Spiral plat Courbes externe et interne
avec courbes terminales Approximations de Haag

Spiral plat avec courbes terminales externe et interne
Anisochronisme en position horizontale
Approximations de Haag

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
a2, - dp
a2, = 4.52mm dy:=11-mm dg:= 1.312:d1gp Psp =0.135mm Nsp = 2—
‘Psp
Nsp 3
L:= 7z~7~(d28p + dB) L=10.674cm Wo = 2-7mNgp wo=4.102x 10" deg
Position du point de raccordement sur le spiral ap=r1 ra:=0.5-d2, Zp = rA.el'aA
Forme initiale du spiral
psp .
a:= —” rs(@) :=ra — a-(a - aA) Xps(@) = rg(a)-cos(a) Yos(@) = rs(a)-sin(a)
1 2 2 a 2
S(a) = _'(rA —rs(a) ) S(a) = rA-(a—aA)——~(a—aA)
2-a 2
E| Référence :C:\Résonateur (TA)\Tables\Modules J, | et W des barres élastiques.mcd(R)
I33:= It rect(ép, ha)
Courbes terminales
Courbe terminale externe
ry:=0.8 g = racine[(ZrH - 1)4 - 4~(1 - rt1)4 - 7z2~rt12~(1 - rt1)2 , r,,}rA ri1 = 0.832ry
7T+l
lo:= 21y — Iy ;o =0.665r, Po = arctan ﬁ Po = 82.695 deg It := o Po + 7111
\ra — T

Xon(at) =ra— Iyt rt1'COS(0‘t) y0t1(at) = ft1'3/”(at) Xorz(ﬂt) = —ftz'COS(ﬂt) Yorz(ﬂt) = —ftz'S/”(ﬂt)

Courbe terminale interne

ag = mod(yo + 7,27 ag = 322.4deg rg:= 0.5-d

B=121.deg By := racine| p-(y2-sin(B) - 1) + sin(p)-cos(B), Bl Bo=121.21deg

-]
ry = ——— ry=0597mm  Ily:=r-2-5 Iy =2.524 mm
\/—2~sin(,b”0)
XOt'(at') =Ig—Iy+ rt"COS(O!t') yOt'(C(t') = rt"Sin(O!t')
Graphes
ng = 201 jIZ 0. ng — 1 Aat = i ap = j-Aat Xt. = XOM(“L) Yt. = YO”(“Z‘.)
ng—1 J J J J J

APy = Bt = J-Apy thj = Xom(ﬂt}.) Ytzj = YOtZ(ﬂtj) Xt = Pi/e(Xt,th) Yi= P"/e(yt, Yt2)

nt—1 J
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—

rot == 1' Xt2 + YtZ

2:89

nt—1

Aoy =

150

210

Parametres de la courbe terminale externe

x|
1= 2'

I'a 0
o
1= 2'

I'a 0

2 2
pri=q X1 + Yy

X ! _Mr
2= 3'.,
I'a _0
Y. ! _Mr
2= 3..;
I'a _0

2 2
p2i=q X2 + Y

ap = J-Aay
J

120

240

~Bo
Xot1(@) -1y da +
Y0

~Bo
Yot1(a) -1y da +

“0

rt1-a-Xotr(@) g do +

r1-a-Yorr(@) ryy do +
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Spiral plat
avec courbes terminales

_
fr:= Atan(Xq, Yy)

Xy = Xor’(at'.)
j j

90

270
Bt Br

Xoto(B) iz B

Yot2(B) 2 df

Q1= Atan(X1 , Y1)

~Bo

“0

~Bo

“0

Qo = Atan(Xz, Y2)

(ft1'7f+ ftz'ﬂ)'XOtz(ﬂ)'ftz ag

(ft1'7f+ ftz'ﬂ)'yom(ﬂ)'ftz ag

Yy = Yor’(at'.)
j j

60
30
0
330
300
-1
p1=0

+1

Courbes externe et interne
Approximations de Haag

_—>
rot == Xt2 + Yt2

ey
By = Atan(Xy, Yy)

¢z = 147.579 deg)
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Spiral plat Courbes externe et interne
avec courbes terminales Approximations de Haag

Parametres de la courbe terminale interne
Zot(a) = Xop(a) +i-Yor ()

; 2:8%
Z = _2,[ Zop(a)-ry da —i pq= |Z'1| Q= arg(Z'1)
I's 0
o' = —25.264 deg
] 2:8%
Zy:= _3,[ ry-a-Zo(a) ry da + 1 po= |Z'2| Q= arg(Z'z)
I's 0
pp=1.074 |¢'2 = 145.651 deg|

Déplacement de la virole libre

w i-( 7+ o)

OA=rye” OB=rge L= ht L+l

— i 0 — - It
{i-(rA-pre o1 + 2~a) + f~rA2~p2-e wz}-exp(iﬂ-f}OA
t

t
0 i o i I+ L
WB(p’1, 9) = f-{i(rgp’re 71 _ 2~a) - f~r32-p’2-e (M}-exp[rﬁ . J-OB
t t t

WA(P1, 0) =

Sl

W(p1 ,p’1 s 9) = WA(p1 , 9) + WB(pI1 , 9) W(p1 ,p’1 s 90) =0.012 + 0.012imm

En éliminant les termes de second ordre

o ~ip
Waa(0) = T\aere

0 —i
1+2~a)+—~rA2~p2-e vz -0OA
t Ly

0 i-0

B , o'y 0 2 . io9>
wzg(0) = R i\rgp'1e  -2a)- f'rB poe -OB-e Wan(6) = Waa(0) + wap(6)
¢ t

Wan(09) = 0.015 + 7.189i x 10 °> mm
Réaction sur le pivot de balancier

2 2
ra +1Ip 2 E'/33 -6
02:= — 02 =2.814mm F(0) = 2.ﬁ.wa,,(e) |F(60)| =7.812x 10" °N
- O

Perturbation de période

, 2 2
w P1-P 1 0 -1
X,(0) = (e 02’ | Yl 6) = Z’—QXW(e) 5w 00) = 5— eo'L 7wl 60-c0s(9))-cos(p) do
tiu{ 80) := ~86400-5,(6y) |u(00) = 0.792 | |44(180-deg) = 0.369 |
2 2.7
W,h(0) -1
Xan(9) =% 7an(6) :=;’—9 an(0)  San(60) = 5— eofo van(6o-cos(p))-cos(p) dp
tan(80) = ~86400-5,1( 6p) |2an(60) = 0.796 | |2an(180-deg) = 0.363 |
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Spiral plat Courbes externe et interne
avec courbes terminales Approximations de Haag

1 4 2 4 .2 3 3 . . 2( 2 2
A:=—2-[rA p1 +r1g p1 +4-alr -p1~cos(¢)1)—r5 -p1~COS((p1> +4-a-\rp +1rp

Ly
3
B:= 4 '(rA6'P22 + fBG'P'22> C1:= rAz'rBz'pT/"TCOS(‘/’O T o1 (p’7)
2
C:= —2-[01 + 2~a-rA-rB-(rB~p’1-cos(l//o + (0'1) - fA-p1'COS(l//0 + <ﬂ1) - 2'3'003(‘/’0))]
Ly

2 , , 2 , ,
D1:=ra-rg -p1:p 2'COS(l//o + @1+ (Pz) +rp g p 1',02'003(l//0 + @1+ (02)

2'rA'rB 2 . B 2
D:= - D1+ 2-a\rg -p 2-cos(1//o + qoz) —Ia 'pz'COS(V/o + (02)
L

2 3 3 . .
K= =314 15 P20 72008(vo + 02+ 97)
L

F(x):= JO(x) — x-J1(x) H(x) = x~(1 + x2>-J1(x) - 2~x2-J0(x) G(x) = —x-(J1(x) + x-JO(x))

Sanl00) = ?712-(A +B-0,° + C-F(65) + D-G(65) + K.H(eo))

Han(00) = ~86400-5:( 6p) |2an(60) = 0.796 | |2an(180-deg) = 0.363 |

Spiral muni de courbes Phillips

wpn(0) == w(0,0, 0) Wpn(6p) = 0.012 + 0.012imm

Xon (0 ._M ) ._d Xon( O S ((9)'— -1 ‘[2.” (9 ) d
ph(0) = > 7en( )-—d—e ph(0) P\0o) = o o ; 7pn| Oo-cos(p))-cos(p) dp

tph( 6o) = ~86400- 5p4( 6p) |en(60) = 0.792 | |en(180-deg) = 0.369 |

Approximation de Haag

5,-(00) = —4 '—-(COS(I//())-F(H()) + p2~COS<l//0 + (02)6(90)) 5,-((90) =2816x 10 !
(rA + Is ) Lt Ta

6

daPh(QO) = . - . 4 ',022-(902 + 5,-((90) 5aPh(6'0) =-9.248x 10

papn(0o) := ~86400-5,pn(0)  [uapn(6o) = 0.799 | |i2apn(180-deg) = 0.355 |
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Spiral plat Courbes externe et interne
avec courbes terminales Approximations de Haag

6m:= 100-deg, 105-deg .. 360-deg

1.5T

100 150 200 2|50 300 350 400

Oy deg
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