Nom :Sacha

Numeéro :5Y1924144

Oscillateur non linéaire a une degré de liberté
1.Résolution avec un schéma de NEWMARK explicite
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clear all:

wl=2%pi ;

a=0.1;

TO=6;

delta_t=0.02;

m=1;% on suppose m=lkg
n=floor (T0/delta_t);
ti=linspace(0,T0,n);
ti=ti’:
qj=zeros(n, 1);
qj_derive=zeros(n, 1) ;
qj_derive2=zeros(n, 1);
aj(1, 1)=2:
qj_derive(1, 1)=0

aj_derive2 (1, 1)=—wl#wl¥qj (1, 1)* (1+a*qj(l, 1) "2);

for i=l:n-1

qj(i+1, 1i=qj(i, 1)+delta_t*qj derive(i, 1)+(delta_t 2)*qj_derive2 (i, 1)/2:
aj_derive2(i+1, 1)=-wl#wl#qj (i+1, 1)#(1+a*qj(i+1, 1) "2);

qj_derive(i+l, 1)=qj derive(i, 1)+delta_t*qj_derive2(i, 1)/2+delta_t*q] derive2(i+l, 1)/2;

end

plot(ti, ai);
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2.Résolution avec un schéma de NEWMARK implicite
qj+1 = q; + At *q; + 0.25 % At?G; + 0.25 * At?Gj4q

dj+1 =q; + 0.5 % Atg; + 0.5 * AtGjq

2.1.il faut minimiser la valeur :

wo?qj1(1+ax*qji1?)



2.2

Agji1 =P * At? AGjy1 et AGjpq =y * At * Aqj1q

En considérant la correction,l’expression devient :

Gjr1 T AGjeq + wZ(Qj+1* +Aq;:1) (1 +a(gj” +
AQj+1)2)=0

2.3 En fonction de ppt, on sait qu’il faut estimer en continu la
valeur de :

WOZCI;+1(1 +ax Q;+12)

Et

i f(q:+1?q:+l ?q:+1 )
AGy =~
1 8f g —— PAL

6Qn+1 aQnH

Ou f(éij+1*» Qj+1*»Qj+1*) = éij+1* + w? * Qj+1* *(1+ax

En simplifiant I'expression, on obtient :

_éij+1* — w? CIj+1* *(1+ax CIj+1*2)
(1+w?+x(1+ 3aqj+1*2) * B * At?)

AéI.j+1 =

clear all;
w0=2*pi;
a=0.1;



T0=6;
delta t=0.02;
beta=0.5;
gamma=0.25;
m=1;
k=m* (w0"2) ;
n=floor (T0/delta t);
t=linspace (0,TO0,n);
ti=t"';
gj=zeros(n,1);
gj derive=zeros(n,1);
gj deriveZ2=zeros(n,1);
delta gj=zeros(n,1);
delta gj derive=zeros(n,1);
delta gj derive2=zeros(n,1l);
aj (1,1)=2;
gj derive(1l,1)=0;
gj derive2(1,1)=0;
for i=1:n-1
gj derive2 (i+l1,1)=0;
gj derive(i+l,1)=qj derive(i,1l)+delta t*(1-
gamma) *qj derive2 (i, 1);

gj (i+1,1)=gj(i,1)+delta t*qgj derive(i,1l)+(delta t"2)* (0.5
-beta) *qj derive2(i,1);

while (abs (qj derive2 (i+1,1)+(w0"2)*qgj (i+1,1)* (1+a*qg]j (i+1,
1)72))>0.01)

delta gj derive2 (i+l,1)=(-gj derive2 (i+l,1)-
(w0™2) *gj (1+1,1) * (1+a*qgj (i+1,1)"2)) / (1+(w0"2) * (1+3*a*qgj (i
+1,1)"2) *beta*delta t"2);

delta gj derive(i+l,1)=gamma*delta t*delta gj derive2 (i+l
1)

delta gj(i+l,1)=beta* (delta t"2)*delta gj derive2 (i+1,1);

gj derive2 (i+l,1)=gj derive2 (i+l,1)+delta gj derive2 (i+l,
1);

gqj derive(i+1l,1)=gj derive(i+l,1l)+delta gj derive(i+l,1);
gj (i+1,1)=qgj (i+1,1)+delta gj (i+1,1);
end
end



plot (ti,qj);
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3. Energie mécanique

2 4
3.0 E=m + g%/2 + <L + 224

3.2 schéma explicite




= n=floor(l0/delta_t);

= ti=linspace (0, T0,n);

= ti=ti";

- qj=zeros(n, 1);

aj_derive=zerosin, 1);

— qj_deriveZ=zerosi(n, 1) ;

= ajll, 1)=2;

- aj_derive(1, 1)=0;

- qj_derive2(1, 1)=-wlkwlkqj(1, 1)# (1+a*qj(1, 1) "2,

= A R = -]
|

=1

- E=zeros(n, 1);

- E(1, 1)=0;

= for i=lin-1

= qj(i+l, 1)=qj(i, 1) +delta_t*qj_derive(i, 1)+(delta_t 2)*qj_derive2 (i, 1)/2;

- aj_derive2(i+1, 1) =—wl#wl*qj (i+1, 1)*(1+a*qj(i+1, 1) "2);

qj_derive(i+l, li=qj derive(i, 1)+delta_t*qj_derive?(i, 1)/2+delta_t#*qj derive2(i+l, 1)/2;
- E(i+1)=0. B¥m* (qi_derive(1+1) " 2)+0. Bk (qj (1+1) "2) +0. 25*leka* (qj (i+1) "4);

= end

— plot(ti(2:n),E(2:n));
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Schéma implicite

22 — E=zeros(n, 1);

23 - E(1, 1)=0;

24 — for i=lin-1

25 — qj_derive2(i+1, 1)=0;

26 — qj_derive(i+l, 1)=qj_derive(i, 1)+delta_t*{1-gamma)#*qj_derive2(i, 1);

27 — qi(i+l, 1)=qi(i, 1) +delta_t*qj_derive(i, 1)+(delta_t 2)%(0.5-betal*qj_derive2 (i, 1);
28 — while(abs(qj_derive2 (i+1, 1)+(w0 2)*qj(i+1, 1)*(1+a*kqj(i+1, 1)"2))>0. 01)

29 — delta_qj_derive2(i+l, 1)=(-qj_derive2(i+1, 1)~ (w0 2)#qj(i+1, L)* (l+akqj(i+l, 1)72))/ (1+(w0 " 2)* (1+3kakqj(i+l, 1) 2)*betatdelta_t 2)
30 — delta_qj_derive(i+1, 1)=gamma*delta_t¥delta_qj_derive2(i+1, 1);

31 — delta_qj(i+l, 1)=beta*(delta _t 2)*delta_qj_derive2(i+1, 1);

32 — qj_deriveZ (i+1, 1)=qj_derive2(i+1, 1) +delta_qj_derive2(i+1, 1);

33— qj_derive(i+l, 1)=qj_derive(i+l, 1)+delta_qj_derive(i+l, 1);

34 — ajli+l, 1)=qj(i+1, 1) +delta_qj(i+1, 1);

35 - end

36 — E(i+1)=0. 5w (qj_derive (1+1) 720 +0. Skt (qj (1+1) "2)+0. 25#kkak (qj (1+1) 74) .

3f = end

38 % plot(ti(2:n),E(2:in));

39 — plot(ti, qj) ;|

40

3.3
Sionprend At = 0.02s:

Schéma explicite
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La valeur absolue de I'énergie de schéma implicite va devenir de plus en

plus grande.



