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WO 2006/123095 PCT/GB2006/001637 1 BALANCE SPRING,

REGULATED BALANCE WHEEL ASSEMBLY AND METHODS OF

MANUFACTURE THEREOF FIELD OF THE INVENTION 5 The present
wibzertionoslates to refinements concerning balance wheel roasseangt /501637

timing appendages, and the shape of and processes for making balance

springs previously introduced by thetpresent inventor in WO

2004/008259 and WO 2005/040943. 10 BACKGROUND OF THE

INVENTION The balance wheel as is found in a ho_é)gical_ @E(?chggism

WE:
Minerieia MTREREESToring couple.
For a given restoring couple of the balance spring the inertia of the
balance may be found by adjusting the centre of its gyratory mass. This is
thsidaselin hHigh quaRyTihdd keepers which have a fixed active length of

balaneg, 20.spring and. therefore a fixed, restoring ceuplgatangiven
temperature. SUMMARY OF THE INVENTION Balance spring

v
5 -

FRRRGRRIIS IR RSt apRtt R radentintemtorrritaedtess, and
#efingments tortherhalaner-speag nanufashiring protease patticitgdy the
forming and finist]ip stages.of the balance spring's manufa fure. A first
%ﬁﬁér%éﬁ?ﬁrdﬁﬂe‘sgg?ﬁgﬁe}o rethod Bt 30 forming gf)l;%rglﬁajclance
Hptings o ThRsYechkiqe i$ (Partica¥ly but not exclusively suitable for
ceramic or other material considered isotropic and in a state which

BACKGROUND OF THE INVENTION

The balance wheel as is found in & horological
mechanism or other precision instrument is required to
oscillate isochronically providing the required inertisa
to the balance spring’s restoring couple. For a given
restoring couple of the balance spring the inertia of the
balance may be Ffound by adjusting the centre of its
gyratory mass. This is the case in high quality time
keepers which have a fixed active length of balance
spring and therefore a fixed restoring couple at 2z given

temperature.

SUMMARY OF THE TINVENTION

Balance spring manufacture

In a first aspect, the present invention relates to
refinements to the balance spring manufacturing process,
particularly the forming and finishing stages of the

. balance spring’s manufacture.

2 first refinement provides a further method of
forming spiral balance springs. This technique is
particularly but not exclusively suitable for ceramic or

other material considered isotropic and in a state which



2 may embody its final density and intrinsic mechanical characteristics.

At its most general, the method relates to cutting the spiral (e.g. a flat
Archimedes i.e. regularly developing spiral) made up of a plurality of coils
from a layer of the spring material using a laser beam. Beam cutting

permits extremely precise shaping of the spiral, and the first refinement of
the invention exploits this by cuttingdrom a layer of spring material a
balance spring whose inner attachment part, i.e. the part for attaching to

a balance wheel in an oscillator mechanism, is non-elastic. In other
TRErdEUHRE Eomventions el &SSIHNI rverectiet Tanth sther koW 8fastically
Jehaving inner attachment:partspeue ayeided The-benefitsiofdhisc1ztes to

configuration of balance spring is discussed with reference to the third .
Aiplect beldiF, GRASShett oF thé prent HventBA Frovites a Rethiod 67
derming-a halancespringrfaiea horaldgical-oscilldtor ymechanishe from a
amprisipg-{orming 0ne ofmatg yers ofaon: magaetie balance saring
material; generating a laser beam to penetrate the layer or layers and cut
FheFetREDURFhETahES dREEHTT the |d36E Beaf aftiellageror ayersanga-, and
qausing relative mevementtherghetween o thatdhe lasersbeamscufs out

from the layer or layers of spring material_abalance spring comprising a

Fiait spital havifig™a ity of Eifs afd &Ton-efast iffi F&ﬁ&ctﬁ%r‘%‘-’f

wart cattachablerat thencentre pf the cadilss Preferaplyy the mnex @attachimmentto a

S e IR Lt L e e
the&phing. PraféfablythelaBBEBeaRT cuts ot Ie eehfral space fthe Le©
Spiral sedhatthe,euter £olls F8MAIN hehaving inner attachment parts
are avoided. The benefits of this configuration of balance
spring is discussed with reference to the third aspect below.

Cne aspect of the present invention provides a method
of forming & balance spring for a horological oscillator
mechanism comprising: forming one cr more layers of non-
magnetic balance spring material; generating a laser beam
to penetrate the layer or layers and cut therethrcough; and
directing the laser beam at the layer or layers and
causing relative movement therebetween so that the laser
beam cuts out from the layer or lavers of spring material
a balance spring comprising a f£lat spilral having a
plurality of colls and a neon-elastic inner attachment part
attachable at the centre of the coils.

Preferably, the inner attachment is cut integrally with
the spiral. However, i1t is also possible to cut these pleces
separately and attach (e.g. fuse or weld) them together to
form the spring.

Preferably, the laser beam cuts out the central space

of the spiral so that the outer colls remain
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WO 2006/123095 PCT/GB2006/001637 3 attached to the layer of. spring
material e.g. for further production processes: These processes may
include the coating of the non.crystalline form of carbon for example, with

W& ceraimi¢inaterial such as boron nitride, 5 silicon carbide, SifitgrBaoxiHes37

or other ceramic, or polymer or form of carbon to adjust its elastic
performance. Coating with one or othér combinations of materials
mentioned in WC 2004/008259 may also take place. 10 The material out

away from the spiral may itself- have a spiral.shape,and be used iR @-tner
ala %%%rgr)rih%. %ee s%r%&sm%ter%‘rﬁaége presented in Beither flat single
ormiitiple stacketbsiteatform WET Br WRPOBE Separaing Rersathe =

spegific fory of photon.orippisc 15 beam mawbe ssed -praferably cooled
laser of deep performance depth and fine beam Widtt’k)The relqtblgi -
AEVBRIENt €10 BaGs& Tedval SFthR Tegulal Hevelshing “spiral space. ’
foundawithinshe spiral sprng fermiidendthecdireclienr of:beamiis, or

preferably perpendicular to the 20 planar syrface,of the sheet.or sheets of
r%%t’éfrlf}ﬁ.l)'/r RE B&AM sourcé may o??na%/ riot remain stationary. Preferably

thespringematerial o atovablertlg: rotstes andtPakersesthrdigPihe ©F
beam.path..Onge the spiral spage has beengmade e remaining k25 spiral

material form defines the balance spring and when the sheets are
Uhst&€ked individual springs may be removed from their remaining
surroundiag aateriak or left: canaectedanithingheir indiViduay sheee 1 £

SHE (Bor 08 iy B SPPHA &g op o ratePaptE D The

The spring material may be presented in either flat

.eingle or multiple stacked sheet form with or without .
separating layers. A specific form of photon or ionic
beam may be used, preﬁe:ably.cooled laser of deep
p@rformance depth and fine beam width. The relative
movement is to cause removal of the regular developing
spiral space found within the spiral spring form when the
direction of beam is preferably perpendicular to the.
planar surface of the sheet or sheets of material. The
beam source may or may not remain stationary. Preferably
the spring material is movable e.g. rotates and traverses
through the beam path.

Oonce the spiral space has been made the remaining
spiral material form defines the balance spring and when
he sheets are unstacked individual springs may be
removed from their remaining surrounding material or left
connected within thelir individual sheet surrounds for
further production processes, as explained above.

The same technigue may be applied to a cylinder or
‘other initial.shape of the material where the laser

performs perpendicular to the circular end of the
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other initial shape of the material where the laser performs perpendicular
to the circular end of the WO 2006/123095 PCT/G&2006/001637 cylinder
for example, and cuts into the length dimension of the material form. The

wagessrnsgaut through the edge of the cylinder or not as appfapeiBLess/001637

Preferably,. a second. laser. or other cutting operation is performed 5
perpendicular to the axis of rotation of the cylinder to cut off layers (e.g.
disc-like sections) which correspond to spiral springs with or without their

Fr&i;?ggl suréound as described.in WO 299%%9?%‘%@&&9%{%&%1% ‘

T Gr =Xdaltl e =) I
&an premsmrprésér or 10 ionic beam technique, or electro,

. afectianical L altreesouit; eheficaloragap s imesiis DR BCBHbinafiof HF €

fhess Jrecision material removal technigues .Reeferably.r cogledy-degp

.cutting excimer, or other cooled or non. - cooled laser technigues e.g.
T TS 68 SEOPISET POTT 151556 COP TASET 478 ustc fifora Blterably
in-GoRibAGtion Awith conventional beant defledtion tethrigues; sorthat theo

. balance spring may also be formed from the same piece.of, material a4
e bSBnce i §|aﬁte%3f§’f?, S5 and LISt o ke whole 20"

el, impulse pin. The whole -
ensembte maycthereforerbershapediz0ifrom tHeedameanial plecglsiround -
@Fat%(%%lca& temaining,sa qwnifigd cwithout requiring recourse to assembly
of individual parts as is necessary in the present state of the art. A
second FefineABnreldies %0 THE nietRod Histicied® 28Nin WEP™ ©F
2005/040843) fardhe prodyction ef Battspiral-kalaace springsis described
wherejn balance spring material (continuous carbon.fibre . ceramic fibre, .
G&ransic, E&erﬁﬁr (:Cf;%rb(\ﬁrﬁ1 FSilyyiswouna inaa%%}ﬂjflcﬁiﬁ%ﬁcal oll, with
@mﬁﬁégﬂmnmm@nﬁnéﬁaLremoval technigues. FPreferably,

_cooled, . deep cutting excimer, or other cooled or nom. -

coocled laser technigues e.g. YAG lasers,; copper vapour
laser, CO; laser are used, more preferably in conjunction
with conventional beam deflection technigues, so that the
palance spring may also be formed from the same piece of
material as the balance wheel, balance staff, roller and
impulse pin. The whole ensemble may therefore Dbe shaped
from the same initizl piece of material and remaining so
unified, without requiring recourse to assembly of
individual parts as ls necessary in the present state of
the art,

2 second refinement relates to the method (disclosed
in WO 2005/040243) for the production of flat spiral
palance springs is described wherein balance spring
material (continuous carbon £ibre, ceramic Ifibre,
ceramic, polymer or carbon family) is wound in a tight
cylindrical roll, with an interspacing material
separating one coll from another having egual thickness
over its length. The inventor has now found an expedient

method for achieving an extra spacing for the outermost
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25 element

30 separating one coil from another having equal thickness over its
length. The inventor has now found an expedient method for achieving an
extra spacing for the outermost WO 2006/123095 PCT/G&2006/001637 5

wébiog/istPiater facilitates its attachment in the mechanismpahémeehgos1637

continuous carbon fibre, ceramic fibre, ceramic, polymer or carbon family
spring is made with the interspacing and a non adhesive agent. 5
According to this second refinement, the outermost coil or coils may be
spaced apart,from.the inner.ones.at, a given radiyshyJpeating anspacer
slement between the inner and outer coils of the roﬂed preparation as
destriietshn, WO 2005080923 big Unknsertiytheroled - toPreartion
infe, acylinder af svitahle prateriak e:g-waetat efkpolymendrarganicrade
fibre.material such as wood paper or cardl;g‘%lrdq, .avnd ga% an inner surface
EhdpedSGcH YhaE ARAhBE cBfi afe WBUNH inSide the Spacer element,
(e.g. cylinderyand kept inregutarcdevelophentwithtl5 ideatieaitermest
interspacing. The space. elementys arsferanly, shanagsuctybat Jhedoll
of spring material and its interspacing material fills it and is compressed in
it. THevspacarcdlement meRRIes™ h BpERTEE 8. & F I thé EYffders’e
wall 20 to.permit-the springsmaterial 4o exititadhe osuside of thesspacer
element. Preferably the ﬁl%)'s Paéql el to the axis of rot%tcigr:r]1 of Lhrl% colled
GnaE!-Pite $palet éiBment *freterably Rasah outer surfacde Shaped ™
suchthat therspringemetal gahrcontinug tobewolndeutsidezhe spacer

o (gé‘ifer%@.ye)%t%%&%@fcs nse.as the inside winding)sTheoq
SUterwinding or indings are preferably then bound and made secure
aropnd the otagidbeitde and has an ilnner surface shaped such

that the inner coils are wound inside the spacer element

(e.g. cylinder) and kept in regular development with
identical interspacing.

The spacer element is preferably shaped such that
the roll of spring material and its interspacing material
£ills it and is compressed in it. The spacer element
includes an opening, e.g. a slit in the cylinder’s wall
to permit the spring material to exit to the outside of
the spacer element. Preferably the glit is paralliel to
the axis of rotation of the cylinder. The spacer element
preferably has an outer surface shaped such that the
spring metal can continue to be wound cutside the spacer
element (preferably in the same sense as the inside
winding}. The outer winding or windings are preferably
then bound and made secure arocund the outside of the
spacer element (cylinder) e.g. with a tape or fastening
agent or cover device such as a further cylinder slipped
over the whole ensemble.

In this arrangement the thickness of The spacer

element (distance between inner and outer surtfaces.
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spacer element (cylinder) e.g. with a tape or fastening agent or cover
device such as a further cylinder slipped 30 over the whole ensemble. In
this arrangement the thickness of the spacer element (distance between

wingeranshguter surfaces. WO 2006/123095 PCT/GB2006/0846&E2606/001637

thereof) may provide a spacing between the inner series of coils and the
outermost coil or coils. The passage through the opening in the spacer
element preferably forces the spring material to adopt a course which 5
provides a wider spacin% between the cojgls onthe o tSid% f@e-c&djnggr
T LT O (L L C the inhel szr
frofRo5e SHthe” ingide: Whilst ShiF pnrgwd‘i:}ngw%er?he inishe spring fo
difate @t coniratt Toncenticatly sThednterspacheg betwedh adfxrent eoils
is, 10, preferably remgved in subsequent heat treatment stagesrleaving a
prepared roll of spring material to be sliced te provide individual springs,
a$ R VIdIIP HE48Gh & SR WO 2605/690843 2 TRRSEHHtial feigtonship
betweene=ingey and o uekeoilsrisiahiained during-erhefore these tshebte
treatment steps according tq this refinement of the .invention. Eor the,
< 3 r 1 R id TWHilSLh t1 1l
fachiNing & "p%gaefjfer‘hé’at ?Féa??n%n?? theggprjirl%gS matérial may need to
heaveritstintgrcoilvaimex filled nvith ®suppart heatefiak eeg.cpolyaver feam
ggg%@grgprg%%q_ fqr buoyancy in boats have been found suitable) so that a
egree of rigidity and shock absorbency can be ilnpart,ed to the prepared
roll. Préfefably t& SBRiste PONIRENSLEtTT 18MBVabR’ materill is
ipreduced between the coils etithe-gigeby 354njection immersionoes
ather suitable method. herlihis . : . . .
leaving a prepared roll of spring material tec be sliced
to provide individual springs, as 1s previously described
in WO 2005/040843. The spatdial .relationship betwsen --
inner and outer coils is obtained during or before theses
heat treatment steps according to this refinement of the
invention.

For the machining steps after heat treatment, the
spring material may need to have its intercoil volume
filled with a support material, e.g. pelymer foam (foams
used for buovancy in boats have been found sultable) so
that a degree of rigidity and shock absorbency can be
imparted to the prepared roll.

Preferably, & soluble polymer or other removable
material is introduced between the coils of the e.g. by
injection, immersion or other suitable method. When this
process is complete and the support material is fully
cured, the cutting (machining) process may take placs.

In z third refinement, the present invention

proposes a further preparatory method of forming one or

more balance springs. This aspect is particularly but

" not exclusively suitable for ceramic or carbon fibre in

carbon matrix springs.
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process is complete and the support material is fully cured, the cutting
(machining) process may take place. In a third refinement, the present
invention proposes a further preparatory method of forming one or 30

WinaPesfiaktice springs. This aspect is particularly but not exX@ITsEEsI1§66/001637

suitable for ceramic or carbon fibre in carbon matrix springs. WO
2006/123095 PCT/GB2006/001637 7 Once the individual springs
including supporting material have been sliced from the prepared cylinder
they 5 may preferably be worked in batches to desired height by
preferably precision mechanical methods as are known in the precision
preparation of watch jewels in the industry by grinding, lapping and
polishing with.suitable : ahrasivessgr altematively by age argperecotifie 10
methods of finely controlleg precision material removal &ogsﬂirrllgeoj fhe
BT watst e R e aT 1hEEFor GtHer “DEaR tréktment means of any >
wavelength o therknewnospectrum. . bAttheEhe sprrgs ircfudingoht by
supnorting material. may ge 42dpxed.ip batghes, In:suRROTS Whictymay.of
Fﬁay hot have %reusmn cut recesses of precise depth which are
piesentextticsthen| apphrEResd oF nfdie @M ORI 2861 o irftéfacd SBERTY
that gll companents i the,batch ase: simulianepusly enceasactively

worked to the same exact 20 dimensions. When the dimensioning stages

&RFpBidififg RagEs Hretompiste! the iftefcdisdlsportitg mat&rial can

ke desnveskby eitberheat, chemieal, elestrical cmesharicak lwatsove L
2 [ament Mealls,9Lany WaYSRno 100 IS 28 OULIPeR WEey
Further coaﬁmgs and treatment may take place If required at this stage.
beam treatment means of any wavelength of the known
spectrum. .

The springs including supporting material may be
fiyed in batches to supports which may or may not have
precision cut recesses of precise depth which are
presented to the lapping nead or material removal tool or
interface such that all components in the batch are
simultaneously or consecutively worked to the same exact
dimensions.

When the dimensioning stages and pelishing stages
are compliete, the intercoil supporting materlal can be
removed by either heat, chemical, electrical, mechanical,
water, or beam treatment means of any wavelength Irom the
known spectrum. Further coatings and treatment may take
place if required at this stage.

In a fourth refinement, & continuous carbon fibre
balance spring in a glassy carbon matrix may be made by
coating or inserting the carbon fibres in a sleeve of’

polymeric or other suitable material which provides the

- reguired density of .carbon in the finished matrix, i.=2.
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In a fourth refinement, a continuous carbon fibre balance spring in a
glassy carbon matrix may be made by coating or inserting the carbon
fibres in a sleeve of 30. polymeric-or other suitable material which

WoraMeleEi¢Ae required density of .carbon in the'finished matPgTi@EBMEG001637 -

2006/123095 PCT/G120061001637 8 once the nor-carbon material. has
been evacuated in the processing.treatiments. In the case of a polymer
sleeved, preferably continuous fibre preparation, the shaping of the spring
5 is performed when.the polymer, (whether thermoplastic.qr thermo t%)is
?:ﬁ'lifg ph[(}gicréﬁff pfaas%f%ogta{réa.y %l%e§é% [ ?g*prgggéﬁ%qr{@rgaﬁ ﬁsgﬁ e
exterealty ogatede svittea h®n adhering agent so that adjacent coils of the
spring €p natadnere tg.one geqtpﬁézorgb@éé%%wn%@f@@yﬂ@y be of

non adherent characteristic. This, preparation of material configuration
ARIYTBE Woth dE$6 1R aP ABRREAE 6T oft&fy ShERPRRgMhay TSUTPEREY
another sThesleeneshiibreprepatation mayhenweundesinglyiesanarber
or mandrel or plurally so that many 15.are formed on a comman mandrel.
ARGFRAR) (e prépar el SOBUE TS rhay Bé- placed it a répared
ehawrelte dnom-adhesipgrseparating shises with & suiatilesmall tianreterd
%qr@n'aéd agrossdhe, sleeved fire gnds,as.a mandiel for the cylingrica) Lol
20 as described above. The thermal transformation process preferably by
SRE 1&EnTde o EABEE Of CArTSHsAAGHT MFolisafiont rapRitisafidn, or
vitrification-qf the potymer redicese the everadlalumetafthe tomponent
roviding & greater 25 separation between the adiagent ol Ths (e

that adjacent coils of any one spring may touch one

‘aﬁother. The sleeved fibre preparation may be wound

singly on an arbor or mandrel or plurally so that many
are formed on a common mandrel.

Alternatively the prepared sleeved fibres may be
@léﬁéé”in a prepared channelled non-adhering separating

sheet with a& suitabkle small diameter core laid across the

sleeved fibre ends as a mandrel for the cylindrical roll

as described above.

The thermal transformation process preferably by ons
or more of methods of carbonisation, pyrolisation,
graphitisation, or vitrification of the polymer reduces
the overall volume of the component providing a greater
separation between the adjacent coils. Thus the coil’s
spacing can be determined by twc methods, the sleeve
+hickness and the intercoll spacing material. The polymer
composition of the sleeve allows for more or less
volatile non carbon material to be evaporated away in
this process and thus the resulting space between colils

is determined.
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spacing can be determined by two methods, the sleeve thickness and the
intercoil spacing material. The polymer composition of the sleeve allows
for more or 'Less volatile non carbon material to be evaporated away in
W08 33P8Eess and thus the resulting space between coils AS TGRS
WO 2006/123095 PCT/GB2006/001637 9 Itis also desirable to be able to
perform a method of flattening the spriﬁg should this be required at' the
appropriate stage in its manufacture. This can be accomplished by

heating ,Cthj_ess%l?'[ggJ o, 3pEings ywhen plaged,5 hetweepwesmogthee thod

preferably parallel plates of a suitable non adhering material which may

be drilleti-r e Fe AngRFREIMPE0R dtiichelRoTRECERRE GTthE®

Springoln: 5q doingsthe upper-adge surfacasaad lower: edgersustaces of

thé coils are u&ged to occupy a position 10 in their rela.tive%parﬁ]llel p%!anes .
J

BRATAE SHFMG L s Tt TOn W tH aiffte Whd Contract within

within the
wekime representetbhetweenttheseiiworparallekglapés.ters alfoz
expedient 1o gnsure, 198 1 %é"téri%v%ha@%%gkt@esra{mff@m@%
gentre. This mayabe is performed by using'two parallel plates as above but
withe iiee addifion 5T e We sREpEQ Bpiral R groBve if e 28R TFIatE thePe
plate grooves beingddentical dnigasdmagegof sene asethesihighwer -
ehcourage the upper syrfacg and lower surfa%e %Eth&%ﬂral sgrig stgtian
RARH TGS TBURSe 5%0 Te s cFibed v o&haped §ioove wiher the two
plates.ate- brelght togetherakith the Spring bethwedintherpThe springts

2y thep be heated, chemically. ar, electrically.reated or tieated by beam
raaftient 6:fmany wavelength of the known spectrum. The realignment and
volume represented between these two parallel planes.

. It iz .alsc expedient to ensure the regular
development of the spring from its centre. This may be
performed by using two parallel plates as above but with
the addition of a ‘v’ shaped spiral master groove in each
plate, the plate grooves being identical mirror images of
one another which encourage the upper surface and lower
surface of the spiral spring to follow the true course of
the inscribed ‘v’ shaped groove when the two plates are
brought together with the spring between them.

The spring may then be heated, chemically or
electrically treated or treated by beam treatment of any
wavelength of the known spectrum. The realignment and
tempering or adjusting of the spring and oI its terminal
curves or its physical characteristics may aiso

preferably be performed in this way.

Balance wheels

in the published patent application WO 2005/040943,
the present inventor described mass appendage zssemblies

for use with low thermal expansion non-magnetically

Laceo
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25 tempering or adjusting of the spring and or its terminal curves or its
physical characteristics may also preferably be performed in this way.
Balance wheels 30 . In the.published patent application WO 2005/040943,

WeEGerE238%t inventor described mass appendage assemblieRCTIGBRSES/Miths 7

low thermal expansion non-magnetically WO 2006/123095

PCT/GB2006/001637 10 sensitive balari€e wheels how a part of the

appendage assembly should provide for the adjustment of the centre of
wheel. This has been

guratory mass of the balance,wheel, This has been agcomplished ..
gé\ﬁ& 51y Dy fhie e o Efaetlesfaﬁ_ly Bla%eapeﬁp%"eré_] screws and or

washerd worseocentrip soreivs of eccarmteic s iskriprehveightd-firedentre
g3 pLia lind foles perpendisularin tbe planar. balance wheel surface.

A second aspect of the present invention relates to 10 the case where the
balandespintpfad s MgRCHEHP HhBALANB “EORGRTHY of PosftRerse of
Youngs medyius-evolgtien with-a risedpdemperatute ag dindged inthe
above mentioned publications. At its most gen%ral, tge second aspect gf
A preceRCMVERGSH pFiodes mass appendages Which are ~ =% °F
recpivahle im cbirgsponding Haresfemied-inla batancehwhebkaad which
%E%%ggagi%i%thg&of%é% be securable therein e.g. by friction fit, or

expansion or adhesion. Thus, additional attachment elements e.g. 20
screw0PBiRd ke 3P FEGUIRS. e BEESTRI &spdct ¥t “h@ inventdE ay”
therefore Provide 2 halanep wheel assersblyHersuse ia dotolpgical

oscillator mechanism, the balance Wheel.assen}tg}ﬁggygn%n% QIL rlllasr

BARRRE e 2Pnozmal’t, or positive,

evolution with a rise in temperature as divulged in the
above mentioned publications.

At its most general, the second aspect of the
present invention ?roposes mass appendages which are
receivable in corresponding bores formed in a& balance
wheel and which are insertable in the bore to be
securable therein e.g. by friction fit, or expansicn or
adhesion. Thus, additional attachment elements e.g.
screws or pins are not reguired. The second aspect of
the invention may therefore provide a balance whesl
assembly for use in a horological oscillator mechanism,
the bzlance wheel assembly having a planar balance wheel
for isochronically oscillating with a balance spring; and
a plurality of mass appendages mountable on the balance
wheel to adjust its centre of gyratory mass, wherein the
balance wheel has a bore formed therein for sach of the
mass appendages, and sach mass appendage 1s receivable in
its corresponding bore and securable to the inner wall
therecf. Preferably, the mass appendage 1s expandable

from 2 mounting state in which it is receivable in Its

- corresponding bore to a normal state in which 1t is



20

30

for isochronically oscillating with a balance spring; and 25 a plurality of
mass appendages mountable on the balance wheel to adjust its centre of
gyratory mass, wherein the balance wheel has a bore formed therein for

Waaperd13¢he mass appendages, and each mass appendagBiE/ FEeEMHBIEs"

in its corresponding bore and securable to the inner wall 30 thereof.
Preferably, the mass appendage is expandable from a mounting state in
which it is receivable in its corresponding bore to a normal state in which

itis WQ 2006/123095 PCT/GB2006/001637; 11 sgcukable g.g:by friction .
AT %%Fe.gEgéh ga§ppfé;%-%C(E§1igI:%Le%r?11ay ther‘eforsé expand to be gripped by its
fopeninatie morHhdl Beite PRSI Me BRuraRty BHERS Or Rore) ase 8

appendagss;are situated to give equipoise to the balance wheel.
Preferably but not exclusively the bores are, formed substglpti{};{\l!:_ll

perpeRGEHRE 36 e pRherdithe  batante WhESl. Breferably, 8ach mass
appendage comprisestatibular ¢o-séttingeiguidnich sereguilating Frassrise
received. The setting is preferably aga expand t r

fi a@s@'s\iaipp-t-*‘Zlc;rzfﬁsa“geerf?lrllmlgtlsy bor@?’ T e£s§%ﬁ§ %grgégréeglyfh%% a% fﬁgt% r%ggli its
Ratin ot eulissction! garalle PRMRSRBLTA s TPhé B attRg Bréteratt§
has a.slightrecess perpendicular to its tubular axis and this recess is
preferably cut into the outside circumfereg\:i?al surface of the tube. In L'[IPe

mountireFSate thel seftitfisTarntG RBSESHESH GITIRG bore in the bararnce
wheel.nthe horenisa20 preferably: a:halemaade fhroughehedalancerwheel
from.one planar side to.the ofher (pigteraply.cosplanapsidechie cne
mass appendage in its bore.

The setting preferably has a slit through its wall
in the direction parallel te its tubular axis. The
setting preferably has a slight recess perpendicular to
its tubular axis and this recess ig preferably cut into
rne outside circumferential surface of the tube,

Tn the mounting state, the setting is lst into its
corresponding bors in the balance wheel. The bores is
preferably a hole made through the balance wheel from one
planar side to the other (preferably co-planar) side. The
recess made e.g. circumferentially in the wall of setting
ié preferably so positioned as to allow for the setting
to elastically expand and secure itself iIn the
appropriately dimensioned hole. The recess in' the
setting, or the hole in the balance wheel may preferably
pbut not exclusively be lined or ccoated or otherwise
provided with a layer of material which as well as
providing increased adherence, also allows for the
absorption of the mechanical and or thermal expansicn of

the getting assembly.
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recess made e.g. circumferentially in the wall of setting is preferably so
positioned as to allow for the setting to elastically expand and secure
itself in the 25 appropriately dimensioned hole. The recess in the setting,

WEr{9e' Hé8Sin the balance wheel may preferably but not exEUEIG8pIs®01637

lined or coated or otherwise provided with a layer of material which as
well as providing increased adherencel &lso allows for the 30 absorption
of the mechanical and or thermal expansion of the setting assembly. WO

2006/123055 PCT/GBZ006I001G3Y, 42 AUeately o aciionall Wen.
y

regulating Slement e inserted directly into a holé through the

balariee Wit itsdlf without bisétiing. Thé fégulatiigB@mentisPatance

Rreferably (but-neL3 gxclusively:ipsegriable into the setting or balance..
wheel by screwing. In other Wordg, the re_gulﬁating glem?gypary be
screwdd ints I6E SR fiRFoHERALE wited Dy THEARS Bf & Screw thread

8:0: G4 over its whole eybindricaldengthh Screviingrtbe vegblating ete et |
into the setting 10.may cause further expansi  settingwhich isa
ther&foreé"hield fixe %yglt%nl%"éaggé%% fo égl%tréc%gﬁie%gglating elemen?is
likewisedirenty heftbinglace &y- s Schaw tRreaRcEn RS L UNBRER RO -

with g ntierenl elastieltyof dhe selting 6. 5ilfieregylating-element may
nave a screw head and/or may be of cylindrical form, the_:_gcrenvya O iiing
eiRERE beify GriieBectRhtiGaly (it Cerftr BFfbtatidi ih the aXis
parallghtostheraxis ok its sefpdionieithes thraughout all vy semiedf its length.
Ihe peesage [omied 30y o Aling RLglgrahly Dispkedfiauah e e
regulating element is likewise firmly held in place by
its ecrew thread and the.counteraction with the inherent
elasticity of the setting 6.

The regulating element may have a screw head and/or
may be of cylindrical form, the screw or cylinder being

drilled eccentrically to its centre of rotation in the

-

axis parallel to the axis of lts rotation either
throughout all or some of its length. The passage Iormed
by this driiling preferably breaks through the edge of
the cylindrical form thereby providing & means (by slight
bending out of the cusps formed) of increasing or
decreasing the friction of the threaded contact of the
regulating element with its setting. The passage may be
cut to remove mass once the appendage assembly is im situ
by means of beam treatment, laser or otherwise of any
wavelength of the spectrum or by plasma or anodic
ercsion.

In the case of & screw with a head, the
eccentrically drilled passage may preferably pierce the .
head of the screw. Whether the regulating element is oI

screw head type or plain cylindrical type, the regulating



the cylindrical form thereby providing a means (by slight bending out of
the cusps'formed) of increasing or decreasing the friction of the threaded
contact of the regulating element with its setting. The passage may be 25
WBLHe/ 181 8ve mass once the appendage assembly is in SitBCBYGBRIaFI860F37
beam treatment, laser or otherwise of any wavelength of the spectrum or
by plasma or anodic erosion. In the caké of a screw with ahead, the 30 -
eccentrically drilled passage may preferably pierce the. head of the

screw. Whether the regulating element is of screw head type. or plai
@éﬁﬁﬂaﬁ‘ééﬁtyﬁgfzﬁfét%g%ﬁtiﬁg &fér?z?o%%/ffﬁgqﬁﬁc“?‘?é ngbg%oc)gl%%n 13
Hlements epcentticatlyiiedgassageindy senread ahl dpSRaRein-Rfch
fnay be nseued a speciallysnane ol o1 e totgtiogaladiusiment, os
fsertion andtremova of the regulating element into or from the setting or
the balavice Wzl siheardek tRACReTRqEFER e MRy (s
;supply the, eqrrect inertia for the oscillator system, a rim may beprovided
on either the top or the bottom or both(gnds of tIigle se}}tiengftctjjbr(lauar%%this
may bE s 16 asteercoiitagE efici&nt Alrfow over the '
appendagrssuface torredueetdis résistance. Fhehebaitsitheyegaiating
element may also be of imensiqn t Il far.the addition gf nass
IR Egﬁghgé%rorﬁ%é%ftgq{en%%%%ehﬁfiigggairgf:%vr\l/eg%egji%g 15 surface.
Burthesmbse tfe hbad 9% B PegiHERRg BEMERESr TR rinf of HPEEHNG

10 May.he of shape thatdseccentric and:provide aet anly ferthennags
adjustment of the , X
" gurface to reduce alr resistance.

n

The head of the regulating element may also be of a
dimension that allows for the addition cf mass also being - -
so Formed as to encourage efficlent airflow over its
15 surface.

Furthermore the head of the regulating element or
the =im of the setting may be of shape that is eccaentric
and provide not only for the mass adiustment cof the
malance wheel but also for residual temperature

20 compensation in the case where the balance spring ls of
‘normal’, or negative, Young’'s modulus evolution. ?he
eccentrically oriented regulating slement head or setting
rim may be positioned to shift mass towards the centre oI

_votation decreasing the inertia of the balance wheel with

a rise in temperature and vice versa.

18]
w

ot
oy
®

preferably, the assembly is constructed sc that 1
appendages do not protrude elther above or below the
{preferably qo—planar) surfaces of the balance wheel but
are retained within the thickness between the upper and

30 lower .co-planar surfaces.

The assembly may alsc be inserted into the edge of

o

balance wheel in the lateral position radial to the



balance wheel but also for residual temperature 20 compensation in the
case where the balance spring is of 'normal’, or negative, Young's

modulus evolution. The eccentrically oriented regulating element head or
setting rim may be positioned to shift mass towards the centre of rotation
decreasing the inertia of the balance wheel with 25 a rise in temperature
and vice versa. Preferably, the assembly is constructed so that the
appendages do not protrude either above or below the (preferably

centgspldharpsaifacss onhthe balahceaviedlPuttaretfetainberwithinuhéace of

the tBickness hatween the URPEL a@é_jséoﬂﬁweféerﬂ%'@frﬂdr@%@;meregulates
assembly may also be. inserted into the edge of a balance wheel in the

the |qerak fogitioR Tadidt t& the 13 céntré bf Totation A itlylHyparaier frthe: ¥
needplanansurface victhe balance wheel. in this case the regulating element
regulates . the gyratory mass in the radial axis and does not necessaril .
B B o At ely & SO At Shrag TG St e woes
in baightiBeeused linbathdhe radial andranssco-planas direstions. The
regulating element:may, beragially fed atthe,rim, of the balance wheel -:

with low thermal expansion; the setting may have an extendible portion
of ThiatidRetEe Y Hiong atadial hord StoivardS the tantre’ of rotatioiofifhie May
havebahan@gmeﬁlbj[@eg_;@ﬁemd'tble:p@ttiqﬁmf&igmlyép@ovide&m@siduabdiai bere
s owalgimal compensatign. The extendible, portign f‘;ag be 503! "".ped[rﬁ‘s to

carry a concen ration of Mass at its inner-most efd but IS hot restricted to
extethis bonfiguration!: Theahaterial of e ragidating slemeht ispraferably one
compWith 2. coefficient of thermaly.expansion whigh is greater thanthat ot the,

balance wheel. Balance spring shape _ ‘
carry a concentration of mass al its ilnner-most end but is not

restricted to this configuration. The material of the regulating
element is preferably one with a coefficient of thermal

expansion which is greater than that of the balance wheel.

Balance spring shape

Ancther aspect of the invention provides a non-magnetic
balance spring for mounting on a balance wheel in a horological
oscillator mechanism, wherein the balance spring inciudes a flat
spiral comprising a plurality of coils and & non-slastic inner
attachment part at the centre of the coils for attaching the
balance spring tce the balance wheel.

The problems to be overcome in the present generation of
balance wheel and balance spring cscillator systems regquire ths
use of new materials which overcome present day magnetic and
thermal fluctuations as well as the intrinsic inaccuracies in the

manufacturing and assembly process.
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Another aspect of the invention provides a non-magnetic balance spring
for mounting on a balance wheel in a horological oscillator mechanism,
wherein the balance spring includes a flat spiral comprising a plurality of

WoallesgagE non-elastic inner attachment part at the centre B inaB2oils dgs37

attaching the balance spring to the balance wheel. The problems to be
overcome in the present generation of balance wheel and balance spring
oscillator systems require the use of new materials which overcome

presen daxgmf%letic and, thermal fluctuations as well as the intrinsic
inaccuraCiedn tHE “mARnfatiuriiy SREHER6AMIF protessiwas t8rTe-

- 2006412 30I0R CarB 260001 63T atyil hehatancessprng: inceorvehtional -

' ropickel alloy and s of rec ar_cross section and its .
%%%#gt%f‘é %n%g%ﬁl gn%l t hg thgl%éci %tbr'%a%%ﬁueanc%%is Sde%ftlllrﬁ%e((]‘flSlﬁyg ﬁ‘i o
PoskPCatWhienahBSpingas attachibd Btotthe watthiame. Fhisdshed

conveatignally-accomplished: byipinnipgxaiing.gr welding thespHRgeqd
blade intg a stud at a given point producing a given frequency, of

RIbrBGBH TRe stidistherdanrinsdifed itfto 3P TeCEiviRg viceon the
watdhtrame. dOvathe atdimapy mixchanicat watche eurhrpios avarking?

ially on the-.qutermast cail Qf the spring, ar ed fo, control the
@%ﬁ#\%& gv%rkiﬁ”%%er%g&%o%tﬁe%p%?neg%s“t e %rr%b%ﬁugg oﬁr#eoo&sacillator
EhangESMAtHHSFSIfenarcHaty e$36Tahé ¥@@eh when the spring comes into

contact, 15 ydth-the: pins., The aperating frequency-efthe.nscillater-sysigm
can. be defined by another method and that is by altering the inertia of

7 batanteWhe&PBRETTIRG StsTehtre®St gYfatSRFmags, fis nieitfidd 7§
emploped ihwatchesofi kighworking length of the spring as the

amplitude of thejoscillator-chaﬁges with positional- - -
changes of the watch when the spring comes intoc contact
with the pins.

The operating freguency o¢f the oscillator system can
be defined by another method and that is by altering the
inertia of the balance wheel by changing its centre of
gyratory mass, this method 1s emploved in watches of high
gquality and high precisicn. The oscillators in these
watches or instruments are termed free sprung and have ho
curb pins.

In order to obtain optimum isochronic performance.

- the spring must be mounted with the highest degree of

accuracy in the oscillator mechanism. The spring must

develop, that is dilate and contract in a regular

cgoncentric manner about the central axis of rotation of

the oscillator and all the colls of the spring should
remain within the same -plane as one another perpendicular
To-the axis of rotation and parallel to the plane of the
balance wheel. The coils therefore should not undulate

out of plane in their development.
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20 quality and high precision. The oscillators in these watches or
instruments are termed free sprung and have no curb pins. In order to
obtain optimum isochronic performance. the spring must be mounted with

Weeeigtest degree of 25 accuracy in the oscillator mecharR§FYGBR&06/601637
spring must develop, that is dilate and contract in a regular concentric
manner about the central axis of rotatioh ®f the oscillator and all the coils
of the spring should remain within the same plane as one another
perpendicular 30 to the @ is of rotation and parallel.to the lane_of the
balanc'i}e whegl THe ¢Giis ereé)re# S ouf%nﬁ%t ur?druTgt% gt gor p%ne ?ﬂa“’
itheir developimento W O20064£23045: PLT/GB2006/ G063 7: 165The

£opyentignal metal balance spring.tequiresdhat: the long side0fy +ne

|ts rectangular cross section is parallel to the balance wheel axis of
TBEDR antl e BPANG s birfn ctl&EIRIe e i SE AISHESIng Dttt intarts

APeFuEe i the stud byradapered piagie glyadhob welded ta e stud.
The pojnt at WhICh the spnr}{g is attagEth%Ehe stud and thus the Iength

B Sprifg oM Iite hermost SEAChiAG paitat the collat oh the ©

datandesstaffdo the ottemnestpointat thestdéntd: detefniihes gpring
aperating frequency for a giver. fixed masg.balance wheelThe o rye

attachment of the inner and outer ends of the sprlng cause intrinsic
Rfiedifes shafhe tredidGal PIASHANG DT theHloy HoesHotPrafent

@seidental bending aﬂe%ﬁgue@%@jﬂat@@ygmmn& whiehe 45 serietishya s s
affects the isochronjc behaV|ou the oscglﬁgtor The oper%tlnoqlfreguen%y

l?éat]f&ﬁ\fe%t%l?ﬁﬁy} flngﬂy 2techn e inner an cer

of the spring cause intrinsic difficulities and the
residual plasticity of the alloy does not prevent
accldental bending and conseguential misalignment which
seriously affects the isochronic behaviocur of the
osclllator. | -

The operating freguency is conventionally finally
determined once the spring and ilts associated balance
wheel are introduced into the watch. The regulating of
the watch is accomplished by altering the positicen of the
curb ping along the balance spring allowing for increase
or decrease in the active length ¢f the spring and thus
decreasing or increasing the oscillator frecuency
according to balance wheel amplitude.

The stud itself is conventionally mounted on a
hracket or arm which allows the angular adiustment of its
relative position. The stud arm has a common centre with
the axis of rotation ¢f the balance.wheel this brings the
cscillator’s dead polint into correct relative position

“with the escapement. The stud and curb pins may
conventionally turn together and maintain thelir relative

positions.
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determined once the spring and its associated balance wheel are
introduced into the watch. The regulating of 20 the watch is accomplished
by altering the position of the curb pins along the balance spring allowing

wipeingremse or decrease in the active length of the spring araktaBs06/001637

decreasing or increasing the oscillator frequency according to balance
wheel amplitude. 25 The stud itself is cohVentionally mounted on a
bracket or arm which allows the angular adjustment of its relative

position, The stud arm_has a cammon centre. with the axis of rotation of
the bz_gg%%ea elie31 %ﬁll%tb%lnagss f%bes %"s‘cf:ﬁlcgtolr% d%%% p%?ﬁzf: into %grrect
FElatve position 80 withthe tscapemicri thhre stuekcand chrdvpinsmay

ganentionally turn tagether.and maintain theirfelatve, positions, WO,
2006/123095 PCT/G&2006/001637 17 The applicant has observed In %ne

SOBREIE deveibbigtRoR TRRGRETC dECITRBH SpsteRiRefréRndwing
matesalsg thas ney-matedalscoveateomednany of the long gtanding
intrinsi lems in manyfactyre, and bring 5 improved performance to
T L e B A R s W SB0ATh CBAr e e
fictslialsthaved distinehaadedvantagesus-eharatteristies dndedemandew

aew and-impraved lachnical considerations, We learn from the
applications EP'_302821 and 10 EP1256854 of the integration of the

convetitionst &bltet 7Ath tHeSsFiRy dRdfé oné HEaSa7d He 88€ of a
prcromsedldingrteehsiquerefgarboprmano-fire bthesothen Wedsane -
I{E{“ EEhl_SEg%%A agrg %%5%3221230]‘ Cgurgheir §h§pes of e:IEasatic rotatable
conﬁguragflons ot collétin 15 metal A5¢ RoR Hietal atefal
micromoulding technique of carben nanc-fibre on the
other. We learn from EP 15848942 and EP1513028% of further.
shapes of elastic rotatable configurations of collet in
metal and non-metal material.

At its most general, the third aspect of the present
invention proposes methods of attaching both the
innermest part of the spiral spring without using &
collet as is known in the conventional art and the
outermeost part of the spring of a fixed length and end
portion shape by introducing appropriate attachment and
adjustment devices for the balance spring. The spring has
therefore & se% freguency. |

The invention may fuxthermore propose an exact and
precise attachment of the balance spring tc the balance

staff and to the watch frame by eliminating the elastic

ot

split collet as in the conventional art. Necessary beat
adjustment can be achieved by positioning the outermost
end portion of the integral spring which is equipped for
this purpose without the need to remove or interfere with
the balance wheel, impulse roller or collet and without

affecting the overall oscillator fregquency.



i

At its most general-, the third aspect of the present invention proposes
methods of attaching both the innermost part of the spiral spring without
using a collet as is known in the conventional art and the 20 outermost
WE2A06RBSpring of a fixed length and end portion shape BOMEBduUEINg 637
appropriate attachment and adjustment devices for the balance spring.
The spring has therefore a set frequent¢g. The invention may furthermore
propose an exact and 25 precise attachment of the balance spring to the
balance, staff and to the watch frame.by elimingting the elastic split collet
as in the %oﬁeg fitonar At N é"(]:"'les%%l?y %%%t 2] @setr}géﬁ? Cahbe'scRiRbed
bYypositiaiag thé outsramist aénd poutitnrpf thefintegralspiing whichris as
eaypackior 30, NigRurposg ihayt e qiredlodemiovs, oupleriere il
the balance wheel, impulseroller of collet and without affecting the
bYerdifoSEHABF fre§tBAdy. WO 2006/123095 PCT/GB2006/001637 18

The cdllet knewr:indhe fartis defined in Berner, dhestandard:horological
in:dL%r %e{eregcg dictionary as "4058 Collet: Small split cylinder fitted
Fiction-fght: to the balancs StAff". 'S fh theHEe B ThESRGEntsH the sphfig
5 préeferablyctut @fg tising thve téclmiqee gescrbed inthel fisstaspect ofn
the iwention:& g,using g:high g g, Lecision laser technique from a planar
piece of material to form ,a balance spring having Iits innermost

BithERAfert RORT1O RIS (bréfckaby Ry ftsTuReFRaSHittashmant end
podian shepe fermed integreyly therewith. firelerably; Lbeianerngst
gg%%@gg”gﬁgg%r§éﬁﬁgﬁd{% é8¥% Ey therewith. Preferably,
the innermost attachment collar is shaped to prevent
‘relatlive rotation betwsen the spring and a balance whesl -
when the spring is mounted on the balance wheel.
Preferably but not exclusively the spring is made from
non-magnetically sensitive materizls of low linsar
thermal expansion coefficient e.g. less *han 6 x 10 ~¢ K!
and preferably of density lower than 6.1 g/cm’

The material may preferably though not exclusively
be of any form or phase of carbon including synthetically
derived diamond, polymer derived amcrphous or vitreous
carbon, graphite or éontinuous carbon fibre, or a -
composite or pelymer or ceramic including metal oxide,
dioxide, trioxide including synthetic corundums, carbide,
silicate including glass, nitride or other in monce or
poly crystalline form or in a2 hot pressed or reaction
bonded form or combinations of these materizls.

The preferred laser technigue may alsoc allow both
the reduction in thermal impact on the spring and the
contrel of ablated debris e.g. by fluid jet, fluid
immersion, ice mounting, cold non-velatile éas jet - or

other szuitable means.
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relative rotation between the spring and a balance wheel when the spring
is mounted on the balance wheel. 15 Preferably but not exclusively the
spring is made from non-magnetically sensitive materials of low linear

Whaead@%pansion coefficient e.g. less than 6 x 10 -6K.1 aROTGRzw@Ig16f7

density lower than 6.1 g/cm3 . The material may preferably though not.
exclusively 20 be of any form or phasé &f carbon including synthetically
derived diamond, polymer derived amorphous or vitreous carbon,
graphite or_scontigugl?{s carbon fibred or_gwecgmggesite oré)eo%rgﬁ or ceramic
includmbeméﬁledxi é,e%}lo&?c‘fé: tio%ide includirig S)?nliﬁetlc corundums,
calkides25 silicate indleding glags, qtitridelercathériromonoorspegral -
gosialing Joum grdn pualigesed priegcion bopded foun Sicused

mbinations of these materials. The préferred laser technique may also |

alleW BOHT tid FediRFidn TA MRe FraLifm Rt Oh the ¥pfing arththe 30

sepuehaf ablated debris £.¢ 1y Huidiet fuic invmetsien cice quaunting,

cold non-volatile gas jet or_other suitable means. WO 2006/123095
PETEBI00001597 <16 The TSoP 8uSncy id poer 78 ratersbly
selested to bé able tmpeatasablateimeneorsevers sassesOVEIhe -
's“eaé%”%'na%%myi?% angledsor facused, such that the resulting finished
cut edge either Is _ 5 perpendicular to the planar surface of the original
FistéAarsheainereby thé Bids ofind draft &5gI838e cBhfdhsated or
impartsg.syypmetty todhe:spring,cressmsaetiomaboutsts middleraxisand
thus allows for the finished spring to dilate within the same .plane. 1Q The
gﬁﬁﬁnﬁﬁlﬁ&lﬁ%&/ @éﬁﬂ]a% l‘ﬁ%‘)e{gﬁ)gﬁ et &5 18 PAnE RALG a%ove,

or may be formed separately therefrom, in which case the

-spring preferably has at its .centre an annular cellar.

To assemble the oscillator, the collar is pesitioned
relative to the axis of rotation of the balance wheel
and, when in the correct place, it is fused, glued,
welded or otherwise fastened to fix the spring’s absolute
relative position to the balance wheel and its impulse
pin. This may include the provision of one or more

conveniently placed slots, holes or freedoms as to permit

_the sufficient elasticity to the balance staff girth to

hold by friction the nom-rotatable or rotatable collar in
place on the balance staff itself, or on a separate
collar which is then placed on the balance staff by the
same means.

The separate collar may be so shaped as toe have the
integral spring and collaxr seated upon it and fastened as
mentionad above, or may have an accurately made aperture

into which the spring’s innermost coil whether of regular

.spiral curve or other shape is fastened.

The slot or aperture in either the balance staii or

‘collar for the purpese of attaching the innermost coil
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balance wheel and or balance staff as is mentioned above, or may be
formed separately therefrom, in which case the spring preferably has at
its.centre. an annular collar. To assemble the oscillator, the collar is

WHeseGAEYS 15 relative to the axis of rotation of the balance M&EB2&EIP01637

when in the correct place, it is fused, glued, welded or otherwise fastened
to fix the spring's absolute relative positiop to the balance wheel and its
impulse pin. This may include the provision of one or more 20
conveniently placed slots, holes or freedoms as to permit the sufficient
FASICRG BB Hhtarice S Gt To SREIE IR Hiehicn TRE RenadLRaBle Giit
retaiablencotal i1 ilaee pRdbebatancesstaf itselfnor paamseparate collar
V\élllglg: isrgﬂhceriplacgd on tf elbalagcg staff by the 25 same means. The _
separate coffaf may be 8o <haped as b RAVE i iRteGraSpring IRy 2~ -
cotlanséatetisupon & arfastenetbas avientierred abave,ierumay have an
accuratgh Mageaperbue: (1@ Wiich e Spings ipsmost epl Whether

of regular 30 spiral curve or other shape is fastened. The slot.o-r
pertute i eiffertREbalaice St Edifartor tecpurpestiofentaehimnces
tha danermest £oildNE: 2006/123095 RG IS B2006/001637 20 end being
mgdq pyovgfi]%tev%rl apgéo%[iaé%_me%ns as seer fit which may include
photon of 1onic beant, mechanicar ‘Sackizal theRfiediS Watsrprecision
rhdteriak fsmoval techniques or a combination of these techniques. 5 The
inner apelure;othie.calie may be sbaned 9 probititits igtation around .
the balance staff or balance wheel hub in order to facilitate its precision
FOETtiohig T fie-matRFactfing ahebadigsthieritie same height as the
spiral spring but of greater overall width (radizl
extent). -

The outer end poﬁtion (end plate) may be s0 shapad
as to provide a passageway (channel) within which the
spring blade is received to protect it against accidental
shocks. The outer end portion may also provide a greater
surface ares for the spring’s manipulation and
introduction into the fastening device on the watch
frame. The blind end of the passageway is where the
spring begins and is the origin of the spring’s effective
working length.

The overall external contour of the end plate may
folleow that cf a segment of an arc of a given radius from
the balance spring centre. This segment of arc allows for
this -endplate to be fastenesd in the attachment device at
one oI -any number of different points along its arc
length without changing the radius of the point of

attachment of the -spring. The spring blade itself

- therefore need not come into contact and is not

influenced by the attachment dsvice.
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processes. 10 The balance spring preferably has an integral outer end
(terminal) portion which is of the same height as the spiral spring but of
greater overall width (radial extent). The outer end portion (end plate)

Wenxpadie3985shaped 15 as to provide a passageway (chann@§Wézahgashichs”

the spring blade is received to protect it against accidental shocks. The
outer end portion may also provide a greater surface area for the spring's
manipulation and introduction into the fastening device on the watch 20

frame he blleg nd oj themssagewa is Wheﬁ% Tﬁéspémg be ins ¢ and is
e

the orlgln TOf the Spr sprlng Seffecive V\;’orﬁlng fgﬁg overalt eXtarhal ©

“coatowrafihe 'vnd platetimaybfdllowothat Iné ansegrhentmftaniamsohagiven..

f%d'és'&?fé% a2 the P@?”&Se%pé'@gn‘lgtem%c}(ﬂié?g%@t%%aQkﬁ‘é’séﬂé

his endplate to be fastened in the attachment device at one of any
Wﬁ@ﬁ@%ﬁﬁﬁﬁ@ afotighig atd! |ERgthSA#Ro R Thelgirme e iddius

of the peint of ;attaghnentofdhe spring= He spring blade itself 30
therefore need not come into_contact and is not mfluenced by the

attachmMENCHeVRd WO60671 93095 PETREES506760163 This
eiedsfobihe adfusmentaﬁdhemmlgomnot:o:thansu:ﬂlatorm'rthe doeat of

1hg watch, ut dges;| %‘éz#@tgrgéﬁﬂvé%'5s BRS. %ﬁ'@g frequency an

maintains the . concentr|C|t of the spring In relation to the central 5 aXIS
D ESIREEADT the Bcillafor /*?ﬁé? %?ésenﬁﬁ@erﬁm%%féhd@élﬂfasa@a@@d 1s

Prefesably but netexelisively canjungtionhwih afbint of the
spring, e.g. by altering the radius of gyration of the
mass of the balance wheel,

In certain cilrcumstances an alternative
configuration for the endplate of the spring may include
the shaping and adjusting, lengthening or shortening of
the side cheeks of the endplats to control either or both
the oscillator freguency and the balance amplitude. In
this case the operating length of the spring and hence
the oscillator frequency is determined at the spring to
of the channel. Thiz

cheek contact point at the opening
£

configuration provides a method of fine adjustment which
may be regulired,.

Furthermore .a section of outer coll may be composad
of material having a different value of elastic medulus
damping frem the rest of the coll. This can enable any
mechanical shock toe the watch frame to be damped and nof -
conveyed tc the spring. This outer section may be
adhered, clipped, welded or otherwise fastened to the
spring. The ocuter coll section may also preferably be of
greater plasticity - -allowing .for the small adjustments as
may be reguired in correcting the spring after a severe

shock. The additional ocuter coll section may preferably
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adjustable and inertia reducing balance wheel as is suggested in WO
2005/040943. The frequency adjustment is 10 preferably independent of
the pinning point of the spring, e.g. by altering the radius of gyration of the
WEnH8e/BPME balance wheel. In certain circumstances an alt@6#iG#06/001637
configuration for the endplate of the spring may include 15 the shaping
and adjusting, lengthening or shortening @& the side cheeks of the
endplate to control either or both the oscillator frequency and the balance
Iitli%e'.*lyrllethg%%gse the operatin Iength of the spring and hence the
oscillator frequency s Hetsmimed A thé HHAG 1520 ctiedk ot psimt T
atlthie opening of the channel. This configuration provides a method of
fine ad] AWhich .. may.he requi e%1 Furthermore .a section of quter
coil mag%)%ng)grﬁqggsﬁgds "o%é?er?;%gﬁ%v ]ga:t%fffe?égnt“\?éeluéq%?jé?‘%tﬁzs siso
MGEHES 205 Bahfisifg frorh ThE Fastiof the ebil tTisis taniemablEtmmy.

ryechartiesl shocke thevwaiahdrane do be daped and natrsonyeyed to
tng §£>Qgg. This outer segtjon may be adhered, clipped, welded or

othérwise Tastensq 10 the ~Spiy. S OfteF ROF se Fidy-qReLly the
pFreferablytiecob30 igreater plastcity Jallowing ot the seed-adiustmentsh e
as-MAY e Lequired, in carrecting the spring after a severe shock. The,_
addﬂi{':légnal outer coll sec?[?ogngr%%r%/g%re e%%é%/ \7?/%)"E(?ﬁglllz%orég‘aﬁ{ap e
5@‘?/@%26067@0183?@2%&% tHeesarhe pland.cas thenspirirg bukisamct

limitechtol shischBe ouiepmest Rart {end platekafibe spring s alsq spring
%efergglygfgrmgdinte rally with the sprmg., The 5 geometr of the
outermostend 55 deSeHbEd HeiGH tnagpction but the long side of

the rectangle cross section may be perpendicular to the
axis of rotation of the oscillator. Furthermore the ---
material area of the end of the spring may be greater
than that previocusly known. The increased area allows for
easier manipulation of the spring end in the processes of

manufacturing, servicing and adijusting.

BRIEF DESCRIPTION QF THEE DRAWINGS.

Examples of the aspects of the invention discussed
above are now described with reference to the
accompanying drawings in which;

Fig. 1 illustrates a mass apéendage assembly that is
receivable in a balance wheel to form an embodiment of
the invention:

Fig. 2 1s & top view of the mass appendage assembly
show in Fig. 1;
1g. 3 shows apparatus for performing z method of
manufacturing a balance spring that is an embodiment of
the present invention; .

Fig. 4 shows a front view of the apparatus shown in

Fig. 3;
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differ from conventional spring ends. Conventionally the end of the spring
is of small rectangular section and the long side of the rectangle cross
section is parallel to the axis of rotation of the oscillator. In the present 10

Wihvendtiedthe geometry of the outermost end of the spring Bel/ER2ef6/001637

rectangular cross section but the long side of the rectangle cross section
may be perpendicular to the axis of rotaion of the oscillator. Furthermore
the material area of the end of the spring may be greater 15 than that
previously known. The increased area allows for easier manipulation of
the spARg enfl iIFRREHrocESSETER MRTUHBBLIRE! séRiGRg antyadiBsisg.
BRIEF RESCRIPIION OF-kik PRAVMINGS:20 iexamples of #ie aspeetst

of the invention discussed_above are now described with reference to the
AtcoMpaRy AT T aWRgE T which: Fig. i illustrates a mass appendage
assembiysthat isslieeeivable.insa batanceowheektbfoimreasreprbodiment of
25.the invention: Fig, 2 is a top view of the mass appendage assembly
%hgﬁiﬁﬁ& fpﬁg%'shows apparatus for performing a method of
manufiétring ssbalance SR that i an Srbcdrent BRS30 B predent
inyention:Frig. 4shows gdfront view of the apparatus shown in Fig. 3; WO
2006/123095 PCT/GB2006/001637 23 F,i%. 5 shows %bja_dance sépringnwith
integraliy ornfediRKEr ARdBUREF aRSEMMERt pofichshaf R ah P=H19
embodimesnt. of the presemnicanvertamd=g L6 shewusuea firsy nomerotatadte

g¥§§ o”ggkkgortion of a balance spring in an oscillator

mechanism.

" DETAILED DESCRIPTION OF THE THVENTION

Fig. 1 shows a mass appendage assembly 1 that
comprises a regulating element 2 mounted in a cylindrical
setting 6. The inner surface of the setting © and the
outer surface of the regulating element 2 are in threaded
engagement. The ssetting € has a split 7 down one side
parallel to its axis. The inner diameter of the setting
6 is smaller than the outer diameter of the regulating
element 2 so that when the regulating element is screwed
into engagement with the setting 6, the setting ¢ expands

and the size of the split 7 increases, The thread 3 on

+he outer surface of the regulating member can be seen in

Fig. 1. The split 7 can be seen in Fig. 2. The side
wall of the setting 6 has & recess 4 cut into it. The
mass appendage assembly 1 is designed to be let into a
through hole formed on a balance wheel in a contracted
(e.g. cool) state. Upon returning to its normal state,
the walls of the setting expand and fit against the inner
walls of the through hole to secure the mass appendage

assembly 1 in the balance wheel. The regulating elemsnt
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5 a balance spring; Fig. 7 shows a second non-rotatable inner portion for
a balance spring; Fig. 8 shows an outer portion for a balance spring; Figs.
9 to 12 show devices for securing the outer 10 attachment portion of a

Woaaae38HTing in an oscillator mechanism. DETAILED DESCREBII®IN01637
OF THE INVENTION Fig. 1 shows a mass appendage assembly 1 that 15
comprises a regulating element 2 mourftéd in a cylindrical setting 6. The
inner surface of the setting 6 and the outer surface of the regulating

E'%.”Q?g%%&E?}#lf&%@a%%ﬁgg%%%mgg £hng selt E% 6.has 315§g£gcdown
one siae paralle to Its axis. The inner diameter o e settlng IS
Shidiker diart Uee 6atcr diametdrrefthé Tégalating celeteritiress thatiwien

the regylating elemgat isiacrewed:y e £ngagement with-thesetting &; the
setting 6 expands and the size of the split 7 increases. The thread 3 on
e Butet SuTRRe G the Fe GURIIAD mémber tan B&8e&Tif o8 ¥ig St Phé
5pht=7 cande. seemin kigl 2. Theside awalt of tiersetting® has anecess 4
cut i._nrt10 ittThelgLalss apéafendeag@ assembly 1 is designed to be let into a
ﬁi’robgﬁ holé formed on & balance wheel in a contracted (e.g. cool) state.
Upon &tdrnidg & iy fopmal staaepad thaiwafls of S setingsegrarmband

fivagainstingiinnes -wails,at the thieugh holerto-secure the mass, rypar,
appendage assembly i in the balance wheel. The regulating element WO
Eéééﬂ%@soﬁc%B@ééG/b@ﬁ*@é?O§4“?Fsh8dhstr%%wg§c?mﬁtﬂﬂF%§etting

Bdnetheselaste force ahthersattingGothat triesitolclase the-split %:To fine
éli%ergi‘iei%gfp%r}da&eéﬁngqlgg o%}lgb%ggr%%ngth e.g. etched to its
surface. FEach channel receives material for forming the
© balance spring-in its green state. A rod 9 is placed at
‘one end of the interspacing sheet and attached to the _
balance spring material. The zrod is then rolled to roll
up the interspace sheet 8 sc that esach of the channels
forms a spiral. The rolled up configuration is treated
to transform the belance materiasl from its green state
to its final form. Purther treatment fellows e.g. to
remove the interspace material and Lo separate the
springs from cne another and from the central rod if -
regquired. _ .
Fig. 5 shows a balance spring that is an embodiment
'0f the present invention. The spring includes an
innermost attachment part 11 in the form of a collar with
a through hole e.g. receivable on a balance staff. A
fliattened side is provided o the through hole s¢ that
the inner attachment part is receivable on the balancs
staff having only one orientation to prevent rotation of
the balance spring relative to the balance wheel.
The balance spring also includes an outer attachment

part 13 to be attached in an oscillator housing as
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into the regulating element 2. This can be done using a 5 laser beam.
The hole is bored eccentrically to the axis of the regulating element. Fig.
3 shows basic apparatus for forming a balance spring from non-magnetic

Worgtsriad®irmed from a carbon precursor or ceramic (with SCRAGRI0AGHNS37

content). 10 Here is sheet of interspacing material is formed with a
plurality of channels along its length e.g. ®éched to its surface. Each
channel receives material for forming the balance spring-in its green
state, A rod 9 is placed at one end of the interspacing sheet and attached

15 He S F51aREe WPring THEteTAF SFhé Fod i RBR Toléd to FAMRIpithEs a
interspace sheet-8 so:thaheach oéthe ehamnels daems saspiral s Thg golled

nfigurgtion is treated to.transform the balance material from its _
g%%%ns?%teg 6 1t final {[gjrren. ﬂu’?%eerﬁeraedat%%ﬁf folfows'& .@?%ﬁo%ﬁ% =2
thednfersgace ratéhia srktosepdratethe Bpeingsdrons ohkaaraghéngnd

framdhe central rod, i srequireds Fig3 shows aalanee spring thatig an
embodiment of the present invention. The spring includes an 25 = -

iRheRfo&R&tdchménthar 135R he forh of Aoliar RRBSathirdtefh hole
eyt teteieale mara baknceestain Aa flatiened sigeds pravided ofethiere 1s
through hole so that, the inner attachment part js receivablg on the
k?g]gncg nsgtgﬁ h%%}%ghgr%/a(?ﬁé’x GrienFAtion 10 prévent 'roétio 550 thebov
FelsAEE Bpiivg reflive 10 thé bafenctowhéesk Thetleatarde splingafsmart .

ingluglesan quigr attachment ;part 13.to.he-affached,in.an pscillator - , .
housing as WO 2006/123095 PCT/GB2006/001637" 25 explained below.

& bhfsr Q%C%t%h%%oﬁﬁri@ég gtnner attachment part in
Fig. 5. '

" The outer end 13 of the spring occupies the same
plane as the inner end and may be held in one or other of
the devices shown in Figs. 9, 10, 11 and 12. These
devices allow for exactly the same height as the inner
terminal portion 11 at the cscillator axis to be found by
means of fine threaded adjustment between the body of the
device and its seating in the belance bridge or device
holding bracket or arm 14. The device may alternatively
be ssated in a setting and the setting mav be an accurate
sliding fit in a receiving aperture of the balance bridge
or bracket and be secured in the appropriate position by
a clamping screw 15. Furthermore the appropriate position

may be found by the use of az micro adjustment of a

- radially mounted chamfered screw abutting on an inclined

surface of the device or its setting permitting the fine
height adjustment of the device.

Fig. 11 shows a device comprising =z tube 18 with a
disc 38 attached at one end. The tube 1& and disc 38
have a bore which receives a rod 20. Another disc 19 isg

attached tec the rod. The discs 18, 38 can be brought to
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thickened portion that lies in the same plane as the balance spring. The
thickened portion includes a recess for receiving the spring blade. The
end of the spring 5 blade is attached to the outer attachment part at the

WORAW@HET2 of the recess. The outer edge of the attachmeifiaR2eBMHeEs37

on an arc segment whose centre is the centre of the balance spring. Figs.
6, 7 and B show alternative configuratiart for the outer attachment part.
10 In Figs. 6 and 7, the outer attachment part is a collar similar to that
shown as the inner attachment gart in Fig. S. The o,ut% endTJhi of thtec
& & iHRerBnd 3Ad may be feld T ohe
ot ofhercofo s theddeVices sidwa iy Figs e d 14rand £2 rEhegerddvicesa -
fllowfor exagllying same helot a3 the et Jempinal portion L at the
oscillator axis to be found %y means of fine threaded adjustment between
#e body ofahe sdeAcGE ana ftsSeating iAARE Dalahc e BridRedr deViRBst
belding bracket of arm-14 +The devicegnay alternatively herseated iR@rew
seg_ti‘ng and the setting may be an accurate slidingfitinar qeiv'ng T e
aPeritte OF the bRAREE Bidhe® bFbratket XAt B sediediR the~>C +°
@ppropriate positiorebyr iz elamping isesewd 5r &uathe rmore- thres apprapriate
osition, 25.may. bg foynd by the use,oba micro.adiystmentof.a radially
mounted chamfered screw abutting on an inclined surface ©of the device
O ith st pERTitting tHesfite HelghCadjustaart JFthe RRVIS FigrrLng

shaws:a-devicecomprising a.iybe:13-with® 38%- disc 38 attached at one
end. The tube 18 and disc 38 have a bore which receives arod 20.

Anothérdi§c 4Fis 2 At AP IT R R I e °iSEs! T9 %8 £&R be brought to
WOL2006/123095 PCTHGB2O061001837acting on a toothed or

" partially toothed surface of the edge of disc 38.  The

“teeth are net shown in the drawing. The tube 18 and

pinion 22 can be held by their threaded outer surfaces in
the balance bridge or bracket arm.

hlthough discs are shown here, the clamping of the
spring end may be accomplished using alternative shapes.
The securing of the tube 18 in the balance bridge or
bracket may be accomplished by the use of a screw 23.

Alternatively the screw 23 may have a chamfered end,
zs shown in Fig. 12 and may be used to draw discs 18, 38
together where disc 19 is unthreaded and is of sliding
fit in tube 18, disc 19 having a suitably positioned and
dimensioned hole to receive the screw Z3 using the
principle described for screw 26 below.

The device ghown in Fig, 12 may sllow for a
conventional spring orientation e.g. upright end part 27,
but further alliows for the fastening of the new material
as described above. The principle 1s a miniature vice
whose jaws 28 (which having & lining 17) are brought

together by the upward drawing of the central body 31 by
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26 .close upon. one another by drawing up rod 20. The outer surface of
rod 20 is finely threaded and is received. by a nut 21. Rotating the nut 21
relative to the outer cylindrical surface of rod 20 causes up or down

WORSEHIEHSS5 of disc 19. Alternatively rod 20 may be a thre et GEEpHP01637

acting on a threaded inside surface of tube 18; disc 19, which is captive
with but free to remain non-rotating refafive to rod 20 as the rod 20 is
turned may be drawn up in this way. This action can clamp the balance

spang 10.end pad petween thg two dises 19,38 Fingfadial adiystment

may be made by the ‘interaction of a pinion by 22 acting on a toothed or

pakiEIRRseted Sitace DF HEORAGE ot His 88 CRRE HBethP R ot EiEvn

nthe drawipg s Ebe ddber18,and 1% pinign 22-can be fieldnby their portion
threaded outer surfaces in_ the balance bridge or bracket arm. Although .

Tisc naerecs%%wjn‘“%e?je?%e %ﬁan%ﬁinﬁo&%ﬁgss%r?ngbgnd %af %&tm@nt with
Hceomiplistied asingealternativé shdpes s Fheiserufifig ofithe titse 481ntke

| gﬂ%‘cfebréd&e ., 2Q bracket-may be agcomplished by theuse afa screw

3. Alternatively the screw 23"'may have a chamfered end, as shown in
FRE e A fiay BE TEH 1B UraldisES $8988 tegettfer where disc 19 is
yntweaded andds of shidingn fit intbesl & lisc 19 baymgrasuitablyy may

os'iigngdé?rlod 25 dimen?,ioge hole tqrec ive g}e, screw, 23 .rlleicrg t-hethe

Rintipte-G8schbet foP SEréi 26 Deiow” The device hownan. Fig. 12 may
afiow:forascommhtionakspring ntieafatiorce. g -bprightcerati pag 27, obut £
%m.%‘% for the fastening of g neyy material %Odaggsﬁen%?%@pove-

e principle is a miniature vice whose jaws 28 9NhiCh having alining 17)
areboughtthe part in which the central body is located
thus closing -the jaws,

The outer end of the balance spring mav be as in

3 -

ig. 5, 6, 7 or 8, and may be so formed as to permit the

tx

fastening into the appropriate attachment device with the
correct orientation of the spring.

The choice of attachment device for the outermost
end of the spring is dependent on the spring end-shape
chosen. The internal contour of the attachment device
corresponds with the contour of the end-shape, so once
the correct height has been found, the spring is located

.
and secured in the device.

Once the outermost spring end is held in the
attachment device, the device itself and its holding
bracket may be further adjusted in the x, vy and z axis to
provide fine adjustment of concentricity, height and dead
point and thus optimum performance of the spring.

As shown in Figs. ¢ and 10, the attachment device
may be let into the balance bridge or a bracket Tfor the
purpcse, either the whole device or a part such as the

inner cylindrical screw portion 15, which may be threaded
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together by the upward drawing of the central body 31 by WO
2006/123095 PCP/G82006/001637 27 a fine threaded collar or nut 19
acting on a threaded cylindrical upper section 30 of the central body, here

Wentaiiad¥Bisected view in elevation. A chamfered portion ofEmTEBEMeAIN1637

body 31 is compressed by the abutment with 5 the chamfered section 32
of a setting 40, and the sprung ,jaws 282&e consequently brought
together. The reverse. occurs when unscrewing the threaded collar. An

- alternative arran eme$t g]ay l%%tha the central bod n*lg% be.lifted by an
: = S el
S attaC rﬁng

:élﬁé‘l%da}IelveEzlP 33 & 3 thaePfﬁ E‘ﬁﬁ%r a6t the Central

" bodythe adgledssédtion Gheviicli aotssada fulgrurhiBdsadainstthigie body

adjacgt upper jplane oftha part -Jt, which the centalody is logated

thus closing the -jaws. The outer end of the balance spring may be as in
I5F6. 5%, S2-6F 8Land$R8y Be sermeiiastospernait B fastehity into
he appreppateigtaghmenhdevicenwith the, cosrect ssgntationekthe: the
S rinqi The Qho‘ijfe&frattacgm nt device for the outermost end of the
E%r‘fr%g % G8Fertditor the By Bhd shapk® 20 thotel* Thedntéinar s
comtoan ofthel attaciment depickroprimspoatls avith theveoritour of¢the

gad-shape, 50 onee, the, correcthaight hag been found, the spring is

located and secured in‘the device. Once the outermost spring end is held
in the' 25 difdchieALdeVics 1the Heide/itselP and® s Hotging e briadet Fiay
be further-adjusted ndhex inand g axistos PEaVide fineadiystmentahy
§on%entr|C|t§/, helqlht anqﬂdead Qint and thus gptlmumfgegforma}pce_ of the

B, s ERERAIRFIGS. §3Rd 10 Thé atBERMeRt oBYice~°T which may
be used in conjunction with a fine regulating device teo
allow for the fine regulating of the dead point.

‘The outermecst end as with ithe innermost end may be
collar shaped as shown in Figs. 6 and 7 with or without
an irregular inner contour which allows its correct
pesitioning on a similarly shaped shallow post in the
attachment device 36.

The shape of the ocutermost snd can most expediently
be fitted to the shape of the attachment device so that
the spring is held correctly on assembly in the same
plane as the innermost end and with predetermined:

concentricity which is here further enabled by the

~precision of the laser machining process.

The attachment device or part of the device 24 or
exposed contact parts with the spring’s outermost end
with the attachment device may be made of, coated with or
lined with a material 17 which esnhances the frictional
centact and sheock resistance betwsen the attachment

device and spring end. This material may be a poclymer or-

- a natural or other synthetic material which is inert to



30 may be let into the balance bridge or a bracket for the purpose, either
the whole device or a part such as the inner cylindrical screw portion 15,
which may be threaded WO 2006/123095 PCT/GB2006/001637 28 into
wargppiéifhately shaped aperture in the balance, bridge 16°fS&HBIPHE001637
balance bridge thus forms the body of the attachment device. In this
configuration the recessed slot to recei¥the spring end plate in the 5
balance bridge is sympathetically radiused to receive the spring end
Dlatesldantien radis. fhie %@%@J{@éhshg%%e&tﬂsﬂy ofthe shring but,
also allows for the oscillator's dead point adjustment n intermediary o
SREVeThEY oSty bE ABEletween the 10 spring and the receiving
recessed slot, the sleeve may have an engaging or abutting element or
portion which may be used in conjunction with a fine regulating device to
allow for the fine regulating of the dead point. The outermost end as with
the innermost end may be 15 collar shaped as shown in Figs. 6 and 7
with or without an irregular inner contour which allows its correct
positioning on a similarly shaped shallow post in the attachment device
36. The shape of the outermost end can most expediently 20 be fitted to
the shape of the attachment device so that the spring is held correctly on
assembly in the same plane as the innermost end and with
predetermined concentricity which is here further enabled by the
precision of the laser machining process. 25 The attachment device or
part of the device 24 or exposed contact parts with the spring's outermost
end with the attachment device may be made of, coated with or
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lined with a material 17 which enhances the frictional contact and shock
resistance between the attachment. 30 device and spring end. This
material may be a polymer or a natural or other synthetic material which
WE2MeAZEIW O 2006/123095 PCT/GB2006/001637 29 the CHEH(RBAP06/001637

thermal or other changes in its working and .. . servicing environment.

WO 2006/123095 PCT/GB2006/001637%50 CLAIMS: 1. A method of
forming a balance spring for a horological oscillator mechanism
eﬁ&g{éﬁing: 5 forming one or more layers of non-magnetic balance spring
Taterral; generating a laser beam to penetrate the layer or layers and cut
therethrough; and directing the laser beam at the layer or layers and 10

causing relative;maysment therebstwean soithattheslasern beaga cuts out
from the layer or layers of spring material a balance spring comprising a
HaF SpREMFAVInG SPIUFANY Df Rois ahd Hn SR 8istit iftfer attachment
part attachahle abtle centrent thevoits 1E 2nAmethodeactordingdoce
S():Iarignml, Vﬁngf@?géE@ layer or layers are cut so that the inner attachment
p%rt‘ iS forme intégrally with the coils. 20 3. A method according to claim
1 or 2gRhelEf iRG laserBeamMaGRs obP tIREBE[FAISHacD tR¥FSPiraF so

ig%tetpg QHermost cojkremaing.attachgddo the layer of spring material. 25
4. A method according tg claim 3 including, %fter
directing the laser beam at e laver or layvers and
causing relative movement therebetween sc that the laser
beam cuts out from the laver or lavers of spring material
a balance spring comprising a flat spiral having a
plurality of coils and a non—elastic inner attachment

part attachable at the centre of the coils.

2. A method according to claim 1, wherein the
laver or layers are cut so that the inner attachment part

is formed integrallv with the coils.

3. 2 method according teo claim 1 or 2, wherein the
laser beam cuts out the central space of tThe spiral sc
that the outermost coll remains attached to the layer of

spring material.

4. A method according to claim 2 including, after
the balance spring is cut from the spring material,
coating the coils and/or the inner attachment part with z

ceramic or carbon or polymer material.

5. A method according to any preceding clzim,
wherein the spring material is a plurality of stacksd

layers.
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the balance spring is cut from the spring material, coating the coils and/or
the inner attachment part with a ceramic or carbon or polymer material.
30 S. A method according to any preceding claim, wherein the spring

Wo7AR618P8% plurality of stacked layers. WO 2006/123095 PCT/GB2006/001637

PCT/GE2006/001637 31 6. A method according to any of claims 1 to 4,
wherein the spring material is a substantiilly isotropic sheet having a
plane substantially perpendicular to the 5 laser beam. 7. A method
according to claim 6 including, after the spiral is cut from the spring
material, cutting one or more spiral-shaped layers from the sheet of

“spring@te maferiaLBRY & Seesd Tebet Deany thek iS saBS@ntiahy farallel

#adhe plang,af the:sheet B+ Amethodsaccosdingde-any=preceding-claimc
wherein the laser beam is stationary and the spring 15 material is
HETabIBFEftiTe To Tt 87 A MBIHOFACCTUNG B pecatnty clafin ~»e
Melsereirbthenspring material is ceramic or any form of carbon. 20. 10. A
non-magnetic balance spring for mounting on a balance wheel in a
horological oscillator mechanism, wherein the balance spring includes a
flat spifal cofnpPBiigE phafitforcoilkand aHonfelaBae iiHer 5 after
aftachment part-atthe centre eftheLoils fgr altaching 1thehalange spHag

to the balance wheel. K. A balance spring accordin%to claim 10, wherein

e TS APAchmTa A MChAIES S coffa —he sheet of Spring

material using a second laser beam that is substantially

parallel to the plane of the shest.

§. ° A method according to any preceding claim,
wherein the laser beam is stationary and the spring

material is movable relative to 1t.

9. A method according te any preceding claim,

whersin the spring material is c¢eramic or any form of

10. A non-magnetic balance spring for mounting on a
balance wheel in & horolegical oscillator mechanism,
wherein the balance spring includes a £lat spiral
comprising a plurality of coils and a non-elastic innerx
attachment part at the centre of the coils for attaching
the balance spring to the balance wheel.

11. 2 balance spring according to claim 10, wherein

the inner attachment part includes & collar.
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30 WO 2006/123095 PCT/GB2006/001637 32 12. P_ balance spring
according to claim 10 or 11, wherein the inner attachmen'.part is formed
in one piece with the coil. 5 13. A balance spring according to any of

Wela#es 280%10 12 having a flat outer attachment plate which RCHGEEHESD0637

the outermost coil of the spiral and lies substantially in the plane of the
spiral, the outer attachment plate havinga curved attachment edge for 10
attaching the spring in the oscillator mechanism. 14. A balance spring

according o claig L uhersin, the aachmant edge ds anarg of gpnstant
radius from the centre of the balance spring. I5 15. A balance spring
HBESRIAg 6 laimrES of 142 (ierein. theButé Fafadmnent plafd hohides
alind- ghappekarranged to receive the outermost coil of the spring, the
outermost coil being attached to the outer 20 attachment plate at the blind
end of the channel. 16. A balance spring according to claim 15, wherein
channéliis shapedlitercontrabeither ere:or botiyof: oseilation fretpiensy 10

%Qde“%Q%%QHW§“%¥Et outer attachment plate which is
attached to the outermost coil of the spiral and lies
substantially in the plane of the spiral, the outer
attachment plate having a curved attachment edge for

attaching the spring in the osciilator mechanism.

14. A balance spring according to claim 13, wherein
the -attachment -edge is an arc of constant radius from the.

centre of the balance spring.

15. A balance spring accerding to claim 13 or 14,
wherein the outer attachment plate includes a blind
channel arranged to recelve the outermost ceil of the
spring, the outermost coll being attached to the outer

attachment plate at the klind end of the channel.

l6. A balance spring according to claim 15, wharein
channel ' is shapsd to control eithsr one or both of

oscillation fregquency and balance amplitude.



