Spiral plat Courbes externe et interne
avec courbes terminales Condtions de Keelhoff

Test des courbes terminales d'un spiral plat
Courbes externe et interne
Conditions de Keelhoff

Caractéristiques du spiral

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

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

Dimensions ép = 0.03mm ha = 0.15mm S=45x10 °mm>  TOL=10 2
d2s, — dp
a2, = 4.52mm dy:=11-mm dg:= 1.312:d1gp Psp =0.135mm Nsp = T
Psp
Nsp 3
L:= 7z~7~(d28p + dB) L=10.674cm Wo = 27 Ngp wo=4.102x 10" deg
Position du point de raccordement sur le spiral ap=7 ra = 0.5-d2g, Zp = rA~ei'aA
Forme initiale du spiral
psp .
a:= —” rs(@) :=ra — a-(a - aA) Xps(@) = rg(a)-cos(a) Yos(@) = rs(a)-sin(a)
1 a
S(a) = 2— (rAz—rs(a)Z) S(a) = rA-(a—aA)—E~(a—aA)
Courbe terminale externe
, 4 4 2 2 2
ry:=0.8 g = racme[(Zr” - 1) - 4~(1 - r”) -7 Iy ~(1 - r”) ,rﬂ}rA ri1 = 0.832ry
7Tl
lo:= 21y — Iy ;o =0.665r, Po = arctan Po = 82.695 deg It := rio-Po + 711
{Z(m - mﬂ
Xon(at) ==y + rt1~(1 + cos(at)) y0t1(at) = rt1~sin(at)
Xorz(ﬂt) = ftz'COS(ﬁt) YOt2<,Bt) = Iip-Sin (,Bt)
Courbe terminale interne ag = mOd(ylo + 7, 2~7r) ag = 322.4deg rg:= 0.5-dg
B=121.deg By := racine| p-(2-sin(B) - 1) + sin(p)-cos(B), Bl  Bo=121.21deg
Is
ry = ————— ry=0.827rg Xor(“t) = —Ig + r,~(1 + cos(a,)) yOt(at) = rt~sin(at)
v 2-sin()
th'(at') = [rB + rt~(—1 + cos(at')) cos(aB) - rt~sin(at')~sin(a5) Iy = r-2-Fp
yOt'(at') = [rB + rt~(—1 + cos(at')) sin(aB) + rt'-sin(at')-cos(ag) Ly=l+ L+ I¢

Position des goupilles  rgr:=r, agr:=-py agr=-82.695deg
de raquettes
XGR = X0t2(aGR) YGRr = YOtz(aGR)

Position du ool
d-:g;?e ; |F;O\I,?:o|e ry = \/XOt'(Z'ﬁ'o)z + YOt'(Z'ﬁ'o)z ay(0) = Atan(xor(2-80), vor(2-80)) +

ry = 0.55mm ay(0) =216.447deg  xy(0) = ry-cos(ay(6))  yu(8) = ry-sin(ay(6))

Amplitude stationnaire du balancier 0y =270deg
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Spiral plat Courbes externe et interne
avec courbes terminales Condtions de Keelhoff

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

I33:= If rect(ép, ha) Wiz = W rect(€p, ha)

Graphe des courbes terminales et du spiral

ny:= 201 J=0.n-1 Adaz:= at = j-Aay X1 = Xon(at.) Yi1.:= YOt1(at.)
ng—1 J i J i J
APy = P ﬁtj. = J-ABt— Bo Xiz, = X0t2(ﬁtj.) Vi, = YOtz(ﬂtj) Xg:= Pi/e(Xt2’Xt1) Yi= Pi/e(}’tz,}/n)
.
. . Yo .
n:= 50-partent/ere(nsp) +1 i=0.n-1 Aa = y aj:=r+iAa
n —

xsl_ = Xos(a,') ysl_ = yOS(a,-) Xg = pi/e(xt,xs) Yo = pi/e(yt,ys) mod(n//o + 7, 2-7:) =322.4deg

2.5 , . :
Aay = ay = J Aoy Xy = Xor’(at'.) Y1, = YOt'(at’.) Xg = P'/e(Xo,XH) Yo = P'/e()/o,}/t'1)
ng—1 i J J J J
—
2 2 ; .
ro:=+ Xo + Yo Ps = Atan(xo,yo) Npt = dern/er(ﬂs) pPs =216.4deg  ay(0) =216.4deg
npt
90
2 0
mm

270
Bs
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Spiral plat Courbes externe et interne
avec courbes terminales Condtions de Keelhoff

Vérification de la condition de Phillips

Partie cylindrique Zps(@) = Xgs( @) + i-yos(@)
Yo
Cos = ZJ Zps(@)-rs(a) da Sos = Re(§05) Mos = Im(C;Os)

o= 411110 3mm  pgs = —0.052mm
Courbe terminale externe

Zon(“t) = Xon(%) + i'YOM(at) Zorz(ﬁt) = Xorz(ﬁt) + i'YOtz(ﬂt)

n 0
1
Sot:=—+ J Zon(“t)'fn da;+ J Zorz(ﬁr)'ftz dpy
It
0 - Bo
Eor= Re(Col)  mor:=Im(¢o) Eo=0mm not=0.632mm
Courbe terminale interne 2o (ar) = xor (@) + i-yor(ar)
2:f0
Iy
Cor = I—-J zor(ar) day  Eor= Re(Cor)  nor = Im(Cor) o =0.126mm o =0.163mm
t 0
Condition de Phillips It ot + L-8os + Iy S = —0.121 + 0.021imm2

Vérification de la condition de Moulin

. o a
Partie cylindrique Ss(a) = rA-(a - aA) - E-(a - aA)Z + 1t
Yot
Zys = _2,[ Ss(a)-zps(@) rs(a) da Zys=-41x10 3_ 0.013imm
Lt T

Courbe terminale externe

2 T 0
Ly = - J (ftrat + ftz'ﬂo)'zon(at)'fn day+ J ftz'(ﬂo + ﬂt)'ZOtz(ﬂt)'ftz dpy
Ly |70 -Bo

Zy=—317x 107 ° + 5.044ix 10 ° mm

Courbe terminale interne

289
2
ZZt' = _2 ‘[ (lt + L+ rt'-at')-zor(at')mt' dat'
L o
Condition de Moulin Zpi= Zo+ Zos + Zop |25] = 2134 x 10 % mn]
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