Spiral cylindrique Développement excentrique
sans courbes terminales Anisochronisme en position H

Spiral cylindrique sans courbes terminales
Développement excentrique et anisochronisme en position horizontale
Déformations planes

Caractéristiques du spiral

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

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

Dimensions ép =0.09mm ha=0.334mm S = 0.03 mn Ro=5mm

3 E-17x10Mpa G-6538x 10'°Pa

Elinvar ps=8x 10° kg-m’
Partie cylindrique ng:= 10.15 = ns-360-deg  wy = 3.654 x 103 deg L:=Rp-wp L=318.872mm
rs(a) = Ry s(a) = Ry« Xps(a) = Rp-cos(a) Yos(@) = Rp-sin(a)

Positions du piton =Ry ap:=10 Xp=5mm yp=0mm

Position du point r=Rp a(0) = wo+ 0 xy(0):=rycos(ay(0)  yy():= ry-sin(ay(6))
d'attache a la virole

Amplitude stationnaire du balancier 6y := 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 = 113.054 —

L-Wes 2

mm

Premiére approximation de la déformée du spiral

o

i . . o o .
po(a) = a+5 Zp:=Xp+i-yp z1(0,a) = zp+ Rp- |-exp(|-a)-exp(|~9-—j da
Yo
0
. Yo . Wwo+ 0

Zp(a) = Ry-exp(i-a) z1(0,a) = zp+ Rp- | exp|i-a- -1

wo+ 0 Yo
Graphe de la déformation
Forme naturelle

.\ , Yo ,
n:= 20-partent/ere(ns) +1 i=0.n-1 Aa = y aj:=i-Aa
n i
—_—
2 2 ;
X, = X0s(ai) Yo, = YOs(ai) ro:=+/ Xo + Yo Bs= Ata”(XO,,VO)
Déformée
—
Zdi = 21(00, a,-) Npt = dern/er(zd) Xq = Re(zd) V4= lm(zd) Iy = |zd| rdnpt: 4.938mm
_
By = Atan(xd, yd) ﬁdo = 0deg Pog =326.347 deg
npt

mod(ay(8y), 2 7) = 324 deg
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Spiral cylindrique Développement excentrique
sans courbes terminales Anisochronisme en position H

mod (g, 2-7) = 54 deg

rp=5mm

ry=5mm

a(0) = 3.654 x 10° deg

% xy( o) = 4.045 mm
- 180 0 yv(60) = -2.939mm
. = xq, ~xd)
Axy = 0.066 mm
Ayy = dept - YV(90)
270 Ayy = 0.202mm

ﬂsaﬂd

Déplacement de la virole libre

Vo

i-0 0
A () = Iw_o zo(a)-exp(iﬂ-wio] da A () = = e-RO-[exp[i-(y/o + 0)] - 1]

0
u1(0) = Re(A(0)  v4(0) = Im(Aq(0) us(6) =-0.086mm  v4(6,) = -0.202mm
Calcul des réactions
R R

Sos = 7(;'31'”(1//0) Mos = 7(;'(1 — cos( o))

2 2 2

R R R

q2ps = 2'—(;/0'(W0 — cos(wo)-sin(wo))  P2os = 2~_(;/0'(l//0 + cos(yo)-sin(wg)) ko= 2.(;/0 'Si’"(‘//o)2

os=0.083mm  59s=0.032mm G2 = 12407 mm°>  p2pe=12.593mm> Ko = 0.128 mm>

2 _
L | 92s—70s  Tos Sos — Kos ] _q [u1(0) ) 5.914x 10 °
So:= : R(0):=Sy - R (.90) -
E'/33 2 V1(9) -4
Mos $os — Kos  P20s — Sos -1.746 x 10
. 4
Approximations |R (90)| =1843x10 N
Yo 5
O
02 = —j 20(@)-2p() da 2=R> £ _125mm?
Yo 0 2
Els o (ui(6) 5.693x 10 ° _4
RU(O) = —/—— R*(60) = N |R"(60)| =1.842x 10" "N
oz \v1(0) ~1.752x 10" 4
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Spiral cylindrique
sans courbes terminales

Deuxiéme approximation de la déformée du spiral

x1(0,a) = Re(z(0,a)) y1(8,a):=Im(z(6, a))

R'x(0) = R*(6)o

(04
. . 1
561(0, ) 1=J x1(0,a) Ro da $1s(6) 1=Z'S§1(9,V/0)
0
“ 1
sn4(0, a) '=J y1(8, a")-Rp da’ 11s(6) 1=Z'S’71(9»¥/0)
0
, 1
Sp21 (9 0! Ro da ,021(9) = Z'Sp21(9,l//0)
, 1
$G24(6, ) Y1 Ro da q24(0) = 2'3021(9,1//0)
. . 1
sk1(0, @) 1=J x1(0,a)-y1(6,a) Ry da k1(9)1=z'3k1(9,¥/0)
0
$,(6.) 1 (Y1(0,2)sn1(0,a) + sq2¢(0,2) y1(0,a)-s&(0,a) -
0, a) = .
! E-l33 \ x1(0,a)-sn1(0,a) —ski(0,a) —x41(0,a)-85(0,a) + sp24(0, a)
xy(8) - x1(6, wo) 8.436x 10 °
] 1 [Xv 1 0 ) .
R'(6):= S4(0,v) R(6o) =
YV(H)_V1(€s V/O) ~2.305 x 10_4

Az4(0, ) = Az4(0, ) + i-Azg(0, a)1 Z,(0, a) = z4(0, ) + 4z4(0, a)

0

sk1(9,a)

Développement excentrique
Anisochronisme en position H

R’y(0) = R"(6)1

£15(6p) = 0.304mm
115(6p) = 0.013mm

p2,(00) = 10.775 mm”

921(85) = 10.994 mm”

ki(65) = 0.117 mi”

|

4z,(0, @) = S4(0, a)-R"(8)

—
szi = 22(00 , 0!,) npt = dernier (Zd) Xog = Re(sz) Yoq = Im(sz) Iog = |22d| r2dnpt =5mm
_—
By = Atan(Xzq, ¥2q) fa, = Odeg fq, =324deg mod(ay(8). 2 7) = 324 deg
o

270
ﬂsaﬂd
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mod( vy, 2-7) = 54 deg

rp=5mm

ry=5mm
a(0) = 3.654 x 10° deg
xy(6o) = 4.045mm
yv(eo) =-2.939mm
AXy = X2dnpt - xV(HO)
Axy =0mm

Ayy = y2dnpt - YV(HO)

Ayy=0mm
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Spiral cylindrique Développement excentrique
sans courbes terminales Anisochronisme en position H

Perturbation de période - spiral non déformé en position de repos

o r‘/’O R
M (6) = "T-Rf- exp[i-(é?-?o + 1)0:} da  M(0)=

)

-RO-[exp[i-(c//o + 9)] - 1]

wo+ 0

2
X(6) [arce) woe 2 {2 r) (1-cos(wo+ 0)  70)=xt0)
=— =— : (1= cos(wp + =—
o2 o2 \yo+ 6 0 Vo 4 do
1 2-7
6(p) := 6p-cos(p) Delta(é?o) = J 7(90-008((0))-008((0) do
2.7 90 0
#(0o) := -86400-Delta(0p)  [u(0,) = 24.581 | |11(180-deg) = 75.453 |
Approximation
F(x) = JO(x) — x-J1(x)  F(6,) = 1.061 F(x) = LFx)
dx
x:=100-deg 6y, := racine(F(x),x) 6p;=72deg Om1 = racine(F’(x), x) Om1 = 156.7 deg
x:=300-deg 6y, := racine(F(x),x) 6po>=233.7deg Omo = racine(F’(x), x) Omo = 326.1deg
0,, = 60-deg, 62-deg .. 360-deg
2
§ah(€0) = —2(—1 + F(Ho)'COS( (//0))
Yo
Han(80) = ~86400-5,1( 6p)
|t2an( 00) = 15.98 |
|2an(220-deg) = 52.235 |
0 100 200 300 400
-1
Om deg 864002
Hmo'= ———F—
2
100 T T T Vo

Himy = ~86400-Delta( 6n1)

Lim1 = 76.423

fim2 = ~86400-Delta( 6n)

Limz = —4.799

50 100 150 200 250 300 350 400
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