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u,.FfdQ+ju,.der=jU,.ffdQ+jU,.tfdr
I Q I

Fourier transform of the boundary integral equations




problem : fundamental solution U
POO)U(x)=F(x)=0(x)
Ux)= 777

known only for simple cases

Fourier transform w.r.t. all coordinates

PRU R =F() =1
U= P'(®)

Fourier fundamental solution is known for all
linear and homogeneous media




Transform of the trial and test functions
instead of a numerical inverse
transformation of the Fourier
fundamental solution.

real part

Imagl nary part




Poisson‘s equation :

—Au(x) = f(x),
u(x) = ur(x),

t(x) =1t-(x),

=Y Ugi) D= tg )




Traditional Galerkin — BIE :

J¢tf (X)K(xX)u(x)dl’, = Jﬂj (X)Jf(y)U(x— y)dQ dT,

+ Zti J¢tj (x)J‘¢ti(y)U(x— y)drydrx

=Y u o (0] 4L (AU (x- y)dTdr,

mit Ati =v'.V




Derivative of the Galerkin — BIE :

~ [/ A K@)}, ==[ ¢/ (0 £ () AU (x = y)dQ,dT,

>t [ 470 ¢() AU (x— y)dr, T,

+ Z“ | 6/ (O] gi(3») A/ AU (x— y)dT, T,

Ati :Vlv




Algebraic system o : - G
of equations : ZKUJZ '=F/ +2Huﬂtl —ZGUJZUZ
i i i

ZKtﬁti =F/ +ZHtﬁti —Z G/'u’

Fl=[# 0| fOUG=-yd@,dl,  F =[¢/0] f()AUGx-y)de,dr,
H = [¢/ D[ MUG=drdl,  H{ = [¢](0)| (AU~ y)dr,dr,

= [ O ANAUG=-»ALAT, G =[]0 4 () A AU (x= y)dr,dr,

r r

9! o ar, K/ = [ 9] 0Ag] o,

r r




Extension from (1. . xe O

Q — K u(x) = 7u(x);  y(x)=1{xk...xe o
| 0...x¢& €

Introduction of a cut-off distribution

k()= [7(@0)8(x=y)dy, xedQ
.

Multi-dimensional Heaviside — distribution : X(x)= H(W(X))

w(x) hyper-surface of the boundary




Definition of a reference element :

R*: 2 =Hx)HHIA-x)d(x,)
R: ) =H(x)HIA-x)H(x,)H1 - x,)5(x,)
R: ) =Hx)HA-x —x,)H(x,)d(x,)




Trial and test functions for the reference element :

?° = ¥°(x)p° (x)

p’(x)  arbitrary polynomial

Trial and test functions for an arbitrary element :

T': ¢’ >¢ =¢°(x—b")
D': ¢" —>¢' =9¢"(a'x)



scalar product : <Cl,b> = ja(x)b(x) dx

g{ﬂ

convolution : a*xb = ja(y)b(x - ) dy

Galerkin — BIE for the N" :

(@)= (¢ f *U>+Ztl<¢t 9 xU )~ NZ’ul‘<¢3,¢J*A5U>

{0 A, = {00, 1, ATU) =3 g+ AU ) -
- gl A AU

u, =uy;f, =

Fourier transform is how possible !!
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Parseval‘s equality : j¢] (xX)u(x)dx =
9’{”

Convolution theorem : u(x) >x<¢i(x) L 12()%)&’ (X)

1

Sample entry of the Hff = <¢tf : ¢ti o U> —
(27m)"

BEM — matrices :

<¢?tj (—-), étiﬁ>

The double integration over two boundary panels is
replaced by a single integration over R”




Galerkin BIE for the Fourier — BEM :

(5 i) = (F 0. F,0)+ S (F 0G0 )~ 0 (F ) AT

i

Derivation of the Galerkin BIE for the Fourier — BEM :

{00 A, ) =~{9] (=), T AU >‘i‘i<¢3uj ). 4 AT )-

S ). 4 A AT

i




Galerkin — BIE :

<¢>J,u,(>=<¢ﬁ,fz*U>+ftf<¢ﬁ,¢: *U>—§uf<¢tf,¢s « AU )

free term strong singularity

Fourier equivalent of the Galerkin — BIE :

(i) = (¢ =), 1,0) +§tf<¢? (=).4U )~ %ui@ﬁ (). 4 A0

free term strong singularity

u, =uy;f,=fx




Hypersingular Galerkin — BIE :

strong singularity

_< uj’Atj”z>:_< uj’-fz*Atj” Ltl< A‘]U>

two free tetims N
e ——=2u{p g AAU)
Alu, = Auyt=yA/u+ul’y l hyper singularity

Fourier equivalent of the hypersingular Galerkin — BIE :

Ny

(0 (), A igem AL Zl(é' oAU >




Fourier equivalent of the hypersingular Galerkin — BIE :

Ao A . A

ACON NN

T

G/ =(¢) ¢ x AJAU
g A AU) =




Isotropic heat conduction

trial / test function heat sources

AN g
N

temperature difference to series solution
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heat sources

trial / test function

principle directions

temperature




Isotropic elasticity

2 elements
per side

8 elements 0
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Anisotropic elasticity

displacement u, displacement u,




moment :

shear force :

. w

klmn™~ mn

m, =—K

qdr = _Dakllw

 S—

rigidity :

K, =D[1-V)d, 3,+V5,0, ]

kimn km " nl mn

=K, % %W

klmn""m~""n

F

q, =1Dx, x,x,w




differential equation DAAw = f —>

fundamental solution:

boundary quantities

w

®, = Vkakw

m, =V, vV,m,

A

QV — Vka + Tkakmlmvlfm QV — Vka + iTk’kalmV Z-m




moment :

shear force :

corner terms :




for the slope : A, =V,0,

: i _ iy, i _ iin A
forthe moment: A' =—K,  vvd 0 = KV V1 XX,

kimn

for the shear force :

F

I A A A

i [ KD
A =-Dv,d,, - > A =iDV, X XX, +

[y, . L, -l oA
_ Kklmn v p Vk Tl a mnp + lKklmn v p Vk Tl ’xm xn A p

for the corner terms :
| B .
A =1-V)DW/ v, =v, 'V, )0, —0,,)
+2DW, v =vivy =vivT +vivd,,

F

—— A =—1-V)DW'VI —vvI)E & - £,%,)

) DL VAR VAl VAL Val VS VO T b o




Kirchhoff plate

shear force




