Spiral plat Poids du spiral
sans courbes terminales Anisochronisme en position V

Spiral plat sans courbes terminales
Poids du spiral et anisochronisme en position verticale
Cas d'une montre bracelet

Caractéristiques du spiral dextre

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

Dimensions ép = 0.03mm ha = 0.15mm S=45x 10" > mm? TOL = 10" 12

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

Li=Lly,  L=11.182cm Vo= 2-7ngy wo = 4.56 x 10° deg

Positions du piton rp:= 0.5-d2, ap:=0 Xp = rp~cos(ap) Ypi= rp~sin(ap)
Xp=2.26mm yp=0mm

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

Zp = Xp+1-yp
Forme initiale du spiral

Psp ) .
a:.= Zz rs(a):=rp—a-a xps(a):=rs(a)-cos(a) yos(@):=rs(a)-sin(a) zp(a):=rg(a)-exp(i-a)
1 a
()= r(a) s(a) = —(rpz—rs(a)z) $(@) = rp-a - —-a° s(wo) = 11.1820m
da 2-a 2
Amplitude stationnaire du balancier 0y = 270 deg
Moment quadratique de section
E| Référence :E:\Résonateur (TA)\Tables\Modules J, | et W des barres élastiques.mcd(R)
I33:= It rect(ép, ha)
Premiére approximation de la déformée du spiral
Zo(a) = [—a + i~(rp - a-a)]-exp(iﬂ)
o
( : , oo 0 a i
z1(0,a) = zp + J [—a+ |~(rp— a-a)]~exp ira’| 1+ Z rp—?a da
0
Premiére approximation du déplacement du centre de gravité
Yo
C15(0) = Z'J z/(0, a)-rs(e) da ¢15(6p) = 0.199 + 0.037imm
0
Déplacement de la virole libre
0 Yo (@)
i . S(a
A(9) = T'J' zo(a)-exp(|.e.Tj.rs(a) da u1(6) = Re(Aq(6)  v4(0) = Im(Aq ()

0
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Spiral plat
sans courbes terminales

E15(0) = vi(0) —ug(8)  n1s(0) = ~uy(8) —v1(8)  E1s(60) =0.199mm
dé dé

Calcul du déplacement du centre de gravité

Poids du spiral
Anisochronisme en position V

115(6p) = 0.037 mm

x1(0, a) = Re(z1(0, @)

Yo
024(0) = %J z4(0, a)-z4(0, a)-rs(e) da
0

Yo
k1s(0) = z‘[ x1(0, a)-y1(0, a)-rs(a) da
0

q215(60) = 1.168 mm”

Yo
224(0) = iz‘[ s(a)-z4(8, a)-z1(0, a)-rs(a) da

L~ 70
1 Yo 5
Q245(0) :=—2'J s(a)-y1(0, a)"-rs(a) da
L~ 70

Q244(65) = 0.42 mn”

5(0) _d, (9)_521(9) (o) v1(0)
0 T e20) T 2:024(0) do
d 224(0) us(0)

M2s(0) == —uq(0) - vy
ao

1 Yo
o2 := —~J Zp(a)-zp(a)-rs(a) da
L 0

1 Yo
K= —J s(a)-zp(a)-zp(a)-rs(@) da

o2:1% Yo
£4(0) = Lv4(0) - k-us (0) d
do
(WO PG
(6) 1 zp(a)-e .[1“.9.(3(_“_
¢(0) = 7 J ola K
0

p245(85) = 1.207 mm’

0) + —— Lo
a24(0) 2-02¢(0) do

15(0) == —u(0) - x-v4(0)
do

y1(6, a) = Im(z;(0, @)

024 (90)

— 1.188 mm’
2
Yo
1 2
p245(6) = IJ x1(0, a)" -rs(a) da
0

kio(09) = 0.027 mm”

—_

Yo
P2.(0) = —-J s(@)x,(0, )% -ry(a) da
2 7o

P245(60) = 0.439 mm”

= 62,(6) &25(600) = 0.067 mm

21(0) 12s(60) = 0.046mm

-
+

<

N

02 = T 02 =2.705mm
1 rp2+2'r\/2
K== — x=0.352
3 2 2
e +1ry

&s(00) = 0.064mm
ns(60) = 0.044mm

¢(6o) = 0.064 + 0.044imm
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Spiral plat
sans courbes terminales

Approximations de Haag

Yo Yo
1 1 1 2 2
$os = _'J Xos(a)-rs(a) da Mos = _'J Yos(a)-rs(a) da 02:= _'<rP % )
L L 2
0 0
Yo Yo
2 1 2 1
9205 = 7| Yos(a@) rs(a) da p2ps:= —- Xos(a) -rs(a) da
L 0 L 0 L 0

4205 = 1.352m

G205 — 0> = 1.35mm” p24s = 1.353mm”

02 = 2.705 mm’

Yo

Formule de Haag OP = rp oV — rV-eI'

e[ 0 ]
Can(6) = | i+ 5 | -OP Can( o) = 0.072 + 0.046i mm

Graphes du déplacement du centre de gravité

. 4-r ,
n:= 201 i=0.n-1 460 = y Oj=-2-7+1i40
n_
. 4-r .
m=41  j=0.m-1 Af,,:= Op = —2-7+ j A0y Epg = 525(9,,,_)
m-1 i J J

S, = Re(6an(0) mag, = Im(Can()) &z = O

M2g

mm

G

mm

NaG

—0.15

~0.05—

S 6 ‘a6

2 9
mm mm mm

SP sans CT - Poids du spiral et anisochronisme en pos V.mcd

Poids du spiral

Anisochronisme en position V

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

P2ps — Eos2 = 1.353mm?

= o
’72gj N2s ( mj)

|
’729/' =0
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Spiral plat Poids du spiral
sans courbes terminales Anisochronisme en position V

Perturbation de période - spiral non déformé en position de repos

Calcul par intégrations numérqiues

n(6) = Im(£(6)) Gamma(6) := -mq-g-21(6)

do
2.1
0(p) = 0,-cos(p) A(6g) = ;J 1(6p-cos(p))-cos(p) dp  A(6y) =-2.64x 107 °
. 0 o 2-72’~90-E~/33 0
£(0) = %94“(9) ¢(6) =5.254 % 10 3 _589ix 10 Smm
1 rYo
(o) = Z Zo(a)-exp(i-H-S(Taj-[i-(Z-¥ - K) - 9-#(# - Kﬂ-rs(a) da
70
r2-
f(¢90, a) = exp(i-&o-m-cos(g:))-[i-(zM - K) - HO-M(M - Kj-cos(m}-cos(m do
L L L L
70
(0o, ) = 2-;:-(;<— 2-#}/1(90-#) ; ﬁ-(x— #)-eo-wﬂo-(Jo(eo-#) - Jn(Z, 90-¥D
f((90, 0!) =2z % |:(K— #)90&/()(90#) - 7(490 #j}
1 Yo
Z(6y) = —J zp(a)-f(6p., @) rs(a) da Z(6p) = -8.404x 10" " + 4.304ix 10 " mm
2.7-00L ),
Ao [ @) of p st} 1 s@Y]
=7 zo(a)-s(a){| x = == | 40| 0=~ | = 51| 0=~ | -rs(a) da
0

mg-L

Delta(6) = ~g-——-Im(Z(6,))

Delta(0p) =-2.64x 10 °

1(6o) = ~86400-Delta( 6y) [1(180-deg) = 1.172

Approximation par développement en série

I33

1
fB(QO) = (K— 1)J0(90) - %J"(@o) f15(90) =

[-2-40(8o) + (x = 1)-(J0(8p) — 09-J1(60))]

~=

26(90) = —rp2~£~OP+ 1'|:—(i'f'\/+ 28))‘5(90) + I'V2'f1B(90):|‘OV

~
N
~

mg-L
5,(00) = -g- E.S/33 1m(Z,(60))

5,(60) =-2.196 x 107 °

ta(80) = ~86400-5,(6y)

|2a(60) = 1.898 |

|1a(180-deg) = 0.783 |
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Spiral plat
sans courbes terminales

Approximations de Haag

Zyo = Xy(0) + i-yy(0) Zyp =-0.275 - 0.476imm
2 1 i-n
U(60) = 5-40(00) + ——-J1(00)  Zan(00) = —U(60)-0v
0
ITIS 2
§ah(90) =-g- -ry 'COS((Z\/(O))'U(H())

E-l33

tan(00) = ~86400-5,1( 6p) |zan(60) = 1.699 |

|2an(180-deg) = 0.804 |

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

200 250 300 350 400

sk
Oy deg_1

0; = 170-deg 0; = racine(U(8), 64) 01 = 163.44 deg

0, := 320-deg 0, := racine(U(65), 6,) 0, = 330.542 deg
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Poids du spiral
Anisochronisme en position V
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