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Synchronisation harmonique par un échappement

Théorie de la synchronisation - synchronisation harmonique
Oscillateur entretenu par un échappement
Caractéristiques du systéme

2. 7

T:=02s e J:= 810 -kg-m? go = 270-deg

Frottement visqueux

Fv_max n
n = 0.002 C=2J-n-w Fy max = C-@p-qo Fv max =0.015N-mm A= — ng:=—
J-a)02 4
4 =0.019
fp 5
Frottement constant £, .= 0.04 f1:= = Fe max = A-J-aq" -f1 F¢ max = 0.032N-mm
Echappement
2 Ce Iy
Ap = 48deg Ce = OZOJCUO Qo Ce =0.744 N-mm Iy:= —2 E = Eﬂb
/7.-J-a)0 '

Calcul du point de synchronisation

2
. 2 4 2 4 2 2 £
ys(n,f,a,e,y) :=racinel|2-n-y + —-fy-2.E| +& .y —a -y .,y xg(a, €,y) .= arccos| —-y
b a

Calcul des parametres de stabilité

f o 2fn 2£E E2 1 o
s(’]afay)::_n__ p(’laf,S’Y)5:77 + t—— -t =&
Ty 4 4

. 3
o xy? oy

Amplitude du régime autonome (sans synchronisation)
1

2 2
|a1 = q le=d Yauto = ﬁ-_m(_f1 +y i+ '771'5) Yauto = 3-8

Régimes transitoires vers un foyer attractif de grande amplitude pour 2> w,

Excitation harmonique

4'f1 2 _5
Bsou =~ asouil = 2.702 Fham = a1~(/1-J~a)0 ) Fram = 4.021x 10" > N-m
ay
£:=-08 £ =-0.569
Yauto
X1 —Xp
n:= 500 i=0.n Xg:=0 Xq:=2-7 AX = Xj:= Xg+ I-Ax
n

y=5  yp=ys(ni.fr.ar.e.y)  xp=xs(ar.e.y) yr=4.564 Xr=2.861

2
s(n1.f1,y) =-0.254 s(n1.f1,y)" =0.065 p(n1.f1 e,y =0.116  foyer
y=2  ye=ys(ns.fr.ar.e.y) Xei= 2w~ xg(as, e,yc) yo=2.406 Xo=4.181

2
s(n1.71.yc) = -0.387 s(n1.71.y5)" =015 p(n1.71.¢.y5) =-0528  col
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1 (-1 ar 2 E ay 7 3.z
b(x) = —:| —-f; + —-sin(x) Y= b(x,-) + b(x,-) + — Xj:= —-cos(x,-)- — <Xj<—

m\r 4 11 & 2 2

Yo + o sin(Y) Boeu + £ A
n1-70 > 1 > Yo
D(t,Y) = tr:= 4000
—& ay
Al —+ ~cos(Y1)
2 2-Yp

8
Y0 - oj S1:= rfixe(Y0,0, t;,n, D) 512 = mod(s1? 2.4

5
Y0 = 0) S2:= rkfixe(Y0,0,t,n,D) 52?2 - mod(S2<2> ,2.,[)

5
YO = 3 SJ S3 = rkﬁxe(YO, 0, tf,n,D) S3<2> = mod(S3<2> ,2.;;)

5
Y=, 5} S4:= rkfixe(Y0,0,t,n, D) s4? - mod(S4<2> ,2.,;)

8T, ‘
Xc

ecsccee

e enaa

0 1 2 3 4 5 6

X0\ X0 X0, X1, 512 522 532 542

Régimes transitoires vers un noeud attractif de grande amplitude pour Q> w,

Excitation harmonique

4.f, _
Bsou =~ Asauil = 2702 Fham = a1~(/1~J~a)02) Fpom = 1.608 x 107 2 Nem
ay
£i=-02- £ =-0.057
Yauto
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y=5  yr=ys(ni.fr.ane.y)  xp=xslar. 2.y yi=4.93 X;=1.833
2
s(n1.f1.y7) =-0.243 s(n1.f1.y7)" = 0.059 p(n1.f e,y)=0.041  noeud
y=3 Yei= ys(771,f1,a1,g,y) Xe = 2-7z—x3(a1,g,yc) ye=3.023 X =4.553
2
s(n1.f1,ys) =-0.33 s(n1.f1,ye)" =0.109 p(n1.f1, e,y;) =-0.147  col
1 [ a; 2 E ais Vd 3
b(x) = —:| —-f; + —-sin(x) Y= b(x,-) + b(x,-) + — Xj:= —-cos(x,-)- — < Xj<—
PRNE 4 4 14 £ 2 2
v a SIn(Y ) 8seuil E 1
71-70 1 2 Yo
D(t,Y) = tr:= 4000
—e a
Al —+ ~cos(Y1)
2 ‘Yo
6
Y0 := 0] S1 = rkfixe(¥0,0, t;, n, D) 512 = mod(s1? . 2.)
2
Y0 := 0] S2 = rkfixe(¥0,0, t7, n, D) 522 = mod(s2? . 2.)
5
Yo 8] $3 = rkfixe(Y0,0, t;, n, D) 532 = mod(s3? . 2.)
5
vo=| 5] S4 = rkfixe(¥0,0, t;, n, D) 542 = mod(s4? . 2.)

xixixix 512,522 532 54
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Régimes transitoires vers un foyer attractif de faible amplitude pour Q> @,

Excitation harmonique

4-f1 aq
Qgeyil = ——  Asey = 2.702 gi=-1.2. £=-1.109
2 Yauto
y1=3 Yii= ys(771,f1,a1,5,y) Xf = 2-7r—x3(a1,5,yf) yf=3012 Xf=3.456
2
s(n1.f1.y)=-0.33 s(n1.f1.y9)" =0.109 p(n1.f1.6,y1)=0.156  foyer
y:=2 Yo i= ys(n1,f1,a1,g,y) Xo = 2-7z—xs(a1,g,yc) Yo =2.445 X, =3.83
2
s(n1.11.yc) = -0.382 s(n1.71.yc)" =0.146 p(n1.fr.6.y) =025 col
1 (-1 ay E ay 3
b(x) = —-| —-f; + —-sin(x) Y= b(x,-) + b(x,-)2 + — Xj:= —-cos(x,-)- . Xj < =
ny \ 7w 4 14 £ 2 2
v a¢ sin (Y ) 8seuil E 1
pa— . + —. — + —
1Yo+ 1 2 v
D(t,Y) = tr:= 4000
—€ ay
Al —+ -Cos(Y1)
2 2.Yp
Yo.= (7 0) S1:= rfixe(Y0,0, t;,n, D) 512 = mod(s1? 2.1
Y0:= (5 0))  S2:= rkfixe(Y0,0, t,n,D) 522 = mod(s2? . 2.2)
Y0:= (2 0))  S3:= rkfixe(Y0,0,t,n,D) 532 = mod(s3? .2.2)
Yo:= (1 1)) S4:= rfixe(Y0,0,t,n,D) 542 = mod(s4? 2.1

Synchronisation oscillateur avec échappement .mcd 4/5



Théorie de la synchronisation Oscillateur entretenu
Synchronisation harmonique par un échappement

Limite de décrochage

1 [—1 a; j [ 2 E a
b(x) .= —:| —-f; + —-sin(x) Y1(x):=b(x)+ [b(x)”"+ — Y2(x,¢):= —-cos(x)
71 T 4 71 2

z:=3.6 g:=-1 Y1°'(x) := d—Y1(X) Y2'(x, &) := —-sin(x)
dx £
Soit Y1(2) = Y2(z, ¢)
Y1'(2) = Y2'(z, ¢)
3.648
Seuil := Trouver (z, €) Seuil = 146 Xss == Seuily g1:= Seuily  yss= Y1(xss)
4-f;
yss =2.681 | [xss'=3.648 | [e1=—1.146 | Bseu =~ @seuil = 2.702
wo fo fo
for=o—  fo=5Hz Fpin=——oo= Fpax=——=—= |Frin=4.947H2 |Frmax = 5.055Hz
2-z 1—/1'81 1+/1'€1
1 (-1 ar 2 E as T 3

b(x) = —: —-f; + —-sin(x) Y= b(x,-) + b(x,-) + — Xj:= —-cos(x,-)- — < Xj<—

n\z« 4 n1 &1 2 2

Yo+ sin(Y+) Goout , E 15
7170 > 1 5 Yo
D(t,Y) = t:= 2000
—&1 as
A —+ -cos(Y1)
2 2Y

4
Y0 := [J S1 = rkfixe(¥0,0, tr, n, D) 512 = mod(s1? . 2.)

1
Y0 := (3) S2 = rkfixe(¥0,0, tr, n, D) 522 = mod(s2? . 2.)

2

X,',X,',X,‘,X,‘,S7 ,82

Synchronisation oscillateur avec échappement .mcd 5/5



