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11 January 2007 1 MECHANI CAL OSCI LLATOR SYSTEM The
present invention relates to a nechanical oscillJangary 2007

system conpri sing a bal ance and bal ance spring for use
in horol ogi cal nechanisns (e.g. tinekeeping devices)
or other precision instrunments. It is thought that it
will be particularly applicable to the oscillator
systemin a nechanical watch, although the present
invention is not limted to this. 10 Previous
mechani snms use netal alloys, in particular Fe-N ~ or
Ni , - Cu-Be, Au- CuMBCHENICAIf OBCIHIATOA JNEREMSpri ng and
bal ance. At its nobst general, the present invention
proposes that the balance is nade of a non-magnetic is
ceram c material and the balance spring is
normMheagretéct anvdntsomadel adksatcampeshbwigrdt escal lator
a polymer (including thernoset and thernopl astic
pol gyeties, cefdelsS ngaadbphanel hod ladedcee espinis)g foarwon in
or (non-magnetic) ceramc material, the materials
havioyp eyt tablrecd@npsopetd.igest fuelxepi ng obagiersat er f or
thermal variation in the system In contrast to
netadter phecpdiore imat eunelts . ar Bt nenthesugce pihiall it tvolll
the effects of magnetism- including 25
el apd paregoetdl ydappl heplard toaghetoscal Lyromdiyseen in a
change

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, the present invention
proposes that the balance is made of a non-magnetic
ceramic material énd the balance spring is non-magnetic
and is made of a composite material, or a polymer
{including thermoset gnd thérmoplastic polymersf esters
and phenolic based résins), carbon or (non-magnetic)
ceramic material, the materials having suitable
properties so as to compensate for thermal variation in

the system.
in contrast to metals, the asbove materials are non-

susceptible to the effects of magnetism - including

electromagnetic damping and magnetically induced change

~ AMENDED SHEET
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AVENDED SHEET 11 January 2007 WD 2004/ 008259

PCT/ GB2003/ 003000 2 of the Young's nodul us. THe§guary 2007
materials have sone intrinsic thermal characteristics
which are better than netals and so a nechanica
oscillator system having reduced variation of

Q@Sz%h&kﬁﬁ frequency with 5 tenperature capgs0B88000
Variation wth tenperature is discussed belowin nore

detail. A balance spring of the above materials nmay
be | ess susceptible to interRal mechanical (e.g.
frlctlon) danpi ng of the Young's Modulus, allow ng

AMDRE U 1.6, 56 WBLALE Nednble Whkc10a bakaRges 0 @

equency of oscillation and therefore a nore

accﬂﬁfgf%saerEﬂéﬁﬂaﬁabh£¥§3%§9i§%ﬂd%rwh@&ﬁﬂaf@ BBtter than
instrunent than a netal spring. The bal ance spring is

arr agnged £aq0ssial h@&ﬁbﬁﬂ@%lb@ééﬂﬂxétor1§§§%é&fEéiﬂﬂqy t he
bal ance i s a bal ance wheel ; the balance spring may be

arr gageskd 9§t£%ﬁ:15heoﬁldﬁim1@f@1@&eq&eﬁ&}£ wiBal ance
wheel so as to oscill ate the bal ance wheel back and

f or £ BgdhiQtiré tnakk Snanfe .r ovaticinicaswiish cenpendtiomals
The bal ance nay be coupled to an escapenent mechani sm
f or a28cusegul latliowg inatatd datafl anhebebpeanheeing whi Ehe
is e.g. coupled to the hands of a watch), as is also
conglenitd opaktiallsnoan.be less susceptible to internal
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 bé arranged inside the circumference of the
balance wheel so as tgroscillate the balance wheél back
and forth about its axis of rotation as is conventional.
The balance may be coupled to an escapement ﬁechanism 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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11 January 2007 WO 2004/008259 PCT/ GB2003/ 003000 3
Preferably the bal ance spring works in flexi onlltdgnuary 2007
oscillate the bal ance, nost preferably exclusively in
flexion. That is the balance spring is preferably not
relying on strain or shear properties for the repeated
SWRLAGAARA 1 el ease of ener gy durtng 1S (EEh@hhtf
rapi d oscillations. Preferably the bal ance spring
coils are not in contact wwth each other, i.e. there

is a gap between adjacent cofls. This elininates or
reduces friction and allows the successive coils to

act plr%fgpggl C%sdbma&%%gfsgﬁi 85 M %%é}lzleo mai,n body

of t'he ba e 1I's m eramc materral, it my
hav n of i al ; -
Con S Tar at ey ARAR e pob RrerBBuly Befrydiery o

and £1ieR; DA ik als id3 ¥aidatd 9Br¥%&|13t59$¥gfﬂbﬂ§en8@||'
now be discussed. 20 The accuracy of a nechanica

wat Gl 1k $ngdeRerdenin uRoRrthe propest fdsC £br eﬂ&@%ge%e& he
osci |l l ator conposed of the balance wheel and bal ance

Sprisk@re e reheatermeeat i duvdhd 8%s (he1dtheemdl rapid)

expansi on of the bal ance wheel and bal ance spring, as

wel lbsasiidig onal, | atieRerabl § hheYOUIMhc® spring coils are
net 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 wade of a ceramic
material, it may have small appendages of other

materials.

Consideraticons relating to the oscillater frequency and

in particular its variation with temperature will now be

discussed.

The accuracy of a mechanical watch is dependent upon the
specifie frequency of the oscillator compesed 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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11 January 2007 WO 20041008259 PCTI GB2003/ 003000 4
Modul us of the bal ance spring, change the spedifffaguary 2007
frequency of the oscillating system disturbing the
accuracy of the watch. The inventor has noticed that

in known systens approximtely three quarters of the

SwodiRbshoN 1s due to thermal or magneti caldy,dp2Ruesdo
changes in the bal ance spring. Methods for

conpensating these variations are based on the
consi deration that the specif?c frequency depends
excl usively upon the rel ationship between the torque

of ABathes RA aAE LSRRI SLINIMRR the Balange and
the noment of inertia of the latter as is indicated

in theqhddyowienghe relAtLonsly Bydeddr dlstdlnilhiq the

period of oscillation, |I: the nonment of inertia of 15

t heabahaige owhegd ,wdschl herionguentdfr hae het fRGethat in
spring. The nonent of inertia of the balance wheel is

a funetin aystehsidprmsnerdantred syuzadeus of wgyration
r. 20 The torque of the balance spring is a function
of whsiatdionmehsi dws td ehgtimll orhedgghtibhallhiickness e,
and of its Young's Mbdulus E. The length 1 of the
bal ghemysspiinnghe (heisokenenring. hel i cal or spiral form
is the whole length of the spring, end to end, as

di stipheadst fFom eonpengatdpd ttdiese variations are based on

the consideration that the specific fregquency 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

relaticnship

T=27r\/g . _[1]

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

the balance wheel, G: the torgue 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 torgue of the balance spring is a function of its
dimensions: length I, 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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11 January 2007 WO 2004/008259 PCT/ GB2003/003000 5
bott om neasurenent that varies according to tHd January 2007
spacing of the coils. The relationship (1] is
therefore witten: T271 12.Mr21 [2] E h.¢€
Tenperature variations influence T (the period of

056 hdoiadshsan) resulting fromthe effects of pEXBRRIGIRRNW
and contraction of the system (bal ance spring and

bal ance wheel) 1, h and e for the bal ance spring, and
r for the 10 bal ance wheel 0ose mass mremains
constant. It is known how to conpensate for the

ef f et 8oRf meRRABELONLREL Lvall e@NdAcBorddMeMey e spacing
period of oscillation is still subject to variations
of brapde Ezdins.15 keeping with the relationship
expressed by: r [ ,/E 3] These two terns are not in
a linear relationship. It is necessary that this

rel ati onship should remain as 20 constant as possible
(soTas telddepshhe [(18r iedihkereforosaiikkabi ons

constant). 6 11 January 2007 Fe-N netal spring

~al | oys rendefj; an-2appr oxi mate sol ution
=2z W [2]
e

Temperature varliations influence T (the period of
oscillation) resulting from the effects of expansion and
contraction of the system (balance spring and balance
wheel) I, 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 of

expansion on I, h and e. However the period of

ascillation is still subject to variations of r and E in

keeping with the relationship expressed by:

JE

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).




when the alloy is perfectly de-magneti sed. However,

when the alloy is not perfgctly demagnetized,MtdBuary 2007

relationship is no |onger constant: 'E changes. The

currently enpl oyed netal alloys for bal ance springs

show an increase in E (which is considered abnormal)
Femil meseli apringorldwyincreradser | ant eppepainpabe owdution

anbi ent tenperature ran%g up to 40C. The bal ance
[

t he
WhiibeF8e @drPEntiSy RIS e | Aeprednetbichat LRESVEFe HhED
: . al | Wi gef.ficient .of .thernal . .
o AHD 18 B8Y WBehre e i s 5 Rhe 2k hE esapsrcackin
14 Qo ChANESS ddhde Young s eyl us of the bal ance
spring. Tn sunmary, the currently used netal alloys
despite conpensation, only allow for the stability of
T (period of oscillation) over a narrow tenperature
Thangeraadtonl yupliomed: heetml andéoypr iffny dbd bynecenmapmdngs
un- magneti sed. (Any watch currently enploying a Fe-N
ShRH awelRBERAGE maY Be (WishHhetr byoRSideFee| epfiormal) and
magnet ). ,EP 0732635 di scloses a spiral spring and
2 RRTace dheel o mile STCGFyetal et RS on, G7a% the
amESRsh 5 SRS Ld VE: { Qe I:gﬂggr apure fﬁidj’?d.uaf'lllé)nﬁafgﬂce wheels
magnetic fields. According to the invention, there is
crtitded ampi®pbantaalpressidiat ovatyséemas w4t Ot ALRCu
claim1. According to a first aspect of the present
alilmwenyitn, a tdeerfE icsi gprioveo flettharnedhanpeals iascid | abbween
system for_a 6a 11, January 2007
+1 and +17x107° K to compensate for changes in the

Young's modulus of the balance spring.

In summary, the currently 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).

EP 0732635 discloses a spiral spring and balance wheel
made of crystalline material which is less sensitive to

temperature fluctuations and magnetic fields.

According to the invention, there 1is ©provided a

mechanical oscillator system as set out in claim 1.

According to a first aspect of the present invention,

there is provided a mechanical oscillator system for a




hor ol ogi cal mechani sm or other precision instrunent,

the system conprising: a ngn-magnetic cer ami d1 January 2007

bal ance, and a non-magnetiC bal ance spring forned of

a conposite material or a polyner, carbon or ceramc

material, wherein the balance and bal ance spring are
h@mb¢mgitﬁhcmechhaismh@nxﬂﬁﬁdmipwmciﬂi¢meinatrument, the

expansi on of the balance (a,), the coefficient of
SYHe?TrafOBRpEASIGN Bf e T e et hgbg a2 candand a

the th | ff] t of the bal
DB bper AP SoPScorBEneH o FOFNEHor (e dar FATFGR.ES

métpef{?l Syc?feng Qﬁgﬂ}ﬂﬁgget Ba?béﬁcogg a%B‘i%Rl%f E’ﬂlg%erlal

present inventi I's”provi.ded a non-magneti

wibst &E et BN 30 ah@le N8E1 bhakhpg %p&@ﬁ@“&kénaaapted such
oscil lator nechanism for a horological instrunent,

thdnte bhéanoeffpcnagtf@Emmhdnmﬂmzhxganxﬁntefnnherbaﬂance
or a polymer, carbon or ceramc material, wherein the

(®al-arfde §b?r€ifrfglmfé?r iaf taermal cewpinelent obf thﬁebﬂdlance

ex ansi on (aZ% eﬁrnnelastlc coeff|C|ent E)
Dthgelf2d o @ 6pe’f ?e FHRQE LS | cﬁoéerfft Jd?”l%rﬁ’fl the

o F1B055 S0 15 2D2Eo L) Bo SRETRELS, BB chermay

vggﬁéyygglquiggbrgyggéﬁﬂ conpri ses contlnuous fibres
extending al ong the length of the 11 January 2007 WO
2004/ 008259 PCT/ GB2003/ 003000 7
According to a second aspect of the present invention,
there 1s provided a non-magnetic balance spring for
oscillating a balance in an oscillator mechanism for a
| horological instrument, the balance spring formed from a
composite material or a polymer, carbon of ceramic
material, wherein +the balance spring material has a
coefficient of thermal expansion (o) and a thermoelastic
coefficient (aE/E) arranged to cooperate with a

coefficient of thermal expansion of the balance (uo;) to

compensate for thermal variation in the system.

Preferably the balance spring material comprises

continuous fibres extending along the length of the
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bal ance spring fromone end of said spring to the

other end of said spring. As the fibres are *1January2007
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) with an

i LN tenperature can be controlled fairl
ggg%@?@@?g by appropriate choice of the fiB?%GBﬁ%wMBWO
material. 10 Preferably the continuous fibres are part
of a conposite material, although it is possible to
have a bal ance spring of continuous fibres in a

non: c osite material (i.e. without a matrix, e.g.

| onBe K13 T Er GSPR 1P UEKE Ofhe=Rat 8P FHI % fho other
conposite material, preferably the matrix phase
002%P§§°ss§l80f95%ﬂg(of any of the types discussed
above), carbon or a ceramc. In the case of a
conposite material with ceramc fibres, the fibres nmay

e 50 Kbr PR T GRONE THHATOP DHBC SR (0501 AL ol REFth

' ofli ssgq.abov spmll ehf 1 res, & hat  dg not o
s (ohBEH P adaR00YCor fle SHRM Wncl 1ML NEle COONOL  on

extend all the way Spring: anuary

WO 2004/-:008258; ACTYHB2003{LQ300048 (JMELE: £85AT Gith an
( hout a natrlxg, It Is

fibres are used (wvith or wthou

| Mppidiaket hah t hengRrame | Sa& NL MTANRLLE 1887 20 Ly
Preferably, but not necessarily, the bal ance
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 ahove), carbon or a ceramic..In the éase cf a
composite material with ceramic fibres, the fibres may be
continuous fibres extending along the length of the
spring from one ehd of the spring to the other aé
discussed above, or smallef fibres that do not extend all

the way along the spring.




spring ceramc is Alumna-Silica-Boria. Fused quartz

or 5 silica may al so be used for the bal ance.1 January2007
Preferably the thermal coefficient of expansion of the
bal ance and the thermal coefficient of expansion of
material of the balance spring, in the direction along

1 th of the bal ance spring, are of 0
s%g%isbﬁ”dﬂ (Elllsgof simlar orders of magnitude (PCT%%Z‘{OW%"SO“O

difference in magnitude between the two is not nore
than a factor of 6 and one of8 the a coefficients

shoul d not be greater than [x10-6 K 1). In this way
eXpaﬁﬁép@ c% %HE@ f:l%r}:eg a}g%si,e@%as& eodr fw?.%hg £ oa matrix),

contraction of the ot exanpl e,

~therppl goefifiicient odh§gpgﬂ§|QQﬂ%%.Ehe bglan%gmagnetlc

spring is negative and said ther *Coefti i en

expapst o of ﬁﬁB%eQQﬁﬂﬁcebh§ 9&&'tﬂé@%s%%%ﬂ?ﬁ%tEhéﬂqbalance

i ncrease of tenperatur'e r Increases ecreases
and 20rify acGandancs whihi SAuatkon d2) ot h%ﬁgeff&%}& or
conbine to assist in conpensating for therm
variation neySaisd ppeidad @k ascivhhakiéon T. 11 January
2007 WD 2004/ 008259 PCT/ GB2003/ 003000 9 Preferably
said coefficient of expansion are both very small.

For exanple preferably the coefficient of thernmal
expafsifpmably t bee bahaned | sogfdicienve @hdekeasibhent the
1x10- 6K1 and the coefficient of thermal expansion of

~the balance and the thermal coefficient of expansion of

10

15

20

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 o coefficients should not be greater
than 1x107° K1), 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 cbefficient
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 effécts combine to

assist in compensating for thermal variation in said

period of oscillation T.
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5 material of the balance spring in the direction

along the length of the bal ance spring i s neddtdapuary 2007
but greater than -1x10-6/1 1. The variation of E
(Youngs Modulus) with tenperature is 10 also

i mportant and is determ ned by the thernoel astic

coabhégpmr which is a neasure of the unit ¢hapg&Es00
Young's Modul us per unit increase in tenperature.
Preferably the thernoel astic cqefficient of the

material - of the bal ance spri ng IS negative ; nost
preferably 1% in 15 the tenperature range 0 to 60

degr ¥ fegkbius sald geapfialient herf ekpath @i fPrare both very
ti.mekeepi ng changes (U consequent upon a rise in

t enpettitldr e Bbr 1€xdnplelUsmrterdaly 2thre 86L2E 2QnEhus Lhermal
can be nmade to tend to zero when suitable val ues of

al (aPaReecr oef filed dntlaote t herpmli texpansd A)ss @8Ben 1x10"
(bal ange spri ng coefficient of thermal expansion) and
the 1% Jawtfhr FR200Pe D004/ 008266rR(T/ ERRANAIB036H0 the
10 th%r np-el astic coefficient 5E/E are sel ected by

sel e8FBhT 2 bfefafBropriance rarerd dihs thaheitesttépancBmg the

represented by small al, a2 (e.g. less than 5 6
x10- 6RE4H aﬁg i melAlapfRr AbtElgastd coeed iaesEbEtaldewter

rruchtgglge_lrxq%dé/lr{yl_for Uto be kept |ow.

The wvariation 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 thermoeiastic 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=oy-30;/2 - 8B/2E

Thus U can be made to tend to zero when suitable values
of a; (balance coefficient of thermal expansion}, o

(balance spring coefficient of thermal expansion) and the
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Preferably the continuous fibres are ceramc fibres or
carbon fibres nost preferably carbon fibres haMiJlgguary 2007
10 graphitic carbon structure. Graphitic carbon
structure has a negative |ongitudinal coefficient of
thermal expansion. The fibres may for exanple be

PvedaRshder oma "PI TCH' precursor or a
pol yacrilonitrile "PAN' precursor. 15 The FF%F@%N%%?ND

be laid parallel to each other_along their |engths,
or may be tw sted together. Tﬂ?sting the fibres
toget her nodul ates the coefficient of thernmal

expanBffb-«AA9t YOURRFS; ul f. th al.ance spr,ing,
material and may be useful §i€$ér%h§?#§ﬁ5ﬁ sgﬁégaegglon

hi ghoangb B - 1REd i +204 2 d Ow Young' s Modul us or
coefficient of thermal expansion. Preferably the

coefficient of thermal expansion of the balance
spring material in the direction along the length 11

Janugky t%@@lanéﬁ@ %gpgéio&%%égbggg{aéﬁg%g%{(& %]0%00 l%i%fs S‘S‘Tan

t he bal ance spring I near

al | oyvs, 4lhhe,sys tqQ be very stable in the anbient
range ?o-ﬁo%) ;,g% gfngjgl t%’%ﬁ%%ﬁ%ll‘é Yarue BBf el Low
variatdo over,.a | ar ange. Preferably said

coef |gig§¥ecﬁeﬁgliﬁégﬁgﬁ ﬁ%ﬂ%ﬁ§?6§ f% -negat i ve.
Preferably the danpi ng of the nodulus of elasticity of
the bal ance spring is of the order of 0.001 pa.

Preferably the continuous fibres are ceramic fibres or
carbon fibres, most preferably carxbon 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 tw%sted 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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10 Preferably the density of the conposite material of
the balance spring is |less than 3g/cnB. Pref etlalnyary 2007
the bal ance is formed by high precision injection
nmoul di ng. 15 Further aspects of the present invention

al so provide a horol ogi cal nmechani smor ot her

p 1.S] i nstrunent conprising the above described
nggﬁgﬁ#@gFﬁoscillator system 20 An embodi T8 IfE2HFOPHE

invention will now be described. 11 January 2007 WO
2004/ 008259 PCT/ GB2003/ 003000112 A mechani ca
oscillating systemfor use in a horological nechanism

o OBl BEL QLA LS TP SRR 5250, PELATEE. LR,

the formof a ba € JTan

arr anged,d opschLlane.sald halanee, arund an g s, 5.

of rotation. ance whee S nmadeé o

non- i, C ramic for which the_coefficient of .
figbao M Ao BT R T e AR A L P

t her xpansion i’s, post

K-'' __nost_ preferably |ess than 0 x10-6 K-1, Quartz
i s on& exdnpl & Gt 53%9&%1 abIEEere%ﬁFéFJflyal salgpy gpgfhlfipnt of

hi gh ity fused ¢ | s used, fused quartz has,ka
coefF?%%%% of ther%%%géi%ghsion of <%+0.54 x10fg9ative.

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 3q/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 escillator

system.

An embodiment of the inventionrwill now be described.
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K-1. OQther alternative ceramc materials include

Aluminium Nitride (+5.2), Al unino-Silicate-d bkdanuary 2007

(+5), Boron 15 Carbide (+5.6), Boron Ntride (+1.6),

Silica (+0.75), Silicon hot-pressed or reaction

bonded (+3.5) and Zirconia (stabilised) (+5); the

NWBhesBeshs Prackets indicate the order Ofggﬁﬁﬁkﬁﬂﬁﬁmo
ese

of the coefficient of thernmal expansion o

~materials in units x10-6 K-1 20 The nethod of
. fabrication of the bal ance whieel may preferably be by

hi gh precision injection noulding. 11 January 2007 WO

o ehaneraThre anALRr bheT i, e a”cewém%%&al
f OF ochin 3n MM GEON.2 SRR Cﬁggem@ter comprising,

conti nuous carbon fibre ar e er tw's

| ai ¢apanal] elnt eneagh pther, \Ié‘ll <§e]'.5 bgAJlga balance

conti nuous | engths of flbres d fromone

end phihdeasiiiRe t0 bhe: otRer sé‘lc?('}gaa atﬁ%el &G4y ]anh axis

the spring. The fibres are derive ccording to

sti fofEnessatiroaqui red fromthe precursor pitch (a

m xture of thousands of different species of

hydr ocar bon and heterocyclic 10 nol ecul es) or

pol yacrilonitrile "PAN (derived froma carbon

gr afhethalagtceueherle)ls Hhée fdfbhesommtgaeal €baaRaic Seir

in a matrix phase of polyner (thernosetting polymer
which the coefficient of thermal expansion is, positive
and less than +6 x107% K™', most preferably less than 1

x10"® K . Quartz is one example of a suitable material.
Preferably high purity fused quartz is used, fused quart:z
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) (+45); 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.
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t her nopl astic polynmer, ester or phenolic base resin

etc), ceramc or carbon. The conposite materiHl Janggry 2007
in a-15 flexural manner. The axial nodul us of

elasticity of the fibres is between 230 and 1000Gpa.

The conposite has both a |lower density |less than

SHFHH: coefficient of danping of its YQ '

rﬁ%ul uéoa%%the order of (0.001 pa), both |ec;f§93(zﬁoglﬂosooo
the currently enployed netal alloys. 20 Its thernal
expansi on coefficient (a) in the direction along the

| ength of the spring remains both negative and stable

to 798 KeLvidhe a0 1,5, gk ca an -1 x10-6 K:1. 11
January 2007 WO gﬁo"}/ o%%z%gg%éég/ Beito87 0ds6handges f1at
Thi sge0R0Sdt endpt &Jiigal £d. 5 NOR}- | C and obviates .

t he SLﬁegat ive effectls offdr?(rlagglgt irr%?nn%ldnee é&o%r?f?cicé)ﬁpo%lfte

t herﬂ@ieri@lp%‘ﬁ\bgﬂsﬁnﬁf cd 8 n8Bkd nQaJ:I?orpeEﬂ;Lje\éedtﬁ{]ldch are
t ul us

acts in parallel wi the spring’s Young's no
whi cai thelleew easas dri 01888 | pa Mt & d 1e38n1 St ghat Ehﬁfes
e

~and is therefore negative (normal). The va Ues of 't
coefldigigerbat Diudue NRALLEX PN Fi8R £ LB chd@ extend from one

coefficients) for the spring and the bal ance are

si mdrar ofvehy spmidg andthé epREShiendi@R Wahghn f urdhehe

10 assist in the conpensation for tenperature

var iskriipa: Tie fHbeceef dfcidentved ddverspid ng HeEBLEBSFides

same over a wde tenperature range, and the range of

i ts hpseiped weesr the precursor pitch (a mixture of thousands
of different species of hydrocarbon and heterocyclic
molecules} or polyacrilonitrile ‘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,




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

total stable tenperature range. 15 Thus, fol | binfangary 2007
the relationship: T - 2g 12.MrZ 1 -E.-[21 t he
nuner at or does not increase in value as is the case

with the netal alloys when the tenperature increases
20Vp94u8wot he a coefficient of the fibre Cmbdsl%oshdﬂ
the axial sense 1 is negative, and therefore it

‘di m ni shes. The denoninator gl,so din nishes when the
tenperature rises because the thernoelastic

coefficient is negative ---- ------- - 11 January

2007 Thivp 20029 008250t PORHIGB2003H003ARR 125ang n@gmt)es the
Furthernmore the height (h) and thickness (e) of the
car b8RIptbre-sfdertx conmposetismalranceosmriicagnal $© thermal
increase with tenperature which also counteracts the
decr 88BN ¥PYoGNgP® Mbdulusibigwi 1 hib§hHiG-d CARET aldie. {1,
5 By, thi.s conbination of materials and their
nmechBffzidiel prejdértitde i tsprsnpossi bbend’@ ObiRiNLHOt Bhicn
greater accuracy and stability. The danping effect of

> the HpdfRagesoflinspadyi wiity ies vine tont heafetdtervaldapg is
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of the currently
therefore negative (normal).

The values of the coefficients of thermal expansion (the
o coeffipients) for the spring and the balance are
similar, very small and of opposite sign which further
assist in the compensation for temperatﬁre variation.

The o coefficient of the spring remains the séme aver 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:

. [lamrt
T'=2r _E,'Ter— (2]

the numerator does not increase in value as is the case
with the metal alloys when the temperature increases
because the o 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




10 enpl oyed netal alloy and the reduced energy | osses
due to the decreased danmping and density of tHelanuary 2007

material allow to envisage naintaining stable
anplitude and a significant increase in frequency and
significantly reduced total energy |losses in the

- oo Jobsabnsy system 15 As has been explaineqcﬂggmﬁy%gﬁo
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present invention can be applied to a conventiona
mechani cal oscillator systemin a tinme keeping device
such as a watch. An exanple of>a conventiona
nmechani cal oscillator systemin a tine 20 keeping

devi ¢ecirsli)l.| Baitledredranch&deserhbed,onpa 0
195 of "How Thi ngs Work", voluﬁg 1QBUEP?SE§%ﬂ%%$§ &3) ot
Pal atli®, cikpomhifdhré-snatheer RRRELE0:Nepgl 1y spring. also
reference. 11 January 2007 16 CLAIMS 1. A neéhaﬁicéﬁ
osci 1aregresystigm tenpardtorel agizenl NmehaphsiBLy oL has .
precision instrument, the systemconprising: 5 a
non-HEFREEE clie efeamits Baddanoe, £ andhar NOMgTeGRSI daGure .

bal ance spring forned of a conposite material or a
polymer, carbon or ceramc material, wherein the

bal ance_and bal ance spring are adapted such that the
coef i cHehit corPinméiaml oéx paisk balsof anchethal mnB&chanical
((xlrb t he. coefficient of thermal expansion of the to
bal ancB°EprThg i 42) PatiibiRete ittadel bett wreotéf | mientcy

of b nce, spri (aE/ E) cooperate to conpensate
forggﬁerég%%lvéFVatﬁgﬁ ié%mpﬁggsfgf%ﬁﬁ of the modulus of

elasticity is one tenth of the value of the cuffently
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 méchanical oscillator éystem in
.a time keeping device such as a watch. An example of 3
conventional mechanical oscillator system in a time
keeping device is illustrated and described on pages 194
£o. 195 of "How Things Work"™, volume 1 published 1972 by

Paladin, UK, which is incorporated herein by reference.
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2. A systemaccording to claim1, wherein the bal ance
spring is of flat spiral or helicoidal form Hhépnupe 2007

- coefficient of thermal expansion of the bal ance spring

ina 15 direction along its length and the

coefficient of thermal expansion of the bal ance are

of opposite signs and of sim['&r orders of magnitude.

3. A systemaccording to claim2, wherein the

cCtRAIMS8i ent of thermal expansion of the bal ance is

positive and the coefficient of thermal expansion of

the material of the. 20 balance spring in the

d'n rect iﬂ\mmcﬂnlanhgl dsiilaloe sgitbmdér a harologicalmeechepisimor dtker precision
gfa\ ve wa. /ﬁ F%/S&em anccordl ng to claim3, wherein

'('”HS'PWE\ EOSTT T CIant of expansi on of the bal ance

| s less nbhmagbem@erémhé lialmué e coefficient of

therrral expansi f terial _of the bal anc

Spr1 noB M BNgRG aends T rhmiRSis e RDEFor a potymer,

bedraoe er spamitgnatdbali s greater than -1 x106 KL. 5. A

ot er 1 PSR BB A bR Sy 2% Ao Qi bk he Sosticient

et tReinedl eRgatision o tiebdlancebids BeCoBHticat mmﬁiavwa,nsuon of the
carbon or_ ceramc. 30 6. A system accordi

p?@@'@ﬁﬁ shing (%) ANd edhermpalartic saetivient o fie Q?SE”Q%%QFQ KIE/E)

o160 S nBHRUS thERhAVafXIRNIIHRS P@ﬂeﬁ_ﬂg the length
of the balance spring fromone end of said spring to

the other end of said spring. 11 January 2007 17 7. A _
Syst e”)\%9§@ﬁ1c§cegrdfr% 16 lcRIi16 whidhaRT b Ba%ﬁb@s&ﬁgflb BF'fP&f%plral or

fibres are carbon I bres. 8. A system according t

chelicpidal formeangithe W@flwrﬂroweawel ep(ﬁ@mnre@i the bﬁlaa%smfng ina
5d|Fé?:‘ﬁorP E%E%E@ %rngth Adltks! con?:c:Qﬁ’t' of g?ﬁ {J'éafaélbﬁ Qf ReNalance are

A system acc to any wher el n
t qa{é)gﬁag{sztﬁ signs ad Qfﬁé’nl ar orders of magnltude

3. A system according to claim 2, wherein the coefficient of thermal expansion of
the balance is positive and the coefficient of thermal expansion of the material of the
balance spring in the direction along the iength of the balance spring is negative.

4. A system according to claim 3, wherein the thermal coefficient of expansion of
the balance is less than 1x10° 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 ~1x10°K™, -

5. A system according to any preceding claim, wherein the material of the
balance spring is a composite material having a matrix phase comprising polymer,

carbon or ceramic.

6. A system according to any preceding claim, wherein the 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.
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bal ance spring is a conposite material having a
coefficient of thermal expansion in the directldapuary 2007
al ong the length of the bal ance spring which is
negative and exhibits 10 linear thermal variation at
tenperatures up to 700 Kelvin. 10. A system according
to the preceding claim wherei'f the danmpi ng of the
modul us of elasticity of the bal ance spring is of the
orfder df SYS!a0 acerrdingto glaim B, wasein saidooptinlious fibtessarg cabon
cligigd® 1 to 3, wherein the balance spring materia
conprises ceramc fibres. 12. A system according to
clain111 wherein said ceranic fibres have a

C%ef fi Een‘?facc'éd?&lhq% clgﬁpﬁgﬁﬂ Xé]n WOhf IR ) éH@c%d ifom one of

| ess t a 6x10 system acc g to

~ aftfe pEcesalsiBITEH or Bolvacrylanitliicl PANMer ei n sai d fi bres

are substantially parallel to each other. 14. A
system according to any of claims 6 to 8, 11 and 12,
V\lﬁer ei A syglemn aedarding tor @y dBlaims 3ted, Whﬂgemhbe matesial & the

?Fgﬁ%@ew |% 'a%n*p%sf?{%ﬁa%rngﬁ%%n:ﬁga &Ae@% %nlt %ﬁe g'h%] g&%r}stgn in
i i!hef qh@,@tl@malpng ﬁ“ﬁ:lehgtatoétheitalemme apiirg Whioh tnegatisg anderhibits
the d t
o il Crfidn B BRERIRES LB 1T en g one
17. A system according to any pr ecedl ng claim wherein

tﬁgg I 3aA%%%g4 icicfogcflﬁi% Y Eﬁg?&ﬂqgfe\ W rgvéﬁ%ﬁ%ﬂbﬁa of the

aowdulds ngelaetlcatmof ﬂwdm@dncagpmhga:smr theledei of L0 Peat er i al
of the balance spring has a negative thernoel astic

coefficient.
11. A system according to any of claims 1 to 3, wherein the balance spring

material comptrises ceramic fibres.

12. A system according to claim 11, wherein said ceramic fibres have a
coefficient of thermal expansion whose magnitude is less than 6x10°K",

13. A system according to any of claims 6 to 8, 11 and 12, wherein said fibres are
substantially parallel to each other.

14. A system according to any of claims 6 to 8, 11 and 12, wherein said fibres are
twisted together.

18. A system according to any preceding claim, wherein the balance spring is a
flexion spring configured to work in flexion to osciliate the balance.

16. A system according to any preceding claim, wherein the density of the
balance spring material is less then 3 g/em?.

17. A system according to any preceding claim, wherein the balance is formed by

high precision injection moulding.
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19. A system according to any preceding claim wherein
the respective 5 nagnitudes and thermal vari at!lofpnuaty 2007
the coefficient of thermal expansion of the nmaterial
of the balance (a,), the coefficient of thernal

expansi on of the material of the balance spring (a2)
and the thernoel astic coeffici®t of the material of

t he bal ance spring EaB E) are selected such that, for
t H8r malA SR ALY thany Rrepedicielaimiwhedin thermatedalof the
r | Afd | Ll aR) changes for

{ BadRce bDnd R Fhive Mool TR RIRg <7502 2
-/zaE/ E. 20. A non-magnetic bal ance spring for

096i | | af 4yatkrR aBA@AG B Arfy @g@@@é@éﬁ Wheréff?&léarg%p'?ané\]; r

a horol ogi cal instrunment, ‘ance spring
f Magniudesmysktheianal yariatiane of the coeffisiepidfjimsmal @gabsinn of the

- CRLAM o@%gaia?k? («%’?, ‘?fé(ﬁ ié&efﬁ(?&\t%ﬂh%%gl &B%'lﬁ% Qﬁhg ya?érial of the

has a co iclen rmal ~expansi on
t halanoebprig (o:)crefthe theembeléstic/ dopffialehboigie materabsiiRe Bhlance

Wth a fficient of her expansi on of. the .
bana?%@E?é,E)fe ﬁ@eé}sﬂﬁm'%ﬁb fcrr@eefm@vw'ov #ithigea RIRdetarmined
t hgnperititeerainge, the variation (U) in timekeeping changes for the system is
minimised, where
U = o4 — 300/2 — 8E/E.

20. A non-magnetic balance spring for oscillating a balance in an oscillator
mechanism for a horological instrument, the balance spring formed from a composite
material or a polymer, carbon or ceramic material, _

wherein the balance spring material has a coefficient of thermal expansion
(a2) and a thermoelastic coefficient (9E/E) arranged to cooperate with a coefficient of
thermal expansion of the balance (o) to compensate for thermal variation in the

system.




