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hybrid boundary node method HBNM ™

1. boundary element-free
method BEFM 7"
radial basis function RBF
Galerkin element-free Galerkin method Delta
EFG ? reproducing kernel particle
RKP ° finite point method FPM *
Petrov-Galerkin meshless local Petrov-
Galerkin MLPG ° partition of unity °
point interpolation method PIM ’
8 9
moving least square
approximation MLS 2.
Mukherjee
boundary node method BNM " Atluri
local boundary integral u x 0
equation method LBIE " Yao
* 10571118 Y0103

T . E-mail ymcheng@shu.edu.cn ymcheng@ sh163. net



598 56
n m B A A_l 9
W xo=Djae x + D bp x
iz izl
=@ x - a+p " x - b 1 a e u 14
@T T a b 0
- A b 1 u x
u x ¢, X i h T T | %
uwx = d® xp x A
compactly supported radial basis 0
function CSRBF p, x a, b, = @ x p' x Au
=N x u 15
n X m A - n
N x
®x = ¢ x ¢ x A 2 Nx =@ xp x A
_ T = N x N, x N, x 16
p X - pl X p2 X pm X 3
X X; - - _
N, x =@, x p'x A 17
ri=lx-x| '
CSRBFI o r = 1—-r° 64365 +82/ 1718 ; %
+ 727 +30r" + 57 4 16 Delta
1 1=y
| {l—r O<sr<l 5 N, x;, =0, = ) ] 19
T 0 r>1 U
r = H X - xi || /dm[ 6 1
dmi xi n
INx =1 x€Q 20
1 n+m lznl
ZNixxizx x& 0 . 21
s
Z}ai% x/ + Zblpi x] =u x] 1
izl o1 b x =0
] = 1 2 n 7
1al-pjxl_O j=12 m 8
- 3. _—
7 8
Al =" 9
bl Lo
Poisson Laplace
B P .
A = T 10 Poisson
P 0 )
. Viu=p x 0 22
U= ux uHx u x, 11 w-i T 2
B nxn P nxm 3
B, = ¢ x, l<ij 12 g=5"=q T, 24
i =@ X sl /jsn n ¢
P, =p;, x, lcsisnl<sj<sm 13 p x 0 r
QX =@ X; I'=F +1I n




2 — 599
uoq L, r,
= - zilnr 30
22 s
T 28
29
ay”yzju*x a%nxdp 1
' Z_flnrl 31
ou xy J N ) )
_qu x Sgmddr - | pda ) )
25 a’ R 32
2 r
X y a'y
* r= ‘ X — y ‘ y x
u X y a y
r;
1 i =u -0
ay =412 2% test function 27
012x
8 ~ %
25 0 r u; y =—J uxau xde
a0 o
0 0 xypxdo 33
ou
* ou x 33 n
ayuy:(mu ry andp
—J u X Ou ax Y dF—J u" pdQ
20 0 .
aiyuiy——JudeF
27 a0, on
o . +J auax " xydl
r
—J v xypxdQ 34
Q
33 34
0, an,
0,
0
L§
du x L a0, =L UT, 1
a0, ou X _
on
companion solution an,
0, r
Vi=0 0 28
U=u =xy a0, 29 % an. r
n
20} r

ou
on



600

56

u X
T
r
u x
u x
N
ux = 2N x u 35
j=1
N 0 N, x
U
35 i
34
N
au; =f + >, K;u i=12 N 36
j=1
. ou’ x y,
K; :—JFwNj x n dr
B oN; x
+meu x Yy, on dr
ou x Yy,
‘J,}N/ x Bn dr 37
L _ou’" xy,
fi :—L‘mu u 3n dr
+J u" xy q xdI
Jr
sq
—J " xy px d2. 38

36

N

f;zz_K;"'aiai,‘uj 1 =12 N
im1
39
N
Ku = f 40
Kij = - Kl; + ai(?ij 41
40
1
o, =L,
Gauss
an, =L UT, 1
aQS FS
LS
Gauss r
Inr . Inr
Gauss

.l m
I=|InUx faxde= D)f a0 w 42
JO

=1

m Gauss x; w;



2 e 601

Laplace Poisson . .3
4.1. Laplace
2 du  du
V u = P + 5 = 0 X e 0 5 y e 0 10
ox oy

ux0 =0u0y =0

u x 10 =100sin 7a/10 %L =0
CSRBF1
100sin 7x/10 sinh wy/10 4.2. Poisson
uxy = : .
sinh m
‘‘‘‘‘‘ Viu x y =-2x+y—-x —y
4 & & & @ & & & § O < X< 1 O <)y < 1
- *T ® & & ° & B p u x y =O
L * ® & & @ & » p
- *® & @ & & & @ g
L " 9 @ & 9 & @ p _ _ 2 _ 2
L *T * & & @ & B p wx y - X . y y ’
4 ¢ o & & o @& o @ 4 13x 13
- * 8 & & 8 2 @ p 5 y:O 5
- * & & & & & » p
- * & & & & & 9 i .
- - - - - - - - b
- * ® & & = & B p
- s & & & & & » .
- * & @ & & & a .
L * ® & & ° & @ p
» [ ] [ ] * L] L ] [ ] L] [ ] [ ] [ [ ] »
2 4 L ] L ] [ ] [ ] * ® * [ ] [ ] ® L ] »
80_ > L ] * [ ] [ ) L ) [ ] [ ) [ ] [ ] [ ] L ] »
;2_ Tﬁiﬂ;ﬁé o} » L ] [ ] [ ] [ ] L ] [ ] L ] [ ] [ ] [ ] [ ] »
I O CSRBF1 P e © o o o o o o e o o o
50_ > [ ] [ ] [ ] L ] e L ] L ] [ ] [ ] [ ] [ ] »
/;% 40_ > * ® [ ] L) * [ ) L ) L] L] L2 ® >
B
= 30_ » L ] * [ ] [ ) L ) [ ) [ ) [ ] [ ] [ ] L] »
20_ > L] *® [ ] [ ] * [ ) * [ ] [ ] [ ] L ] »
10t — e oo
0.
0 2 1 6 8 10 4
Y
3 x=2.5 5
2 0 9 x
17 L1 4 Delta
CSRBF1

3 x=2.5



602

56

u(x,y)

10

0.05F

0.041

0.03F

— fRHTR
+ AR
O CSRBFI

0.01r o

0.0 0.2 0.4 0.6 0.8 1.0

5 y=0.5

Belytschko T Krongauz Y Organ Daniel J Fleming M Krysl P

1996 Comp. Meth . in Appl. Mech . and Engin. 139 3

Belytschko T Tu Y Y Gu L 1994 Inter. J. Num. Meth. in

Engin. 37 229

Liu WK JunS LiSF Adee Jonathan Belytschko T 1995 Inter.

J. Num. Meth . in Fluid 38 1655

Onate E  Idelsohn S R Zienkiewicz O C  Taylor R L 1996 Inter .

J. Num. Meth. in Engin. 39 3839

Atluri Satya N Zhu T L 1998 Comput . Mech . 22 117

Babuska I Melenk ] M 1997 Comp. Meth. in Appl. Mech. and

Engin. 40 727

Liu GR Gu Y T2001 Inter. J. Num. Meth. in Engin. 50 937

Zhang X Liu X H Song K Z 2001 Inter. J. Num. Meth. in

Engin. 51 1089

Cheng Y M Li J H 2005 Acta Phys. Sin. 54 4463 in Chinese
2005 54 4463

Mukherjee Y X Mukherjee S 1997 Inter. J. for Num. Meth. in

11

12
13

14

15

16

17

18

Engin. 40 797

Kothnur V'S Mukherjee S Mukherjee Y X 1999 Inter. J. of

Solids and Structures 36 1129

Zhu TL Zhang J D Atluri Satya N 1998 Comput . Mech . 21 223

Atluri Satya N Zhu T L 2000 Inter. J. for Num. Meth. in

Engin . 47 537

Zhang J M Yao Z H Li H 2002 Inter. J. for Num. Meth. in

Engin. 53 751

Cheng Y M Chen M J 2003 Acta Mech. Sin. 35 181 in Chinese

2003 35 181

Cheng Y M Peng M J 2005 Science in China Ser. G 35 435 in

Chinese 2005 G 35435

Qin Y X Cheng Y M 2006 Acta Phys. Sin. 55 13 in Chinese
2006 5513

Zhang X Liu Y 2004 Meshless Methods Beijing Tsinghua

University Press  in Chinese 2004



2 e 603

Local boundary integral equation method based on radial
basis functions for potential problems ™
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Abstract
Combining the interpolation function which has the delta function property and is constructed on the basis of radial basis
functions and polynomial functions using the local boundary integral equation method LBIE  the local boundary integral
equation method based on radial basis functions is presented for potential problem in this paper. The corresponding discrete
equations are obtained. Comparing with the other meshless boundary integral equation methods the present method has simpler
numerical procedures lower computation cost and higher accuracy. In addition the essential boundary conditions can be

implemented directly. Some numerical results to show the efficiency of the present method are given.

Keywords radial basis functions meshless method local boundary integral equation potential problems
PACC 0200 0260 4630C

* Project supported by the National Natural Science Foundation of China Grant No. 10571118 and the Shanghai Leading Academic Discipline Project
Grant No. Y0103 .

1 Corresponding author. E-mail ymcheng@shu.edu.cn ymcheng@ sh163. net



