Spiral plat Déformée élastique
sans courbes terminales en position horizontale

Spiral plat sans courbes terminales
Déformée élastique en position horizontale
Cas d'une montre bracelet

Caractéristiques du spiral

|E| Référence :E:\Résonateur (TA)\Data\Bal_spiral plat (ex num).mcd(R)

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

Dimensions ép = 0.03mm ha=0.15mm S=45x 10" > mm? TOL = 10" °

a2, = 4.52mm d1sp =1.1mm Psp =0.135mm nsp = 12.667

L:=Lg, L=11.182cm wo = 27 Ngp wo = 4.56 x 103deg

Position du piton rp:= 0.5-d2g, ap:=0 Xp = rp~cos(ap) yp:= rp~sin(ap)
Xp=2.26mm yp=0mm Zp:=Xp+i-yp

Position du point rvi=054d1y,  ay(d):=wo+ 0  xy(8)=rycos(av(6)  y(0):= rysin(ay(6))
d'attache a la virole

Forme naturelle du spiral

Psp , .
a:= > rs(a) =rp—a-a  Xgs(a) = rs(a)-cos(a) yos(a):=rs(a)-sin(a) zp(a):= rs(a)-exp(i-a)
a
()= r(a) s(a) = i(rpz—rs(a)z) s(@) = rp-a - —-a° s(wo) = 11.1820m
da Psp 2
Amplitude stationnaire du balancier 0y = 270 deg
Contrainte maximum
E| Référence :E:\Résonateur (TA)\Tables\Modules J, | et W des barres élastiques.mcd(R)
) ) E-l33 N
I33:= I rect(ép, ha) Wz := Wr rect(€p, ha) Omax = 700 Omax = 132.293 —
L-Ws 2

mm

Déformée du spiral avec la virole non liée a I'axe de balancier

_— s(a) ,
z4(0, a) = zp+J exp(rqoo(a))exp(rH-T)rs(a) da
0
Zy(a) = [—a + i~(rp - a-a)]-exp(iﬂ)
" ( s(a')) ,
z1(0,a) = zp+ Zo(a')-exp|i-6- . da
“0
P . (“ ( ) a1 ﬁ a . do’
z1(0,a)=2zp+ [—a+|~ rp—a-a]~exp|-a- +L~rp—2~a a
“0
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Spiral plat Déformée élastique

sans courbes terminales en position horizontale
Graphe de la déformation
Forme naturelle
" . Yo .
n:= 50-partentlere(nsp) +1 i=0.n-1 Ao = y aj=i-Aa
n —
—
2 2 3
Xo, = X0s(ai) Yo, = YOs(ai) fo=4Xo + Yo Ps = Al‘a"(Xo,YO)
Déformée
Zdi = 21(90, a,-) Npt = dernier(zd) X4 = Re(zd) V4= Im(zd) ry:= |zd| rdnpt= 0.378 mm
Y ——
By = Atan(xy. vq) S, = Odeg By =135.516deg mod(ay(8y). 2 7) = 150 deg
npt
90
150
o
mm
180 0
L]
mm
210
270
Bs. Ba
xy(69) =-0.476mm x4 - xy(8y) = 0.207mm yv(60) = 0.275mm ya  —yv(6p) =-0.01mm
Npt Npt

Déplacement de la virole libre

. Yo
M () = %J( exp|:i~a{1 + %'(rp - §~aj:|:|~(rp - a-oc)2 da
0

u1(0) = Re(A(0)  vi(0):= Im(A1(0)  wy(60) =-0.207mm  vy(85) = 0.01mm
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Spiral plat
sans courbes terminales

Calcul des réactions sur la virole

1 Yo 1 Yo
Sos = ZJ Xps(@) rs(@) da NNos = I J Yos(@)-rs(a) da
0
Yo Yo
1 2 1 2
Q2ps = —- Yos(@) rs(a) da  p2ps:= —- Xos(a) rs(a) da
L 0 L 0

fos=-1361x 10 2mm 1565 =0.047mm  q2ps = 1.352mni*

2
L 920s — Mos Nos Sos — Kos 1 u1(6)
= . R’(H) = SO .
v1(0)

2
Mos Sos — Kos  P20s — $os

Approximations de Haag

OP = I'p

4205 = 1.352 M 2 _1.35mnt

Q205 — Mos

¥o
02 := ZJ Zp(a)-zp(a)-rs(a) da

0
. Elg 2 (u(0) , 9.658x 107 °
R'(0) = R*(60) =
L o2 \v(0) 4.806x 10 °
_2.E./33 0
F(0) = ——01p{| 1~ —+rp|-OP
1262 L

Deuxiéme approximation de la déformée du spiral

Déformée élastique
en position horizontale

Yo
kos := _'J Xos(@)-Yos(@) rs(a) da

L 0
2 2
p2ps = 1.353mm o0s = 0.026 mm
, 9.673x 107 °
R’(00) = 6
2.943x 10

|R"(6p)| =9.678x 10" °N

i _ .
ovi-rye Aq(60) =-0.207 + 0.01imm

w(6,) =-0.205 + 0.011imm

2

P2ps — Eos2 = 1.353mm

02 = 2.705 mm?

|R"(60)| =9.67x 107 °N

F(65) =-9.095x 10" ° N

x1(0, a) = Re(z(0, @) y1(0,a):=Im(z/(6, a)) Ry(6)=R(6)g R,(6):=R(6)
o
1
s&(0, a) = J x1(0, @) r5(a) da’ £15(0) = +-5¢1(0. wo) £15(00) = 0.199mm
0
“ 1
s11(0, @) ~—J y1(0,a) r(a) da’ 115(0) i= -sm11(0. vo) n1s(0) = 0.037mm
0
. 1 2
sp24(6, a) J (8, @) ry(a) da P21(0) = T -sp24(0. o) p24(6p) = 1.207 mm
0
, 1 2
$q24(0, @) J V10, @) ry(a) da q2;(6) = T -5G24(0. o) q24(6p) = 1.168mm
0

skq(0, a) = J x4(6,

1
@) y1(0, @) ro(@) da’ kq(6) = 7 -ski(0, vo)
0
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k1(85) = 0.027 mm’
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Déformée élastique

Spiral plat
sans courbes terminales en position horizontale

[_y7(99 a)'8771(99 a) + Sq21(99 a) y1(99 (Z)'S§1(9, a) - Sk1(0, (Z) ]

S4(0,a) = .
1( a) E'l33 X1(‘9,05)’S’71(9aa)_Sk1(97a) —X1(9,a)-s§1(9,0{)+sp21(¢9,a)
L (xul0) = x4(0. wo) 1.128x 10 4
R(6):= S4(0,vo) R'(6p) = N  4z4(0, )= S4(0,a)-R°(6)
yu(0) - y1(0, o) 1872x 10" °

Az4(0, a) = Azg(0, ) +1-4zg(0, ), 2p(0, @) := 24(0, a) + 424(0, )

0 1

—
Z2di = 22(90, a,') Npt = dernier(zd) Xog = Re(ZZd) Yoq:= Im(ZZd) rog = |22d| r2dnpt= 0.55mm

—_—
By = Atan(Xzq, ¥2q) fa, = 0deg fq, = 150deg mod(ay(8y).2-7) = 150 deg
p
150
o
‘mm
180 0
mm_
210
2%0
ﬂs’ :Bd
Xv(eo) =-0476mm X2dn—1 — Xv( 00) =0mm yv(eo) =0.275mm y2dn—1 — yv( 90) =0mm
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