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Caractéristiques du spiral

Référence :C:\Résonateur (TA)\Data\Bal_spiral cylindrique (ex num).mcd(R)

Référence :C:\Résonateur (TA)\Data\Définition Atan.mcd(R)

Dimensions ép 0.09mm= ha 0.334mm= S 0.03mm
2

= R0 5mm= TOL 10
12−

:=

Elinvar ρs 8 10
3

× m
-3

kg⋅= E 1.7 10
11

× Pa= G 6.538 10
10

× Pa=

Parie cylindrique ns 10.15:= ψ0 ns 360⋅ deg⋅:= ψ0 3.654 10
3

× deg= L R0 ψ0⋅:= L 318.872mm=

rs α( ) R0:= s α( ) R0 α π−( )⋅:= x0s α( ) R0 cos α( )⋅:= y0s α( ) R0 sin α( )⋅:=

Courbe terminale externe

rt1 0.8:= rt1 racine 2 rt1⋅ 1−( )4 4 1 rt1−( )4⋅− π
2
rt1
2

⋅ 1 rt1−( )2⋅− rt1,



 R0⋅:= rt1 0.832R0=

rt2 2 rt1⋅ R0−:= rt2 0.665R0= β0 arctan
π rt1⋅

2 R0 rt1−( )⋅









:= β0 82.695 deg= lt rt2 β0⋅ π rt1⋅+:=

x0t1 αt( ) R0− rt1 1 cos αt( )+( )⋅+:= y0t1 αt( ) rt1 sin αt( )⋅:=

x0t2 β t( ) rt2 cos β t( )⋅:= y0t2 β t( ) rt2 sin β t( )⋅:=

Courbe terminale interne αB mod ψ0 π+ 2 π⋅,( ):= αB 234 deg= Lt 2 lt⋅ L+:=

x0t´1 α t´( ) R0 rt1− rt1 cos αt´( )⋅+( ) cos αB( )⋅ rt1 sin αt´( )⋅ sin αB( )⋅−:=

y0t´1 α t´( ) R0 rt1− rt1 cos αt´( )⋅+( ) sin αB( )⋅ rt1 sin αt´( )⋅ cos αB( )⋅+:=

x0t´2 β t´( ) rt2 cos β t´( )⋅ cos αB π+( )⋅ rt2 sin β t´( )⋅ sin αB π+( )⋅−:=

y0t´2 β t´( ) rt2 cos β t´( )⋅ sin αB π+( )⋅ rt2 sin β t´( )⋅ cos αB π+( )⋅+:=

Positions du piton rP rt2:= αP β0−:= αP 82.695− deg= xP x0t2 αP( ):= yP y0t2 αP( ):=

Position du point

d'attache à la virole
rV R0:= αV θ( ) mod αB π+ θ+ 2 π⋅,( ):= αV 0( ) 54deg=

xV θ( ) rV cos αV θ( )( )⋅:= yV θ( ) rV sin αV θ( )( )⋅:=

Amplitude stationnaire du balancier θ0 270 deg= θ 270 deg⋅:=

Référence :C:\Résonateur (TA)\Tables\Modules J, I et W des barres élastiques.mcd(R)

I33 If_rect ép ha,( ):= Wf3 Wf_rect ép ha,( ):=

Graphe des courbes et du spiral

nt 201:= j 0 nt 1−..:= ∆αt

π

nt 1−
:= αt

j
j ∆αt⋅:= xt1

j
x0t1 αt

j( ):= yt1
j

y0t1 αt
j( ):=

∆β t

β0

nt 1−
:= β t

j
j ∆β t⋅ β0−:= xt2

j
x0t2 β t

j( ):= yt2
j

y0t2 β t
j( ):=

xt pile xt2 xt1,( ):= yt pile yt2 yt1,( ):=
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n 50 ns⋅ 1+:= i 0 n 1−..:= ∆α
ψ0

n 1−
:= αi π i ∆α⋅+:= π ψ0+ 20 π⋅− 234 deg=

xs
i

x0s α i( ):= ys
i

y0s α i( ):= x0 pile xt xs,( ):= y0 pile yt ys,( ):=

αt´
j

j ∆αt⋅:= xt´1
j

x0t´1 αt´
j( ):= yt´1

j
y0t´1 αt´

j( ):= x0 pile x0 xt´1,( ):= y0 pile y0 yt´1,( ):=

β t´
j

j ∆β t⋅:= xt´2
j

x0t´2 β t´
j( ):= yt´2

j
y0t´2 β t´

j( ):= x0 pile x0 xt´2,( ):= y0 pile y0 yt´2,( ):=

r0 x0
2

y0
2

+

→

:= βs Atan x0 y0,( )
→

:=
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Vérification de la condition de Phillips

Partie cylindrique z0s α( ) x0s α( ) i y0s α( )⋅+:=

ζ0s

R0

L
π

ψ0 π+

αz0s α( )
⌠

⌡

d⋅:= ξ0s Re ζ0s( ):= η0s Im ζ0s( ):= ξ0s 0.063− mm= η0s 0.032− mm=

Courbe terminale externe

z0t1 α t( ) x0t1 αt( ) i y0t1 αt( )⋅+:= z0t2 β t( ) x0t2 β t( ) i y0t2 β t( )⋅+:=

ζ0t
1

lt 0

π

α tz0t1 αt( ) rt1⋅
⌠

⌡

d

β0−

0

β tz0t2 β t( ) rt2⋅
⌠

⌡

d+










⋅:=
Vérification

ξ0t Re ζ0t( ):= η0t Im ζ0t( ):= ξ0t 0mm= η0t 1.399mm=
R0

2

lt
1.399mm=

Courbe terminale interne

z0t´1 αt´( ) x0t´1 α t´( ) i y0t´1 αt´( )⋅+:= z0t´2 β t´( ) x0t´2 β t´( ) i y0t´2 β t´( )⋅+:=
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ζ0t´
1

lt 0

π

αt´z0t´1 αt´( ) rt1⋅
⌠

⌡

d

0

β0

β t´z0t´2 β t´( ) rt2⋅
⌠

⌡

d+










⋅:=

ξ0t´ Re ζ0t´( ):= η0t´ Im ζ0t´( ):= ξ0t´ 1.132mm= η0t´ 0.822− mm=

Condition de Phillips lt ζ0t⋅ L ζ0s⋅+ lt ζ0t´⋅+ 0mm
2

=

Vérification de la condition de Moulin

Partie cylindrique ss α( ) R0 α π−( )⋅ lt+:=

Z2s
2

Lt
2

π

ψ0 π+

αss α( ) z0s α( )⋅ R0⋅
⌠

⌡

d⋅:= Z2s 0.108− 0.07i+ mm=

Courbe terminale externe st2 β t( ) rt2 β0 β t+( )⋅:= st1 αt( ) rt2 β0⋅ rt1 α t⋅+( ):=

Z2t
2

Lt
2

0

π

αtst1 αt( ) z0t1 αt( )⋅ rt1⋅
⌠

⌡

d

β0−

0

β tst2 β t( ) z0t2 β t( )⋅ rt2⋅
⌠

⌡

d+










⋅:=

Z2t 3.759− 10
3−

× 5.981i 10
3−

×+ mm=

Courbe terminale interne st´1 αt´( ) rt1 αt´⋅ L+ lt+:= st´2 β t´( ) st´1 π( ) rt2 β t´⋅+:=

Z2t´1
2

Lt
2

0

π

αt´st´1 αt´( ) z0t´1 αt´( )⋅ rt1⋅
⌠

⌡

d⋅:=

Z2t´2
2

Lt
2

0

β0

β t´st´2 β t´( ) z0t´2 β t´( )⋅ rt2⋅
⌠

⌡

d⋅:= Z2t´ Z2t´1 Z2t´2+:=

Z2t´ 0.111 0.076i− mm=

Condition de Moulin Z2 Z2t Z2s+ Z2t´+:= Z2 3.963 10
4−

× mm=
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