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BALANCE WHEEL, BALANCE SPRI NG AND OTHER COVPONENTS AND
ASSEMBLI ES FOR A MECHANI CAL OSCl LLATOR SYSTEM AND

WORNS0BB40F MANUFACTURE TECHNI CAL FI ELD The prRGEGB2004/004012

invention relates to a bal ance wheel for use in

preci sion horol ogi cal tinmekeeping nechanica

oscillator systens, or in other precision instrunents.
It is thought that it will be particularly applicable

t o gAE e ivHEIgr BBy SiNEm SRREANGEENANDTHER WabMPONENTS AND
although the present |nvent|on I'S not I|n1ted to th|%
TECHNREAEMBAEREREPR L et AT SHELENA G

previ ousl y been pr iyaci-pakl yrTRdRoPhCHBREl . A bal ance
spring is arranged—tﬁ—ostrfgate—rhe~bafa nce wheel and

to dg so with a period of oscillation that should be

i sochronous. The netal s used have generally high

| THEANLeAIn &l coefficients as compared to nost

ceram 65, JhisSehasi bran 1 RAPLOR LxamBhencd Hheel for
systens contal ning a bal ance wheel nade of netal

(FeeNin Qedbsiqu-lZmolagiaal Niimskesmibionacichasienl

t hese d the bal ance spri fr. n
a??%&il%FO?eSXﬁFe?§br ofﬂ%rnggélIhé?%@%%i&gggpkments

The apphiganthst ear L er1 appldoatican LCY @@@)ajlaasm@m;o the
filed on 10 July 2003 and published 22 January 2004
andchélebyr i Arelpor bt el MRCETidadn et i Ser5s8g nble
balance sgﬁ gtygﬁe{éq{ to e C;Qﬁlgpernal and

_ 6 FAfT uences 1 n I'S relationship to be

|nproved or overcone, and thus greater precision to be

TECHNICAL BACKGROUND

Balance wheels for watches have previously been
principally made of metal. A balance spring is arranged
to oscillate the balance wheel and to do so with a period

of oscillation that should be isochronous.

The metals used have generally high linear expansion
coefficients as compared to most ceramics. This has been
the norm for example in the systems containing a balance
wheel made of metal (Fe-Ni, Cu-Be, Cu-Zn, Cu-Au, Ni or
combinations of these) and the balance spring made from
an Fe-Ni alloy, or Fe-Mn-C or other steel derivative
alloys. The applicant's earlier application
PCT/GB03/003000 filed on 10 July 2003 and published 22
January 2004 and hereby incorporated by reference,
discloses new balance spring materials to enable the
thermal and magnetic influences in this relationship to
be improved or overcome, and thus greater precision to be

reached.
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reached. The effects of thermal influences upon the
bal ance wheel and the bal ance spring are not the sane.

wab@sokweial and t her npel asti ¢ characteri sti csSP@I/GBR0V4/004012

the rel ationship between the bal ance wheel and bal ance
spring do not evolve in an idéntical manner. The nost
successful previous attenpts (C. E. Qiillaune'

bi -metal | ic conpensating bal ance wheel and stee

bal ancéhgpefhgcEyseenthawent etnibincadanidaronhs balance

p 1Si f o,.-hickel based sprin Il oy in
c%ﬁ%ﬁ%cgﬁgngaﬁtﬁas?%%? %ﬁ%ﬁ?%v%$36¥%i%%Fh&aﬂﬁraﬁég
whaetmkbventiethd 8433 14 6t bt | diga t e d:er9wi &f Wkif®in the
associatin% rel ati onship into constancy have required

t REB5&0BF MRt BPFAUPSN wHh @ PRERHIT ¢'htafedl Rngs ddiance spring
087 ABL £hALact Bl St faolLiaf Sl 1 ckel 2l | oys

have an abnornmal Youn ul us evol ution) are
sensitive to magnetism This latter influence disturbs

the Yo "s npdulus stabjlity and causes negative
effectﬁﬂ%om?ﬁg 5?%%?%?%#9(9% CHBhisdhSt st HE - B-

t coekesnRE : s ThE-RXPLEBSE Wb nd e REHOA % wheel and
oscillation T is described as follows: [1] T: the

pékeed bilasee| smring,systamelmmmared df9liZneHaina labnt lse
b . Whe G :.the torque of the | ance spri.ng. . .
T§£385§1¥$a érro niCES baq%fé%FﬂfEJ 'Q%j%8n§08fU%Ctlon

e 0SCl or systemils S _
magoet s te@ndahder mpd r Nakares i ndhen 1akal anee 1Whegknitsd

made of netal it expands with an increase in

t bApel af@rierimpethe terms of the associating relationship
into constancy have required the use of materials which
despite their useful thermal characteristics (the ferro-
nickel alloys have an abnormal Young’s modulus evolution)
are sensitive to magnetism. This latter influence
disturbs the Young’s modulus stability and causes

negative effects to the precision (isochronism) of the

timekeeper.

The expression for the period of oscillation T is

described as follows:

/]
T =2 |— 1
" G [1)

T: the period of oscillation, I: the moment of
inertia of the balance wheel, G: the torque of the

balance spring.

The oscillator system is subject to variations of
magnetic and thermal nature. When a balance wheel is made
of metal it expands with an increase in temperature. The

balance spring that is made most generally of a ferro-
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bal ance spring that is nmade nost generally of a ferro
-nickel alloy also expands with an increase in

wo etopes@sire . The rate of |inear expansi on i SPCEGBA084104012

inunits of 1/1000 of mllinetres/degree Kelvin,
represented for exanple in thé case of copper, Cu, as
+17XIO K 1 and is known as the coefficient. The

t hernoel astic coefficient describes the tendency of
chanfeli alédrszledtgxpindher it exni aindrase rirse in
tﬁggeégt re.- The ferro -nickel alloy has a positive

t hel'hoef astTe coefficient which is described as

abnormal ', up to 40 C when fully de-nagneti sed.

Magneti c accunul ation however lowers this threshold

whi ch €htiskate hef dl eegenesrdis @t s Meafhredatin owerts of

t enpghat &f%?fl(ﬁ@&‘f‘@eép?é fe@ffeofvﬁ;, fg’negjrbelﬁedn U FLd g

vari ance of radius o yration o al ance

Wagehp18Nndh (SliaE £s& 08F @bppde, madul iis of 7,8lastiichhy i
of the bal ance spring) with tenperature. This Is the
chbsenofst bee resuwbeaphiceeror in the i sochroni smof the
oscillator. \Wereas the bal ance wheel is in genera

only affected by thermal variations, which affect its

physi cahe di hehsdONss t 1 Hechat anerssPrdditiiHaf freed adiency
both thermal and magnetic variations, which affect

b®t hch@rIphisi ekt st wehgi ohstharneriesiadl a5t ¢ tyise in

( ' ul us) . SUMVARY OF THE | NVENTI ON For the
'%%ﬁ%%%%t%ggfornance of the tinekeeper these negative
effects nust be elimnated or reduced to a

The ferro-nickel alloy has a positive thermoelastic
coefficient which is described as ‘abnormal’, up to 40°C
when fully de-magnetised. Magnetic accumulation however
lowers this threshold which causes the divergence of
terms E and r at lower temperature as shown in the graph
of Fig. 1 depicting variance of r (radius of gyration of
the balance wheel) and VE {square root of the modulus of
elasticity of the balance spring) with temperature. This
is the cause of the resultant error in the isochronism of

the oscillator.

Whereas the balance wheel is in general only
affected by thermal variations, which affect its physical
dimensions, the balance spring is affected by both
thermal and magnetic variations, which affect both its
physical dimensions, and its elasticity (Young’s

modulus) .
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m nimum The inventor has noticed that the Young'
nmodul us of bal ance springs and the Fe-N bal ance

w@piosigoun particul ar are affected by tenper atPCEGBE4/004012

magneti sm and-that the magnetic accunul ation in the
spring has a detrinmental effect on tinekeeping. The

i nventor has noticed that these changes in the spring
account for the nmajor part (75% of oscillator error;
NECHMARY t e THERINVENT I&N or is due to thermally

i nduced changes in the bal ance wheel. Aspects of the
pr esent OF nvint B XS e TrEdanT & wd 56ﬁe%&@@k€F8Fﬁthese

%Q%é@%éi Ofr &t 4 e dihey e 1hehind ddhe A RLelde®Nto a

preferred features and ot her aspects of the invention
moin foluh oviBh e Tirerardrdralilees redritcaichédiawi tthien Young”’ s

rel ationshj are _expressed; \\2. \.| . Tenper at ure
oRhERert AT SR B e NS parRGeapring
0sgi bhat i OMaF estd td ¥ dHemyhe effeactsiref expanRgnetisn,
and contraction of the bal ance spring and bal ance

whed| thad the dERjds iar@masiateiany 18f thise spgriingg has @

i Th : | A [
e Bt el e B AR S R s
thotkoes stieatanthafe idismnYeung'rs dvedwpis nlg atweumnertr the

of inertia |l of the balance wheel is a function of its
r’&di v% P?r%nﬂ7??%‘H%§§qﬂk%ﬂﬁQﬂ1%%mﬁVn§“E%h§Fhﬁ@F, and

if’erﬁ%?ﬁfﬁée@frér 3 Mdu? t[og]thermally induced changes in

the balance wheel.

Aspects of the present invention are defined in the
appended claims. A discussion of the theory behind the
invention, preferred features and other aspects of the

invention now follows.

The variables contained within relationship [1l] are

expressed:

2
T=27r1/—12;;{—"3'l [2]
e

Temperature and magnetic variations influence T (the
period of oscillation) resulting from the effects of
expansion and contraction of the balance spring and
balance wheel and the changes in elasticity of the spring

material.

The torque of the balance spring is a function of
its dimensions: length 1, height h, thickness e, and of

its Young’s Modulus E.
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E the Young's nodul us coefficient, changes with
variations in tenperature and magnetic influence.

wab@se4@4non - magnetically sensitive and ther niPCHIGB004/004012

st abl e bal ance spring, e.g. such as that disclosed in
the inventor's PCT/ GB03/ 003000, has been selected with
a linear thernoelastic evolution in the operating
tenperature range (0- 40 C), the thermally induced
changesheemainghgof oibertesol vedl trresildeldrcd héhdrdl arces
wheel. This is only possible if,the correct nmaterial |,
chBPEEiPE RAdETFoFaTheS bat atke WhedlaSadd @it é&mains
undecstandi ng,gf ; Lt s, kipesis: performance, and its
static and dynam c pol sing and adjustnent are

under sttoedMamdl al l owed for in its manufacture and [3]
regul ating once in the tinekeeper. The vari abl es

within the equation which are affected by tenperature
changes whi ch nust now be brought into constant

relation can be sinplified and represented in the

fol | owBrgthgplesspon: medukus Ecoafricient hechadies with
gyration of the, bal e ' Y. 's
s D e

rel ati onshi p between radius of gyration of the whee

and Young's nodulus of the spring of materials used so
far i n"PREENBCRARTRAINBEEFRL AY 0FCRFSE BT | anGgthermically

expigssedidnbdl opIhege LeyMBsale oLkl 8ald0fMed in the

rel ationship, however it 1S necessary that this

r ehathanshispPsigaBA36@030081 ands (secmss¢bekieap wheh a

pﬁghgngtggrgggiggggEoggolution in the operating
temperature range (0-40°C), the thermally induced changes

remaining to be resolved reside in the balance wheel.

This is only possible if the correct material choice
is made for the balance wheel, and a correct
understanding of its kinetic performance, and its static
and dynamic poising and adjustment are understood and
allowed for in its manufacture and regulating once in the

timekeeper.

The variables within the equation which are affected
by temperature changes which must now be brought into
constant relation can be simplified and represented in
the following expression:

r/NE or r?/E [41]

r is the radius of gyration of the balance wheel,

and E is the Young’s modulus of the spring.
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I sochronous) . The residual conpensation that the
bal ance nust achi eve nmust be cal cul ated as a function

w@boosheother mal expansi on or contraction of r BCTHCB2G0hE©04012

mass i s unaffected by changes in tenperature and the
nmonment of inertia is the prodect of Mr2 expressed in
[3]. Historically, netal balance spring alloys have

had a non -linear nodul ation of their thernoelastic
modul usTHg kepekargeni ioktheh¥ouabit mockiiys vd e em radius
querature cha e is described by the curve VJ?)

bt farfsd AtHed! $Tmafe vhealsPrRgl eOWed af 5 e
¢ GieT R 350 i el Y3l ueeal b YEri A fSeddhanical

ture, the superlnposed curves of the evol ution
ofoscﬁﬂkhumnl$ysémmeuataseeppoeseddonnth@]sane graph
show an intersection at two points where the val ues of
dE provide a solution to the value of dr or where the

curved i@ Qlertie agapbedikabuesndir i fd BISEGShie
straight line r . The discrepancy between the two

CUTW%I itthdisr neicdese rgephrat Fbas i e kanolwn i Hupeld be
er.at re error 2 as sh r
fﬁp 0 ,as Lo ﬁ&pbgﬁgn rigg.g 9@.05%*%?%%&§n

A BN cE gl & € Springs in
ca@ahhﬁxﬁﬁnﬁgsoIV|ng this probl em have been nade of
magnetically sensitive materials and due to current

| evel s of magnetic pollution, are no | onger suitable.

To pro%ﬁ&?zﬁa u%ﬁ'%% %n%g% BS'@BAP”t e?balaﬁéé3$u§%

spring wth a fear thermbel astic evol uti on
requuma&;nwh&raethalchaaaeﬁeassalfsnot1®heogptmmgthermal

all ow a constant evolution so that the relatlonshlp
téﬁﬂ%MF%MH¥§§7Fﬁﬁtréﬁ&lon of r since the ma

unaffected by changes in temperature and the moment of

inertia is the product of M. r? expressed in [3].

Historically, metal balance spring alloys have had a
non-linear modulation of their thermoelastic modulus (the
change in the Young’s modulus with a temperature change
is described by the curve VE). As balance wheels made of
a single metal have a linear increase in their value of r
over a rise in temperature, the superimposed curves of
the evolution of r and VE with temperature plotted on the
same graph show an intersection at two points where the
values of 3E provide a solution to the value of dr, or
where the curved line of the graphed values of VE
intersects the straight line r. The discrepancy between
the two curves at their widest separation is known as
middle temperature error 2 as shown in the graph of Fig.

1.
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where the coefficient of axial expansion of the spring
for arise in tenperature is negative. In order to

WO psowe43 he performance of the system havi ng PEIIEBRVE/004012

correct choice of spring, such as the inventor has

devi sed (and net hods of manufacture of which are

di scussed in the clains and | ater description) , the
choice of materials for the bal ance wheel nust be from

t hose irRsepsibhve tRcdBgNeid IBlamss sprehesabhythé bewt
coefficient, and if not of the same sign then of very

| earabésepfi ERERt VHRT oppbsiRECR i gh oSt keeaxmafeaot
CRELHLEL ROL 10 sLAG: SPYL N (IALEL &lan Wil eh SNyl e
prererably 0 I hear ‘an ow t her moel asti ¢ modul us

t epgleneyof h%gbet weepo Dl @nib80 ¢ ras 1ohown soithele.
upper portion 3 of the graph of Fig. 2 where
tenperature is on the x-axis and nom nal units of
l'ength _and nodulus of elasticity on the y-axis; the

sol i d Fpnerpgpfesenselevbrutionst reldtien rafdret 2@
the dashed line evolution of E with tenperature. Most

peef-engblythhe bahancermbesbe rederd aveiheuld he ebquired,
coefficient of the sane sign as the thernoel astic

nobgigs thenabatycberi Al eprohg:Mhesdera isdilemt § gragstant
¢ E.%-o%%&%%%' SBa‘ﬁ]gQ‘é ﬁg%%“£$‘1étgf%%%ﬁzfﬁ‘ue{edd%o%%'@g%/E, and

ani sotropi c, oung s nust al

caheukated andoeonscienriedotasefal lexgandi® of the spring
reIationship,[ZL. If any of the varjables are ignored,
ofOthé Haffieti REMATERT ERRY Sreedpiiated in the
systemin notion, is done so without reference to, and
under standi ng of, the other variables and their inter

rel ati dnshirgernboi mppoved pee foenenoewd lofheéhgaisyed.em

having made the correct choice of spring, such as the
inventor has devised {and methods of manufacture of which
are discussed in the claims and later description), the
choice of materials for the balance wheel must be from
those insensitive to magnetism, most preferably of low «
coefficient, and if not of the same sign then of very low
o coefficient of opposite sign to the axial o coefficient
of the spring material, which should preferably be of
linear and low thermoelastic modulus tendency < 1%
between 0 and 80°C, as shown in the upper portion 3 of
the graph of Fig. 2 where temperature is on the x-axis
and nominal units of length and modulus of elasticity on
the y-axis; the solid line represents evolution of r with
temperature, the dashed line evolution of E with
temperature. Most preferably the balance wheel material
should be of a coefficient of the same sign as the

thermoelastic modulus tendency of the spring.
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In general, the formula for tinmekeepi ng changes (U
consequent upon a rise in tenperature of 1Cis U= C

WO 2®@504@43 dE / 2E [5] Thus U can be made t o tRCTGBR004/004012

zero when suitable values of the bal ance coefficient
of thermal expansion, and thegbal ance spring
coefficient of thermal expansion, and the

thernoel astic coefficient E are sel ected by careful

choi ceTat apprepriatentatend allse haramdisel ethedcteristics
bal ance spring material where the thermoelastic

nbdelthie rvapPESOPHC aOF | Mok O eIt 130q H&Cadisvest Sr IRy Lus
and S ThNLEBL, 1 806 WOST End NS S AN QAUIIIRS 141G N the
bal"ance for itfs part to conpensate Iin a residual

maener iionsaiposkii vef oanyeght tlve wenisdyl ashefeolilgowiregl, or

sol utions are proposed. A first pect of, the present .
iﬁ@@n@@@ﬁeﬁréviHﬁgcg_E%?%o@r%f1W§§§9ﬁf%§nﬁﬂ e SISy 1
faltuse i BsagBRE0LagLEahoRt AEASFUEAU S Qhd

i nstrunment, conprising the steps of mnndlng a length

ofundlersiragdétipcolfal aheeospe i ngaweilerd alarfdronsd wfinter—
continyous, fibres or of a.cerapic, around.a .
A RLR Por R TMEEPHETaET eI R R d0er R TFHmE
adj acent layers of the w nding from adhering toeach
other or to facilitate rel ease fromeach other should
t hey bésomensgdhére@heahorhedd feeatimRyreddvbuyipnges (U)

bal ance spring material. A d t_aof, th
PRESRE R eHEPBNpFOUF b8 BOMRT HOGTE! ek fig 8

bal ance spring f%%hu;qzin.g hopol ogizcal or ot her
¢/ .

precision rhstru conprising the steps of placing
a | engtihyef vacaenpeaghgei €obaéaiiCeo zero when suitable

values of a; the balance coefficient of thermal expansion,

and o, the balance spring coefficient of thermal
expansion, and the thermoelastic coefficient E are

selected by careful choice of appropriate materials.

For a selected balance spring material where the
thermoelastic modulus varies in a linear manner in the
ambient range and is minimal, and where the spring
requires the balance for its part to compensate in a
residual manner in a positive or negative sense, the

following solutions are proposed.

A first aspect of the present invention provides a
method of making a balance spring for use in a
horological or other precision instrument, comprising the
steps of winding a length of non-magnetic balance spring
material formed of continuous fibres or of a ceramic,
around a cylindrical former, using a releasing agent to

inhibit adjacent layers of the winding from adhering to
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spring material around, in or onto a receiving plate,
former or mandrel, heat treating the bal ance spring

woraiosni@3 and renoving it fromthe former, recPCWGBY04/004012

plate or mandrel to forma flat Archi nedes bal ance
spring. A third aspect of thegpresent invention
provi des a non -magnetic bal ance wheel for use in a
nmechani cal oscillator systemfor a horol ogical or

othen Brt%%lrsbgntbn§h&9ﬂ?ﬂ§tetf‘@lé@ée’inﬁﬁm\l\ﬁt%ﬁih other
i ncl udi ng ngonents of two different materials having
dlsﬂlfoelrléintth@(yle erenenadhefed hetifhl el drics i ngr rigifgetpund

HanQ%t %??Hgnﬁggg 95 inertia of the bal ance whee

decreases ncreasing tenperature. The third

aspect amgpcbakie atbect oom offie t iee §e@utr t inaapeicin gfrdhigles a
present_ invention whjch provi des bal ance wheel for use

|r$%§hﬁér€lo@@5épgoﬁ BFE%PC%r%B?%n%nf?%sT§qnﬁﬂna t he
b@kﬁﬂﬁ%ﬁ%@%ﬁ'O%°6@ﬁb§ Jec s bah ance: whgelr ardplvidithg the

one or re cross - ers formed of a fir'st
neﬂxmmgmei@dananeraaﬂehQthgfaafmw@tm@gmﬁﬁl@lhﬁ&amﬁe
t her mal expans S_positive;

e SRR PR SRRSE WS 3 RSB prate,

f alorR@ ol rarseeerd , NABaFBEAGEE EngBERS | 1841 418 NgoBing
second coefficient of thermal expansion;10 wherein

s&lad egd@dn@ncoermorieat 1of fTrpwr Fae %&ﬁﬁﬁ%noﬁeq%lY%%% plate

than saigdchi Lsf f%?%f% %hSEt%QEth&&E" bEXRANS %'r‘Ch

that an |ncrease In tenperature causes an I ncr se

the cross nenber(s) length and radially inward

deflectlon of the r|n1result|ng in a decrease in 5

A third aspect of the présent invention prov1 es a

non-magnetic balance wheel for use in a mechanical
oscillator system for a horological or other precision
instrument, the balance wheel including components of two
different materials having different coefficients of
thermal expansion arranged such that the moment of
inertia of the balance wheel decreases with increasing

temperature.

The third aspect may take the form of the fourth
aspect of the present invention which provides balance
wheel for use in a horological or other precision
instrument, the balance wheel comprising:

a balance wheel arm having one or more cross-members
formed of a first non-magnetic material having a first
coefficient of thermal expansion which is positive; and

a rim attached to said balance wheel arm, the rim
being formed of a second non-magnetic material having a

second coefficient of thermal expansion;
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nonment of inertia of the bal ance wheel. The third
aspect of the present invention may take the form of

wo b@shidosh aspect of the present invention whi P¢T/GB2004/004012

provi des a bal ance wheel for use in a horol ogical or
ot her precision instrument caomprising: a bal ance wheel
arm havi ng one or nore cross -nenbers forned of a
first non-magnetically sensitive material having a

first gretéigieatdofetbed nbbe Bxpansi Ol ahrwiadl ietkpaofsion
concave segnents fornmed of a second non magnetically
séAsilepvethatesr bl AbyFhgCcae eI codf figral grpansion,
t her papsi Lchijs LfiMEse and, herg) '
T e O

t hantgai drbkssheqoef{ L1 bahgiof 4 rred i sEpansiver,d such
that_ with an increase in tenperature scgéd concave

sEGreREE TRt BRI REr FHBr TFEUH BH1Y +Thvir T CifsiShg Ta the

redpehiopsi Bt he; pogentnefpingktd anpdet he bal ance
wheel . A sixth aspect of the present invention

provi des a nmechani cal oscillator systemfor use in a

hor ol ogj cal , mechani sm.or _other_preci.sion instru ,

t he syg_bgmlc%ﬁfgr?gPﬁgj_caoﬁo%bﬁa%n%??%t blaq\é%r%:elosnpg?a% e
flak $Birhabrotnhbekeephdakpéer mantha messdmgnatichtion
bal ance wheel ; the bal ance spring being fornmed of a .

ceharhcpravéfpal aobadanteerhapl chipris? ng coltarfiss cal
LbreghoLhe, bal ance m§€£ﬂiagwgc£§%ﬁfgi@ . a material
g a coe thermal e

havi ng a icient o e ansi onh of | ess that
t he bakabneganbeevidel uathehacomyrdse ngr ang@teiratdgsmofmbers

non-agnet i ¢ poising_or. Ll nipg sppendages for MmKLNG,)

having a first coefficient of thermal expansion;

a plurality of concave segments formed of a second
non magnetically sensitive material having a second
coefficient of thermal expansion which is positive; and

wherein said second coefficient of thermal expansion
is greater than said first coefficient of thermal
expansion, such that with an increase in temperature said
concave segments extend further radially inward causing a

reduction in the moment of inertia of the balance wheel.

A sixth aspect of the present invention provides a
mechanical oscillator system for use in a horological
mechanism or other precision instrument, the system
comprising a non-magnetic balance spring of flat spiral
or helecoidal form and a non-magnetic balance wheel; the
balance spring being formed of a ceramic material or a
material comprising continuous fibres; the balance wheel
being formed of a material having a coefficient of

thermal expansion of less that 6x107°K™*; the balance wheel
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inertia of the bal ance wheel. A seventh aspect of the
present invention provides A bal ance wheel assenbly

w0 200509®43 N a nmechani cal oscillator system f orPEI/GB2004/004012

hor ol ogi cal or other precision instrunent, conprising
an integral bal ance staff andibal ance wheel integrally
formed froman isotropic non-nagnetic material having
a thermal coefficient of expansion less than 6 | K 1.

Apuetgbthcaspersinf 4 helpresent dihventimagnpravi gessang or
assenbly for use in a mechanical,K oscillator sgften1for

athmago@plegmdwefotw Iﬁ@d}%.a&rﬂq%@mﬁeﬁp EBRpFCEERY ©F
% % ange staff jand integrally formed with the bal ance
sta

one Oor nore cross nenbers for supporting a
bal ance wheel rim the cross nenbers and bal ance staff
being forned of a non-nma n tic nater al

h ﬂ .
Cher maf: COBFRTEi STREGT ‘e peffs iRAT 160 OWAR TACH) MR vides

aﬁQ@QBcgfwﬁgglp£§§éﬁﬁlyrﬁ@ﬁuﬁég1iH(HHM@%haﬁl%%HhQ@CQﬁlator
formng an assenbly according to the ei ght aspect of

t hEspewsénr &nenelomi &yl a2l aetHigiy RuRs isdioan d@ e t
S{:gpé??%?ng‘g%&m{ %r?@ﬁ f I%g agteaff] entk%al%rn%%n wheel

ng o rea
t hgtpgeseny tovesd i Droprovi I@@tzﬁ)p’lﬂt hﬁﬂl—ﬁfag‘rm’dﬂmgla&erlal
bal ance wheel assenbly for use in a horol ogi cal or
obAEF NPr 8cFEPBAA heedia %%%e%n%@m?gﬂ%%grﬁ tan 6x10°
separate ceram c staff and bal ance wheel together when
they are in their green state and using al2 bondi ng or
heat treatnent process to secure them

An eighth aspect of the present invention provides
an assembly for use in a mechanical oscillator system for
a horological or other precision instrument comprising a
balance staff and integrally formed with the balance
staff one or more cross members for supporting a balance
wheel rim, the cross members and balance staff being
formed of a non-magnetic material having a thermal

coefficient of expansion less than 6x107°K™

A ninth aspect of the present invention provides A
method of forming an assembly according to the eight
aspect of the present invention by attaching the balance
rim to the cross member (s) when both are in their green

state, by bonding or heat treating.

A tenth aspect of the present invention provides a
method of forming a balance wheel assembly for use in a
horological or other precision mechanism, comprising
attaching a separate ceramic staff and balance wheel

together when they are in their green state and using a
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toget her; the bal ance wheel and bal ance staff being
non magnetic and having a coefficient of thernal

wezpangidan | ess than Further aspects and pref eP€EGB2004/004012

features of the present invention can be found in the
foll owi ng description and cl aiars. BRI EF DESCRI PTI ON OF
THE DRAW NGS Enbodi nents and exanpl es of the present

invention will now be described, by way of exanple
ORloyidiWigt brr BEet epeeat@eh hepaccenpanyi secudravings, in
which: Fig. 1 is a graph show ng the varlanc

f the
béloaﬁé@%eéherﬁaﬂ%‘?? %’\%Ie%hfé“ At GOt L e N9 mon-
b%”%%%%l%p%h ghévﬂﬁ ub us,9f £ et ashi Cht Ve nMEM tdkpansion

rature for a conventional netal bal ance wheel and
f arrse thiack@k 187 K5y. bal ance spring as has been
descri bed above; Fig. 2 is a graph showi ng vari ance of
r and - Ewith tenperature for enbodi nents of the
presentryiRyeM bepecEsdandapksrartef doypuwdeveoftige
bal ance wheel according to a first enbodi nent of the
prpe%mnlu nm@mnt@nnhavnngedifpﬂéﬁeh@ erossobkewER@ rim
mat eri a 3 si de view of the bal ance wheel
Tdt Crlp lon %nd %lgigga top down view of a bal ance
vvheel accord| ng to a second enbodi nent of the present

i nventi on; 4pb si de vi ew of the bal ance wheel
oﬁRﬁﬂf Q@ﬁcﬁi TION OF THE DRAWINGS

Embodiments and examples of the present invention
will now be described, by way of example only, with

reference to the accompanying drawings, in which:

Fig. 1 is a graph showing the variance of the

balance wheel radius r and the square root of the balance

spring's modulus of elasticity VE with temperature for a
conventional metal balance wheel and ferro-nickel alloy
balance spring as has been described above;

Fig. 2 is a graph showing variance of r and -E with
temperature for embodiments of the present invention;

Fig. 3a is a top down view of a balance wheel
according to a first embodiment of the present invention
having different cross arm and rim materials;

Fig. 3b is a side view of the balance wheel of Fig.
3a;

Fig. 4a is a top down view of a balance wheel
according to a second embodiment of the present
invention;

Fig. 4b is a side view of the balance wheel of Fig.

4a;
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Fig. 5is a top dowmn view of the bal ance wheel
according to the third enbodi nent of the present

w0 poosisioan havi ng i nverted concave segnents atP@EUG8e00d004012

the cross -nmenber; Fig. 6a is a top down view of an
eccentric timng screw in a mass appendage; Fig. 6b is
a side cross -sectional view of the appendage and
eccentric timng screw of Fig. 6a; Fig. 7a is a top
down virgy.ob astantog dewmewids pf Fha $ad asicde whieed of

the timing screw of Fig. 7a; Fig. 8a is a top down
VESHOZRAS! 8 LPewtBE T ARPHiHe s O e Bdtance

WheRlen thicd: h8Ri8H0VevE PP oMM @ik it t¥facthed to
bal ance wheel cross nenber; Fig. 8c i's a top down and

sitde virewsofiembbal ance staff; Fig. 8d shows top down

and si vi ews ,of _ap integral, bal ance wheel .and .. .
bal ancgggt'agfa; 1Ei §. Je@pi éo nt\éjpevgjo% B an w5t A
| nfcegralinbal angs §§>9&ﬁd@?@; bal ance spring; Fig. 10
shows a nechani cal oscillator system conprising a

bal ancé&igpr ioRgisbal ahee §¥%$$‘%€h%{t3k§§}aélnc"el%ééﬁg;”ﬁ g.

Ligg OB 1 BLoAEL o eluffs] 00,0, bl e spri g
of makimg.a7halaneetop down view of a timing screw;

Fig. 7b is a side view of the timing screw of Fig.
Ta;

Fig. 8a is a top down view and side view of ring
components of the balance wheel;

Fig. 8b shows top down and side views of a balance
wheel cross member;

Fig. 8c is a top down and side view of a balance
staff;

Fig. 8d shows top down and side viewé of an integral
balance wheel and balance staff;

Fig. 9 is a top down plan view of an integral
balance staff and balance spring;

Fig. 10 shows a mechanical oscillator system
comprising a balance spring, balance staff and balance
wheel;

Fig. 1lla shows a first method of making a balance
spring with a conical former;

Fig. 11lb shows a second method of making a balance
spring with a cylindrical former and inter spacing
layers;

Fig..12 illustrates the direction of cutting of a
composite roll of balance spring and spacing materials

formed by the method of Fig. 1lb;
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spring wwth a cylindrical former and inter spacing
| ayers; Fig. 12 illustrates the direction of cutting

w@booaoeaposi te roll of bal ance spring and spakCTIGB2004/004012

materials formed by the nmethod of Fig. lib;14 Fig. 13
illustrates cutting the assembly of Fig. 12 to forma
plurality of spiral springs. DETAILED DESCRI PTI ON

Vari ous enbodi nents of the present invention relate to

t he baFancel Wwhieklusfraa aechanicgl tbscebbanbly sySteny. 12
conpgsed of bal ance mheel,ani bal ance spring, wherein

t he haFante’ 1hPlorsPd&PanSE $PPPng are preferably
conposed whol Iy of, or a conbination of non
-magnetically sensitive and preferably but not

eRELAELYR| NEFGRW RKEIN i ci ent materials (<+6c | K 1)
I ncl udyng, ¢ SaifRLGld ale Rief arably fES%BFg%QLgQPéte

r f
aluninlun1n|$r| e, alumno -s%%igate gFass, a

Stbi eBebvsil @ncdosare caybidae Ponharani betdelasbki eastem
silicon, silicon dioxide, silicon nitride, zirconia,
(sPEBPEEdedh Palmteadinaplalamd kalRiis8ovPréndal WhATRRLUM the

oxi . . r di
SehdRatL Ol nd ) PsaRag), atacRTRatet,
i sompasedakhyl pud e d graaphintcd nadi onhelfmosetmagnetically

GPEB3YCLES Lo TG VOl TRE RRFQPPATE Hayobed
chesen:i &£{ om tier &F O Of 4N o~ g net h 6 8hd yn§ e RSirtnvie
internetal lic compounds. The chosen materials may be
i nathelsbrproferfalphest mm Adogaotice| ed updntbnudbsroge,
alumino-silicate glass, alumina silica boria, boron
carbide, boron nitride, silica, silicon, silicon dioxide,
silicon nitride, zirconia (stabilised), potassium alumina
muscovite, aluminium oxide (including ruby and sapphire)
or diamond or synthetically derived diamond or extruded
or isostatically moulded graphite, or thermoset,
thermoplastic polymer or monomer, glass, carbon, or
glassy carbon. Alternatively the materials may be chosen
from the group of non-magnetically sensitive
intermetallic compounds. The chosen materials may be in
the form of fibres or nanoparticles continuous or
dispersed, in matrices of thermoset or thermoplastic
polymer, ceramic, glass, carbon, or glassy carbon.
Furthermore the materials may be in the form of powders
or micropowders or microspheres which are hot pressed or
reaction bonded, or tape casting material, which is
preferably ceramic, in binders which may be of wvolatile,
waterbased or polymeric subétance. Furthermore the
material may be a composite material composed of

graphitic continuous carbon fibre or non-continuous
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di spersed, in matrices of thernoset or thernoplastic
pol ynmer, ceram c, glass, carbon, or glassy carbon.

wao-0oshedasdre the materials may be in the formBET/GB2004/004012

powders or micropowders or m crospheres which are hot
pressed or reaction bonded, 05 tape casting material,
which is preferably ceramc, in binders which may be
of volatile, waterbased or polyneric substance.

Fortrhennbileré hecasiv@n irednorali e @rcdmpesi pelyaeeiiapr

conposed of graphitic continu carbon fibre or non_, .
EBREMRoSTE Cal bAIF FTHTE: Lar b6 I93RG OFi brE gpoIastic
tEQ@ym@Q', YEBEARI O SBAS] Ccdidyies din gratssiyCes robn.

t hernoset or thernoplastic polynmer, ceramc, glass,
carbon, or glassy carbon. In order that such variation

as is iLnposed b e ermal. i.nfl uenc t he
baIancgnmﬁgg?rsﬁ%%Pdséé%lQg% 1%%?%? %&hﬁ%ﬁ#ﬁgﬁﬁe?hgy the

f thetmbDStARTeehtes SupsOpOsedhd hatcd hehawt ehioallsl be kept
sel ection for the bal ance wheel should preferably be

f6P & MARAEBBfficient isotropic ceranmic material for
exanpl e fused quartz (silicon dioxide 96- 99%, of a
singl e phase crystalline or m xed phase crystalline

and re3ndubté fiass Towpositibn,isMproipdes] amat the
coefficient of <#| . ., This ensures a.limted
cTOFBEORCoPorear W1 ¢ hper BF dret e Fite B Sin O el
pretecabbyybsecibpsul alond dbserididd: Blotd®PIRt ceramic
[Tmted to being circular. It may be formed with or
wingheut al héoaddkenphal fweed @iart perPeidicgulddoxide 96—

pggé??tbggasg§£% g’éﬂgggtc%§§%§¥¥iﬁgugﬁhmixed phase
crystalline and residual glass composition,
which has an o coefficient of <+1.0x107°K™. This

ensures a limited evolution of r with temperature.

The balance wheel may preferably be circular and
disc-like but is not limited to being circular. It may be
formed with or without the additional mass of a
perpendicular projecting shallow rim at the periphery.
The upper surface plane which may preferably be circular
and lower surface plane which may preferably be circular
are parallel Fig. 4 shows an example of a planar disc-
line balance wheel 30 having an aperture 35 for receiving
a balance staff along its axis of rotation. Alternatively

the balance wheel may be integral with the balance staff.

One aspect of the invention relates to a plain
balance wheel or balance wheel and balance staff
integrally fabricated of preferably one isotropic

material composition with, a low +a coefficient and
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The upper surface plane which may preferably be
circular and | ower surface plane which may preferably

wheoosiosroud ar are parallel Fig. 4 shows an exanptEG8200a/004012

pl anar di scline bal ance wheel 30 having an aperture 35
for receiving a bal ance stafflalong its axis of

rotation. Alternatively the bal ance wheel nay be

integral with the bal ance staff. One aspect of the

i ventriporatehat esitdng phadi bihah@neeoevdete ori ldalgarded in
mhzel and bal ance staff integrally fabricated of

p

PRIAPCENE S8t Popi ¢ materi al conposition with, a

| ow + coefficient andl6 i ncorporating poising and
timng appendages integrated in the bal ance weights.
The balTascbadhock wshealdsheel@rmbtiepeb i Sposigrsfsed of

id i,cal d 5.cj ' fi,
AR 4aT o SN LR cBnt F ot et ot T bt B E I

t herkalrarceswieeh 30 atnegual agi s coff eseadial 35 of the
di stance apart, the appendages 5 to nunber no | ess
t Iar 20RS, ARG Lug Or 02 tase fitthy Gisk THEYE S6TThid 1c RBIEANGHs P Tt
ri I pace p r g I
L B B e e P R e e € o =0
smaplyaced mayd fsamshapedt asubos ating dbre@mEgualpaced such
distribution of its nmass with gﬂ i ncrease in

Y

t ERPETRPGRE, 2FraRFIRHs CLBREr BOpbii it T HAnt nfyt Patance
pwe%rlab%c%%%budaa@ 5ni5h§90%1§@é@rama§@ HMagde as to
appendage which'is parallel with the plane of rotation
ofeltlver Balraroe eghedl diThelbppendagésiBs aras T onpds e of
gg&g%%%%ﬁﬁggfQ%p%%%%thegr%%ggri gngéﬁgrérggkﬁgFaand most
preferably equally and in the circular plane of the
appendage which is parallel with the plane of rotation of

the balance wheel.

The appendages 5 are composed of material of the
same or greater density than the balance wheel itself,
and allow for the moment of inertia of the balance wheel
30 represented by M.r, to be determined and also for the
static and dynamic poising of the balance wheel as is
known in the preparation of precision watches and other

instruments.

As such the appendages 5 may be of metal or non-
metal non-magnetically sensitive material which allow for
the usual punctual removal of small amounts of the
material for the purposes of the static poising of the
balance wheel as is known in the art of regulating

precision timekeepers.
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and allow for the nonent of inertia of the bal ance
wheel 30 represented by Mr to be determ ned and al so

WO 20050843t ati ¢ and dynam ¢ poi sing of the bal B€TY6B2004/004012

wheel as is known in the preparation of precision

wat ches and ot her instrunents’ A s such the appendages
5 may be of netal or non - netal non -magnetically
sensitive material which allow for the usual punctua
renmovaFio$. shredhd amotims efanithe smatfeoitdle rf dortmheof

purposes of the static i sing _of the bal ance wheel  as
PBoRABuR Trethe B dfe ¥ diineiong Brecis pa 1o to those
ti pekegpes s. dfc Eh%. (@ haShgWw eX aNplees a0k vet her nave
forms of bal ance eel which may have appendages
sthiebarove $hbgetln ¢ Hferenth arheayagaddilti ordl bypdopa, 6.
a aj | j : i ght.| i.fferent
R
di scussed in nore detail later. Furthernore the
appendages 5, 5a are furnished with the ability to ,

i ncr eaber bR e FRYER et R ARRVHRAS P M2 BY & ddgBiRgedr with

| prEegst doe fheo e:{rﬁ@fééé’@ JRdidf; & dhe cenphse of MRSShHy
of part of or all the appendage in relation to the

ceatiralnaxes Bicofasoiatilon off adid vivalrance swodelth80centre
Thi.s featuie IS required.in.adjusting the fregu nc§ %f
the Bafante Fort & e%r-ésjjp]r{}ﬁbe BEENT & or syStém Pa -°
SyRtesenotal gkt & | 39 Uk Ritiod @ Cand @laltthee ength 30.
of the spring and thus the frequency of the bal ance

wheés pertwey 1s MReuiesd b pellusiidy By e ifreaycsciews
Gthg ﬂ?ﬂgﬁgg for a ‘free-sprung’ oscillator system (a
system not requiring curb pins to control the length of
the spring and thus the frequency of the balance wheel

period).

This may be performed by timing screws 6, 7 mounted
radially in the balance rim. Timing screws 6 or timing
weights and/or screw assemblies or eccentric weights or
screws 7 are preferably incorporated into the individual
appendage assembly. These may be situated in the axis
either parallel to (as in Fig. 4a) or perpendicular to
(as in Fig. 3a) or both parallel and perpendicular to
(Fig. 5) the balance staff axis and are fixed either
close to the edge of the plain balance wheel, or on the
rim of the balance wheel, or on the crossmember and rim
of whatever configuration. Appendages 5 with rotatable
timing screws or adjustment members parallel to the axis
of rotation of the balance wheel having eccentric heads

25 on their rotatable stems 26. Adjustment members (e.g.
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radially in the balance rim Tining screws 6 or timng
wei ghts and/ or screw assenblies or eccentric weights

wW@eoososws 7 are preferably incorporated i nto PEEGB2004/004012

i ndi vi dual appendage assenbly. These nmay be situated

in the axis either parallel ti® (as in Fig. 4a) or
perpendicular to (as in Fig. 3a) or both parallel and

per pendi cular to (Fig. 5) the bal ance staff axis and
atemfihyedceevber 6 chaseendi ¢heaedge Wie téhe splodi wotation
bal ance wheel, or on the rimof the bal ance wheel, or
0RTENBORT BESHBHBET - and ri m of whatever configuration.
Appendages 5 with rotatable timng screws or

adj ust rent nmenbers parallel to the axis of rotation of

t he balhacerppedighavimy ebelrd réer redt 5 it tdreiformed

rotatable stens 26, Adjustnent. ers. (.e. tim
S8Petid) PRed benar GutgsThhT  HECETE R B Estigd B axao
- eeeemtEient The appendages and tim ng screw heads are

so fornmed as to be of aero -dynamc profile so as to

reduce the drag coefficient . A bal ance wheel such as

that SRoWdILACE! Gnod £a0, CoUPERSatEd ol dhareff ol Ofn

a low I'i near positive evolution o e thernoel astic
nmodubeashEp. fon the séfeod ohHsd ahoe Wherar tgwesbalence
spring. i.s of _normal' [-E). negative. ther | astic
t@ﬁaég599nmﬁ?cﬁg?stm?%%%%}a?ﬁ%% PAvESHI VR t enperat ure
error it is expedient to have a product of Mr which
decreases with a rise in tenperature. The effect of
reduced el asticity of the balance spring will be

Conpenﬁ%t%gebgegoﬁgdygg%ggcénwhere the balance spring is
of ‘normal’ (~E), negative thermoelastic tendency, which
is linear, then to resolve temperature error it is
expedient to have a product of M.r which decreases with a
rise in temperature. The effect of reduced elasticity of
the balance spring will be compensated by a reduction in
the moment of inertia, and T (the period of oscillation

of the balance wheel) will remain unaffected.

This may preferably be achieved in two ways. The
first of these is in the use of a combination materials
for the balance wheel wherein a single or multiple
membered sufficiently rigid balance wheel arm is made
from a non magnetic material with +o thermal coefficient
available from the appropriate materials previously
listed, such that for an increase in temperature the
cross member or members 8 (at the balance wheel arm) will
extend. Their length will increase causing the less rigid
balance rim 9 to deflect inwards. The reference numerals

refer to Fig. 3a which shows an example of such a balance
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the moment of inertia, and T (the period of
oscillation of the bal ance wheel) wll remain

wapabhewsrd. This may preferably be achi eved i PCT/@GB2004/004012

ways. The first of these is in the use of a
conbination materials for thedbal ance wheel wherein a
single or multiple nmenbered sufficiently rigid bal ance
wheel armis made froma non magnetic material with +
t iwtenre@l | cqaéibcign?u@%%m@b&ﬁoés amarider approdes ieadample of
mat erials previous I st ch thaI for an increase

i Aigenfepathpeoh h*éh%/lﬁ%s%owe%e? IMeibet 8 MeHS t he
balance wheel arnm) will extend. Their length wll

i ncrease causing the less rigid balance rim9 to
def | ectThienwai dace Thieee Bf rieng el numeratsed éfertiteo RQEs

3a whi ch shows  an exa Ie of _such a b | ancel9 whee
THEME S s OFFuBEMBRES cF 0] %fylﬁp?ﬁ% wht #HY.ts

8p¥e%@9%%hytagﬁ§oggélQf'Q RELNGH Ph & be @Eﬁﬁﬁciﬂﬁtly
bal ance whéel rim9 is attached to the cross nenber or

mEteerid 18 mateqmaﬂlyléba@ebOWﬁIel¥@¢%raﬁkﬁ#@@

e e

ceefdrirgicarht Psehegablyel hﬁols@mpfefeﬂ@mytmrq@éater
coefficient is negative, nost preferably of greater

na@wmw@let ﬁﬁtﬁnt hBepBesitiEe( 4+9t> | {hHead T t Hep a1
C%?f abcg%kt Et@ﬁeCEggg nﬁ@ﬁﬁérogrnﬁgﬁﬁéfs,QQQj available

aval e materrals previously sted and
|ﬁ@iuﬂkngmaemhbmuopsecabbsmyfRbseedpahyalmmiuﬁim@re
and liquid crystal lii%ester or ester/ an

c PBIHEC U STREF 8P B £’ aROLHeF %%é ¥%n%%$a}h?%ld
ttH%ﬁQt%ﬁ”%%?&%@%%rogrtB@lyester/amlde copolymer. Therefore

for an increase in temperature the circumference of the
balance wheel rim 9 will decrease and being sufficiently
flexible permit the inwards deflection of the balance
wheel rim at tﬁe midway point 12 between its attachment
to the cross member 8. In this example the appendages
5a, 15, 16 are at the midway point 12, although they
could be at any other point on the rim, providing

equipoise is achieved.

Fig. 5 gives an example of how the same effect may
also be achieved by the use of a balance wheel cross
member or members 8 of preferably negative (—a) linear
thermal coefficient and a balance wheel rim of positive
(+a) linear thermal coefficient of preferably greater
magnitude composed of concave balance wheel rim segments
10 of 45°-180° of arc. The ends of the concave segments
10 of the rim are attached'at equal radius from the

centre of rotation 35, to the cross member or members 8



10

15

20

25

30

bal ance wheel rim9 will decrease and being
sufficiently flexible permt the inwards defl ection of

wao b@shaldance wheel rimat the m dway point 12 PET/GB2004/004012

its attachment to the cross nenber . In this exanple

t he appendages 5a, 15, 16 areoat the m dway point 12,

al t hough they could be at any other point on the rim
provi di ng equi poi se is achieved. Fig. 5 gives an
e&&”ﬂb@a@ﬁohO%ﬂthEhéa@@siﬁimﬂﬂljnﬂﬁﬁﬂexpaMGia@hbéVEGebyim
t he use of _a bal ance whee|] cross nenber or

8
oS egrenEFablyvhelati ¥&5% -9 W?WﬁﬁﬁaqqﬁﬁwﬁﬂusﬁéngﬁiF@RFre

a%% %hgﬁkagggsmﬁﬁe{o ?&%@ft$WE%dlﬁﬁ% (e dd ReARotation 35
hermal coefficient of preferably greater magnitude

campshe@nobycbhea&er@w$am@eFMmeéi ﬂﬁwagéqwemp®en@a@ﬁs 15,

4 of ar The ends o oncave se nts 1
ﬁél &Fe gt FHEhea af® :[]%J 4 r e U frrgcrﬁg{me “cén
Ofsergﬂxbﬁtt|somo35ret Oh& REr 6F ©SSa METER It dOfa tBhels c&&ar@t of
| ocation 11. The positive |inear expansion of the rim
segmamusnle5mﬁtmfatheser®astm¢mmﬂmthaeIEHMS@@@&M;V@ (—a)
centre of their arcs 12 to nove toward t %1centr

r JLEERSEN C85 T A4 CLRBINC by R R AT r FRATH G
MRS$ 2RPENHagRS 4155 sd6infiXgbe Attt he, C%rm%u]_l%l %flstoh%e

inverted arc rimsegnments 10 are therefore carried
t@mrsdbltehéocenhee bb hevat# ohoBRogiftivre Wregsw lmenber
(s) have negative ﬁ a) linear coefficient of_ ther

R T G CORay i | £ Ebnt Rae LU L IS4 Sahqe TieLent of the
t e %ua»%m LL fﬁ@chQ akﬁoxialpfclﬁ)oééé@ltﬁnc—:f}?rwétﬂ%metx‘i)and

have a | ow posi give ther coefficient (+a) 1ess than

t hatt ber felsscagkhi thentriof sédmeents which would
consequently move radially inwards as described above.
Further, it is not essential for the concave segments to
form the rim, they could be provided as separate inserts.
For example, it would be possible to have a circular rim
of the same - or a different - material to the cross
member (s) and two or more separate concave segments
inside the rim, mounted to the cross member (s) and having
a greater coefficient of thermal expansion than the cross
members. For example plastics material concave inserts
mounted inside the rim of a conventional brass balance

wheel, the plastics material inserts preferably having

non-magnetic timing weights attached thereto.

As a result of these last two configurations
(examples of which are shown in Figures 3a and 5) the
effective radius r will decrease and therefore the
product of M.r will decrease. The mass appendages for
poising and timing arranged in equipoise on the balance

rim with a given product M.r at temperature X°C move
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concave rimsegnents, in which case they woul d expand,
but by less then the rim segnents which woul d

w@eonsegeent | y nove radially inwards as descri bedI/aBoood/004012

Further, it is not essential for the concave segnents

to formthe rim they could I# provided as separate
inserts. For exanple, it would be possible to have a
circular rimof the same - or a different - materi al
tmowhedctbsscennber@ﬁ)r@mntiQM)aﬁmuﬁma®a©@§awawéth a rise

RO SFRp ST TaRE haUF Bot S orii i QShRTT G dnB 6P Pt el

expanshoen_ than the cross nenbers. For exanple plastics
mat eri al concave inserts nmounted inside the rimof a
conventional brass bal ance wheel, the plastics

et o | g 2oty Lol LAy A AR PR IIANE i pure:
| ast thwoappehiigyeat bonshé examles wfeathirdm aria 1Ishawew for

in Figures 3a and 5) the effective radius r wll
débreaseuanbict AgkeFBiRi phe Hridtu@ D Wi [the product

decrease;dhe, PBSSfapRENGRAGSS Jacallpoou% NQang & isiad at

arranged I n equi poise on the balance rimw th a given
paddupblhts at teeparas ure X Cmomde2lrdsowdr dhshdalance
mul t aneo Wi.th a rise.n

i S e

atth&ﬁQhAQbUﬁhé@g thess ehahhare, position and size and
nunber of the appendages on the bal ance wheel rimwl|

allow for the accurate determ ning of the evolution of

:E: g;ﬁ%%ﬁtahgﬁl R cﬁggé%(gnéjgg%gaﬁgtfg%ﬂ&fséﬁ%ggﬁ
materials the mass M multiplied by the negative rate of
change &r or positive or in the case of the inverted
curve rim, for a given rise in temperature annuls the
effect of the negative tendency of the thermoelastic
modulus of the balance spring and the residual
temperature error is resolved as shown in line 4 in the
lower portion of the graph of Fig. 2. The dashed line

shows evolution of E with change in temperature, the

solid line evolution of r.

The timing screws oriented in the radial direction
(perpendicular to the axis of rotation) may be so shaped
as to facilitate the engagement and disengagement of a
specially shaped tool for the purpose of the precision
adjusting the M.r product. Specifically the timing
screws, as shown in Figs. 7a and 7b comprise a stem 26
and a head 28. Thé head 28, shown on side on in Fig. 7b
together with the stem and top down (with stem hidden

from view) in Fig. 7a tapers towards the top (remote from
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all points on the arcs or inverted arcs of the bal ance
wheel rim between the points where they are attached

w0 eoosledml ance wheel cross nenber. Wth a sui PEDGB2004/004012

choi ce and conbi nati on of chosen materials the mass M
mul tiplied by the negative raze of change dr or

positive dr in the case of the inverted curve rim for

a given rise in tenperature annuls the effect of the
nepat svem) ead@ncys od pherd hiennod axtliicesoddl dorofnpReing

bal ance sprjing and the residu t r.at ure erraor
r§55P988625£¥ﬁ%mﬁu¥%l??h%D%P1ﬂgFH%HE%ﬂ'r%%grtﬁgﬁngf%crew
the ar aBhcehifhg. iR shdhe fashed; ldmensshews ewpleut ikena

of Ewith change in tenperature, the solid line
evolioti.ofhds Eechmheue iming bt v B ldmded o fhehparallel
r adi al dir§8&gog (perpendicular to the axis of

r otar'6n Cnay be'so shaped as to facilitate the
engagenent and di sengagenent of a specially shaped

tool for the purpose of the precision adjusting the
Mr pr886cFimspacereul IPPEMAqs T hg st 1 sp0 st

i qnéieg%g ;g 890 A b CONPLL S @, SEEM 26 Ad ra therd 28.the

The h shown on side on in Fig. 7b together with
t e lstrémeapdsiopodonfi (h t himimem diwwder’ from view) in
Fig. 7a tapers towards the top (renote fronk2 the
sten) and has a plurality of splines 13 for engaging a

spannernkypext HENEHGL 08t - o Preferadl andderitnl My sCrewe
head is conical “in Shape and may or may not taper to a
poiheel Thosstevehheguer magmaesd hedappl idd farariie materials

p%%%'%%%f%kngg gr§%§egrally accomplished by use of the
appendage assembly 5 which may serve as both timing and
poising appendages and fastening agents of the two
material elements to be joined. An example is shown in
Fig. 5 where some of the appendages 5 are at location 11
joining the rim segments 10 with the cross member 8, but

it could also be applied to the balance wheel of Fig. 3.

The Balance wheel rim may be moulded and integrate
complete appendage masses 5, or seatings or settings 15
for the insertion of the appendage mass, whereupon the
introduction of the radial timing screw 6 through the
seating or setting wall, makes captive the appendage mass

l6.

Regarding the configuration of the balance wheel

assembly, examples are shown in Figs. 8a to 8d.

The balance wheel 8, 9 may be made separately from

the balance staff 17 as in Figs. 8a to 8c. Alternatively,
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The tim ng screw appendages 5 nmay be di sposed of
i ndexes 14 to enable the accurate determ nation of the

WO 2doanioge3 position of the timng screw 7 . ThePdT/&Bo4/004012

toget her of the balance ri mand bal ance wheel cross
menber or nenbers nade of dif4erent material s may
preferably be integrally acconplished by use of the
appendage assenbly 5 which nay serve as both tim ng
anthepbiasiongeappentagey lbednd dstieniauyagents ohet heetdo

material ele ts t | oI ned. | e i h [
T heoheTENS SPaPP baLnst, ALRAMLE Le shown I
1% HiQigHang vt Rethi Pheeonpnt Se 10i i 1 46 £1Qgs menbehe

8, but" it Could also be applied to the bal ance whee
ofwhigilg. M@y. b¥hemaBal ancét ahert 1¥¢hy mesr Bee madledéatgngally

I nt. I [
SOt g o B3 BPCEnECRRE el 1 ohL BT iR Hpprage s,

whereunen ttheel nBr odycthown ofnthey r agtiyaloft igtimig ascr ew
through the seating_or setting wal | , makes captive the
s §nepLARBBEER dP hECt het @ P T YUrHIGUER 6% ke

a

b I S e I | h3s. 8a
B e hal hoe moel ReTB o, A TRt et K

f rioraddretieal ance fatabhed7insoi nh&igspeBanrtd 1Bmermost ends

Alternatively, 23 the _bal ance whee| nmay be made o
iﬁﬁ%&@ﬁ P@l§§cﬁnét6$§chmﬁ?F £ RelbaP %%§§?%?Fxéérlctlon

whigh Jisg fpi%xsbﬁgaegﬁfi B%@gial F¥n o tdn | hes i se
e

pin 19 as’in Fig. 8d. whol e may be made in its

emtdmpestalteor ddemendeebneegral vy huse@ dyaleandersttdfdn
:r@fﬁﬂ(%ﬁen%dg%rs%i ggﬁgrgﬂgsen friction relieving bearing
surfaces made of steel, tungsten, ceramic, diamond,

teflon or composite.

The balance is preferably made of a moulded suitable
composite or ceramic or ceramic feedstock material or
ceramic tape casting material or ceramic powder or
micropowder, which in their green state (non fused state
in which they are plastically deformable and not fully
hardened) allows for the integration and fixing of a
separate balance staff of another material 18, or is made
from a one-piece moulding of the balance wheel and cross
member and the balance staff together 20, or the integral
moulding of the balance wheel crossmember and staff
together, upon which is fixed the balance rim of another
material or the same material of different phase or

texture.

The balance spring of flat Archimedes form or

helicoid form, both forms preferably integrating terminal
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material core 18 (as shown in Fig. 8c) of simlar
di aneter to the bal ance pivots to pass through and be

wo 2®be89d3 i n the central axis of rotation or tPCDHEB2004/004012

integrated and fastened into the upper and | ower nost

ends of the bal ance staff toz2act as high performance
friction relieving pivots nade of steel, tungsten,
ceram c, conposite, dianond especially when used in
conjpusst honavkt bndhe 1MSthes U table v lposdre fakilet benmade of
relieving bearing surfaces, nade of steel, tungsten,
CEPARNEC OF aRDRINLE eFPBRP B E R IRISSi % - The bal ance is
preferably made of a moul ded suitable conposite or
ceram c or ceramc feedstock material or ceramc tape
castln@nnaherca$eowfcbm@n$@m®owﬂéhiﬁﬁﬁﬂﬁﬁwmﬁiﬁﬁyalS it is

whi ch
{ Ry o41 80 b 8F | CAF 1§ BER ot neT B A i U yoring Lo be

handeged) 12l ﬂu@w@dé@ramepymlem@d i o ratek-dd )Grl’lg)aﬁfftlally
separ ate bal ance staff of another material 18, or is

nﬁgetﬁreﬁh aceheopieee MHUFHFeYy olrn t%é%%ﬂcl@%ﬁ@élner
and.cro he b t
élloﬁt egrggmng Ff{]ge& f ﬁkeg ance é%[gle wrt%%r q{eat

‘crossnenber
aﬁﬂeatﬁéﬁttOgethetngybpnhMMtCMI|eié¢Ummhbmmzbak@ncmltra—

rimof another material or the sane nateri
dVﬁPé?EnPrpﬁé§éOB?V?e?¥u}%serfWEHBéWEh&§§£%5$&}¥ﬁtake
fF@%eraggknggﬁﬁe§0591Qétﬁe{h&oééééﬁ%IQ $¥nﬁhé(ﬂdﬁbonents,

Integrating termnal 24 curves as are known
|nrtheeaadguanyngrefethbiy bee rreale @fd cer s astoic

cefamc, Cco
Laractergggigge nPterlglshows an assembly comprising an
integrally formed balance spring 50 and balance staff 17

in plan view from above.

Where the ceramic balance staff, spring and cross
member are made as one, then the balance wheel material

rim is later fixed in place by compatible means.

In the case where two different ceramics are used
they are preferably precision moulded from ‘high volume
ceramic’ preparation, heat treated by pyrolisis or
sintered or carbonised or a combination of these and
assembled for further heat treatment or the two elements
united in the green state and preferably receive full or
partial heat treatment together in the assembled state.
The precision moulding of the ceramic preparation
preferably requires high pressure injection and or
compression and or uniaxial, isostatic or hydrostatic

pressing with or without heat, or is reaction bonded.
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In the case of the sanme or different materials it is
expedi ent for the balance staff and bal ance spring to

wheoosniegy al | y nmoul ded and pyrolised, sinteredP@F/GB2004/004012

partially sintered, carbonised or cured, in a
controll ed manner prior to beisng fitted to the bal ance
wheel . Further heat treatnent or curing by heat or

el ectron or x-ray, ultra - violet or mcrowave or

| aser baanveaylpaeder apsyeh akengd ok dobadiarher woreel,

both the assenbly of the conponents r the adj ust.i
oP2atRere Fﬁ@?ﬁa?xgnﬁa%?n%?a TS ddtCerSiodts §.qﬁﬁﬁérent

9300w .80 asseaRt ¥ GOPRELS]HY @Y Ivd eI SorrRe
bglance spring 50 and bal ance staff 17 in plan view

f poinigboveemphcreurbeheedani g baf afce tgitlaf oingdmgggents
and cross.nenber _are d s one, then,t al.ance

whéE eﬁﬁgéyigFlPFnﬁPsggﬁfe r??%%&F%,F%ﬁQJﬁ?%%,é%e Separate

cenpakhbkeareansndkd thetgase ybherect weldidifer ent
ceram cs are used they are preferably precision
nmseldéd onsbiPhiightiel cheseerbpde' t At iIRFRCSfeat SO @

tr b i S r_si,nger r ' e]¢
CSER e EARLoH SR By E O 0 PO B Pl once
t spatimgnbropthbe hwoecel eirebd Sanne t gorimy tdie griserstage by

state and preferably receive full or partial heat

t F8&t ABRE PGt RePONAIPHe™B8%28 bl ed state. The

preci sion nmoul ding of the ceram c preparation

preferably requires high pressure injection and or

conpr e§sigonl@ndhowsunanagkalple sost atmectorninal ostcit]ator

pressing. with or without heat ' t,i .

GG 35 THES0ECP P AREr S8 b RoNHBER oo Balancdiovn &0

wWreel., 4 together with a balance staff 17 and balance
spring 50.

Where the ceramic balance spring is made separately
by precision extrusion it i1s expedient that the cross
head or heads, and extruder nozzles or dies preferably
but not exclusively allowing for round , square ,
rectangular or oval cross-section of the extruded
material, should be in the vertical direction allowing
downward flow of the material onto the receiving plate,
die or former or mandrel which is enabled preferably to
describe a spiral and terminal curve form such that the
extruded material is laid onto or into the receiving
plate or former or mandrel and is obliged to adopt the
said form. Fig. 1lla shows extrusion of spring material
60 from a nozzle 70 onto a rotating conical mandrel 80 so

as to form a spiral.
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bal ance staff and bal ance spring of the sane or
different preferably ceramic materials, nay be

was®enkloesl after anbi ent tenperature hardeni ngp@f/GB2004/004012

vol ati |l e binding agents preferably prior to heat
treatnment such that the separate el enments are bonded

in their correct relative relationship in the chosen

heat treatnment process. So a ceram c bal ance staff nay
be fixethelre aheeeanmiradbal aacerspling wound hertored erdralcal

balance spring at this sta e b the. a te .
GG Lhedn ST BPgCRONERS e%&%ﬁ%@f L

”Pe Gl Qﬁ%‘tl E%Egﬁaﬁyéhﬁﬂhﬁa&!knlgaﬁd&@ir@tjm@f wheel 30

simlar to that own in Fig together with a

balaarod adt ahbuld andebalaneebsporagi o). r@W@@%ﬁt¢mﬁ the
ceram.c bal ance sgrin IS made separ at g reC|S|on
s O SFeTeRpERtERT PRATS RS B 6ot nek

heads, and extruder nozzles or dies preferably but not
exclu3|vely allowing for round , square rectangul ar or
oval chisye $8et icomaptct RpréRer hdedadatleyi bpe %h%ﬁ@dtape‘

P ile peBlleall! el 86l 00 ahl ot 0g) IMWBL AL LLOY Of aia

GRté the recelvin forne
OhjﬁﬁﬂiﬁeMduhucbnms anabbedonaepebabtytaﬁim@smambeea
spiral and term nal curve form such that the extruded
rnﬁQﬁm%ﬂ qﬁsqlﬁvdPéﬁﬁ@répanpérFﬁélﬂ&c%Py?ﬁgoﬁl%?% or

forn1 @qﬁg% ena&%rE%eQbEhQEgdtQoageaﬁlkgel§§'glnal

la shows extrusion of spring material 60
fﬁnﬁmaanmkth&n?&udﬂwocaredtatlhgatohreateﬁandrel 80 so
as to forma spiral. 26
Where the balance rim or the spring is made from
continuous fibres the preferred method of fabrication is
by pultrusion of rovings or tow of ‘Pre-preg’ (continuous
fibre material pre-impregnated with a matrix phase) which
is preferably partially cured as it passes through a
heated die of any cross-section before being mandrel

wound or laid or wound into or onto a former.

It is preferable that such releasing agent as is
necessary such as PTFE (Polytetraflouroethylene), FEP
(Flourinated Ethylene Propylene Copolymer) or ETFE
(Ethylene-Tetraflouroethylene Copolymer) in solid
material or vapourised particle form is applied to the
mandrels or formers for the expedient release or
separation of the components or parts of the components

during the fabrication process.

Where the fabrication of the continuous fibre

balance rim or continuous fibre balance spring or the
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Where the extruded material is wound onto a coni ca
channel |l ed or non-channel |l ed heated mandrel it is

wexpsdimms that partial curing or hardeni ng of P€TI6B2004/004012

mat eri al should take place before its rel ease and the
formng of such term nal curwe as may be required.
Where the ceramc spring is made by the mcro tape -
casting process, the ceramic nmaterial is preferably

| @bgam:ﬂb?f@brw.ﬁd%mﬁm @ezfdnaitdbloﬂarr yroceretdri sgring is
mandrel former or die, prefera artially cured or,
hegcompéasbad Bndtheen 3drihert %@%ﬁb&yaiaﬁer ®itfs ©F

fingl Loum Agdnt fep: Jul Ly Srath By Nealy tiiRated) \Wishe.r
t hePbal"aRce fimor the spring is nade gGOHWCOHtIHUOUS
f wWhtasotrheiphefiertieel wet hol of frbedleatdwirelseagying agent

pul truysion of royjngs or tow Pre- preg' . (canti

FErE.REL SHPSF: pLe o5 ot SURAGH Vi 1 a THHCT (0F praca
WoiGhnS oRr aEgt ablyabreht at hyt Cti@b At dimdiAssAsS ndrically
through a heated die of any cross -section before

behagenandiél coopnsedrof ai @l BN YW it oY dittld o4

f oLt f bl . rel ' .
| doNEesseh, PRenke SEARket (BY SHEN I 0 SR 2
FERcEK! our irpat eHoEthyhener PsDpytened Gapso| gynieim)d airc HTFE

(Et hyl ene-Tetraf | our oet hyl ene Copol ynmer) in s_oliciHE .
naeadical d5 vapeaArSRELpaFticte FbrMETHhht ity YW thE S

”g%%%'tn%i%‘hl iy %hEOE%E DeaEXPedL&PL 1S £RSH 0, thus
separation of the conponents or parts of the _ _
cprpanenty dumsngrt bpitabsi cEtgonlpr ogleses Aerleindigical
fabricatiaon of th [ [
mandrel 90 at thg 38835953850£'9£§ process before the
lengths of spring material 100 and spacing sheet material
110 have been wound around the mandrel. Although in Fig.
11b there are two spacing material sheets 110 and two
spring material sheets 100, there could only be one of

each or three or more of each.

The method of cutting may preferably be by
mechanical, electrical or chemical means, or by beam
treatment means, of any wavelength of the spectrum,
including cooled non-CO, laser cutting techniques and

processes.

Fig. 12 shows the wound assembly 130 of spacing
material and balance spring sheets 100, 110 with the
spacing material, illustrated as a dashed line. The axis
of rotation of the mandrel and direction of cutting are

also shown.



bal ance rimor continuous fibre balance spring or
the27 ceramic fibre or plain ceramic rimor ceramc

W@ posgpous acconpl i shed by the wi ndi ng of prefRCHBB004/004012
Pre-preg’ or tape casting material sheet around a
cylindrical former with or wiashout the use of an
interl ayer rel easing agent spaci ng sheet, it is
preferable after full or partial curing or heat
treat neng. t hat il hessoatos ed aydtimidrd dald woshaped seablly
conposed of as many conti nuouysl roIIed Ja ers as
bénBea@Pr%HV%yamPhﬂ¥%blEY‘5?385¥ ga%aw
ngsgﬂoﬂﬁt FE' al gk onRd ﬁ@@h&ﬂémré@@dld@wﬁbé 3__50 but
subsequently sliced at intervals in the axis
petpendinethadst gothe kgl usnedras diotatisnthlaldyiss, thus
producing rins or spirals. Fig. lib shows a
cylindrical mandrel 90 at the begi nning of the process
bef or erhbe; heagtpscohgspat ogi antwiich 1D IbERadog the

sheet material 110 have been wound around the mandre
Aseheughipn PEgthei puchesrelss el 2 ¥Pr S pici Hf ﬁ&tlﬁtrq—&ayered

sheet s 110 n pLLN t re
R I S S R S S S
Taeeﬁekh@dlobrcuhémmgamayrpaememabby be m@emnﬂﬂﬁﬂtmﬁﬂt
el ectrical or chem cal neans by beam treat nent
n@ﬁﬁ@sronaﬁ?YmﬁégﬁéﬁﬁgﬁhontF%e %%%??{Hﬁ'including
cool ed non- Q0 laser cutting techni gues and processes
Fig. 12 shows the wound assenbly 130 of spacing
mat eri al and bal ance spring sheets 100, 110 with the
spacing material, illustrated as a dashed line. The
axi s
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of rotation of the mandrel and direction of cutting
are also shown. 28 Fig. 13 illustrates how cutting 130

wowuwst4@ssenbl y 130 can give a plurality of baP@ncs82004/004012

springs 140. A saw is shown as a nom nal nechanica
cutting device 150, but ot herzgnmet hods coul d be used as
di scussed above. The interspacing material which is
enpl oyed for the separation of the successive |ayers
otrlhesAul ti -layered roll nay preferably be renoved
by heat, nechanical, electrical or chem cal treatnent
or by beamtreatnent neans, of any wavel ength of the

SRECL I WTheth o6 A haxdng 1 TR Ofsgmking o2 bakangea
spring for use in a or%loglca or Other precision

i hstrolehtal conpotsénget dei stepsi roft mimeditng caniperigtimg  the
of non-nmagneti ¢ bal ance s r%gg mat eri al, .f ornmed of

cOMEPRUBEs " FPBIBE Br lBRIE) CoF ATk "G £otance spring

CylitRdnhgakotRLAREf UShHOnGot 8l €asidig A o drili t
adj acent layers of the winding fromadhering to each
otelreungr at oyl avilkical ef pehenseudiromadeh stiarg sesultd to

t hey .becone.adhere and heat, treating the :
béﬁﬁﬁgé%sggﬂﬁﬁeﬂétg?Yif? 9FAF?%HWﬁ? %ﬁﬁxﬂ%ﬁﬁ%?qgéﬁﬁ%ﬂl%o
1 ceher eitReaf ber theakcll epdt@gré hes as sl yedch sdtieed

at intervals gerpendicular to the rotational axis of

t Bhodensheyt berenm adperedl | 254 dieahitRatEigy e wpund
A gﬁ%%%% %%%QEgiﬂgtggi laim1l or 2 wherein the
rel'easing agent 1s applied in vaporised particle form
to
2. A method according to claim 1 wherein after heat
treating the assembly is sliced at intervals

perpendicular to the rotational axis of the former, to

form a plurality of spiral springs.

3. A method according to claim 1 or 2 wherein the
releasing agent is applied in vaporised particle form to

the spring material.

4. A method according to claim 1 or 2 wherein the
releasing agent is in the form of a solid sheet of
spacing material which is wound around the cylindrical
former together with the length of the spring material so
that adjacent layers of the spring material are separated

by the spacing material.

5. A method according to claim 4 wherein a plurality of
lengths of balance spring material and a plurality of
lengths of spacer material are wound around each other on

the cylindrical former.
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the spring material. . A nmethod according to claim1
or 2 wherein the releasing agent is in the formof a

waelosd4mineet of spacing material which i s wounPCHGB20V/004012

the cylindrical former together with the Iength of the
spring material so that adjacént |ayers of the spring
materi al are separated by the spacing material. . A
nmet hod according to claim4 wherein a plurality of

| engt hs of bal ance spring material and a plurality of

I t f erj al : h oth
o Thd: GO AL (IO for- 20 B o n6d ACERbI ng Lo

ctanpi As Diig St Haurtherhcongtdsion ddreviiugt hae spepeof
renmovi ng. the spacer material after heat treating. . A

e hoEL ak cdf i nd a3k dnyeme*Df the above clains
wherein the rel easing agent is PTFE, FEP or ETFE. 8 .
A net hod according to any of the above clains wherein
the bal ancehspraagpmdbitrey ital aryy aneerdnitbenabereakbl8imA

t hod, ding to f the ab | ai
WRETET . LREE b8 S S0t ert % € Feape EAZE: 10,

A nmet hod according to any of clains 1 to 7 wherein the
bal ance spring material is in the formof a sheet of
cdnt i fuowstfadbracarmtdEmrialt prag - iofprégnabedewcthias

A net.hod accor.di ng to any_one of

i X, ph .11,
?‘Elt%er%%Jo'\?e@%?a}?%a%eerseﬁ%I}%énacﬁﬁlr?&ri Sal® F6TRErSi s a
nRgreE £l a1 .

9. A method according to any one of the above claims

wherein the balance spring material is tape cast.

10. A method according to any of claims 1 to 7 wherein
the balance spring material is in the form of a sheet of
continuous fibre material pre-impregnated with a matrix

rhase.

11. A method according to any one of the above claims

wherein the cylindrical former is a mandrel.

12. A method according to any of the above claims
wherein the spring so formed is of flat Archimedes spiral

form.

13. A method of making a balance spring for use in a
horological or other precision instrument, qomprising the
steps of placing a length of a non-magnetic balance
spring material around, in or onto a receiving plate,

former or mandrel, heat treating the balance spring
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12. A nmethod according to any of the above clains
wherein the spring so fornmed is of flat Archinedes

wa@ piosakodidrm 13. A nmethod of mmki ng a bal ancePGpGBRW4/004012

for use in a horological or other precision
i nstrunment, conprising the stiaps of placing a | ength
of a non-magnetic bal ance spring material around, in
or onto a receiving plate, forner or mandrel, heat
t heakirnglt hadbakaseengpt i ngddm neteri@atmeand meermiwiimg iptlate
fromthe forner, receiving %age or mandrel to farma
r .

f Pat "APEREhedest B ahckl 3 1mode ) R &8¢ dng

to claim13 wherein the balance spring material is
wound around a conical mandrel. 15. A nethod accordi ng
t d4¢l ai mA Regrhoth agirereiingt he bakamcé3sphengimmtleeilglance
I s_extrude netho? accorgigg:to.a one, of
h

. 16. A
CﬁgFﬁle§ag riglmh%r%?ﬁn aroun ogical mandrel.

e nandrel; former or
receiving plate is rotated such that the spring
material placed onto the mandrel, fornmer or receivin

plate adopredhedsgiccardiapntolzlaAhmbehel hecHref o tohe
ag%lgﬂ%eog ﬁkﬁénﬁaégri llfsmgﬁ{F%@eéhe forner, -

r ecei ving B a or mandr el has channel s for receiving

t he bal ance spring material. 18. A nmethod according to
any one of clains 13 tqQ 17 wherein the fo

ner,
r 8Cei vi Ay TACE GECRERAPEl TPs2R¥aPBa. 059?5%\1%t hodte 1°
ageendiRg¢he ﬁQMdQQ?,O%ofh@k“@r1§e&éﬁ@£%dwﬁiéﬂé1ﬂJ“%otated

bal ance spring material is ceramc or a ceramnc
cenpbsithet 20e Apmdng-magacialt bhheedeonmbheethd orandgeel,

in a . .
?ormer or receiving plate adopts a spiral form.

17. A method according to any one of claims 13 to 16
wherein the former, receiving plate or mandrel has

channels for receiving the balance spring material.

18. A method according to any one of claims 13 to 17

wherein the former, receiving plate or mandrel is heated.

19. A method according to any one of claims 13 to 18
wherein the balance spring material is ceramic or a

ceramic composite.

20. A non-magnetic balance wheel for use in a
mechanical oscillator system for a horological or other
precision instrument, the balance wheel including
components of two different materials having different
coefficients of thermal expansion arranged such that the
moment of inertia of the balance wheel decreases with

increasing temperature.
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mechani cal oscillator systemfor a horol ogical or
ot her precision instrunent, the bal ance wheel

WO psdiony conponents of two di fferent materi aPGT/BB20AQ04012

different coefficients of thermal expansion arranged
such that the nonment of inertga of the bal ance whee
decreases with increasing tenperature. 32 21. A bal ance
wheel according to claim 20 wherein the conmponents

i nclude a bal ance wheel arm having one or nore cross
menbers and a rimattached to or integral with sai

cﬁéss nenEance whgeda|agsee WRgelt Cacd8rdi g WBGEFéPthe
%%%5 st R SLa anﬁgﬁgﬁ&é)whéle?§mfh£§£ngaéﬁé'@i more

haV| irst coefficient of thernmal expansion and

th&o&snmembeﬁsaa&dcendlmaBEtaahebaangralsbe@ndl with said

coefficient of thermal expansion |less than the first

c GEOSISCIMERNPSEE -t her mal expansi on. 23. A bal ance whee

according to claim 21 wherein the cross nmenber(s) is

of a first material having a first coefficient of

t Ifz’ér mal ZexyEeresicon vareek It e qongiogniol %glmoﬁéawéerem the
nents 0 terlal hav%ng a,SEeCcO

¥ & e&fsghéﬁnﬁl ExpAnST oo GrEat &r ?%lngsa first

f Ido%tffg@afefnitc lognthefrmbheempbnexpanshanthd4rif bal ance
wheel according to claim 21 wherein the bal ance whee
r ismcamd @\aéﬁfs?l@énﬂ?éﬁfe@ﬂ ar 6eFenAedo6f Tacierkt ofmteTARL

t%épﬁ%ﬁ%d%'ﬁ C%%furtﬁ%n%lg tESE?? c?éﬁ@nngEhQPﬂal

ance “wheel er co
Segemiss onnNsi de said rim forned of a dlfferent

23. A balance wheel according to claim 21 wherein the
cross member (s) is of a first material having a first
coefficient of thermal expansion and the rim comprises
concave segments of a second material having a second
coefficient of thermal expansion greater than said first

coefficient of thermal expansion.

24, A balance wheel according to claim 21 wherein the
balance wheel rim and cross member(s) are formed of a
first material having a first coefficient of thermal
expansion and the balance wheel further comprises two
concave segments inside said rim, formed of a different
material to said rim having a second coefficient of
thermal expansion greater than said first coefficient of

thermal expansion.

25. A balance wheel according to claim 21 wherein the
balance wheel rim is formed of a first material having a

first coefficient of thermal expansion and two or more
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material to said rimhaving a second coefficient of
thermal expansion greater than said first coefficient

wo@Rooshennl expansion. 25. A bal ance wheel accP€OGBOOHO04012

claim 21 wherein the bal ance wheel rimis fornmed of a
first material having a firstsscoefficient of thernal
expansi on and two or nore33 nenbers fornmed of a second
mat eri al having a second coefficient of thernal
exRapsranrgrRatiesrt hapesand i vsiianteniialy ar @econd
attached to said rimand extend inwardly therefrom _.
260cAfBaREREORNERRI TRl eXRARHL L HHSG G dhrorsadthdrirst

PLEC3gN LAStEUIRDhaqt DS DRI ANchy WhRele MR 1% A%
bal"ancé wheel arm having one or nore cross -nenbers

f ahreeefebma first non -magnetic material having a
first coefficient of thermal expansion which is
positive; and a rimattached to said bal ance whee

an®. thephh0hbei Necbor AR Ve ai$ar ot NIy idMIAt ik her
mat eri al having a second coefficient of thermal
expacdisérn whekeimesai dtiechatrerevhias e monyr isHiardval
expansion s less . than_ said first coefficient of_ __ b
t her maf gﬁ&SHSFoWFeggcﬁr?hg?vﬁ%?i%%?é%ggﬁé% CLOSSTMEMbEers
t gpakat WreaCauses aBn-REgRABEC | Matdel £1 assyimerhert (9t
length and radially inward deflection of the rim
r esgififiiggenh afdebreasé prPehelemnidhichils matiel wi/ and
the balangg WNegLncf! koA DRLANGE, MECINAEOOLA NS rim
claim 2 Wher8in there are at Teast two appendages to
t e ihigmfioftmkAe of ormMsetonanneagneyheal ¢ ynsensidl veeving a
timng weights. ,
second coefficient of thermal expansion;
wherein said second coefficient of thermal expansion is
less than said first coefficient of thermal expansion,
such that an increase in temperature causes an increase
in the cross member (s) length and radially inward
deflection of the rim resulting in a decrease in the

moment of inertia of the balance wheel.

27. A balance wheel according to claim 26 wherein there
are at least two appendages to the rim in the form of

non-magnetically sensitive timing weights.

28. A balance wheel according to claim 26 or 27 wherein

said second coefficient of thermal expansion is negative.

29. A balance wheel according to any one of claims 26 to
28 wherein the rim comprises two or more convex arcs of

equal length.
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28. A bal ance wheel according to claim26 or 27
wherein said second coefficient of thermal expansion

w0 gsoonegreld ve. 29. A bal ance wheel accordi ng t oPEIGBR1V/004012

of clainms 26 to 28 wherein the rimconprises two or

nore convex arcs of equal |ength.34 30. A bal ance

wheel according to any one of clains 26 to 29 wherein
said first coefficient of thermal expansion is |ess

t Ban 34.pAlbhatangeaheslcactorditng ahg ohai mf28larims 26 to
claim?29 or 30 when dependent from cl aim 28 wherein

{RE WABRPIBGRAT TiHes & ceiiid KOSt GettSoMathErpamsion is

expansiRy,i §x1#Sg-than the nmagnitude of the first
cogggigﬁe%t o# tﬁernal expansi on. 32. A bal ance whee

according to any one of clainms 26 to 31 wherein the
appendages. are arranged to give equi.pQisetao the _.
bglgfanc% ]%J_e%rll(?e 3P B HIS _%é%ﬂ C&E&S‘r Bn g™t c():(iéaﬁf/n 29 or
one Qhef! @bPEnd@dnt Of 3y WEL B 2 d hendrdist tard neegandide of
coefficients of thermal expansion are linear. 34. A

bahaneecahdetoattirifnly ¢ Erohe wfPadlsdiors 126 iepFhan
rein there a e r en e r on
P REEChBGhTELTR 20 f SNE LI S0 S APEIANCS S RAGRD ©

steprapiloan eccentric head on the stem the stem being
rotably nounted in an aperture of the bal ance whee
such that it is rotatable about an axis parallel to

;g? : aXAS?QiaIE@é %ﬂé’{l ?%%é{%i% ance Whegle ghenebnd s to

ment of 1 nertia o ance wheel can be fine
t Bnedhbyetnr hh@gappendages are arranged to give equipoise

to the balance wheel.

33. A balance wheel according to any one of claims 26 to
32 wherein the first and second coefficients of thermal

expansion are linear.

34. A balance wheel according to any one of claims 26 to
33 wherein there are one or more appendages arranged on
the cross member(s), said appendage(s) comprising a stem
and an eccentric head on the stem, the stem being rotably
mounted in an aperture of the balance wheel such that it
is rotatable about an axis parallel to the axis of
rotation of the balance wheel, whereby the moment of
inertia of the balance wheel can be fine tuned by turning

of the eccentric head.

35. A balance wheel according to claim 34 wherein the

adjustment member is a screw.
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of the eccentric head. 35. A bal ance wheel according
to claim 34 wherein the adjustnent nenber is a

W@ e0sms®%3 36. A bal ance wheel according to cl aPem/882ar/004012

35 wherein the head of the adjustnment nenber is tapers
towards the top end renote frsamthe stemand is
provided with splines for engagi ng an adjustnent tool.
37. A bal ance wheel assenbly conprising a bal ance
wBeel aceopdilagctowaBy¥1o0aecofdthai 68 baim 36 @nda
bal ance staff formed integrally with the bal ance
wheereingtha pradmle MHeddFstndd MPreRorsl $§PEAS or

OLBEE 8L SEh ST Offp | 154 IR GO 1iS1d G o BAANGE pGelica
arm having one or nore cross-nmenbers formed of a first
nenthmaghetésafdy swyrsdiny enmetdr sinardvitiogla fir st
coefficient of thermal expansion; a plurality of

concave segnents fornmed of a second non nagnetically

S§ﬂ$itAVEéI@ﬁ@%i@ﬂeéﬁ”@égkﬁ&ﬂﬁﬁgﬁﬁﬁbﬁﬂgﬂﬁ? Gl @Al afke wheel
t hermal expansion which is positive; and wherein said
seconddtoef £9 cientond eherkminexifanst oib iagdgredpdrnce

than_.sai,d first _coefficient, of .th I si-on, such
RBRe R rarhbd SinPOTLLL £} SPOPt AD TR ARARLOD.
segnents extend further radially inward causing a

reduction in the noment of inertia of the balance
whBel . A3oalangr | direl vittelUsiecldt i Mpie W i&icsh 98 other

g‘%?&@kgiéﬂeﬁs@f&n&@'é‘cSr?éHé’ir?j; appendages to the

ncave segnents 1 n the tormof” non-magnetically
senbhlanect whealy awehghi®ing one or more cross-members

formed of a first non-magnetically sensitive material
having a first coefficient of thermal expansion;

a plurality of concave segments formed of a second non
magnetically sensitive material having a second
coefficient of thermal expansion which is positive; and
wherein said second coefficient of thermal expansion is
greater than said first coefficient of thermal expansion,
such that with an increase in temperature said concave
segments extend further radially inward causing a

reduction in the moment of inertia of the balance wheel.

39. A balance wheel according to claim 38 wherein
there are a plurality of appendages to the concave

segments in the form of non-magnetically sensitive timing

weights.

40. A balance wheel according to claim 38 or 39
wherein said concave segments form a rim of the balance

wheel.
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40. A bal ance wheel according to claim 38 or 39
wherein said concave segnents forma rimof the

whadoanew4svheel .36 41. A bal ance wheel accor di POI/G82004/004012

claim 38 or 39 wherein said bal ance wheel has a rim
attached to said cross nenber® and sai d concave
segnents are fornmed of a different nmaterial to the rim
and arranged inside the rim 42. A bal ance wheel

acgar di nga tiss ameonthaefl acaiorslidd to 4lawheB@i art g
concave segnents_are attacged to the cross nenbers or

t ¥henaih sR1ehBaparaRcE fRtel S 43, T bat e e 534
acey Al R AR ANYKANE 9 ELAEEBe 38 difeds WEL Sl bf a

first coefficient of thermal expanSion is negative,
whkrfeleyr emtdeartease li hot hbe cr bssan@gnberaheedtingisje drite

i ncrease in the concave rimsegnent |engths with

ri'sig tenperature causes reduction in the noment of
inertia of the bal ance wheel. 44. A bal ance whee
according to any one of clainms 38 to 43 wherein the,

ri4a -segnehtlsr nceadieslr s nemtes any P86 @égFréasms 38

45, b I [ aim3
o A5l 0 Shan dapondnarCr oa of i J! 5ehe
whereein raimbeeasbrt wo af ritheofppbadagésnae ewiposlti oned
bet ween adj acent concave segnents of the rim 46. A

bal ance wheel according to any one of clains 38 to 45
whey ei b, the fiest»2ad seegpdifgetsi chenbse ofs tOBIMRL 38 to
expansion are |inear.
42 wherein said first coefficient of thermal expansion is
negative, whereby a decrease in the cross member
length(s) and increase in the concave rim segment lengths

with rising temperature causes reduction in the moment of

inertia of the balance wheel.

44. A balance wheel according to any one of claims 38 to
43 wherein the rim segments are each arcs of from 45 to

180 degrees.

45. A balance wheel according to claim 39 or any one of
claims 40 to 44 when dependent from claim 39 wherein at
least two of the appendages are positioned between

adjacent concave segments of the rim.

46. A balance wheel according to any one of claims 38 to
45 wherein the first and second coefficients of thermal

expansion are linear.

47. A balance wheel according to any one of claims 38 to

46 wherein the balance wheel has two or more appendages
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47. A bal ance wheel according to any one of clains 38
to 4 wherein the bal ance wheel has two or nore

wappsndrges37 arranged on the cross menber(s) BCT/GB2004/004012

rimor said concave segnents, said appendage(s)

conprising a stemand an eccemtric head on the stem

the stem being rotably nounted in an aperture of the

bal ance wheel such that it is rotatable about an axis
paraddrejed ont hdeaxirssef membatish of tie hah anceasheel ,
whereby the nonment of inertia of the bal ance wheel can

b&E TG & @ﬁé&‘eWStuFﬁnlﬁgaBPePﬁ@g% TentPTR by ygtem and

gir%%%emerqlc ﬂ%%er @'anhEOSEEﬁ' rrm@ g\@&’d%é‘l vé:%otably

ust ment nenber IS a Screw. . A bal ance
am&mmdemglmoamlapﬁst¢2e00f48hahbabaMC¢h@h¢miubuﬁhtﬂhat it

1 SIS, SORPbPaea™Hot RSBl Rbot? of Brfohef mf an

adjd+sitiRpt Jdfoehe B81aAcbalanee, V‘ﬁl@@fel@}%sﬂﬁ@hﬂoment of
conprising a bal ance wheel accordlng to any one of

clidians 120 ofo the Hadaackarhmeé seaflhefbimediymedraltyrning

th th@ee %E%%%%cwﬂ%% 51. A nechanical oscill ator
sys emfor use in a horol ogi cal nmechani sm or ot her

precision instrunent, the system conprising a
non-na%getlc bal ance _spring of flat spira

or
hél®ecofdBR 1EBEM YRGS ABROAAGNSL TR BhtHhct! wHEBIS1iR Hde
badjozjqfsem%plrtl ﬂl%ml%%l ngsf qr ggg pf a ceramic material or a
mat

rial conprising continuous fibres; the bal ance
wheel being forned of a materi al haV|ng a coefficient
of thern%glgé%%nah%glogctgﬁ 1%8a%o 3§§§5§i3§ or 48 wherein
the head of the adjustment member tapers towards a top
end remote from the stem and is provided with splines for

engaging an adjustment tool.

50. A balance wheel assembly comprising a balance wheel
according to any one of claims 20 to 49 and a balance

staff formed integrally with the balance wheel.

51. A mechanical oscillator system for use in a
horological mechanism or other precision instrument, the
system comprising a non-magnetic balance spring of flat
spiral or helecoidal form and a non-magnetic balance
wheel; the balance spring being formed of a ceramic
material or a material comprising continuous fibres; the
balance wheel being formed of a material having a
coefficient of thermal expansion of less that 6x107°k™!
the balance wheel further comprising a plurality of non-

magnetic poising or timing appendages for making



10

15

20

25

30

t he bal ance wheel further conprising a plurality of
non magnetic poising or timng appendages for maki ng38

wa@ojoasterent s to the nonment of inertia of the bBCEHOB2004/004012

wheel . 52. A nechanical oscillator system according

to claimb51 wherein the bal arsge wheel is planar. 53. A
nmechani cal oscillator system according to claimb51 or

52 wherein the appendages are arranged to give
eguipetfent9 therhalmnsenwheelindtia Afmeckabhtahce
oscillator system according to any one of clainms 51 to
58h@kérei n one or nore of the appendages is an

adj ust ment nenber conprising a stemand an eccentric

head on the stem the stembeing rotably nmounted in an
apéer.t uremethahiecdhl @ncel Whest suadfent hatoirding to claim 51
ro%atable aboutlan axi s rallel to the axis of

r §PEEROR BRS¢ hdl HATANTRS whekt P eby the nonent of
inertia of the bal ance wheel can be fine tuned by

turning of the eccentric head. 55. A nmechani cal .
088i-1 | At DEChyBiem aeTot bl HeP 1t ¢ ¥ Emasgoxénegi ot kdaim 51

adj ust,nent nenber is_a screw. 56, C ical .
ogki%%a?o?r§§%t§%$a%%%?%l% ¥ 5“§%f§€%§W%%p§%éﬁ%§€gl or

56qwWhehesa tbhetheasda Dintbeqiagd st ment menber tapers to
an end renote fromthe stemand is provided with
splines for engaging an adjustnent. 57. A mechanica

Oé‘ii.' | at zﬂécﬁ%ﬂ%ﬁr agCof f 11 § 05 AWerPRe Oy L@ 8 3Lyt @ne
56 wWwherei h the bal ance spring 1's formed of the sane
matteciiaimandli e efB avhyrad h hotdeobal@ncef the appendages
is an adjustment member comprising a stem and an
eccentric head on the stem, the stem being rotably
mounted in an aperture of the balance wheel such that it
is rotatable about an axis parallel to the axis of
rotation of the balance wheel, whereby the moment of

inertia of the balance wheel can be fine tuned by turning

of the eccentric head.

55. A mechanical oscillator system according to claim 54

wherein the adjustment member is a screw.

56. A mechanical oscillator system according to any one
of claims 51 or 56 wherein the head of the adjustment
member tapers to an end remote from the stem and is

provided with splines for engaging an adjustment.

57. A mechanical oscillator system according to any one
of claims 51 to 56 wherein the balance spring is formed
of the same material and integrally with the balance

wheel.
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wheel .39 58. A nechanical oscillator system according
to any one of clains 51 to 58 wherein the bal ance and

wa@piosigoas e formed separately and then joi ned PYT/GB20AH04012

or gluing together. 59. A bal ance wheel assenbly for
use in a nechanical oscillatosssystemfor a

hor ol ogi cal or other precision instrunent, conprising
an integral bal ance staff and bal ance wheel integrally
formed froman isotropic non magnetic material having
a thermal_coefficient of expansion | ess than

60. An
aSSenbl y & g GR la GRECHAR A SYSERM 3E6PL Sy BPeRPt BPY
a hQ Jrogi16akns0E 10t BesgPyaekah ANLhASHE VAR LM SING are
a bal ance staff and integrally forned with the bal ance
stiafrineghsepreraded ycrodsthenbgprsneédrbguppding myr agluing
b%%gn%glmheel rim the cross nenbers and bal ance staff
beiﬁ& of'rred of a non -magnetic material having a
thermal coefficient of expansion |less than 60. An
assenbly according to claim®61 further conprising a
bal%ance rk akaEchetasd e PIss fvgnivee (8) 2 Bechapical

| . > &l
%%%Itil%t%%f:%&g't@ﬂ k8 athBP‘gllgglE!a?' OB 3hdp g@%ﬁaclslon

a
havi ng a bal ance wheel accor to any one of al ns
20 ntsg rothend?. cAmpedhangcah dstebkal obasystens acthHraag

t ny one of clainms 51 to_58 and_having an assenbl
a @%&%We&n;}%ﬁ@réilé{l 5Pﬁ§‘eg91’68{“61§4b5%13’?0&\1c don-
meihed 1afc fRrR-Rg1aR.3886M! ¥naerQl dipgr E O Bl 0L

expansion less than 6x107°K™*.

60. An assembly for use in a mechanical oscillator
system for a horological or other precision instrument
comprising a balance staff and integrally formed with the
balance staff one or more cross members for supporting a
balance wheel rim, the cross members and balance staff
being formed of a non-magnetic material having a thermal

coefficient of expansion less than 6x107°K™t.

60. An assembly according to claim 61 further

comprising a balance rim attached to the cross member(s).

61. An assembly according to any one of claims 59 to
61 having a balance wheel according to any one of claims

20 to 50.

62. A mechanical oscillator system according to any
one of claims 51 to 58 and having an assembly according

to any one of claims 59 to 61.
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of claim®60 by attaching the balance rimto the cross
menber (s) when both are in their green state, by

whomwdiomy4dr heat treating. 6 . A nethod of forPCTIGB2004/004012

bal ance wheel assenbly for use in a horol ogical or

ot her precision nechanism congrising attaching a
separate ceram c staff and bal ance wheel together when
they are in their green state and using a bondi ng or

heét . t reateEndd psOCRSSNi0y secwWssdem tagetdighg the any one
and bal ance staff being non magnetic and

bal ance wheel

ha@?n@l%“&og@ % 2ht2 Gt 1 hel Ml PRd@HTsi o | s S heh &t oss

6 f ] halance. vg]eeeé agcqrdi :
cﬁgeilﬁbéé@}aﬁggkg%% %tgﬂ g%rlﬂn%g wheel and I}Jal anceg g%agb?mdmg
arer botht foresdinngd. a ceramc materi al .

64. A method of forming a balance wheel assembly for use
in a horological or other precision mechanism, comprising
attaching a separate ceramic staff and balance wheel
together when they are in their green state and using a
bonding or heat treatment process to secure them
together; the balance wheel and balance staff being non-
magnetic and having a coefficient of thermal expansion

less than 6x107°g™L.

65. A method of forming a balance wheel according to
claim 64 wherein the balance wheel and balance staff are

both formed of a ceramic material.



