Développement excentrique du spiral Spiral plat

Perturbation de période due au développement excentrique du spiral
Spiral plat sans courbes terminales

Balancier annulaire monométallique d'une montre bracelet

E| Référence :D:\Résonateur (TE)/Data\Montre HES.mcd(R)

d1gp d2g,

ry= > ry=0.55mm ry:= r, =2.26mm ngp = 12.667 Psp = 0.135mm

p r r. “

1 2 /

asp = = spire = 2-x o= — o= — s(a) = J aspy 1+ a2 da r(a) = ag, a

2. asp asp o
a4 =4.07 spire ay = 16.74 spire wi=ar—a; w=12.67spire L:= s(az) L=11.183cm
To=0.25s f=4s wg =2 -n-f 6o =270 deg hgec = 0.2-mm Paec = 20-deg

Spiral non déformé en position de repos
F(6o) = J0(60) — 65-91(60) F(65) = 1.061

4 4
2 1 —. 2 g +ny
Delta( ) = — -——— -[—(r24 N r14> +2:r,° ., F(0y)-cos\ Delta(0) = -8.223x 107 A = — —_

L™ rn +ry L r22+r12

#(8o) := ~86400-Delta( 6,) |(60) = 71.044 | [1(220-deg) = 65.315 |

x:=100-deg 6Oys:= racine(F(x),x) &:=300-deg 0Op,:= racine(F(¢&),¢&) 6,,:= 1-deg, 2-deg .. 360-deg

Oo1=T72deg

B0 = 233.7deg

Omy = racine d—u(x) , X
dx

Om1 = 156.7 deg
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Développement excentrique du spiral

Omo = 326.1deg

fim1 = ~86400-Delta(6,n1)
41 = 61.585

fim2 = ~86400-Delta( 6n2)
Ly = T4.383

400

Spiral déformé en position de repos

51(05) = Delta( 6,) 51(0) =-8.223x 10 *
w o J1(e
52(90,/7) = —4h > . 2 0) 52(60,hdéc) =1.768 x 10_ 3
ry” +ry 0
4-h 2 . 2 .
53(60,h,ﬁ) = —ﬁ-(rz ~sm(a2 - ﬁ) —ry ~sm(a1 —/)’))JO(HO)
(I’Z + Iy )L

-3
53(00, haes» Baec) = —1.661x 10

4

St 00+ 1, B) = 64(60) + 52(60.h) + 53(60. 1, B) S0t 00+ Naéc» Paec) = ~7-156 x 10~

p2( 60, h) = ~86400-(5,(6p, h))

|2( 60, haec) =—152.725 |

u3(60. h, p) = ~86400-(83(6,. h, )
tasc( 00, ., B) = ~86400-(52(6g, h) + 55(6p. h, B))

tiot( 60+ 1, B) = ~86400-(51(6p) + 62(60. h) + 53(60. h, B))

[43(8o. haec. Pasc) = 143.506 |
|tdec( 00 Paso» Basc) = 9218 |

|0t 00, haec Baec) = 61.825 |
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Influence de la position angulaire du décentrage initial i=0,1.4
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Spiral plat

pi:= 45-deg-i
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Développement excentrique du spiral

/13( Om> haesc, Po

(6.
ﬂ3( Om> hasc, B3

/13( Om. hdsc> B4) =500
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Influence de la position radiale du décentrage initial

hggc .= 0-mm, .02-mm.. 0.5mm Paec = 20deg 6o =270 deg
200

0 —]
#déc( o, hde’c,ﬁ’déc)‘200 — —
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Vérification par calcul numérique

0(p) := 0p-cos(p)

az
1
z(a) = agp-a-exp(i-a) 0'2= —.J (|z(a)|)2-asp-ada
L),
az
asp2~o9 ( 2 «9~asp-<a2 -
A1(0) = i- - -exp(i~6)~J o -exp(i-a)-exp| —i- ”

a1
a 2
A4(6) = H-S—Lp-exp(i~a1)~(a22-exp(i-w) - a12~exp(i~6))

Spiral plat

hdéC =0.2mm

6o =270 deg

c=1645% 10 °m

L
A5(6,h, p) = i-zg-exp(iﬂ)-J h-exp(i~ﬁ)~exp(—i-6-%) ds A2(6,h, p) = —-h-exp(i-B)-(1 — exp(i-9))

0
A(6) = 41(0) + A3(0, hysc. Buec)
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Développement excentrique du spiral Spiral plat

4(0)-4(9)
2

(o2

7(0) = 2(60) =0.085 70) = :—gzw) Gamma(p) := y(6(p))

4 4

St 00 Ndec» Baec) = ~7-156x 10°

Opum =

2.
J 0(p)-Gamma(p) do|Spum = -7.156 x 10
2
216, °0

Hpum = —86400-5pym Upum = 61.825 ,Utot( 0o, hgsc» ﬂdéc) =61.825
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