakanreeis
spring may be arranged inside the circunference of the

béhgea gﬁesbléw 5 kB8resgkkhate tRephabapee sWhegl of the
forth out Its axis of rotation as’is
ventional . -The_bal an d.to
egggggngﬁgeﬁégégnpg¥]k (&8 ¥u98eﬁ%98h% tg i8%ernal
mechanical (e.g. friction) damping of the Young's
Modulus, allowing amplitude to be maintained by the
balance and a higher frequency of oscillation and

therefore a more accurate horological mechanism or

precision instrument than a metal spring.

The balance spring is arranged to oscillate the balance.
Preferably the balance is a balance wheel; the balance
spring may be arranged inside the circumference of the
balance wheel so as to oscillate the balance wheel back
and forth about its axis of rotation as is conventional.
The balance may be coupled to an escapement mechanism for
regulating rotation of an escape wheel (which is e.g.
coupled to the hands of a watch), as is also

conventionally known.
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20 regulating rotation of an escape wheel (which is
e.g. coupled to the hands of a watch), as is also

w@eoweo2sonal |y known. WO 2004/ 008259 PCT/ GB20RGr/G83@®3/003000

3 Preferably the bal ance spring works in flexion to
oscillate the bal ance, nost preferably exclusively in
flexion. That is the bal ance ring is preferably not
relying on strain or shear properties for the repeated
5_st d | ease of ener durr Lts(relati er
'EoparEaBlY; Fhs: Ponatorr apeits JOLRS ber Anca ot e

coils are not in_contact with each other, i.e. there
|§S§léé5tebebﬁe€ﬁléﬁcﬁceWP550PF@fe?ﬁpéyeﬁﬁﬁ#H§ﬂ§§ldrln
reduces friction and allows the successive coils to
atfex@onnhi AdeitedshyhenbadnocresPriniml é st beefgirabBadyot
of the balance is nade of a ceramc nmaterial, it may

hawe yshgl bnappeadages sheatrheropeatékisalfeor the repeated
Consi derations relating to the oscillator frequency

agdorien spar keGdhak olfS ewiiggt Horiwgt A tkenpenature 1% Idapid)
now be discussed.

oscillations. Preferably the balance spring coils are
not in contact with each other, i.e. there is a gap
between adjacent coils. This eliminates or reduces

friction and allows the successive coils to act

unhindered by one another.

While the main body of the balance is made of a ceramic
material, it may have small appendages of other

materials.

Considerations relating to the oscillator frequency and
in particular its variation with temperature will now be

discussed.

The accuracy of a mechanical watch is dependent upon the
specific frequency of the oscillator composed of the
balance wheel and balance spring. When the temperature
varies, the thermal expansion of the balance wheel and

balance spring, as well as the variation of the Young's
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20 The accuracy of a mechanical watch is dependent
upon the specific frequency of the oscillator

w@eosposed of the bal ance wheel and bal ance spPCTIGB2003/003000

When the tenperature varies, the thermal expansion of
t he bal ance wheel and bal ance spring, as well as the
vari ation of the Young's WO 2004/ 008259

PCT/ GB2003/ 003000 4 Modul us of the bal ance spring,

an the_speci{fi fre . of osgil Lating.
SERER ar e R b Tenet SHEm ey or MiRe sy cREtTRAe
i nventor has_noticed that in known syste .
abpPRERERAY eP¥ Fﬁ?e@saaé?FEFngFYFﬁﬁms aéFE§FP6ﬁgi§hﬁue
to thermal or magnetically induced changes in the '
batancacgpefnghe Miehells f Bhecdhpensari AgSt Reséced that in
variations are based on the consideration that the
speéwhi syftegaeapyrdepratslyekblkasi yehytapenotth&he
rel ati onship between the torque of 10 the bal ance
spsi-ngrashi hg ypentbhenbahancerafndghbei saient ind@hced
inertia of the latter as is indicated in the foll ow ng
{gh?ﬁgggsbhptggzgélghgé]ngih e period of oscillation,

nmonent of inertia of 5 the bal ance wheel, G

tﬁgtﬁg&gu%ogfCEQSeBQEQQﬁG %Régggvariations are based on

the consideration that the specific frequency depends
exclusively upon the relationship between the torque of
the balance spring acting upon the balance and the moment
of inertia of the latter as is indicated in the following

relationship

T=27r\/Z [1]
G

T: the period of oscillation, I: the moment of inertia of

the balance wheel, G: the torque of the balance spring.

The moment of inertia of the balance wheel is a function

of its masse M and its radius of gyration r.

The torque of the balance spring is a function of its
dimensions: length 1, height h, thickness e, and of its
Young’s Modulus E. The length 1 of the balance spring
(which may be helical or spiral form) is the whole length

of the spring, end to end, as distinct from e.g. a top to
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The nonent of inertia of the balance wheel is a
function of its nasse Mand its radius of gyration r.

wQ@oFhes2sor que of the bal ance spring is a funce¢DGBRG03/003000

its dinensions: length 1, height h, thickness e, and
of its Young's Mdulus E. Thgslength 1 of the bal ance
spring (which may be helical ©or spiral form is the
whole length of the spring, end to end, as distinct

{EBFLL0 2 0PV, 2004100225 ECTLERR003L003000 cBacing

ottom neasur enent varies accordin
spaci of, . the coils. The relationship [1] is
CRor 6Per €%ifrten: 5 T = 2~ 12.Mr2. | [21 E. h.e3
Tenperature variations influence T (the period of
oscillation) resulting fromthe effects of expansion
and contraction of the system (bal ance spring and
bahancelatieslship, [A]and é¢hegefire walidteo:spring, and
r for the 10 bal ance wheel whose mass mrenai ns
const ant . ngﬁ;;E?omn how to conpensate for the
ef f ectiz=0fr —eXEQ?Sion on 1, h and e. However the 2]
period of Vod&hklation is still subject to variations
of r and E in

Temperature variations influence T (the ©period

of

oscillation) resulting from the effects of expansion and

contraction of the system (balance spring and balance

wheel) 1, h and e for the balance spring, and r for the

balance wheel whose mass m remains constant.

It is known how to compensate for the effects

expansion on 1, h and e. However the period

of

of

oscillation is still subject to variations of r and E in

keeping with the relationship expressed by:

r

VE

These two terms are not in a linear relationship.

(3]

It is necessary that this relationship should remain as

constant as possible (so as to keep the period T of

oscillations constant).
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15 keeping with the relationship expressed by: r [3]
These two terns are not in a linear relationship. It

WO g00peeessary that this relationship shoul d rer@l/GBa®3/003000

20 constant as possible (so as to keep the period T of
oscillations constant). WO 200%{008259

PCT/ GB2003/ 003000 6 Fe-Ni metal spring alloys render
an approxi mate solution when the alloy is perfectly

feﬁé enagEQilseéitﬂﬂﬁyre%ggeﬁlg ydﬁ@f&%ﬁmﬁte solutlon

per ctly ations 'S no
chan

tan 5.The. current ye neta
S TETR FBP Btaoe o PRGE LhotraepicFense | fiopever, when
mhlch is considered abnormal) and also in 1, for an .
|rﬁ%%a§% PR %énﬁ@FaF&FéeCGQXrQﬁm§9Q§M&%ﬁﬂ t?ﬂﬁmﬁ%&%ﬁ%@nshlp
range up to 40C. The bal ance wheels 10 currently
e aycedlcbmg@re«:dnsdsbamhvatdhecshan@esﬁ an Au-Cu all oy
with a coefficient of thermal expansion a between +14
and +17x10-6/K-1 to conpensate for changes in the
Young's nodul us of the bal ance spring.

The currently employed metal alloys for balance springs

o

show an increase in E (which 1is considered abnormal) and
also 1in 1, for an 1increase 1in temperature, over the
ambient temperature range up to 40°C. The balance wheels
currently employed in precision watches are of an Au-Cu

alloy with a coefficient of thermal expansion o between

+14 and +17x107¢/K™* to compensate for changes in the

Young’s modulus of the balance spring.

In summary, the currenti? used metal alloys despite
compensation, only allow for the stability of T (period
of oscillation) over a narrow temperature range and only
when the balance spring alloy remains un-magnetised. (Any
watch currently employing a Fe-Ni balance spring may be

stopped by a sufficient magnet).

Preferably the balance spring material comprises

continuous fibres extending along the length of the
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15 In summary, the currently used netal alloys despite
conpensation, only allow for the stability of T

w@ perioastso of oscillation) over a narrow tenperBCTIG82003/003000

range and only when the bal ance spring alloy renains
un-magneti sed. (Any watch currently enploying a Fe-N

bal ance spring nmay be 20 stohbed by a sufficient

magnet). Preferably the bal ance spring material .

conmprises continuous fibres extendi ng al ong the

| BRGERCS THO VD 80% GDS259h( CBI003F6330G0 Lo the other

bal ance spring fromone end of said spring to the
oeher ofem@ist SPgiid%&pring. As the fibres are

conti nuous extending along the length 5 of the

bal ance spring fromone end to the other, the degree
to which the spring expands (or contracts) wth an

| pGr ease FAbkeRper Utentafudes certeabliag faiddy the length
accurately by appropriate choice of the fibre

trerial. L0 fref enghblyqt her Gonbhauossy fidy eshar e fiddt, the

of a conposite material, although it i's possible to

h bal . ' - ' fi | |
SR ST B SRS (LB Bty i o

|l qng ceramic . fibres). 15 Were the terial is .
c&ﬁ‘%&ﬁatsg matBr i aTe,I?‘%?lé?)%?%%l ycan  be fontrofled  fairly

accurately by appropriate choice of the fibre material.

Preferably the continuous fibres are part of a composite
material, although it is possible to have a balance
spring of continuous fibres in a non-composite material

(i.e. without a matrix, e.g. long ceramic fibres).

Where the material is a composite material, preferably
the matrix phase comprises a polymer (of any of the types
discussed above), carbon or a ceramic. In the case of a
composite material with ceramic fibres, the fibres may be
continuous fibres extending along the length of the
spring from one end of the spring to the other as
discussed above, or smaller fibres that do not extend all

the way along the spring.
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the matrix phase conprises a polyner (of any of the
types discussed above), carbon or a ceramc. In the

weawe/0af25n conposite nmaterial with ceram c fiPCEEB260©03000

fibres may be continuous fibres extending along the
| ength of the 20 spring fron1oge end of the spring to
the other as discussed above, "or snaller fibres that

do not extend all the way along the spring. WO
2004/ 008 / / 0
299 90225 T SERPOR1 BO000e.® ek chTAR L I G

t hat the ceranlc i S non gnetlc cerani c. ,
prict eridbl MHACH AdtHssarn y, CTHRE Al arfte 2 sgrgesnetic

ceramic is Alumna-Silica-Boria. Fused quartz or

siddnimy dredesaiised Pot thetbareneesarkbyer am%/ balance

the thermal coefficient of expansion of the bal ance

argptivey t herpmliccdef f AtiBhhaofiéxpanBponaof Fumddergadrtz or

of the bal ance spring, in the direction along 10 the

| enigtihcaofmdhea hed anseusad i Mg e flopposite signs

and of simlar orders of nmagnitude (i.e. the

difference in magnitude between the two is not nore

than a factor of 6 and one of the a coefficients

J‘_del_ré%oxfp greagﬁé%méfa%o@f]fQCQeﬁtl)of e@(pat?lssio\ﬁayof the

expanS| on one

balance and the thermal coefficient of expansion of
material of the balance spring, in the direction along
the length of the balance spring, are of opposite signs
and of similar orders of magnitude ({(i.e. the difference
in magnitude between the two is not more than a factor of
6 and one of the a coefficients should not be greater
than 1x107% k™). In this way expansion of one can be
compensated for by contraction of the other. For
example, if said thermal coefficient of expansion of the
balance spring is negative and said thermal coefficient
of expansion of the balance is positive then with an
increase of temperature r increases, but 1 decreases and
in accordance with equation [2] these effects combine to
assist in compensating for thermal variation in said

period of oscillation T.
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15 conpensated for by contraction of the other. For
exanple, if said thermal coefficient of expansion of
W0 b@4/ob2Fance spring i s negative and sai d therP&l/GB2003/003000
coefficient of expansion of the balance is positive
then with an increase of tenperature r i ncreases, but
1 decreases and 20 in accordance with equation [2]
these effects conbine to assist in conpensating for
t hey &apd r¥BI ald-0M | Bosirdci BREI Qfk ob.asaKL LAt ipn. T
2004/ 008259yPCT/ GB2003/ 003000 9 Pre%(graghbﬁsa% botf very
(of0) i €ien f ian e th,very small.. For
e%%&% %'prngrg%é&%?%epggg%Fﬁgﬁgh#ﬁﬁ:%ﬂﬁﬁgiﬂlent of thermal

expansi on_of %h bal.ance is positive,and | ess then B
DARTBRIT aRA (HE CEBIAIG ot BPSLRAP fanek i ofhen 1x10
the 5 material of the balance spring in the direction
al &ng t3d |yt st filsd avdl arde SpErmgli sexegasioe, of the
but greater than -1x10-6/K-1. The variation of E
( Youlrgysiabdof ushewbehatherpepatiuge ins the0 dlretion along the
inportant and is determ ned by the thernoelastic
caedddich ertf whheh bl andeaspirengl id1e ndyatc i6RANIBULN greater
Young's Mbdul us per unit increase in tenperature.
Priafaf abl y1 dttexther noel astic coefficient of the
mat eri al

The variation of E (Youngs Modulus) with temperature is
also important and is determined by the thermoelastic
coefficient which is a measure of the unit change in
Young’s Modulus per unit increase in temperature.
Preferably the thermoelastic coefficient of the material
of the balance spring is negative ; most preferably 1% in

the temperature range 0 to 60 degrees Celsius.

In general, the formula for timekeeping changes (U)
consequent upon a rise in temperature of 1°C is

U=OL] - 30(2/2 - 8E/2E

Thus U can be made to tend to zero when suitable values
of oy (balance coefficient of thermal expansion), a,

(balance spring coefficient of thermal expansion) and the
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of the bal ance spring is negative ; nost preferably 1%
in 15 the tenperature range O to 60 degrees Cel sius.

wo poogeoesal , the formula for tinmekeepi ng changesT/(GB2003/003000

consequent upon a rise in tenperature of 1Cis U=al -
3a2 /2 - 8E/2E 20 Thus U can bgymade to tend to zero
when suitable values of al (balance coefficient of

t hermal expansion), a2 (bal ance spring coefficient of

P CRB05Y 03D 0SB L REFAb: 21 Ak FEC Rt 17 bbby sty bection

are selected,bg sel ection of appropriate materials.
THet t BPRFAPELIT P PR EGERELE- by smal | al, a2 (e.g. |ess
than 5 6 x10-6 K-1) and a small therno-elastic val ue
6E/E allow nuch nore readily for U to be kept |ow
Preferably the continuous fibres are ceranmc fibres or

carhon: bibr £8ce S08Ep PESERE AR Ny CRHDPD & bges i
10 graphitic %Zrbonpstructure.yC}aphiti% %%rg%%y.ribék than

struct ur,e _has a negative | ongitudinal coefficient of
tHér%L@f Bx aﬁggoﬁ.S?ﬁélfFBF%?Oﬁﬁ}a§5ﬁceY§%ﬁﬁe5EéE allow
produced froma "PITCH' precursor or a

potyee rndemi readely PR Brecupsokept low.

Preferably the continuous fibres are ceramic fibres or
carbon fibres, most preferably carbon fibres having a
graphitic carbon structure. Graphitic carbon structure
has a negative longitudinal coefficient of thermal
expansion. The fibres may for example be produced from a

"PITCH" precursor or a polyacrilonitrile "PAN" precursor.

The fibres may be laid parallel to each other along their
lengths, or may be twisted together. Twisting the fibres
together modulates the coefficient of thermal expansion
and Young’s Modulus of the balance spring material and
may be useful where the fibres have a high and the matrix
a low Young’s Modulus or <coefficient of thermal

expansion.

Preferably the coefficient of thermal expansion of the

balance spring material in the direction along the length
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15 The fibres may be laid parallel to each other along
their lengths, or may be tw sted together. Tw sting

wo bw4fod26®es t oget her nodul ates the coeffici eneCDEB2003/003000

t hermal expansion and Young's Mdul us of the bal ance
spring material and nmay be useful where the fibres
have a high and the matri x ZOJQ'IOM/Young's Modul us or
coefficient of thermal expansion. Preferably the

m%¥f%§éegglg£FgP%rgﬁégdlregﬁﬁggfﬁu he Zeb gﬁﬁv&B This

spring nmateria ion a
2004/ 008259 PCT/GBZOOS/%ﬁgOOO 11 the bal ance

sy sEREnBYFtER 6 &% it }ﬁslnalpﬁw§mhﬂ§nt range
systemto be very stable in the anbient range (0-40C

an@-A¥q)t oagdnpersat Eof oroniprersmt e vdioirat tloasmabverar@ ations
| arge range. Preferably said coefficient of 5 thernal

eXxpAsi o i1sdegativge. Prepgesblypife sdanp %@fff@fent of
nDdqus of elasticity of the balance spring is of

er,.of; 0.001 pa. égpgﬁggg%ably the depsity of th %%$t1ve.

conp03|te mat eri al al ance spring is less t
3g/cnB. Preferably the balance is formed by high
preci sion injection noulding.

Preferably the damping of the modulus of elasticity of

the balance spring is of the order of 0.001 pa.

Preferably the density of the composite material of the

balance spring is less than 3g/cm’.

Preferably the balance 1is formed by high precision

injection moulding.

Further aspects of the present invention also provide a
horological mechanism or other precision instrument
comprising the above described mechanical oscillator

system.

An embodiment of the invention will now be described.
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15 Further aspects of the present invention also
provide a horol ogi cal nmechani sm or other precision

WO p@i0es2zeNt  conpri sing the above descri bed ner¢tEGBE@B/003000

oscillator system 20 An enbodi nent of the invention

wi Il now be described. WO 2004/008259

PCT/ GB2003/ 003000 12 A nechari“cal oscillating system

for use in a horol ogi cal nechani smor other precision
the formo

St&%ant'C %ﬁalgl%EFB%cgysgﬁplﬁﬁ)aﬂf%%géa @o%orological

OSC|IIate sald bal ance around an axis 5 of rotation.

THE Berdride Heel O thefader 91 &l @bn- haghstmenter gemprises  a
for which the coefficient of thermal expansion is,
posiltanee, abn téss fdam o6 ﬁﬂob@l$n§eaneeQneﬁthbhybalance
less than 1 10 x10-6 K 1. Quartz is one exanple of a

Suyiptrablce amtatged . to Poetelabky kgl puidnycd usedund an axis
quartz is used, fused quartz has a coefficient of

t her mjr Lxpansi on of -< +0.54 x10-6 Kl. O her
alternative ceramc materials include A um ni um
Nitride (+5.2), Alumno-Silicate-d ass (+5), Boron

The balance wheel is made of a non-magnetic ceramic for
which the coefficient of thermal expansion is, positive
and less than +6 x107® K, most preferably less than 1

x107® XK' . Quartz is one example of a suitable material.
Preferably high purity fused quartz is used, fused quartz
has a coefficient of thermal expansion of < +0.54 x107°
K!. Other alternative ceramic materials include Aluminium
Nitride (+5.2), Alumino-Silicate-Glass (+5), Boron
Carbide (+5.6), Boron Nitride (+1.6), Silica (+0.75),
Silicon hot-pressed or reaction bonded (+3.5)

and Zirconia (stabilised) (+5); the numbers is brackets

indicate the order of magnitude of the coefficient of

thermal expansion of these materials in units x107° g*!

The method of fabrication of the balance wheel may

preferably be by high precision injection moulding.



15 Carbide (+5.6), Boron Nitride (+1.6), Silica
(+0.75), Silicon hot-pressed or reaction bonded

W@ 2®4/58)828md Zirconi a (stabilised) (+5); the nuPdEGSB2003/003000
brackets indicate the order of magnitude of the
coefficient of thermal expansion of these materials
in units x10-6 K-1 20 The netifod of fabrication of
t he bal ance wheel may preferably be by high precision

| dj WD 200 [.008 / GB20 0300
1§§eCtb%aFan% gggln ot %?n%BQZn A ¢ qFﬁgH%% des  flat

ce S r|n i 5 shap
flat, spiral heljcoid form de froma
c GRdSHh eorrml?%JrJr%‘Pl o i%si ng co]rﬁ | t5PBoR composite

fibres which are either twisted or laid parallel to
edutiotivdr , COMRIipBRGs Gowelmgowntarhols Féhgehs wiich are
fibres mhlch extend fromone end of the spring to the
otdhstheat dngidtted l@ngidid pérdheel spoi agchTheéhtichr éhe fibres
are derived according to the stiffness required from

t e P eSO nPbis€hl éaghhit vre AbddRousansls e@fend from one
di fferent species of hydrocarbon and heterocyclic 10

ﬁ@rﬁc%e%@rsgm Cibl @it rd‘dh%r %&Nng( defd VE@ln&mmlaof the
g

carbon graphitic sftructure) . Tibres are coat

p%%rfﬁg 'fh f?gféé ngsgegivgglngéréigsrggs%he s%lffness

required from the precursor pitch (a mixture of thousands
of different species of hydrocarbon and heterocyclic
molecules) or polyacrilonitrile 1‘PAN’ (derived from a
carbon graphitic structure). The fibres are coated and
set in a matrix phase of polymer (thermosetting polymer,
thermoplastic polymer, ester or phenolic base resin etc),
ceramic or carbon. The composite material acts in a
flexural manner. The axial modulus of elasticity of the
fibres is between 230 and 1000Gpa. The composite has both
a lower density less than 3g/cm’® and coefficient of
damping of its Young’s modulus of the order of (0.001

pa), both less than the currently employed metal alloys.
Its thermal expansion coefficient (a) in the direction
along the length of the spring remains both negative and

stable to 700° Kelvin, and is greater than -1 x107% K.
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t her nopl astic polynmer, ester or phenolic base resin
etc), ceramc or carbon. The conposite nmaterial acts

woO pood/odsasg | exural manner. The axi al nodul us of PCT/GB2003/003000

elasticity of the fibres is between 230 and 1000Gpa.
The conposite has both a lo density |l ess than
3g/cnB and coefficient of gﬁ%}ng of its Young's
nodul us of the order of (0.001 pa), both less than

thﬁfyré&ﬂ%é %@(la‘;?rtl ; f\#r?-\c/fﬁa%r%%iésaﬁa lﬁltes the

expansi on I CI ent on

l ength .of the_s ng.r emai ns. bot h_negat and st

t R 10t T e el S GPRAPEH Snan ] CRES TeRLEntyg T thermal
2004/ 008259 PCT/ GB2003/ 003000 14 This conposite
meRrdrEion  mon-Glagnets ¢ smdlobviiat enadetivegatndie acts  in
effects of magnetism The coefficient of thernal

expansi I8l a efithhe 8pei ngspsimegat | veuagdsact godlus  which
parallel with the spring's Young's nodulus which 5

derd Sasesed | Naaldak W tmhﬂ§e dikd emereéﬁ}tgeraeqrgs and is
therefore negati ve (‘nor mal ). The val ues of the

eﬂ% % e§ Pf% S|on (the a
coetfTicien 53 e sprlng and t he bal ance are
[ very L1 and op osrte sign which further
TR FALIER PR R GGt S EnpararaLeSxpansion (the
vari ati on.
o coefficients) for the spring and the balance are
similar, very small and of opposite sign which further
assist in the compensation for temperature variation.
The o coefficient of the spring remains the same over a
wide temperature range, and the range of its use between

5° and 40°C represents only 5% at the centre of the total

stable temperature range.

Thus, following the relationship:

T /12A4r Az (2]
Eheé’

the numerator does not increase in value as is the case
with the metal alloys when the temperature increases
because the a coefficient of the fibre composite in the
axial sense 1 is negative, and therefore it diminishes.
The denominator also diminishes when the temperature

rises because the thermoelastic coefficient is negative
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The a coefficient of the spring remains the sanme over
a wde tenperature range, and the range of its use

whedwees?2s9 5 and 40C represents only 5% at t he PEnGB2006/003000

the total stable tenperature range. 15 Thus,

followi ng the relationship: T5: 2,7 E2.r21 [21 WNhe3
the numerator does not increase’in value as is the

case with the nmetal alloys when the tenperature

EIEa%eE) | 2PuDerauag Lhend REELLLCIEN L WIS IS (o) of

conposite In the axial sense rs n trve,

tq%reefore it diimnishes. ., The denor.r%nator al so .

di i ﬁ?&?%eﬁ{?}ﬁg F@ﬁzﬁéxat GPEPOPLEEs Batapse tHering also

t her noel astic, coefficient is negative WO 2004/ 008259

PGSR/ 005600 TPy 'hEs ) .Wi’F‘tFrft herlfst e ahntesiaptits  the

(h) and thickness (e) of the carbon fibre-matrix

c e bt ahewnsps iMdedal s E iwnttleases img htemperature.

tenperature which also counteracts the decrease in

Young's Modulus E with rising tenperature. 5
By this combination of materials and their mechanical
properties it is possible to obtain both greater accuracy
and stability. The damping effect of the modulus of
elasticity is one tenth of the wvalue of the cufrently
employed metal alloy and the reduced energy losses due to
the decreased damping and density of the material allow
to envisage maintaining stable amplitude and a

significant increase in frequency and significantly

reduced total energy losses in the oscillator system.

As has been explained above the present invention can be
applied to a conventional mechanical oscillator system in
a time keeping device such as a watch. An example of a
conventional mechanical oscillator system in a time
keeping device is illustrated and described on pages 194
to 195 of "How Things Work", volume 1 published 1972 by

Paladin, UK, which is incorporated herein by reference.



By this conbination of materials and their mechani cal
properties it is possible to obtain both greater
waewuwoer2yy and stability. The danping effect oPCT/582003/003000

nodul us of elasticity is one tenth of the val ue of
the currently 10 enpl oyed net%_ all oy and the reduced
energy | osses due to the decreased danpi ng and
density of the material allow to envisage maintaining
stcalbglensanpl itude and a significant increase in
fregoency and significantly reduced total energy
| osses in the oscillator system 15 As has been
expl ai ned above the present invention can be applied
to a conventional mechanjcal oscillator systemin
tilme kdepieghfelfee Qtehl Rt ver%rremprff%@n%%%@ghcal
conventi onal nechanical oscillator systemin a tine 20
k eegsihan idevi ee oBhet | preeehd beh akesteweenbedtlon pagesn
194 to 195 of "How Things Wrk", volume 1 published
19iﬁ¢umsﬂ%@eaﬂmpn+magmwmi¢1¢examm®rmm&am@ﬁi$mmeann@w—
reference. WO 2004/ 008259 PCT/ GB2003/ 003000 16

thic AdEshadi seti0gcht | Bt SYyBt&EMEPrhélicoidal
hor ogi cal nmechani sm or other precision instrunent,

the, . 5YSt8R balance spring being formed of a composite

material or a polymer, carbon or ceramic material.

2. A system according to claim 1 wherein said balance
spring material comprises continuous fibres extending
along the length of the balance spring from one end of

said spring to the other end of said spring.

3. A system according to claim 1 or 2 wherein the
balance spring is of a composite material and the matrix

phase comprises polymer, carbon or ceramic.

4, A system according to any one of the preceding
claims wherein the coefficient of thermal expansion of
the balance and the coefficient of thermal expansion of
the material of the balance spring in the direction along

the length of the balance spring are of opposite signs
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5 conprising a non-magnetic ceram c bal ance and a non-
magneti ¢ bal ance spring of flat spiral or helicoidal

wo eoomoo2le bal ance spring being formed of a coP@DEBR@3/003000

material or a polyner, carbon or ceramc material. 10
2. A system according to clai wherei n sai d bal ance
spring material conprises contthuous fibres extendi ng
al ong the length of the bal ance spring fromone end of

saj d,.spEi h her . Saj ring, 15 3. A
s?%?%n?écgg?%?%% ?58% gi%?28%$£§§§%gr§$na?hgo BFRRRE e
spring is of a conposite, material and the matrix

phé%Jé %W?%egaﬁgg§%?,l%a?%%nsﬁ?t%ram c. 4. A

system according to any one of the preceding 20 cl ains
wherein the coefficient of thermal expansion of the

bal ance and the coefficient of thermal expansion of

t he. matkrsastaf dheohdlmyceo spitany 4 nwhdeedhr eoéi on
along the length of the bal ance spring are of

OpPOSt £ £c 5&G0So N ROPAA D 082590 £(Fh GBR 0034 003080 17
and of simlar orders of nagnitude so as to conpensate

forodher @l aN@rt RL1 8B PiEenEYSE ehePna P S¥848M on of the
according to claim4 wherein the 5 coefficient o

trﬁ%f@%igfpgfsﬁﬁg Bglgﬁgebéﬁéfﬁf iﬁ the direction along the

length of the balance spring is negative.

6. A system according to claim 5 wherein the thermal
coefficient of expansion of the balance is less than
1x107°/K™ and the coefficient of thermal expansion of the
material of the balance spring in the direction along the

length of the balance spring is greater than -1x107%/K™*.

7. A system according to any one of claims 2 to 6

wherein said continuous fibres are carbon fibres.

8. A system according to claim 7 wherein said fibres

have a graphitic carbon structure.

9. A system according to any one of claims 2 to 8
wherein the fibres are produced from one of the

precursors 'PITCH' or polyacrilonitrile 'PAN'.
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positive and the coefficient of thermal expansion of
the material of the balance spring in the direction

wab@agot2he | ength of the balance spring i s nepeEr/GBee3/003000

10 6. A system according to claim5 wherein the

thermal coefficient of expansjen of the balance is
| ess than 1x10-6/K-1 and the coefficient of thernal
expansion of the naterial of the balance spring in

t heo di recé i 9tenl 8880k8eng! €895Ay0bnLNEFD g $prin
IS greaterythan -IxiO-G?% 1. 15y7.n§ §§s?£%$§80 ré?ng

t 0 198 PRecRE LAl 2.10. erein said continuous,
fibres are car%%négﬁﬁr% ?1§g %?s?gt%n?%%%%?ﬂ?ﬁgm?Eerlal
chaim 7 wherein_said fibres 20 have a graphitic
cé?%%ﬁn t?u%?%fg%cb?nﬁx%és?%ﬁ¥%%%o?%?%@s%%nah9 ohe of
claims 2 to 8 wherein the fibres are produced from
orfE- BICH Y Hleedr e slemyhioref okhdpybende osptinge said
"PAN . WD 2004/ 008259 PCT/ GB2003/ 003000 18 10. A
S YR Heen i 9 tloeamyl cerepais thmi wsi g thirPeamh@i@i n
the bal ance spring is of a conposite material having
a roopEftfivg em tof T0@Y reedlwepansion in the direction
along the length of the bal ance spring, said
11. A system according to any one of the preceding
claims wherein the damping of the modulus of elasticity

of the balance spring is of the order of 0.001 Pa.

12. A system according to any one of claims 1 to 4
wherein said balance spring material comprises ceramic

fibres.

13. A system according to claim 12 wherein said ceramic
fibres have coefficient of thermal expansion which is

less than 6x107°K™.

1l4. A system according to any one of claims 2 to 13
wherein said fibres are substantially parallel to each

other.
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5 coefficient of thermal expansion being |inear and
negative up to 7001 Kelvin. 11. A system according to

w@roo4008250f t he preceding clains wherein the PEGBRW3/003000

of the nodulus of elasticity 10 of the bal ance spring
is of the order of 0.001 Pa. A system according to
any one of clains 1 to 4 wherein said balance spring

mat erial conprises ceramic fibres. 15 13. A system

a rdi ' rel e by e
b S LR R
th n 6x.10- GK% éo 14. As stem ccordt ? to any one
Gfraﬁjr% 1% TPTIhEIET n “éJa? i BrEet AT e

substantlally parallel to each other. W 2004/ 008259
PCT/ GB2003/ 003000 19 15. A system according to any
one of clains 2 to 13 wherein said fibres are tw sted
t olgfet hek .sYBt e agyetedi @ cor dimy 20 Emy pfecdding claims
preceding clains 5 wherein the bal ance spring is a
f lvend i rs privan gog i@ us et ng of svox kE Le fdexé@hih® configured
oscill ate the bal ance.

to work in flexion to oscillate the balance.

17. A system according to any one of the preceding
claims the density of the balance spring material is less

then 3g/cm?.

18. A system according to any one of the preceding
claims wherein the balance is formed by high precision

injection moulding.

19. A system according to any one of the preceding
claims wherein the material of the balance spring has a

negative thermoelastic coefficient.
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17. A system according to any one of the preceding
clains the density of the balance spring material is

wO e®s/00889 t hen 3g/cnB. 18. A system accordi ng POI/&B003/003000

one of the preceding clainms wherein the bal ance is
formed by high precision injﬁgtion nmoul di ng. 15 19. A
system according to any one of"the preceding clains
wherein the material of the bal ance spring has a
negative thernoel astic coefficient. WO 2004/ 008259
PCT/ GB2003/ 003000 20 20. A nechanical oscillator
gstenmfor use.,in_a haral %ggpal novenent or aqther

Y

Bei sPoRSCREAFGREN LS CiHd 2t s S¥RtEBNPFOLsiUTE 4 D& ance
and a bal ance spring of 5 spiral or helicoidal form
t herbdbance lhaoNgrenta ogerrdiies PrgICdsiian dmg tidvment, the
bal ance spring of a conposite material. 21. A system
asgetdimngomprdlsaing 20 baikere mnidhe badppes tsemimice ifa
conpri ses continuous carbon fibres 10 twisted or laid

papakkel oirnhkheceense aorid)e thi BadkinscObeite I Bf @ eramic
according to the stiffness required. 22. A system

apgPEdhng LAdCkReMAtantRels®N nRCeH A RGP site material.

21. A system according to claim 20, wherein the
composite material comprises continuous carbon fibres
twisted or laid parallel in the sense of the main axis of

the fibre according to the stiffness required.

22. A system according to claim 21, wherein according to
the modulus of elasticity required, the fibres are
produced from one of the precursors "PITCH" or

polyacrilonitrioe "PAN".

23. A system according to claim 21 or 22, wherein the
fibres are coated in a matrix phase of thermoset polymer,

thermoplastic polymer or ceramic.

24. A system according to any one of claims 20 to 23,
wherein the balance spring material is not sensitive to

the effects of magnetisation.
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the nodulus of elasticity required, the fibres are 15
produced from one of the precursors "PlITCH" or

w@oeioyaes2sd oni trioe "PAN'. 23. A system accor di Pgr/Ge2003/003000

claim21l or 22, wherein the fibres are coated in a
matri x phase of thernoset polynmer, 20 thernoplastic
pol ymer or ceramc. 24. A sys én1according to any one
of clains 20 to 23, wherein the bal ance spring
material is not sensitive to the effects of
magnet i sati on. WO 2004/ 008259 PCT/ GB2003/ 003000 21
25. A systemaccording to claim,?21 whe%ein_the fibres

have aPgPNShPR ECERFBORISEPUCLALE dhd PRETEISS G difres
of thermal expansion in the axial sense is negative.
5haGe A gyspbitdccoedbrg séragfuseeasntl &hgi moerdicgent of
25, wherein the coefficient of thermal expansion of

t baerhallapgpaspliong iins thieneaiadndenegatiisveegp ttiore700

Kel vin. 10 27. A system according to any one of clains

20 to 26, wherein the danping of the elastic nodul us

of the balance. spring is of the order of 0.001 Pa.

286 A 3YSLEMAC SR O t3NUNYNBnel o3l @138 0 2lP 87 25,
wherein the coefficient of thermal expansion of the

balance spring is linear and negative up to 700° Kelvin.

27. A system according to any one of claims 20 to 26,
wherein the damping of the elastic modulus of the balance

spring is of the order of 0.001 Pa.

28. A system according to any one of claims 20 to 27,
wherein the balance spring has a density less than

3g/cm™>.

29. A system according to any one of claims 20 to 29,
wherein the balance spring is in a spiral form and works

exclusively in flexion.

30. A system according to claim 20, wherein the ceramic
material of the balance is selected so as to compensate

for thermal variations in the system.



15 wherein the bal ance spring has a density |ess than

3g/cm 3. 29. A system according to any one of clains
wQo00289 wherein the bal ance spring is in aPGpGBal03/003000

formand works 20 exclusively in flexion. 30. A

system according to cl ai m 20, gherein the ceramc

material of the balance is sefécted so as to

conpensate for thermal variations in the system WO

2004/ 008259 PCT/ GB2003/ 003000 22 31. A system

according to claim 20, wherein the balance is

fabricated by a nmethod of high precision injection

netk di AgSYStsy agceyeiaw &Oc6rditig <o &’F‘&irﬁénzéhteo bgiance

wherein the coefficient of thermal expansion of the

bakafisbriisatpdsiyi vemerhoddef hdgbomperdgtient Aajection

bal ance spring which has a negative coefficient of

t menfrdlingxpansi on. 10 33. A system according to any

one clainms 20 to 32, wherein the balance is not

sensitive to the effects of magnetisation.

32. A system according to claims 20 to 31, wherein the
coefficient of thermal expansion of the balance is
positive in order to compensate the balance spring which
has a negative coefficient of thermal expansion.

33. A system according to any one claims 20 to 32,
wherein the balance is not sensitive to the effects of

magnetisation.



