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Oscillateur entretenu par un échappement

Caractéristiques du système

T 0.2 s⋅:= ω0

2 π⋅

T
:= J 8 10

7−
⋅ kg⋅ m

2
⋅:= q0 270 deg⋅:=

Frottement visqueux

η 0.002:= C 2 J⋅ η⋅ ω0⋅:= Fv_max C ω0⋅ q0⋅:= Fv_max 0.015N mm⋅= λ
Fv_max

J ω0
2

⋅
:= η1

η

λ
:=

λ 0.019=

Frottement constant fb 0.04:= f1

fb

λ
:= Fc_max λ J⋅ ω0

2
⋅ f1⋅:= Fc_max 0.032N mm⋅=

Echappement

λb 48 deg⋅:= Ce 0.20 J⋅ ω0
2

⋅ q0⋅:= Ce 0.744N mm⋅= Γ1

Ce

λ J⋅ ω0
2

⋅
:= E

Γ1

2 π⋅
λb⋅:=

Calcul du point de synchronisation

yS η f, a, ε, y,( ) racine 2 η⋅ y
2

⋅
4

π
f⋅ y⋅+ 2 E⋅−









2

ε
2
y
4

⋅+ a
2
y
2

⋅− y,








:= xS a ε, y,( ) arccos
ε

a
y⋅









:=

Calcul des paramètres de stabilité

s η f, y,( ) η−
f

π y⋅
−:= p η f, ε, y,( ) η

2 2 f⋅ η⋅

π y⋅
+

2 f⋅ E⋅

π y
3

⋅
+

E
2

y
4

−
1

4
ε
2

⋅+:=

Amplitude du régime autonome (sans synchronisation)

a1 0:= ε 0:= yauto
1

π η1⋅
f1− f1

2
π
2

η1⋅ E⋅++




⋅:= yauto 3.8=

Régimes transitoires vers un foyer attractif de grande amplitude  pour Ω Ω Ω Ω > ωωωω0

Excitation harmonique

aseuil

4 f1⋅

π
:= aseuil 2.702= a1 aseuil:= Fharm a1 λ J⋅ ω0

2
⋅



⋅:= Fharm 4.021 10

5−
× N m⋅=

ε 0.8−
a1

yauto
⋅:= ε 0.569−=

n 500:= i 0 n..:= x0 0:= x1 2 π⋅:= ∆x
x1 x0−

n
:= xi x0 i ∆x⋅+:=

y 5:= yf yS η1 f1, a1, ε, y,( ):= xf xS a1 ε, yf,( ):= yf 4.564= xf 2.861=

s η1 f1, yf,( ) 0.254−= s η1 f1, yf,( )2 0.065= p η1 f1, ε, yf,( ) 0.116= foyer

y 2:= yc yS η1 f1, a1, ε, y,( ):= xc 2 π⋅ xS a1 ε, yc,( )−:= yc 2.406= xc 4.181=

s η1 f1, yc,( ) 0.387−= s η1 f1, yc,( )2 0.15= p η1 f1, ε, yc,( ) 0.528−= col
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b x( )
1

η1

1−

π
f1⋅

a1

4
sin x( )⋅+









⋅:= Yi b xi( ) b xi( )2 E

η1

++:= Xi

a1

ε
cos xi( )⋅

π

2
xi<

3 π⋅

2
<









⋅:=

D t Y,( )

η1− Y0⋅
a1

2
sin Y1( )⋅+

aseuil

2
−

E

Y0
+









λ

λ
ε−

2

a1

2 Y0⋅
cos Y1( )⋅+









⋅















:= tf 4000:=

Y0
8

0









:= S1 rkfixe Y0 0, tf, n, D,( ):= S1
2〈 〉

mod S1
2〈 〉

2 π⋅,( ):=

Y0
5

0









:= S2 rkfixe Y0 0, tf, n, D,( ):= S2
2〈 〉

mod S2
2〈 〉

2 π⋅,( ):=

Y0
5

3.8









:= S3 rkfixe Y0 0, tf, n, D,( ):= S3
2〈 〉

mod S3
2〈 〉

2 π⋅,( ):=

Y0
5

4.5









:= S4 rkfixe Y0 0, tf, n, D,( ):= S4
2〈 〉

mod S4
2〈 〉

2 π⋅,( ):=

0 1 2 3 4 5 6

2

4

6

8

yf

yauto

Yi

Xi 0,

Xi 1,

Xi 2,

S1
1〈 〉

S2
1〈 〉

S3
1〈 〉

S4
1〈 〉

xf xc

xi xi, xi, xi, S1
2〈 〉

, S2
2〈 〉

, S3
2〈 〉

, S4
2〈 〉

,

Régimes transitoires vers un noeud attractif de grande amplitude  pour Ω Ω Ω Ω > ωωωω0

Excitation harmonique

aseuil

4 f1⋅

π
:= aseuil 2.702= a1 0.4 aseuil⋅:= Fharm a1 λ J⋅ ω0

2
⋅



⋅:= Fharm 1.608 10

5−
× N m⋅=

ε 0.2−
a1

yauto
⋅:= ε 0.057−=
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y 5:= yf yS η1 f1, a1, ε, y,( ):= xf xS a1 ε, yf,( ):= yf 4.93= xf 1.833=

s η1 f1, yf,( ) 0.243−= s η1 f1, yf,( )2 0.059= p η1 f1, ε, yf,( ) 0.041= noeud

y 3:= yc yS η1 f1, a1, ε, y,( ):= xc 2 π⋅ xS a1 ε, yc,( )−:= yc 3.023= xc 4.553=

s η1 f1, yc,( ) 0.33−= s η1 f1, yc,( )2 0.109= p η1 f1, ε, yc,( ) 0.147−= col

b x( )
1

η1

1−

π
f1⋅

a1

4
sin x( )⋅+









⋅:= Yi b xi( ) b xi( )2 E

η1

++:= Xi

a1

ε
cos xi( )⋅

π

2
xi<

3 π⋅

2
<









⋅:=

D t Y,( )

η1− Y0⋅
a1

2
sin Y1( )⋅+

aseuil

2
−

E

Y0
+









λ

λ
ε−

2

a1

2 Y0⋅
cos Y1( )⋅+









⋅















:= tf 4000:=

Y0
6

0









:= S1 rkfixe Y0 0, tf, n, D,( ):= S1
2〈 〉

mod S1
2〈 〉

2 π⋅,( ):=

Y0
2

0









:= S2 rkfixe Y0 0, tf, n, D,( ):= S2
2〈 〉

mod S2
2〈 〉

2 π⋅,( ):=

Y0
5

3.8









:= S3 rkfixe Y0 0, tf, n, D,( ):= S3
2〈 〉

mod S3
2〈 〉

2 π⋅,( ):=

Y0
5

4.5









:= S4 rkfixe Y0 0, tf, n, D,( ):= S4
2〈 〉

mod S4
2〈 〉

2 π⋅,( ):=

0 1 2 3 4 5 6

1

2

3

4

5

6

yf

yauto

Yi

Xi 0,

Xi 1,

Xi 2,

S1
1〈 〉

S2
1〈 〉

S3
1〈 〉

S4
1〈 〉

xf xc

xi xi, xi, xi, S1
2〈 〉

, S2
2〈 〉

, S3
2〈 〉

, S4
2〈 〉

,
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Régimes transitoires vers un foyer attractif de faible amplitude  pour Ω Ω Ω Ω > ωωωω0

Excitation harmonique

aseuil

4 f1⋅

π
:= aseuil 2.702= a1 1.3 aseuil⋅:= ε 1.2−

a1

yauto
⋅:= ε 1.109−=

y 3:= yf yS η1 f1, a1, ε, y,( ):= xf 2 π⋅ xS a1 ε, yf,( )−:= yf 3.012= xf 3.456=

s η1 f1, yf,( ) 0.33−= s η1 f1, yf,( )2 0.109= p η1 f1, ε, yf,( ) 0.156= foyer

y 2:= yc yS η1 f1, a1, ε, y,( ):= xc 2 π⋅ xS a1 ε, yc,( )−:= yc 2.445= xc 3.83=

s η1 f1, yc,( ) 0.382−= s η1 f1, yc,( )2 0.146= p η1 f1, ε, yc,( ) 0.25−= col

b x( )
1

η1

1−

π
f1⋅

a1

4
sin x( )⋅+









⋅:= Yi b xi( ) b xi( )2 E

η1

++:= Xi

a1

ε
cos xi( )⋅

π

2
xi<

3 π⋅

2
<









⋅:=

D t Y,( )

η1− Y0⋅
a1

2
sin Y1( )⋅+

aseuil

2
−

E

Y0
+









λ

λ
ε−

2

a1

2 Y0⋅
cos Y1( )⋅+









⋅















:= tf 4000:=

Y0 7 0( )
T

:= S1 rkfixe Y0 0, tf, n, D,( ):= S1
2〈 〉

mod S1
2〈 〉

2 π⋅,( ):=

Y0 5 0( )
T

:= S2 rkfixe Y0 0, tf, n, D,( ):= S2
2〈 〉

mod S2
2〈 〉

2 π⋅,( ):=

Y0 2 0( )
T

:= S3 rkfixe Y0 0, tf, n, D,( ):= S3
2〈 〉

mod S3
2〈 〉

2 π⋅,( ):=

Y0 1 1( )
T

:= S4 rkfixe Y0 0, tf, n, D,( ):= S4
2〈 〉

mod S4
2〈 〉

2 π⋅,( ):=

0 1 2 3 4 5 6 7

2

4

6

8

10

12

yf

yauto

Yi

Xi 0,

Xi 1,

Xi 2,

S1
1〈 〉

S2
1〈 〉

S3
1〈 〉

S4
1〈 〉

xf xc

xi xi, xi, xi, S1
2〈 〉( ), S2

2〈 〉
, S3

2〈 〉
, S4

2〈 〉
,
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Limite de décrochage

b x( )
1

η1

1−

π
f1⋅

a1

4
sin x( )⋅+









⋅:= Y1 x( ) b x( ) b x( )
2 E

η1

++:= Y2 x ε,( )
a1

ε
cos x( )⋅:=

z 3.6:= ε 1−:= Y1´ x( )
x
Y1 x( )

d

d
:= Y2´ x ε,( )

a1−

ε
sin x( )⋅:=

Soit Y1 z( ) Y2 z ε,( )=

Y1´ z( ) Y2´ z ε,( )=

Seuil Trouver z ε,( ):= Seuil
3.648

1.146−









= xSS´ Seuil0:= ε1 Seuil1:= ySS´ Y1 xSS´( ):=

ySS´ 2.681= xSS´ 3.648= ε1 1.146−= aseuil

4 f1⋅

π
:= aseuil 2.702= a1 1.3 aseuil⋅:=

f0

ω0

2 π⋅
:= f0 5Hz= Fmin

f0

1 λ ε1⋅−
:= Fmax

f0

1 λ ε1⋅+
:= Fmin 4.947Hz= Fmax 5.055Hz=

b x( )
1

η1

1−

π
f1⋅

a1

4
sin x( )⋅+









⋅:= Yi b xi( ) b xi( )2 E

η1

++:= Xi

a1

ε1
cos xi( )⋅

π

2
xi<

3 π⋅

2
<









⋅:=

D t Y,( )

η1− Y0⋅
a1

2
sin Y1( )⋅+

aseuil

2
−

E

Y0
+









λ

λ
ε1−

2

a1

2 Y0⋅
cos Y1( )⋅+









⋅















:= tf 2000:=

Y0
4

2









:= S1 rkfixe Y0 0, tf, n, D,( ):= S1
2〈 〉

mod S1
2〈 〉

2 π⋅,( ):=

Y0
1

3









:= S2 rkfixe Y0 0, tf, n, D,( ):= S2
2〈 〉

mod S2
2〈 〉

2 π⋅,( ):=

0 1 2 3 4 5 6 7

2

4

6

8

10

12

ySS´

yauto

Yi

Xi 0,

Xi 1,

Xi 2,

S1
1〈 〉

S2
1〈 〉

xSS´

xi xi, xi, xi, S1
2〈 〉

, S2
2〈 〉

,
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