ANNEXE D’APPLICATION

Annexe d’application

> restart;
Entrée des données

>E:=72;G:=28;

E=72
G:=28
>rho:=2700;
p = 2700
>nu:=0.33;
v:=0.33
>sl1l1:=1/E;sl12:=-nu/E;s44:=1/G;
1
sll = E
__ v
s12 = E
1
sd4 = 6

Matrice de souplesse [S]

>s:=array([[sll,s12,s12,0,0,0],[s1l2,s11,s12,0,0,0],[s12,s12,s11
IOIOIO]I[OIOIOIS44IOIO]I[OIOIOIOIS44IO]I[OIOIOIOIOIS44]]);
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Matrice de rigidité [C]
>c:=evalm(s** (-1));

E(v-1) Ev Ev ]

5 - 5 - 5 0O 0 O
2vi+v-1 2vi+v-1 2vi+v-1

B Ev E(v-1) B Ev 00 0
2vi+v—1 2vi+v—1 2vi+v-—1

c=| 2Ev B 2Ev Egv—l) 0 0 0
2vi+v-1 2vi+v-1 2vi+v-—-1

0 0 0 G 0 O

0 0 0 0 G O

i 0 0 0 0 0 G

Les eléments C;; de [C]

>cll:=c[1l,1];cl2:=c[1l,2];cd4:=c[4,4];c22:=cll;c33:=cll;cl3:=cl2
;c23:=cl2;c55:=c44;c66:=c44;cl4:=0;cl5:=0;cl16:=0;c24:=0;c25:=0
;626:=0;c34:=0;c35:=0;c36:=0;c45:=0;c46:=0;c56:=0;

65



ANNEXE D’APPLICATION

€26 :=0
c34:=0
c35:=0
c36:=0
c45:=0
c46 =0
€56 :=0

Les a;;:

>al:=-cl3/ec33;a2:=cll-(cl3**2) /c33;a3:=cl2-

(cl3*c23) /c33;a4:=c22-(c23**2) /c33;a5:=-
c23/c33;a6:=c66;a7:=1/c33;a9:=1/c44;al0:=c44/ (c44*c55-
(c45**2)) ;all:=c45/ (c44*c55- (c45**2)) ;al2:=c55/ (c44*c55-
(c45**2)) ;al3:=c66- (c36**2) /c33;ald:=cl6-

(cl3*c36) /c33;al5:=c26-(c23*c36) /c33;al6:=-c36/c33;

-_c13
al =— 033
_ c132
a2 :=cll - 33
. c13 c23
a3 :=cl2 - 033
_ €232
ad :=c22 — 33
-3
ab =— 033
ab := cbb6
- 1
ar = 033
- 1
9= 4
alo = ca4
c44 c55 — c452
all = c45
c44 c55 — c452
al2 = €55
c44 c55 — c452
. 362
al3 :=c66 — 33
_ €13 c36
ald :=cl6 — 033
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. €23 c36
alb :=c26 — 033
_ €36
al6 ;= — 033
Introduction des variables en vibration libre
>sx0:=0;
sx0:=0
>b:=a;
b:=a
>R:=0.1;h:=1;
R:=0.1
h:=
>m:=1;n:=1;
m=1
n:=1

>a:=m*h/R;
a :=10.00000000

>nd:=2;
nd:=2
> tau:=h/nd;
-1
T2
>pl:=m*Pi/a; p:=evalf(pl) ;ql:=n*Pi/b; q:=evil(ql);
1= mm
pl = “a
__3.141592654 m
p= a
= nn
gl = b
_3.141592654 n
q T b

Sous matrice [q]

>qll:=1;9l2:=0;gl3:=tau* (-p) ;q21:=0;922:=1;g23:=tau* (-
q) ;g31l:=tau* (-al*p+al6*q) ;q32:=tau* (-aS5*g+al6*p) ;q33:=1;

gll1:=1

gl2 =0
gl3:=—p

921 =0
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922 =1
023 :=—1q
g3l =t(-alp+al6q)
932 .=t (-abqg-+al6p)
g33:=1

Sous matrice [r]
>rl1ll:=0;rl2:=tau* (all) ;rl3:=tau*(-all) ;r21:=0;r22:=tau* (-
all) ;r23:=tau* (al2) ;r3l:=tau*(a7) ;r32:=0;r33:=0;

rilt:=o0
ri2 :=tall
ri3:=-tall
r21:=0
r22 :=-tall
r23:=tal2
r3l:=tav
r32:=0
r33:=0

>alpha:=(a2* (p**2)+al3* (g**2)+2*ald*p*q) ;beta:=(ald* (p**2)+al5*
(g**2) + (al3+a3) *p*q) ;Gamma:=(al3* (p**2) +ad* (gq*¥*2) +2*al5*p*q) ;

a=a2p’+al3qg’®+2aldpq
B:=aldp?+al5qg®+(al3+a3)pq
:=al3p?+a4dqg®+2al5pq
Sous matrice [t]

>t11:=0;t12:=0;tl3:=tau* ((p**2) *sx0-rho*ww) ; t21:=tau* (alpha-
rho*ww) ; t22:=tau* (beta) ;t23:=0;t31:=t22;t32:=tau* (Gamma-
rho*ww) ;t33:=0;

t11 =0
12 =0

t13 == 1 (p? sx0 — p ww)

21 :=t(a2p*+al3g®+2ald pq—pww)

68



ANNEXE D’APPLICATION

22 =t (ald p?+al5qg®+(al3 +a3)pq)
23:=0
t31 :=t(ald p*+al5qg*+(al3+a3)pq)

t32 :=t(al3p?+ad4q®+2al5pqg—pww)
t33:=0

Sous matrice [d]

>dl1:=1;d12:=tau* (p) ;dl3:=tau* (q) ;d21l:=tau* (al*p+al6*q) ;d22:=1;
d23:=0;d31:=tau* (a5*qg+al6*p) ;d32:=0;d33:=1;

dil1:=1
di2 =1p
di3:=1q

d21:=t(alp+al6q)

d22 =1
d23:=0
d31l:=t(a5q+al6p)
d32:=0
d33:=1
Matrice [H]

>H:=array([[qll,ql1l2,913,r1l1l,r12,r13],[921,922,923,r21,xr22,r23],
[931,932,933,r31,r32,r33],[t1l1,t12,t13,d11,d12,d13],[t21,t22,t
23,d21,d22,d23],[t31,t32,t33,d31,d32,d33]11]) ;

1, 0, -1p, 0, tall, —tall
0, 1, -tql, 0, —tall, tal2
t(-alp+al6qgl),t(-abgl+al6p),1,ta7,0,0
0, 0, <t(p?sx0-pww), 1, =p, zql
t(a—pww), tp, 0, t(alp+al6qgl), 1, O
B, 1 ('-pww), 0, t(abql+al6p), 0, 1]

Transformation du [H] par différence finie :
>T:=evalm(H**nd) ;
Matrice [T21]
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>T21:=array([[T[4,1],T[4,2],T[4,3]],[T[5,1],T[5,2],T[5,3]],[T[6
,11,T[6,2],T[6,3]111);
Déterminent de [T21]

>F1:=T[4,1]*(T[5,2]*T[6,3]-T[5,3]*T[6,2])-
T[4,2]*(T[5,1]1*T[6,3]-T[5,3]*T[6,1])+T[4,3]*(T[5,1]*T[6,2]-
T[5,2]*T[6,1]);

> F:=factor (F1) ;
Résolution du probléme propre T21=0
>solve ({F=0}, {ww});

Fréquences naturelles :
>wwl:=.9173002062e-4;

wwl := 0.00009173002062
>wb:=wwl*rho/E;
wb :=0.003439875774
>wbar:=wb** (1/2) ;
whar :=0.05865045417
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