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Apéndice

Neste apéndice sdo apresentadas as rotinas utilizadas para aplicacdo do
método de Galerkin Iterativo usando o programa Maple© versdo 10. A rotina
apresentada é utilizada no célculo das frequéncias naturais e dos modos de
vibracdo, abrangendo as duas primeiras iteracdes, sendo que as demais séo

idénticas a estas.

7.1.
Primeira iteracao

Na primeira iteracdo, utiliza-se como funcdo de entrada uma funcao
polinomial obtida para uma viga com as condi¢cbes de apoio iguais a da placa
considerada na dire¢do X, uma vez que, na primeira iteracdo sera obtida uma

funcdo para o modo de vibracdo na direcédo V.

> restart: with(plots): with(LinearAlgebra):
with(Student[Calculus1]): Digits:=32:

#E-E-E-E - 12 lteracdo#

#Equacéao diferencial de placas#

> PDE:=(diff(W(x,y) ,X,X,X,x))+2*(diff(W(x,y),y,Y,X,X))+
(diff (W(x,y),y,Y,Y,y))-M*omega~2*W(x,y)/De:

#Modos#

> m:=1: n:=1:

#Solucdo polinomial na direcdo x — m=1, 2.#

> EQ:=[-16*x"4/a"4+32*x"3/a"3-16*x"2/a"2,
-8192/27*x"7/a"~7+28672/27*x"6/a~6-1536*x"5/a"5+
32000/27*x"4/a*~4-13312/27*x"~3/a~3+256/3*x"2/a"2]:
> X(x):=EQ[m]:
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#

>

>

#

>

>

#

>
>

>

#

>

Cc

Solucao proposta para a equacao diferencial#
W(x,y):=Y(y)*X(x):
PDE:=simplify(PDE):

Método de Galerkin#
PDE1:=PDE*X(x):
ODE:=int(PDE1, x=0..a):

Propriedades da placa considerada:#
a:=12:
b:=12:
E:=30E9:
h:=0.2:
nu:=0.3:
M:=25000*h:
De:=E*h~3/(12*(1-nu~2)):

ODE:=simplify (ODE):

Para facilitar os calculos serdo adotas as constantes na equacao a seqguir:#

ODE1:=c1*diff(Y(y),y,y,y,y)+c2*diff(Y(y),y,y)+
3*omega~2*Y(y)+c4*Y(y):

#Valores numéricos das constantes empregadas no problema:#

>

o

>

\"

-+

#

>
>

>

ODE2:=subs (diff(Y(y),Y,Y,Y,yY)=A1,diff(Y(y),y,y)=A2,
mega“~2*Y(y)=A3,Y(y)=A4,0DE):

c1:=coeff(ODE2,A1): c2:=coeff(ODE2,A2):

c3:=coeff(ODE2,A3): c4:=coeff(ODE2,A4):
Y(y):=_Ci1*sin(lambda1*y)+_C2*cos(lambdat1*y)+
_C3*sinh(lambda2*y)+_C4*cosh(lambda2*y):

Condi¢des de contorno para dois lados opostos: Engastado-Engastado.#
condi:=eval(subs(y=0,(eval(W(x,y)/X(x))))):
cond2:=eval(subs(y=0,eval((diff(W(x,y),y))/X(x)))):
cond3:=eval(subs(y=b, (eval(W(x,y)/X(x))))):
cond4:=eval(subs(y=b,eval((diff(W(x,y),y))/X(x)))):
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#Formulacéo do problema de autovalor:#

> al1:=coeff(condi, C1):

> al12:=coeff(cond1, _C2):

> a13:=coeff(cond1, _C3):

> al4:=coeff(cond1, _C4):

> a21:=coeff(cond2, _C1):

> a22:=coeff(cond2, C2):

> a23:=coeff(cond2, _C3):

> a24:=coeff(cond2, C4):

> a31:=coeff(cond3, _C1):

> a32:=coeff(cond3, _C2):

> a33:=coeff(cond3, C3):

> a34:=coeff(cond3, _C4):

> a41:=coeff(cond4, C1):

> a42:=coeff(cond4, _C2):

> a43:=coeff(cond4, C3):

> ad44:=coeff(cond4, _C4):
A:=Matrix([[al11,a12,a13,a14],[a21,a22,a23,a24],
[a31,a32,a33,a34],[a41,a42,a43,a44]]):

\"

> detA:=simplify(Determinant(A)):

#Solucbes do problema de autovalor (Valores de lambdal):#
> lambda:=evalf(g=1/2*(2*c1*(c2+(c2"2-4*c1*c3*omega“2-
4*c1*c4)~(1/2)))~(1/2)/c1):

> omega:=abs(rhs(isolate(evalf(lambda), omega))):

#Deve ser adotado um valor inicial para lambda2:#
> lambda2:=0.5:

#Célculo dos valores de lambdal, lambda2 e determinagao das freqiéncias
naturais:#

> R:=Vector([0,0,0,0,0,0]):

> R1:=Vector([0,0,0,0,0,0]):

> V:=Vector([0,0,0,0,0,0]):

> R2:=Vector([0,0,0,0,0,0]):

> u1:=0: u2:=0: i:=1:
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>

>

for lambdal from 0 by 0.001 while i <= 6 do
u2:=evalf(detA):

if ((u1/u2)<0) then

R[i]:=1lambda1l;

ir=i+1:

end if:

ui:=u2:

end do:

unassign('lambdal');

for i from 1 by 1 to 6 do for j from 1 by 1 to 5 do
ri:=NewtonsMethod(detA,lambda1=R[i],iterations=10,output

=value):

>

>

>

g:=ri:
vi=evalf(omega):
r2:=1/2*(-2*c1*(c2-(c2~2-4*c1*c3*v"2-

4*c1*c4)~(1/2)))~(1/2)/c1:

>

>

>

>

>

lambda2:=r2:

unassign('g'):

end do:

R1[i]:=r1: R2[i]:=r2: V[i]:=v:
end do:

#Calculos dos parametros de freqiiéncia e conversédo de unidades:#

>

>

>

K:=Vector([0,0,0,0,0,0]):
for i from 1 to 6 do
K[i]:=V[i]*a~2/(De/M)~(1/2):
end do:
H:=Vector([0,0,0,0,0,0]):
for i from 1 to 6 do
H[i]:=evalf(V[i]/Pi):

end do:

#Resultados#

>

print(R1,R2,V,K,H):
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#Determinag&o dos modos de vibragao:#

#Substituindo os valores de lambdal e lambda2 na matriz A, obtem-se:#

>

>

>

\"

lambdat1:=R1[n]:
lambda2:=R2[n]:
b11:=evalf(ail):
b12:=evalf(a12):
b13:=evalf(ai3):
b14:=evalf(ail4):
b21:=evalf(a21):
b22:=evalf(a22):
b23:=evalf(a23):
b24:=evalf(a24):
b31:=evalf(a31):
b32:=evalf(a32):
b33:=evalf(a33):
b34:=evalf(a34):
b41:=evalf(a41):
b42:=evalf(ad42):
b43:=evalf(a43):
b44:=evalf(ad4):
B:=Matrix([[b11,b12,b13,b14],[b21,b22,b23,b24],

[b31,b32,b33,b34],[b41,b42,b43,b44]]):

#Eliminacdo da 12 linha e da 12 coluna:#

>

>

>

>

>

B:=Matrix([[b22,b23,b24],[b32,b33,b34],[b42,b43,bs4d]]):
C:=Vector([_C2,_C3,_C4]):

Q:=MatrixVectorMultiply(B,C):
U:=Vector([-b21,-b31,-b41]):

sols:=solve({Q[1]=U[1],

Q[2]=U[2],Q[3]=U[3]},{_C2,_C3,_C4}):

>

>

>

C:=subs(sols[1],s0ls[2],s01s[3],C):
norma:=sqrt(((C[1])"2)+((C[2])"2)+((C[3])"2)+1):
Cons:=Vector([1,C[1],C[2],C[3]])/norma:
aux1:=_C1=Cons[1]:

aux2:=_C2=Cons[2]:
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> aux3:=_C3=Cons[3]:

> aux4:=_C4=Cons[4]:

> Y(y):=_Ci*sin(lambda1*y)+_C2*cos(lambda1*y)+
_C3*sinh(lambda2*y)+_C4*cosh(lambda2*y):

> Y(y) :=subs(aux1,aux2,aux3,aux4,Y(y)):

> W(x,y):=Y(y)*X(x):

> plot3d(W(x,y),y=0..b, x=0..a);

#Gravacao dos resultados para serem utilizados nas outras iteragfes:#
> arq:= fopen('C:\\c_c _c_c\\c_c_c_c.txt ,WRITE):

> fprintf (arq, %1.32f %1.32f\n %1.32f %1.32f %1.32f
%1.32f\n" ,lambdal,lambda2,Cons[1],Cons[2],Cons[3],Cons[4]):
> fclose(arq);

> arql1:= fopen( C:\\c_c_c_c\\dados.txt ,WRITE):

> fprintf (arql, '%1.2f %1.2f %1.2f\n %11.0f %1.1f %5.2f\n
%2d %2d\n", a, b, h, E, nu, M, m, n):

> fclose(arql);

> arq2:= fopen( ' C:\\ c_c_c_c\\Freqgn.txt ,WRITE):

> for i from 1 to 6 do

> fprintf(arq2, "%2d %3.32f %3.32f\n", i, K[i], H[i]):

> end do:

> fclose(arqg2);
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7.2.
Segunda iteracao

Na segunda iteracdo sdo utilizados os dados gravados pela primeira e a
funcdo de entrada torna-se a funcdo do modo de vibragdo obtida na primeira
iteracdo. A partir desta, os resultados ja se tornam mais precisos, uma vez que o

erro calculado nas demais iteragdes se torna praticamente nulo.

> restart: with(plots): with(LinearAlgebra):
with(Student[Calculus1]): Digits:=32:

#E-E-E-E - 22 lteracao#

#Equacao diferencial de placas#

> PDE:=(diff(W(x,y) ,X,X,X,x))+2*(diff(W(x,y),y,Y,X,X))+
(diff(W(x,y),Y,Y,Y,Y))-M*omega~2*W(x,y) /De:

#Solugdo na direcdo y — Leitura dos dados gravados#

> arq:= fopen('C:\\c_c_c _c\\c_c _c_c.txt ,READ):

> lista:=fscanf(arq, "%f %f %f %f %f %f/n"):
> lambdail:=lista[1]: lambda2:=lista[2]:

> C1:=lista[3]:

> C2:=lista[4]:

> C3:=lista[5]:

> C4:=lista[6]:

> fclose(arq);

\"

Y(y):=_Ci1*sin(lambda1*y)+_C2*cos(lambdai*y)+
_C3*sinh(lambda2*y)+_C4*cosh(lambda2*y):
> unassign('lambdai,lambda2, C1,_C2, C3, C4');

#Solucdo proposta para a equacéo diferencial#
> W(x,y):=Y(y)*X(x):
> PDE:=simplify(PDE):

#Método de Galerkin#
> PDE1:=PDE*Y(y):
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> ODE:=ApproximateInt(PDE1, y=0..b, method =
newtoncotes[6]):

#Propriedades da placa considerada — Leitura dos dados gravados#
> arql:= fopen('C:\\c_c_c_c\\dados.txt ,READ):

> listal:=fscanf(arq, "%f %f %f ST %f %f %d %d/n"):
> a:=listai[1]:

> b:=listal[2]:

> h:=listal[3]:

> E:=listal[4]:

> nu:=lista1[5]:

> M:=listal[6]:

> m:=listal[7]:

> n:=listal[8]:

> fclose(arql);

> De:=E*h~3/(12*(1-nu~2)):

> ODE:=simplify (ODE):

> ODE1:=ci1*diff(X(x),x,x,x,x)+c2*diff(X(x),x,x)+
c3*omega~2*X(x)+c4*X(x):

#Valores numéricos das constantes empregadas no problema:#

> ODE2:=subs (diff(X(x),x,x,x,x)=A1,diff(X(x),x,x)=A2,
omega~2*X(x)=A3,X(x)=A4,0DE):

> c¢1:=coeff(ODE2,A1): c2:=coeff(ODE2,A2):

> c¢3:=coeff(ODE2,A3): c4:=coeff(ODE2,A4):

> X(x):=_C1*sin(lambda1*x)+_C2*cos(lambda1*x)+

_C3*sinh(lambda2*x)+_C4*cosh(lambda2*x):

#Condicdes de contorno para dois lados opostos: Engastado-Engastado#
> cond1:=eval(subs(x=0, (eval(W(x,y)/Y(y))))):

> cond2:=eval(subs(x=0,eval((diff(W(x,y),x))/Y(y)))):
> cond3:=eval(subs(x=a,(eval(W(x,y)/Y(y))))):

> cond4:=eval(subs(x=a,eval((diff(W(x,y),x))/Y(y)))):

#Formulac&o do problema de autovalor:#
> ali:=coeff(cond1, _C1):
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> al2:=coeff(condi, _C2):

> a13:=coeff(cond1, _C3):

> al4:=coeff(cond1, _C4):

> a21:=coeff(cond2, _C1):

> a22:=coeff(cond2, _C2):

> a23:=coeff(cond2, C3):

> a24:=coeff(cond2, _C4):

> a31:=coeff(cond3, _C1):

> a32:=coeff(cond3, _C2):

> a33:=coeff(cond3, _C3):

> a34:=coeff(cond3, C4):

> a41:=coeff(cond4, C1):

> a42:=coeff(cond4, C2):

> a43:=coeff(cond4, _C3):

> ad44:=coeff(cond4, C4):
A:=Matrix([[a11,a12,a13,a14],[a21,a22,a23,a24],
[a31,a32,a33,a34],[a41,a42,a43,a44]]):
> detA:=simplify(Determinant(A)):

\"

#Solucdes do problema de autovalor (Valores de lambdal):#
> lambda:=evalf(g=1/2*(2*c1*(c2+(c2"2-4*c1*c3*omega“2-
4*c1*c4)~(1/2)))~(1/2)/c1):

> omega:=abs(rhs(isolate(evalf(lambda), omega))):

#Deve ser adotado um valor inicial para lambda2:#
> lambda2:=0.5:

#Calculo dos valores de lambdal, lambda2 e determinacéo das frequéncias
naturais:#

> R:=Vector([0,0,0,0,0,0]):

> R1:=Vector([0,0,0,0,0,0]):

> V:=Vector([0,0,0,0,0,0]):

> R2:=Vector([0,0,0,0,0,0]):

> u1:=0: u2:=0: i:=1:

> for lambda1 from 0 by 0.001 while i <= 6 do

> u2:=evalf(detA):
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if ((u1/u2)<0) then
R[i]:=1lambda1l;

ir=i+:

end if:

ui:=u2:

end do:

unassign('lambdal');

for i from 1 by 1 to 6 do for j from 1 by 1 to 5 do
ri:=NewtonsMethod(detA, lambdai=R[i],iterations=10,output
value):

g:=ri:

v:i=evalf(omega):

r2:=1/2*(-2*c1*(c2-(c272-4*c1*c3*v"2-

4*c1*c4)~(1/2)))~(1/2)/c1:

>

>

>

>

>

lambda2:=r2:

unassign('g'):

end do:

R1[i]:=r1: R2[i]:=r2: V[i]:=v:
end do:

#Calculos dos parametros de freqiiéncia e conversao de unidades:#

>

>

>

K:=Vector([0,0,0,0,0,0]):
for i from 1 to 6 do
K[i]:=V[i]*a"2/(De/M)~(1/2):
end do:
H:=Vector([0,0,0,0,0,0]):
for i from 1 to 6 do
H[i]:=evalf(V[i]/Pi):

end do:

#Resultados#

>

#print(R1,R2,V,K,H);

#Determinag&o dos modos de vibragao:#

#Substituindo os valores de lambdal e lambda2 na matriz A, obtém-se:#

>

lambda1:=R1[m]:


DBD
PUC-Rio - Certificação Digital Nº 0510724/CA


PUC-RIo - Certificagdo Digital N° 0510724/CA

Apéndice

\"

lambda2:=R2[m]:
bi1:=evalf(ali):
b12:=evalf(al2):
b13:=evalf(a13):
bi4:=evalf(a14):
b21:=evalf(a21):
b22:=evalf(a22):
b23:=evalf(a23):
b24:=evalf(a24):
b31:=evalf(a31):
h32:=evalf(a32):
b33:=evalf(a33):
b34:=evalf(a34):
b41:=evalf(adil):
b42:=evalf(a42):
b43:=evalf(a43):
b44:=evalf(ad4):
B:=Matrix([[b11,b12,b13,b14],[b21,b22,b23,b24],

[b31,b32,b33,b34], [b41,b42,b43,h44]]):

#Eliminacdo da 42 linha e da 42 coluna:#

>

>

>

>

>

B:=Matrix([[b11,b12,b13],[b21,b22,b23],[b31,b32,b33]]):
C:=Vector([_C1,_C2, C3]):

Q:=MatrixVectorMultiply(B,C):
U:=Vector([-b14,-b24,-h34]):

sols:=solve({Q[1]=U[1],

Q[2]=u[2],Q[3]=U[3]},{_C1,_C2, C3}):

>

>

>

>

C:=subs(sols[1],s0ls[2],s01s[3],C):
norma:=sqrt(((C[1])"2)+((C[2])"2)+((C[3])"2)+1):
Cons:=Vector([C[1],C[2],C[3],1])/norma:
aux1:=_C1=Cons[1]:

aux2:=_C2=Cons[2]:

aux3:=_C3=Cons[3]:

aux4:=_C4=Cons[4]:
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> X(x):=_C1*sin(lambda1*x)+_C2*cos(lambda1*x)+
_C3*sinh(lambda2*x)+_C4*cosh(lambda2*x):

> X(x):=subs(aux1,aux2,aux3,aux4,X(x)):

> W(x,y):=Y(y)*X(x):

> plot3d(W(x,y),y=0..b, x=0..a);

#Gravacao dos resultados para serem utilizados nas outras iteragfes:#

> arq:= fopen('C:\\c_c_c_c\\c_c_c_c2.txt ,WRITE):

> fprintf (arq, "%1.32f %1.32f\n %1.32f %1.32f %1.32f
%1.32f\n" ,lambdal,lambda2,Cons[1],Cons[2],Cons[3],Cons[4]):
> fclose(arq);

> arq2:= fopen( ' C:\\c_c_c_c\\Fregqm2.txt ,WRITE):

> for i from 1 to 6 do

> fprintf (arq2, "%2d %3.32f %3.32f\n", i, K[i], H[i]):

> end do:

> fclose(arqg2);
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