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BALANCE WHEEL, BALANCE SPRING AND OTHER COMPONENTS
AND ASSEMBLIES FOR A MECHANICAL OSCILLATOR SYSTEM AND
METHODS OF MANUFACTURE 5 TECHNICAL FIELD The present
invention relates to a balance wheel for use in precision horological
timekeeping mechanical oscillator systems, or in other precision
instruments. It 10 is thought that it will be particularly applicable to the
osgillator sysigarin a mechanicabwatohcalineygh the roresepbinyaRtomisy
not I|m|ted to this. TECHNICAL BACKGROUND 15 Balansc):e Wheels for

spnng is arranged to oscMgtg{tdjgg)abanmwme@mm@ do so W|th a
period of oscillation that should be isochronous. 20 The metals used have

generally high linear expansion coefficients as compared to most
ceranMes.ckEhis hasibeen the norm for example in the systems containing

a balance wheel made of metal (Fe-Ni, Cu-Be, Cu-Zn, Cu-Au, N
combinatibfis Of f&ge) ant THE b? i%%?]ceegp%a%ga)e ?’roﬁ?é@’aﬁ% Rﬁ@l tor
alley; ot fresMa-C of othersted| derivalive ialloys cthe:gpplicant's easlier
appllc ion PCT/GBOB/OOSOOO filed on 10 July 2003 and published 22
Janua?;& 04 andyhere%yincorporate&gy ref}é}/rence (§Jsclose§ﬁnume ts. it
balancé&sprhg materialsttoehablesthe 0 thermakand magneticable to the

mfluengﬁs in thls reIaEtlonshllglo to %%é@grroygadiorwoay‘% oma,t%%q}g us_, .
greater preC|S|on

present lnventlon ig not limited to this

TECHNICAL BACKGROUND

Balance wheels for watches have previously been
principally made of metal. A balance spring 1s arranged
to oscillate the balance wheel and to do s¢ with a period

of oscillaticon 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-Re, Cu-Zn, Cu-Au, Ni or
combinations of these) and the balance spring made from
an Fe-WNi zlloy, 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. 2 The effects of thermal influences upon the balance wheel and
the balance spring are not the same. The thermal and thermoelastic
characteristics within the 5 relationship between the balance wheel and
balance spring do not evolve in an identical manner. The most successful
previous attempts (C. E. Guillaume's bi-metallic compensating balance
wheel and 10 steel balance spring sfstem invented 1912, Hamilton's
precisioT ferr@hicketbased springralloylinfconfunctionuwith stéet dpglance
TVRLoyalising balange yheel inyepied, 1943) fo.bring he leyns ofidne
associating relationship into constancy have required the use of materials
whichrI5: despité theirusetdlahémralCharactefstics(itvsfario-nicket ne

alloys-have.an abnarmal xoung's modulus evolytion) are-sensitivedo soring

magnetism. This latter influence disturbs the Young's modulus stability
afAd cagses Tehativé effedtsitd2he precisiBa {is8&hronism) of the 20
timekeeper. The expression for the period of oscillation T is described as
follows: [1] T =2nriGl; 25 T: the period of oscillation, I: the moment of
inertia of 18 BitaceSWREBE & HHe Biiglié Of the* bafaiteSspring. E -

Guillaume’s bi-metallic compensating balance wheel and
steel balance spring system invented 1912, Hamilton's
precision ferro-nickel based spring alloy in conjunction
with steel .and invar ovalising balance wheel Invented
1943) to bring the terms of the associating relaticnship
into constancy have reguired 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:

{
Tm?_yr\g 11

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

halance spring.

The oscillator system is subject to variations of
magnetic and thermal nature. When a balance wheel i3 made
of metal it expands with an increase in temperature. The

balance spring that is made most generally of a ferro-



10

15

29

30

The oscillator system is subject to variations of 30 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 3 nickel alloy also expands with an increase in temperature. 5
The rate of linear expansion is measured in units of 1/1000 of
millimetres/degree Kelvin, represented for example in the case of copper,
Cu, as +17xI0-6K and is known as the acoefficient. 10 The thermoelastic

coefficient describes the tendency sofchange:n elasticity of the material
for arise in temperature. 15 The ferro-nickel alloy has a positive
theffibeladtic ‘Coefficient which is described as “abnormal’, up to 40C
when fully de-magnetised. Magnetic accumulation however lowers this
threshold which causes the divergence of terms E and r at lower

temperatUt€ asShown in'the Gaplt 2BV EIG A dépittiigVarfahcdof 1 ts of

(radius @f gyrationiafi the-halance wheel) andMh (square sgetefdhe for
modulus of elasticity of the balance spring) with temperature. This is the
cAISEBthe Tasitsht efdt i e iBBERronisnt of dfie bdilafor. g5 and is

Whereas the bajance wheekis in geperal only

The thermcelastic coefficient describes the tendency
of change in elasticity of the material for & rise in

temperature.

The ferro-nickel alloy has a positive thermoelastic
coefficient which i1s 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 o

I

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 variaticns, which affect its physical
dimensions, the balance spring is affscted by both
thermal and magnetic variations, which affect both its
physical dimensions, and its elasticity (Young’'s

modulus) .
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affected by thermal variations, which affect its physical dimensions, the
balance spring is affected by both thermal and magnetic variations, which
affect both its 30 physical dimensions, and its elasticity (Young's
modulus) 4 SUMMARY OF THE INVENTION For the improved
performance of the timekeeper these negative effects must be eliminated
or reduced to a 5 minimum. The inventof has noticed that the Young's
moduiisof batanoesspringstaricbthe Fe-Ni balance spring in particular are
affected hy temperature and magnetism, and that the magneti

accumul§t¥gn ant%elgnﬁ?ﬁ]?gvﬁéﬁfs] a &e{:ﬁr%%%?aﬁ %ff%](%t %%%r%ge %%%Fn%?erﬁethese
inventer has 19ffcticed thatthekse changes: intthe springeatcoudt fos the
majar part (75%) of ascillator error; much.of the _remaini ror is due to
th@#ﬁﬁﬂ}‘t{%ducgg changes in the Balance whee .h]% Aglggcgoo%ﬁe ®
prasentlinventforrareadefinethbinithe sappendedeclaimsi A discassien sbthieng
thegry behind the inyention, preferred;features and other aspects of the
invention now‘%S‘l%ows. 20 The vaﬁages‘Saéonta?l%ecrf1 wﬁ merrg?at%nrgﬁ%nﬁ i
aren@xpressedE2 ML T=RT ARV E A @ Témperatuseandg has a

m@@@?@ﬁ%@%ﬁ@“§ﬂﬂ§ﬁﬁ%&Téqﬁekeeping. The inventor has

noticed that these changes in the spring account for the

major part (75%) of oscillator error; much of the
remaining error is due to 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 [1] are

expressed:
12.Mr2 1
T = 2#—————5]1"} (2]
.6

Temperature and magnetic variations influence T {the
period of coscillation} resulting from the effects of
expansion and contraction of the balance spring and
balance wheel and the changes in elasticity of the spring

materlial.

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

its Young’'s Modulus E.
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period of oscillation) resulting from the effects of 25 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 30 its dimensions: length 1, height h, thickness e, and of its
Young's Modulus E. 5 The moment of inertia | of the balance wheel is a
function of its radius r, and its mass M (\%/hich remains constant), and is
expressé@disd et [ B, rithe tYioung'safiodblas icogHicientwthangess a

with. varialions.in lemperayure.and magnetie influence, L0 Wherg ... .
non-magne?lca y Sensitive and thermica ly stable Balance spring, €.g.
suchmag #vat disclosediia thepinyentor's PCT/GB03/003000, has been
selected with g linear thermoelastic evolution in the operating 15
temperature range (0-40C), 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 20
understanding of its kinetic performance, and its static and dynamic

poising dnd &disthtentare umeidvstosd ant faliowed for it its hesriufactre

and regulgtingronce indhe. timekeeper, 25 variables,within the
eguation which are affected
Where a non-magnetically sensitive and thermically
stable balance spring, e.g. such as that disclosed in the
inventor's PCT/GB0O3/003000, has been selected with a
.iinear thermcelastlic evolution in the operating
temperature range (0-40°C), the thermally induced changes

remaining to be resclved reside in the balance wheel.

This is only possibkble if the correct material choice
is made for the balance wheel, and a correct
understanding of its kinetic performance, and ite static
and dynamic poising and adijustment are understcood and
allowed for in its manufacture and regulating conce in the

timekeeper.

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

r/NE or r’/E [4]

r 1s the radius of gyration of the balance wheel,

and E is the Young's modulus of the spring.
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by temperature changes which must now be brought into constant

relation can be simplified and represented in the following expression:

r/~E or r2/E [4] 30 ris the radius of gyration of the balance wheel, and E

is the Young's modulus of the spring. 6 The expression for the

relationship between radius of gyration of the wheel and Young's modulus
of the spring of materials used so faf in the mechanical 5 oscillator

system iStas expressething4]) Thesadenns areinotdn adinear welationshipi s

however it is.necessary, that this relationship shquld be  constant.(sqg as to
keoztvp ﬁ%rﬁ‘étr%é) B og%ﬁaﬁéﬁseio ?s%%f??gﬁtl)%%).aﬁ%oge%?&usal O% ohE
compensation that theibdlance awlist cachieveimushbe calculated as a
fu(gg%igq of the thermal rgxpgngign@o}g contraction of r.since the mass is 15
unaffected by cha?{nges N femperaturg and the moment 6f inertia is the
product of M.r2 expressed in [3]. Historically, metal balance spring alloys

have hadg.nor-inegynadulalion of e thefmaelastic mods (the 20
change in the Young's modulus with a temperature change is described
by fheedeve IGIE) SAS balapee Whedls madeisf asimgie aetaliiraveiguld be

lingar increase intheir value of.r, over atise:in tempgrature. the . 1

superimposed curves of the evolution of r and CIE with temperature
plofed vFthe s same graph show an intersection at two points where
the

The residual compensation that the balance must
achieve must be calculated as a function of the thermal
expansion or contraction of r since the mass is
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 thermcoelastic modulus (the
change Iin 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 OF provide a solution to the value of &r, 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.



15

20

30

values of bE provide a solution to the value of Er, or where the curved

line of the graphed values of 'JE intersects the straight line r. The
discrepancy between the two curves at their widest separation is known

as 30 middle temperature error 2 as shown in the graph of Fig. 1. 7 The
balance wheels and balance springs in the past capable of resolving this
problem have been made of magneﬁcally sensitive materials and due to
current 5'levelsadfanagneticepdllutiongaiz=ie tonges suitalble. To provideast

salution to.thecrelation.r, first a,_spring with,a linear thermoelastic,evolytion
iscre%u%reg, w e‘Faeé tsﬁge]:ichla{lr ctteﬁgsﬁcg of §[r’r>1le€s'ﬂ?or?h%va(ﬁloﬁ‘:\?vegfr&‘:o%%‘t%erﬁt ig
evelgtion: soahdtithe selationstip tends-towasds /E, dnd Whereithesart

cogfficient gfeaxial expansion gf the spring foL afise,ip lemperatuie is, .
negative. In order 1o improve the performance of the system 15 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
descriptiof), RKe "eHifice o FMhtETiehe fdrthé Balareavhes musrbe fiékst @
those insensitive to magnetism, most preferably of low a 20 coefficient,
arse if oy of the:same Sigrethenlof weey: love @l coefficiént-ofoppositessign red,
19 the axial.a.coefident. of the spring.maisrial ubich should preferably.fe
of linear and low thermoelastic modulus tendency < I% between 0 and
86CCasi Shewn 39 thHd appdhsortien 8tofonship tends towards r/E, and

where the o coefficient of axial expansion of the spring

for a rise in temperature is negative.

In order to improve the performance of the system
having made the correct checice of spring, such as the
inventor has devised {(and metheds 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 cecefficient of opposite sign to the axlial « 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. Z 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 o coefficlent of the same sign as the

thermoelastic modulus tendency of the spring.
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25 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 30 should

be of a coefficient of the same sign as the thermoelastic modulus

tendency of the spring. 8 The a coefficients and the expansion
charactefistics:whether isotropic oradisotropiexand the ¥ ouhg'sanedulustics

; e calculated and considered carefully in the
mysbelbe calsasd ancorsitiared casllly THbe sl

reelygj@ghi’ps[zrliol&ulus
any of the variables are ignore er in whichthey ar
implicatedlin the systermire teotiom ds done sdsvithout refefencevto and he
understanging,of, the othet vagables and theip intet relationship, QROred, or
improved performance will be gaihed. to In general, the formula fo
tirhBRe&pIng Thanged (U ltonsequantaiponra fise retémiperatupe of 4Ceis in

Upmali-382 4 2 - $5 L2E J5], Thus L can be made tq tend.to zero when

suitable 15 values of a, the balance coefficient of thermal expansion, and
a2 iEBalante Spiing Eoeffiefent bR fieriil iedpansion; dnd ke © inter-

thegmgelastic cogfficignt E.are, selecied by, careful choice ofappigpriate

materials. 20 For a selected balance spring material where the
thermoelastic modulus varies in a linear manner in the ambient range and

is minimal, agdhere the spriRg rmu1a for timekeeping changes (U}
conseguent upon a rise in temperature of 1°C is
U= 0o - 3o / 2 - 0E / 2E (5]
Thus U can be made tco tend to zero when sultable
vaiues of o the balance coefficient of thermal expansion,

and o the balance spring coefficient of thermal
expansion, and the thermoelastic coefficient B 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 soring
requires the balance for its part to compensate in a
residual manner in a positive or negative sense, the

following sclutions are proposed.

One aspect of the present invention provides a
mechanical cscillator system for use in a horological
mechanism or other precision instrument, the system
comprising: a non-nmagnetic balance spring of flat spiral
or helicoidal form, and a non-magnetic balance wheel;
wherein the balance spring is formed of a ceramic

material or a material comprising continuous fibres, the
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requires the balance for its part to compensate in a residual manner in a
positive or negative sense, the 25 following solutions are proposed. One
aspect of the present invention provides a mechanical oscillator system
for use in a horological mechanism or other precision instrument, the
system 30 comprising: a non-magnetic balance spring of flat spiral or
helicoidal form, and a non-magnetic balance wheel; wherein the balance
springzis dermvécet o a cergdmicnamaterialorreamaterial comprising:
continuous fibres, t balance wheel is.formed of a material havinga _ _;
coce?ﬁcﬁlegﬁt%fetﬂeérrﬁ%?egx%%ﬁg%% NS ﬁ%ﬁ%xfg- éels Sar%lﬁ"ljce gglggce B
wheel comprisesza plurality ©f nonrmagretiapeisingsaritimingt non-
appe for ' ju nts tg.the moment of inertia. of the
e et T L 23 e B ey Aot it o e
featlires ohehe préseritinventivardandde foundtinahe followindg adestription
ang.claims. 10 BRIEF DESCRIPTION OF THE DRAWINGS
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Embodiments and examples of the present invention will now be
described, by way of example only, with reference to the accompanying
drawings, in which: 15 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 ~E with temperature for a conventional metal
balance wheel and ferro-nickel alloy balance spring as has been
described above; 20 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 acchding to a first embodiment of the
present invention having different cross arm and rim materials; 25 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
inventior;"80tFigr4b v aside view ¢fthé balanteiwhaslof Figpf4ahEl
Fig.-2 ds.adop down viey of the balapce wheel acgarding to,the.fhird
embodiment of the present invention having inverted concave ségments
attecheditbt 3 the erohscrmeiiber; Fig. 6a is a top down view of an
eccentric timing screw in a mass appendage; Fig. 6b is a side

cross-sectional view of the
BRIFEF DESCRIPTION OF THE DRAWINGS

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

reference to the accempanying drawings, in which:

Fig. 1 is a graph showing the variance of the

balance wheel radius r and the square rcoot 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 wvariance 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.

43;
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appendage and eccentric timing screw of Fig. 6a; 10 Fig. 7a is a top
down view of a timing screw; Fig. 7b is a side view of the timing screw of
Fig. 7a; Fig. 8a is a top down view and side view of ring components of
the balance wheel; 15 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 views of an integral 20
balance Wheel &and balanicerstaffiwfrig 9 ésva tdp downipldraview etar 1

niaial- peiance siafl andbajanos, spfing 210 19shaws g mechanical
oscillator sys(%em comprising a balance spring, balance staffand balance
25 wheet; Fig. Hashowsiafist hreihoo ot arakingearbalanee aspring with a0

cqnical former; Fig . llb shows a second method of making a balance
spring with a cylindrical former and inter spacing 30 layers; Fig. 12
illustrates ilve divectich 6f dutingofa curaposite il of batariceispringrand

spacing materials, formed by the method of Fig. lb; 12 Fig. 13 illustrates
cutting the assembly of Fig. 12 toform a plurality of spiral springs.
Fig. &b 1s a side cross-sectional view of the

appendage and eccentric timing screw of Fig. 6a;

Fig. 7a i1s a top down view of a timing screw;

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

Fig. 8a 1s a top down view and side view of ring
compenents 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 views 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 cscillator system
comprising a balance spring, balance staff and balance
wheel;

Fig. 1la shows a first method of making z 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. 11lb;
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5 DETAILED DESCRIPTION Various embodiments of the present

invention relate to the balance wheel of a mechanical oscillator system
composed of balance wheel and balance spring, wherein the balance

wheel and/or balance spring are preferably 10 composed wholly of, or a
combination of non-magnetically sensitive and preferably but not

exclusively low a coefficient materiafs (<+6x10-6K-1) including, ceramic
material pieferably fromutirergroup; alumidinm mitréde; salgming-siicatei . 12

gllggs,glumina sii%%ggr.i%,_ borgn 15, carbide, boron nitride, silica, silicon,

silicon 8i”6rf<}‘id8é, 5ilicon nJitr%e?Z|rggrﬁg?sta%mgé&)?spbtassium alumina

muscovite, aluminium oxide (including ruby and sapphire) or diamond or
s%?@%% dgﬁgggg@g 8&3 or extruded or isostatically moulded

g ; ; rmoplastic polymer or monomer, glass,

carbon, dieylassy carbord Altertativefy theematerisdsumairbesclidsen frehate
thedroyB of nemsmaongtically sensitiye, ntermetalic.compoupds U ror
chosen materials may be in the form of fibres or nanoparticles confintous
or-EF Hizpefsed! irtmatices of thedmesst dralemioplastic polymérgrein the
ceramis, gas, caibol, oy glassy catban - puthermare e Jpalprgls may
be in the form of powders or micropowders or microspheres which are hot
pressed of Fedetion Horded, OF tape eastinpimatstiad iwhieh is@onetically

preferably;ceramicy i, binders which.may:he.ofxolatile,; yaterbased or
polymeric substance. Furthermore the material may be a composite
m%ﬁﬁﬁﬁ%@ﬁﬁﬁ%e@%ﬁerlals (<+6x10"°K ") including, ceramic

material preferably from the group; aluminium nitride,
aluminc-gsilicate glass, alumina silica boria, boron
carbide, boron nitride, silica, silicon, silicon dioxide,
silicen nitride, zirconia (stabilised), potassium alumina
muscovite, aluminium oxide (including ruby and sapphire}
or diamond or synthetically derived diamond or extruded
or lsostatically moulded graphite, or thermoset,
thermoplastic polymer or monomer, glass, carben, 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 continucus 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 volatile,
waterbased or polymeric substance. Furthermore the
material may be a composite material composed of

graphitic continuous carboen fibre or non-continuous
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graphitic continuous carbon fibre or non-continuous 13 carbon fibre,
carbon nano-fibre or tube, polymeric or ceramic fibres in matrices of
thermoset or thermoplastic polymer, ceramic, glass, carbon, or glassy
carbon. 5 In order that such variation as is imposed by the thermal
influences upon the balance wheel should be kept to a minimum. 10 In
the first instance it is proposed that the materials selection for the balance
wheebshoufd Ipreferablyibhenfor arowfa baefficientisoppiccceyamic.c or

material for ?&6}5‘2%'8 fLﬂ%ed‘?n%?%"%éés"'%oﬁ %‘lﬁé'gﬁogﬁe'@?"%)’ PLasING®  cric
phase crystalline or mixed phase gcrysta ine and residual glass
campgasiton, whichihas arpa xoefficient opx+.0XI0BIE & sThisaehsures a
limited evolution of r with temperature. The balance wheel may preferably
be circular and 20 disc-like but is not limited to being circular. it may be

formed with er@fthoGtthe sdlditioriad iiassiofa @érﬁéﬁdﬁ@ﬁ@ﬁ@@jé@in@he
shallow.im at{he periphery. Lhe vppersurfaceplang whichMmayy e xept

preferably be circular and lower surface plane which may preferably be
ciféul@r 25-Breé"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 balahtg staff 530 Bhd-aspect b theSinbérirsit fstateS 36 aplgin

materials selection for the balance wheel should
preferably be for a low o coefficient isotropic ceramic
material for example fused quartz (silicon diocxide 96-
99%), of a single phase crystalline or mixed 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 ilow +u cosfficient and
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balance wheel or balance wheel and balance staff integrally fabricated of
preferably one isotropic material composition with, a low +a coefficient
and 14 incorporating poising and timing appendages integrated in the
balance weights. 5 The balance wheel should preferably be disposed of
identical appendages 5 circumferentially fixed at the same radius from the
central axis of rotation 35 of the balahce wheel 30, at equal

cifcumferentiat tistaneeiapart thedappendages Gotorniimber netesgthand in
twe gggsalip to as 10 many as may form a continuous ring of equally

space %HESpgr?&é}gessdrranged close to the rim of the balance

wheel. Each appendage 5 is so placed and so shaped as to allow for an

equal distribution of its ma ith_an_increase in temperature, from its

centre poin%, arc%}L moste 25 I’Srée%‘,\(faerﬁa%lf ngm yraen%%%%yc?r}%ﬁla?:b?gﬁesgfj ot
thedappenddgewhichds parallfel withahe plarenofieidtionfof: the balante
whesl Theanpendaggs oiafe composed. ol matgralafiie ;20 sameg

greateer density than the balance w ee?it?g{f?% andrf' alfow for t%g n?g]m%%rt 8?1 ©
inBRigESIRe batarice Wheel 30eptesarety #6116 beldetérhimedearbart,
alea dorbe-alalicandynamicRoieing,of theelace whesl asie) gWEo .
in the preparation of precision watches and other 25 instruments. As such
thédppentiages 5hal be ctPRétansraen-thetal pbnaaggReticallpaced such

sensitivesmaterial whichallowfofse +o the rim of the balance

wheel. Each appendage 5 is so placed and so shaped as to
allow for an egual distribution of its mass with an
increase in temperature, from its centre point, and most
preferably equally and in the circular plane of the
eppendage which 1s parallel with the plane of rotation of

the balance wheel,

The appendages 5 are composed of material of the
same oOr 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 polsing of the balance wheel as isg
known in the preparation of precision watches and other

instruments.

As such the appendages b 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.



10

15

20

30

the usual punctual removal of small amounts of the 30 material for the
purposes of the static poising of the balance wheel as is known in the art
of regulating precision timekeepers. 15 Figs. 3 and 5 show examples of
other forms of balance wheel which may have appendages similar to
those in Fig. 4, but may (additionally or alternatively) have 5 their own
slightly different appendages 15, 16'and 5a, 6. These balance wheels are
discussediinsmore detalil mtemﬁur&ﬁmesﬁhe)ﬁppem@age&&@a @H—Z‘
fu%m%hed Wlth the abl ity tgllncrea e or reduce tg&ﬁroduct of

redUcing or mcreasmg he effgc%fve radiud BPne Gefite of "érof %rtt
orJarlI theppendage imeglationitd. thecentral axis 35 ©f rotatiorrof the have

gqefwg‘gﬁl %q\%r%&sﬂfeagl & s re( i %ucre?}%ln ad stlng ttﬂg freggency 0

the alance for a ung oscillator em sys tem not Fet w%ﬁag
cUrb gpis toadentrot ther lembth of ¢hel spring aad ttms therfrequencylof theer .
balance wheel period). This may be performed by timing screws 6, 7
mounted 20 radially in the balance rim. Timing screws 6 or timing

weights dvd/bh serewrgssembliasrorettentricoweightsor strews. Zaeel with

preferably;ingqr 0@6%@94@%éndawdyédéeee%%gzﬁ%s moly, Ehese, 1y

may be situated in the axis either parallel to (as in Fi
perpERdiclRar %6 25'(a% i Fig: 3a} of beth ﬁ&?éﬂ@éanﬁiﬁenp@ndrﬁutdwo centre

(Fig= 3)1he balance.staff §Xl§rargj},§re¢f}i?%eda§%dag e in relation to
the central axis 35 of rotation of the balance wheel 30.
This feature is reguired in adjusting the freguency of
the balance 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
welghts and/or screw assemblies or eccentric weights or
screws 7 are preferably incerporated inte 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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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 30 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. 16
timing screws) 6 perpendicular to thE°axis of rotation are non-eccentric. 5
The mppendagesvand timirg senewihedds-arecsaformesdias tdbeofation
aero-d ni file so as to reduce the drag coefficient. A balance

w geel gﬂ%r?é%%%%?gﬁév%h in Fig. 4a can 10 compensate for the effect of a
low linear positive evolution of the thermoelastic modulus (E). In the

second insiangeyhee Jhe balance Spring s, A5.0f noymal (F). n80give .o

thermoelastic téndency; which is linéar, then to resolve temperature error

it &5 ekpedientto have aproduct of M.pWhich decreasdswithdudse ime drag
temperature . The effect of reduced elasticity of the balance spring will be
compensated by a reduction in 20 the moment of inertia, and T (the period

of oscillation of the balance wheel) will remain unaffected. This may

preferably be aghiexedin.two ways. The firstofdhese,isiin the yse pfa. .,
combination materials 25 for the balance wheel wherein a single or

mBftipRE ficheretsutfiderfthiigid bafarceliWed! a5 made Fior a
e Aagnetis neateriakwith dathermalicoeficient: vs (&) .

In the second instance where the balance spring is
of ‘normal’ (—E}, negative thermoelastic tendency, which
is linear, then to resolve temperature error it is
expedlient 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 +a thermal cecefficient
avallable 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
palance rim 9 to deflect inwards. The reference numerals

refer to Fig. 3a which shows an example of such a balance
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available from the appropriate materials previously listed, such that for an
increase in temperature the 30 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 17 wheel. There is
just one cross member in the exampié of Fig. 8 although there could in
principle be Moee<b The patancerwheetsins Orisattached ta:the epasiple of

member or bers 8 at equally spaced intervals and is, preferably
M A R basban o D i e
linear thermal coefficient. Preferably the lower linear thermal 10

coefficient§ negaiye. mostarferaplypf areater magnitude (han e o
positive (+a) linear thermal coefficient of%he cross member or members,
amgavailable indhe matedals previvasly fistedcaratinchuding cbatinuoust s

carpan fibre, polyaramid fire and liquid 15 crystal polyester of o« 5

polyester/amide copolymer. Therefore for an increase in temperature the
cifcurfererceTgfthe 1Bdlanéd Wheel iived Wil de@rsasd antideing

sufficiently. flexible D?E’B%éﬁ%g‘ﬁfr%geﬂ%%@f‘ afithe balance, wheel rim
at the midway point 12 between its attachment 20 to the cross member 8.
InthRIdxEr51B the appeAdades 54115516 ard at thelmidway-psiat £2,

althaugh:they. qoud berat any otherpoint.an the: rim, providing sequipoise

ISS%@??fgient 0f the cross member or members, and available
in the materials previously listed and including
continuous carken fibre, polyvaramid fibre and liquid
crystal polyester or polyester/amide 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 the midway peoint 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 1s achieved.

Fig. 5 gives an example of how the same effect may
alsc 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 cf concave balance wheel rim segments
10 of 45°-180° of arc. The ends of the concave segments
10 of the rim are attached at egual radius from the

centre cof rotation 35, to the cross member or members 8§
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25 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 30 magnitude

composed of concave balance wheel rim segments 10 of 45-180 of arc.

The ends of the concave segments “£0 of the rim. are attached at equal
radiusifrora thercernitre afrotatiomn 35,te the aross membes oemepibersd rim

18 atlocation 1. The,positive fineay expancion of the rim_segments 10
witlh & f1se Th temparature causes the centre - of their arc§ 3% niove =

toward thelcentrecof rotatian 85 Geas-shawni by ithe arowsdn &g mtlheion 35
mass ndages. 15, 16, fixed at the centre 12 of the inverted arc rim
e e o Ao oo th5 confe o Fordtor S e 2
crés$s memtset (8F have negatives(-ay linéar toeefficientoftesmal rim

expanaionabey il 10 conact Wil adlse ndsmpeiats, 1Lwauidalee be. -
possible for them to have a low positive thermal coefficient (+a) fess than
the thermalcogfficient of the: concawve riembegments, iewbich«aseithey (-a)
wauld expand, but by less then the rim segments which would 15

aSa o bbe Ty s AL e T Bas Sb5e - FEHHES s not

consequentfy MOVE ragl%my nwards as
essentialfor theiconcaveisegnients smform the-eém, they eouddez1so be

Provided,as separate nserls; Forexample, twould be possible tq have a
circular rim of the same - or a different - material to' the cross
coefficient (4+a) less than the thermal coefficient of the

concave rim segments, in which case they would expand,
but by less then the rim segments which would
consequently move radially inwards as described above.
Further, it 1is not essential for the concave segments to
form the rim, they could be provided as separate inserts.
For example, it would be possible toe 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 cf 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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20 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 25 wheel, the plastics material inserts preferably having
non-magnetic timing weights attached thereto. As a result of these last
twoesenfiyurations: (examples of whichvaresshown irEiguses/3aand 5) the se

3Q effectiy %%&%?ﬂewgh%%ﬂ%%%% and therefore the praduct of, Mm(;eww (r-1)

decrease." The mass appendages for poising and timing arranged in

ediipdisa dh-the balance rim with a given product M.r at temperature XC
move 19 toward the centre of rotation simultaneously with a rise in
temperature such that the product will become M(r-n) at X+nC. Adjusting

the relati®@ positioncarid:$ize ahdriumbec ot thecapperdagesonathe number
balanee, wheel dm wil alloy for 1fhe;aceyrate determiningofihg evalutian ¢,
of the product” M.r as the rate of change of radius is not the same at 10 all
poifts Grrfherares cfaverted ams of the balanee whéeltirm betiveem trsiuct

points where-fhey are afached {0, the balange wheel cross member, With,

a suitable choice and combination of chosen 15 materials the mass M
mktiblied by the Pegafive rdteof Féhahyesericihositive 6tfinthe chad srce

theraverted gupve: (e for-a given risednfemperatute, annis the - cred <o

the balance wheel cross member.

With a suitable choice and combinaticon of chosen
materials the mass M multiplied by the negative rate of
change dr or poesitive dr 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 resoclved 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 2Z8. The 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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effect of the negative tendency of the thermoelastic modulus of the

balance spring and the residual 20 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. 25 The timing screws oriented in the radial direction (perpendicular to
the axis of rotation) may be so shap?éjd as to facilitate the engagement
amdlehsengagemecnt bfaa ﬁpqdailyadhamddﬁolsfpmepurpbsé of thengaging
prec djustin M.r praduct. Spegcific ? |m|n 30,screws, as
shov%sﬁé %é %X and ccj)prrﬁ rlli:e a§ste% \Heg §8t‘1l'ﬁ h%aac}:ew
28 eshowrpor sidecen int Figs 7bptogetite mwith the stem and: tdpadewn (with
g8 Hden-lam e G0 faaersJoyards e on (Al 2011
the stem) and has a plura y of sp nes 13 for endaging a spanner type
tu‘?ﬁmgﬁ@ol.spréfféﬁabe the timing screw head is conical in shape and may

or may not taper to a 5 point. This technique may also be applied to the
paralle”l timing screws 7. The timing screw appendages 5 may be
disposed 6F irdexesd SStorenable e decif atecd@taimirration e e oo
rejative.pasition efthe,tuning screw - Jhedixingogether,of the halance ,
rim and balance wheel cross member or members made of different
maferfdlls fRay preferebily Bé intégraliytaceomptished by use of the 15
appendage assembly 5 which may serve as both timing and

The fixing tocgether of the balance rim and balance
wheel cross member or members made of different materials
may preferably be integrally 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

Frj

ig. 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 Iinsertion of the appendage mass, whereupon the
introduction of the radial timing screw é through the

seating or setting wall, makes captive the appendage mass

le.

Regarding the configuration of the balance wheel

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

The balance wheel 8, ¢ may be made separately from

the balance staff 17 as in Figs. 8a to 8c. Alternatively,
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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 20 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 Yfor the insertion of the appendage
malss, Whersuponithe 25 intrgdbetioreafthé madiaktiming screwrG:throegk:

the. seating oy satti I e tive th endage mass_16
ggggr?din"g%egggnﬁ%%%?%otn 0 thz(ga é{lﬁé%e}gw?ggl%f% angggm ?y,néigﬁqples
arenshowi inLFigs 1 8a t6-Bd. The bakmceiwhee! 829 may bégnadel. The

separalelyfom, he falanes slafl LZae,0 g5, Sautofie. allgnativeli o1y
the balance wheel may be made integrally as one piece with the balahce

staffan whithitselfhiay bé anade intedtallyiwith fherinfpulse” SinrEas in
Fig. 8d.-The 5whale may, be raade,in its, eptirgty, r. be mpads integrally

with the balance staff 17 allowing for a different material core 18 (as
sKOWVIR\THBg. Be) afsinfilar dismeterts the balanee pivots tophssititoligh

and becfastened inihe ceptrakaxis of rotation-gk to-be 10 integrated and
fastened into the upper and lowermost ends of the balance staff to act as

high ieforirafce Fictioht Felisvihg pivbtsthade BP steet tdngsteRrmost ends
cerami¢,e Compgsite, diampndiespesially whenusedin CoRUNCHON £+ ot i on

relieving pivots made of steel, tungsten, ceramic,
composite, diamond especially when used in conjunction
with the mest suitable chosen 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, upcn which i1s fixed the balance rim of another
material or the same material of different phase or

LexXxture.

The balance spring of flat Archimedes form or

helicoid form, both forms preferably integrating terminal
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with the most suitable chosen friction relieving bearing 15 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 20 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 fﬁﬁy hardened) allows for the

integratien anddixingofcavrseparate dadarce staff of andthesimiatenal 18 de of

or is made 25 from a_one-piece moulglingg\of the bahance wheel and cross
=) [ Al .

member and the ba gr%%}écstgﬁTgé)estﬁer 2 ,a gretﬁé Integral moulding of the

balance wheel crossmember and staff together, upon which is fixed the

balance ri n r erial or_the same material of different phase or_ .
30 texturfeg]T%%%bgflgr%ceens&g:in%%gf fFat%cFﬂ%ne%@%ﬁﬁ%’? ﬁa?c%fgl (ilrrsn -k LS
bethfehs preférably irtedrating termihalfZ? culvésds arekasgwn iythee be
arf f d ic.Qr.ceramj Si rial

T The 258 of e <A o iferen malarais 115, cXoudont I o221y
b&lahee seH and bRAMES SPring to besihtegrally: moudedang pyrolised

siptered or partially ;siptered.carponisgd;or cured, in,a.controlied manner, .

prior to being fitted fo the balance wheel. Further heat 10 treatment or
curiritpbyiheat Gireleeton or R¥ay adtracvioket F hiietbwaverorlager vitra-

beam may preferablytakee or 1aser beam may preferably take
place for either or both the assembly of the components,
or the adjusting of their thermal and or elastic
characteristics. Fig. ¢ shows 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 reguires high pressure injection and or
compression and or uniaxial, isostatic or hydrostatic

pressing with or without heat, or is reacticn bonded.
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place for either or both the assembly of the components, or the adjusting
of their thermal and or elastic characteristics. Fig. 9 shows an assembly
comprising an is 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 20 rim
is later fixed in place by compatible fieans. In the case where two
different Teramicsiare alsed theytare preferably predision mouldedfroni ,

“hi olume_ceramic’ preparation, heat treated by pyrolisis or 25 sintered
o Eed 5 e R EiAa 1 s anE cebeblod O furtr et = o1t
treatatent ©p the two elehnents tanitedlin, theagyreér: state and prefendily »
recaivedull of partial.heat reatment tagether in the assempled state. The
precisiéan mou?gri%rg o?the ceram@lc %re%%iarta%n é%?gsérgblg re(ﬁfme% Fﬁaﬁnts
pressiieriajection aerort compedssicreanden tniaxidl, isbstatitloe separate

hydrostatie -pressingwith.gr &vﬁheweq%atcg&h%sf@%@%pf%d- 23 The
oscillator system composed of balance wheel, balance staff and balance
spithgPofithe Sahe o diffeferith preterabiifCeramtie ietarials ey be- So &

assembled affer 5.pmbiept temperatyre hardening of volatile hinding..; .o

agents preferably prior to heat treatment such that the separate elements
arefBortedin tRéit Borrdétretative Faldfiorship iithechosefheat stage by

treatment process: 59 a ceramic halance staff may be fixed to a ceramic
balance )

Fig. 10 shows an example of a mechanical oscillator
system having a balance wheel 30 similar to that shown in
Fig. 4 together with a balance staff 17 and balance

spring 50.

Where the ceramic balance spring is made separately
by precision extrusicon it is expedient that the cross
head or heads, and extruder nczzles or dies preferably
but not exclusively allowing for round , sqguare ,
rectangular or oval cross-section of the extruded
material, should be in the vertical direction allowing
downward flow of the material onto the recelving 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. 1la shows extrusion of spring material
6C from a nozzle 70 onto a rotating conical mandrel 80 so

as to form a spiral.
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10 spring or other material balance spring at this stage by the appropriate
bonding means. Fig. 10 shows an example of a mechanical oscillator

system having a balance wheel 30 similar to that shown in 15 Fig. 4
together with a balance staff 17 and balance spring 50. Where the

ceramic balance spring is made separately by precision extrusion it is
expedient that the cross 20 head or2ﬁleads, and extruder nozzles or dies
preferabli &utnobexcludively adlowiigefor 2dunics, sguare rectangularcorical

oval crossrsection, of e »?&(Héf'ﬁﬁ% 1aterial Shoyld;be i the vertical

direction allowing downward flow of the material onto the receiving plate,
25 diecdriforrnek br mandrélwhick iscémabled preferkbiy te desciibe a

spiral apd terminal,eurve form such thatlhe extriyded material is;laid epio

or into the receiving plate or former or mandrel and is obliged to adopt the
saie fEr Fig 116 SRows exilsion of $piifig AfatBAdl 30260 Hon 8%1dzzle

70 onto a rotating conical mandrel 80 so as to form a spiral. 24 Where

the extruded material is wound onto a conical channelled or .
non-chafhéife? ésted Piaitirel iFRT &RFedienfhat paifial erify 6FC tape-

hardeningpfihe &material sheuld take place before itssrelease-anththe 1454
forming of such terminal curve as may be required. Where the ceramic

springFis thade BY the icrotape 2 Eastitgyprotéss: e terdmbhaterial is
preferably laiel die, preferably partially cured or heat

treated, and then further shaped to acguire its final

form and then fully cured or heat treated.

Where the balance rim or the spring is made from
continuous fibres the preferred method of fabrication is
by pultrusion cof rovings cr 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 formerxr.

It is preferable that such releasing agent as 1is
necessary such as PTFE [(Polyvtetraflourcethylene), FEP
{Flourinated Ethylene Propylene Copolymer) or ETFE
{Ethylena-Tetraflourcethylene Copolymer) in solid
material or vapourised particle form is applied to the
mandrels or formers for the expedient release or
gseparation 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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10 into or wound onto a stationary or rotating mandrel former or die,
preferably partially cured or heat treated, and then further shaped to
acquire its final form and then fully cured or heat treated. 15 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 materiaP pre-impregnated with a matrix phase)
whicharsipreferably partialladuredsassinpassesthrougira 20:heated diegofi s
any cross-section before, being mandrel wound or laid .or wound into or,
o B e AE e ot S et et SEat o 1o hecossdy o
sticiras PTFEL(RpIytatrafiourbethyierie) AEERN A5 {Flowtihated Ethylehermer
Propylene, Capalymer) %@_TEEQ(EH%V'%%E'Iﬁgéﬁ‘i‘ég?fy‘yé%'l%gg%ﬁg%eiém:
in solid material or vapourised particle form is applied to the mandrels o
formmers-fol th@ expedieht Fefeasesdie separation of thd sdrmpohentsioria l

parts of the components 30.duting the fabrication precess Whereithe s ca11y

fabrication of the continuous fibre balance rim or continuous fibre balance
SPHMPEthERE. cerainisfittte OF pldinBeramiedim breeramic sprihghd
agcomplished by-theinding of prefeaply : Bre-preg; er Jape casting, ; s
material sheet around a cylindrical former 5 with or without the use of an
infetfiyer feleasifig ayent spheirtyshicet St RBteferablecattek fdir 6F partial
curingior-heat freatment;that the,sa farmed eWlindricallyyz 15 in the axis

perpendicular to the cylinder’s rotational axis, thus
producing rims or spirals. Fig. 1lb shows a cylindrical
mandrel 90 at the beginning of the process before the
lengths of spring material 100 and spacing sheef material
110 have been wound around the mandrel. Although in Fig.
11k 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 methed of cutting may preferably be by
mechanical, electrical or chemical means, or by bheam
treatment means, of any wavelength of the spectrum,
including cooled non-C0; 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 rctation of the mandrel and directicn of cutting are

also shown.
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shaped roll composed of as many continuously rolled layers as may be
required by winding of a continuous 10 sheet of the chosen material
around the cylindrical mandrel is subsequently sliced at intervals in the
axis perpendicular to the cylinder's rotational axis, thus producing rims or
spirals. Fig. llb shows a cylindrical mandrel 90 at the beginning of the
process before the 15 lengths of sp?i?\g material 100 and spacing sheet
material F110 have beén svataicearound the piandrell Aftheoghrih Bigsdibe Ly
are fw cing. materi 0_.spri terial shee
100, see o0 ol b obe o1 dach of (ioe F mehs of acr. 30 Th =¥
m?e%h@dl@ﬁvcutaﬁg mawmem@rhbmwby imedhanical; e@cﬂﬁ:‘ai oechémicabut
means, Oy heam treatmentmeans, of any wavelength.gf the spectrum,
including cooled non-CO2 laser cutting techniques and 25 processes.
Fig. 12 shows the wound assembly 130 of spacing material and balance
spring shegts 100, 110 with-the, spacing materialyillustrated;as 2 dashed « 1o
line. The axis 30 of rotation of the mandrel and direction of cutting are
alSBRHENAL 28 Pif. 13911 stREES Ao cutintgE £30 Wouhdsas8ehibly 1sgered

can, give.asplurality of balance spripgs 14Q. Apamk is shewnas.a peminal

mechanical cutting device 150, but 5 other methods could be used as
dl@éﬁ%ﬂlé{?&/eor chemical treatment or by beam treatment

means, of any wavelength c¢f the spectrum.
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The interspacing material which is employed for the separation of the
successive layers of the multi-layered roll may preferably be removed by
heat, mechanical, 10 electrical or chemical treatment or by beam
treatment means, of any wavelength of the spectrum. 27 CLAIMS 1. A
mechanical oscillator system for use in a 5 horological mechanism or
other precision instrument, the systém comprising: a non-magnetic
balanceispring of flat spiral or helicoidal form, and a non-magnetic
balance wheel; to wherein the balance spring is formed of a ceramic
material or a material comprising continuous fibres, the balance wheel is
formed df.a materiad diavingea lcaefficiént=of thrermal expansionwofdessthat

X100, 1 and the balance wheel comprises a plurality afnon 1o - 11
magnetic CE)Olsmg or timing appendagés for r%aﬁmg aajusfmentsuto%]e
meysaritrof inertia of thegbalance wheel. 2. A mechanical oscillator system

according 10,20 glalt, whesein e alance wheel s planar 3,24, o,

mechanical oscillator system according t 1 or 2, wheréin the
apsenidagedaare Brrangedtd give equipoise to the balance wheel. 25 4. A

mechanigal oscillator system according {9, a0y ,

wherein the balance spring is formed of a ceramic
material or a material comprising continuocus fibres, the
balance wheel is formed of a material having a
coefficient of thermal expansion of less that 6x107° K73,
and the bslance wheel comprises a plurality of non-
magnetic poising or timing appendages for making
adjustments to the moment of inertia of the balance

wheel,

2. A mechanical oscillator system according to

claim 1, wherein the balance wheel is planar.

3. A mechanical oscillator system according to
claim 1 or 2, wherein the appendages are arranged to give

equipoise to the balance wheel.

4, A mechanical oscillator system according to any
one of claims 1 to 3, wherein one or more cf the
appendages 1s zn adjustment member comprising a stem and
an eccentric head on the stem, the stem being rotatably
mounted in an aperture of the balance wheel such that it
is rotatable about an axis parallel to the axis of
rotation ©f the balance wheel, whereby the moment of
inertia of the balance wheel can be fine tuned by turning

of the eccentric head.
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one of claims 1 to 3, wherein one or more of the appendages is an
adjustment member comprising a stem and an eccentric head on the
stem, the stem being rotatably 30 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. 28 5. A mechanical
oscillator system according to claim 4, wherein the adjustment member is

a screw.5 5 6. Avmeshanicakascillaior system,aceprding ta any -ene of +
claims 4 or 5, wherein the head of the adjustment member tapers to an

eftd Ferfote fréfithE Sterh @hdfis provided withStfigs for énggiitg’an
adjustment. 10 7. A mechanical oscillator system according to any one of
claims 1 to 6, wherein the balance sp}riri%\is formed of the same material

and intedrally witH'thie" BRiange Widet “15:8°A mdcharicat osefidigre to any

systemcatcording 40 any rorig of;glairas 4 te e wheseindiie balance-ant-ment
spring are formed separately and then 'oinzﬁdﬁ%fusing or %Iuin

together: 20 & A'echarical 0Cillator syst coiting to-Any™ e 1S

provided with splines for engaging an adjustment.

7. A mechanical oscillator system according to any
one of claims 1 to €, wherein the balance spring is
formed of the same material and integrally with the

balance wheel.

8. A mechanical oscillator system according to any
one of claims 1 to 7, wherein the balance and spring are

formed separately and then joined by fusing or gluing

together.
9. A mechanical coscillator system according to any
one of claims I to 8 and having a balance wheel assembly

which comprises a balance staff and balance wheel
integrally formed from an isotroplc non-magnetic material

having a thermal coefficient of expansion less than 6x107°

K“l

10. A mechanical oscillator system according to
claim 9, wherein one or more cross members for supporting
& balance wheel rim are integrally formed with the
balance staff, the cross members and balance staff being
formed of a non-magnetic material having a thermal

coefficient of expansion less than 6x107° K™%,
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one of claims 1 to 8 and having a balance wheel assembly which
comprises a balance staff and balance wheel integrally formed from an
isotropic non-magnetic material 25 having a thermal coefficient of
expansion less than 6x10-6 K-1. 10. A mechanical oscillator system
according to claim 9, wherein one or more cross members for supporting
30 a balance wheel rim are integraify formed with the balance staff, the
cross members and balance staff being formed of a non-magnetic
material V|n%a thermal coe{fl%grétﬁf expansmn I ss than 6x1 6 K' 29
11. A mechanical oscl?lafor system accordlng ‘to claim {Oav(\:/ erein the
balanceribtis attachedrto the $elcssomember(sy Bk 1HcR0d425c3G he
A%§T§§Cﬁ‘%{i\$§}% CE WHEEL, BALANCE SPRING AND OTHER
COMPON AND "ASSEMBLIES FOR A MECHANICAL
OSCILLATOR SYSTEM AND METHODS OF MANUFACTURE The
application discloses a method of making a balance spring 100 from
continuous fibres or ceramic by
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winding them around a cylindrical former 90, interspaced with a releasing
agent 110. Also disclosed is a method of making a balance spring,
preferably of a ceramic material 60, by applying it to a rotating former 70
mandrel or plate and subsequently heat treating. Balance wheels 30
having a moment of inertia which decreases with a rise in temperature
due to a special arrangement of components 8, 9, 10 having different
coefficients of thermal expansion are aiso disclosed. A mechanical
oscillator system comprising a non-magnetic ceramic or continuous fibre
balance spring 50 and a non-magnetic balance wheel 30 formed of a
material having a coefficient of therfaElepansion of less than 6x10[err]K
[err] and having a plurality of non-magnetic poising or timing appendages

5is also_disclosed. EFig. Iibﬂ
BALANCE WHEEL, BALANCE SPRING AND OTHER COMPONENTS AND

ASSEMBLIES FOR A MECHANICAL OSCILLATOR SYSTEM AND

METHODS CF MANUFACTURE

The application discloses a method of making a
balance spring 100 from continucus fibres or ceramic by
winding them arcund a cylindrical former 90, interspaced
with a releasing agent 110. Also disclosed is a method of
making a balance spring, preferably of a ceramic material
60, by applying it to a rotating former 70 mandrel or
plate and subsequently heat treating. Balance wheels 30
having a moment of inertia which decreases with a rise in
temperature due to a special arrangement of components 8,
9, 10 having different cosfficlents of thermal expansion
are also disclosed. A mechanical oscillator system
comprisging a non-magnetic ceramic cor continucus fibre
balance spring 50 and a non-magnetic balance wheel 30
formed of a material having a coefficient of thermal
expansion of less than 6x107°K™" and having a plurality of
non-magnetic poising or timing appendages 5 is also

disclosed.

[Fig. 11b]



