Spiral plat Courbe en arc de cercle concentrique
avec courbe terminale Déformation en position H

Spiral plat avec courbe terminale concentrique
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 = 0.15 mm S=45x10 “mm?  TOL:=10 °
a2, = 4.52mm d1sp =1.1mm Opiton = 9.1 mm psp =0.135mm ns, = 12.667
L:=Lg L=11.182cm Wo = 21 Ngp wo = 4.56 x 103deg
Position des goupilles rer = 0.5-dpjton  agr:=0 XGR = rGR-cos(aGR) YGR = rGR-sin(aGR)
de raquettes )
XGR = 2.55mm YGr = 0mm ZGR = XGR T+ I'YGR

Position du point de raccordement ap = 30-deg ra:=0.5.-d2, Zp = rA.el'aA
sur le spiral

. i-a
Courbe terminale = IgRr XOt(at) = rt-cos(at) YOt(Olt) = rt-sin(at) ZOt(O{t) = r-e !

St(at) = I oy lt = St(O.’A) It =1.335mm

Position dupoint 1= 0.5:d1s, ay(6) = wo+ an+ 6 xy(0):=ry-cos(ay(8)) yy(6):= ry-sin(ay(6))
d'attache a la virole

Forme initiale du spiral

a=—— rs(a) = ra-a(a- a) Xos(@) = rs(@)-cos(a) Yos(a) = rs(a)-sin(a)
Zps( @) = rs(a)-exp(i-a)
1 2 2 a 2
s(a) = Z(rA —rs(a) ) s(a) = rA-(a—aA)—E~(a—aA) L= S(l//0+ O!A)-i-/t
L;=11.315¢cm
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

—0, Omax = 132.293 ——
L‘Wf3 0 max mm2

I33:= /f_rect(éps ha) Wiz = Wf_rect(épa ha) Omax =

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

Courbe terminale externe

at

r RS .0 ) .
(00{1(6(t) =ap+ E Z1t(0, at) =Zgr t+ It I-e -exp |'f'rt'at dat
t
aGR
( ) Lt'rt Lt+ H-rt ( ) ( )
zl 0, af) = Zgr + - exp| i-ay -1 AZ1a(0) := z4| O, ap) — Zpil
1t t GR L+on p|i-at L 14(0) = z44 a) — Zo aa
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Spiral plat Courbe en arc de cercle concentrique

avec courbe terminale Déformation en position H
Partie spiralée |
. . . . t
s'(a) = rA—a-(a— aA) Zo(a) = [—a+ |-[rA—a-(a—aA)]]-exp(|~a) Ap4a(0) = H~f
t
a .
. 1 A91a(0) . s(a) ,
Az45(0, @) = zp + Z'o(a)-e -exp| i-0- . da Z15(0, a) = Az44(0) + 4245(0, @)
t
ap
Graphe de la déformation
Forme naturelle
. oa — OGR .
ng:= 201 Jj=0.n-1 Adgp:=—""— a = agr + J-Aay Xy = XOt(at.) Vi = YOt(at.)
ng—1 J J J J J
, . Yo .
n:= 50-pan.‘entlére(nsp) +1 i=0.n-1 Aa = y aj:=I-Aa + ay
n i
O —
. . 2 2 ;
Xs, = X0s(0!i) Vs = YOs(ai) X = Pl/e(Xt,Xs) Yo = Pl/e(}’t,}’s) fo=+Xo + Yo Ps = Ata”(Xo,YO)
Déformée Ziy = Z1t(909 at.) Zgy = 215(00. ) zq = pile(zg. Zsq)
J J i
—
Npt = dernier(zd) Xq = Re(zd) Yq:i= Im(zd) ry:= |zd| rg =0.342mm
n
pt
Ba = Atan(xq, y,) fa, = 0deg By =182.931deg  mod(ay(6p).2 7) = 180 deg
npt
90
150
o
mm
180 0
rq
mm
210
270
Bss Bd
xy(69) =-0.55mm x4 - xy(8p) =0.208mm yv(6) =0mm Yo —yv(6p) =-0.017mm
Npt Npt
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Spiral plat Courbe en arc de cercle concentrique
avec courbe terminale Déformation en position H

Déplacement de la virole libre

Contribution du spiral sans ses courbes terminales

ss(@)
Sg(a) = s(a) + I fo,a)= i-H-exp(i-H- . j
t

aAt+ Yo
Ag(6): J 20s(@)-f(0, a)-s"(a) da As(69) =-0.177 - 0.103imm

Ly ap

Contribution de la courbe terminale externe

A g i-0 (aA ( ) 2] d A —9~rt2 Lt+ H-rt
:: — . . .._. . 9 :: . 1— .- .
t(9) L ftJ Zo\ at)-exp| i L Iyt | day t(9) L+on exp|i-ap L

Contribution du spiral entier

0
At(680) = -0.04 + 0.134imm

M (6) = M(6) + Ag(0) Aq(80) =-0.217 + 0.031imm
u1(0) = Re(A(0)  vi(0):= Im(A(0)  ug(60) =-0.217mm  vy(6p) = 0.031mm

Calcul des réactions

1 aatyo aaA
Eos = T J Xos(@) rs(a) da + J Xor( ) -y daxg Fos = 4.246 x 107 ° mm
t oA 0
1 aatyo ana
Nos = J Yos(a)rs(a) da + J Yol @)1t de 1os = 0.047mm
t (27} 0
ATV aA
1 2 2 2
P2ps = m Xps(a) -rg(a) da + th(at) -ry doy p29s = 1.385mm
t 27} 0
ATV aA
1 2 2 2
q2ps = f Yos(a) -rs(a) da + yOt(at) -ry doy q2ps = 1.365mm
t 27} 0
1 aatyo an
2
kos == —- J Xos(@)-Yos(a) rs(a) da + J XOt(at)'YOt(at)'rt doy kos = 0.032mm
Lt 27} 0
2 — 4
L | 92s—70s  7os Sos — Kos _1(u1() ~1.001 x 10
0= : R (6)=8y - R’(,go) -
E'/33 V1(9) -5
Mo0s $os — Kos  P20s — Sos 1.196 x 10
4

|R"(60)| =1.009x 10" "N
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Spiral plat Courbe en arc de cercle concentrique
avec courbe terminale Déformation en position H

Deuxiéme approximation de la déformée du spiral
Rx(0) =R (6o  R'y(6):=R(0)

x11(0, a) = Re(z4(6, a)) yi0, @) = Im(z44(6, a))

x15(0, ) = Re(z45(6, @) y15(0, @) = Im(z45(6, @))
at a

s§1t(t9, at) = J x1,(19, a})-rt da’y s&s(0, a) = J X45(0, ) -rs(a’) da’
0 aa
at [04

3771t(9> at) = J Y1t(‘9, a't)'ft da’t sn1s(0, a) = J y1s(0, &) rs(a) da’
0 ap

1 1
&1(0) = f'(s§1t(9> aA) + S§1s(9, wo + O!A)) 1n1(0) = E'(Sﬂﬁ@, aA) + S771s(9, wo + aA))
t

rat

o

A\ 2 , 2 ., ,

sp21t(t9, at) = x”(@, a t) rypda’y sp245(0, @) = X415(8,a) rg(a@’) da
Y0 vapa
rat ro

A\ 2 , 2 .,

9210, &)= | yal0.a?) n der $9215(0, )= | y15(0, @) rs(@) da

Y0 Yap

0
1 _Y1t(9a at) “Sn1¢ (9 at) + Sq21t(‘9 at) (Y1t( »at) S§1t(9a Oft) - $k1t(9, Oft)) |
E-l33 X1t(€: o) sl 0. o) - Sk1t('9: at) —X1t( :at) 3§1t(9’ Olt) + sp24( 0, Oft)_

at
3k1t(9’at) 1=J X1t(9aa't)'}’1t(9,a't)'ft da’y  skis(0, @) ‘[ x15(0, a’)-y15(8, ) -r5(a’) d
0
St(ﬁ,at) = 0

Ss(0, a) =

1 [v1s(0,0)-sm15(0, @) + 59245(0. @) (y15(0. @)-5E15(0, @) — skis(6, ) |
(

E-I33 | X1s 0,a)-snis(0, a) —skis(0,a) —Xx15(0, a)-S&15(0, a) + sp245(0, 05)

S1(0) = S{0. aa) + Ss(6, wo + aa)

V(0) - x15(0. wo + 1111 10”4
R(0) = s,(e)”.( w0 vo aA)j R*(6p) = 1 |R"(60)| =1.113x 104N
yv(0) - }/13(9, Yo+ aA) 7.126 x 10_6
AZtZZ St(QOa aA)~R'(00) AZS((Z) = Ss(eo, O.’)‘R’(Qo) + AZt
Az215(a) = Azg(a)  + 1-A2g(a), 25(@) = 215(00. @) + A215(ar)

Graphe de la déformation (2éme approximation) Attention: Calcul long !

| . Yo .
n:= 20~partentlere(nsp) +1 i=0.n-1 Ao = p— aj=i-Ada+ ap
_— E—
Zyq = Z7t(009 at) Zygq = ZZS(O.’) Zyq = pile(sz, ZZSd) npt = dernier(ZZd)
—>
Xog = Re(ZZd) Yoq = Im(ZZd) Iogq = |22d| rog = 0.55mm

npt
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Spiral plat Courbe en arc de cercle concentrique

avec courbe terminale Déformation en position H
—_
o= Atan(Xzq, ¥2q) fa, = 0deg B4 =180deg mod(ay(8,).2-7) = 180 deg
npt
Xv( 90) =-0.55mm x2dnpt - Xv( 90) =0mm yv(go) =0mm y2dnpt - yv( 90) =0mm
150
o
mm |
180 0
r2q ‘
mm
210
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