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1 (MLS)
( element_free galerkin method, EFG) (1.3
[1,2]7[6]’ Q u(x)
u' (x) = l;:ai(x)pi(x) = a'(x)p(x), x € Q (D
a(x) .p(x)
a(x), L»
J= 2w(x=x)[u'(x) = u(x)]*= Dy(x=x)[d (x)p(x1) = w]’ (2
n o x su = u(xi),w(x—- xi) . , 0J/0a=
a(x)= A '(x)B(x)u, (3)
A(x) = D(x=x)p(x)p"(x1), (4)
B(x)= [w(x- x1)p(x1) w(x- x2)p(x2) - w(x— Xu)p(Xa)], (5)
(1
d'(x) = [Z\’[Lu: N(x)u, (6)
N(x)=[Ni N2 . NaJj=p (x)A '(x)B(x), (7)
p(x)=[1], Shepard
N ) = (x— x)\ Dgo(x- xy)0 (8)
J=1
2
1( ) 0 Ri(d=1,23) ,Q Q Oy ©
N
Oy = {xl X2 x/\}, x € Q
Ov Oy = { QI} b1, Oy N
Xk, k=1, .., N ( )
Q= {x € Qllx- xllg< rk}, (9a)
QQDQ (9h)
o Q 1 {9}2:1 Q
2 ) Ov= {Qf}ﬁ?‘;l 0
C R @y = {qbk}f;l
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b(x) € CT(RY), 0<d(x) <1, x €ER, k=12 N,

AZ‘l’k(x) = 1, Vx € Q

supph(x) C k= 1,2 - N
Dy = {d%}];f:l Oy = {QA}ZI * supp%(x)
{x € Qd(x) ¢(} , b(x)
o= { o)L, 0 can= ()i,
J(x) Q

Jtmaos Z aeorcone
A»Z‘Q(x): 1 Vx€Q

[rwao= [ Sacwrmac- 3 acxirceae
(10c), x €9, H(x) = O

[ acxpxae= | (xS (x)d0

(13) (12, - (10b),
MIS (7) (10), MIS N(x)
dxe N(x)  MILS . QO(x)
e . Shepad (8
3
3.1
2D
2 2
SheShosy. o
uw= u, r,
0
Ly Ly n 0Q
A[|ou|? ou u
M= IQ{Z[[ﬁx] + [ay]z]Jr w‘}dQ— j"[an(u- u)} dr+ J.Fquqdf‘
(6) , 6I= 0
Ku= F

_(faven avow,
Ki=- Jg[ax ox T Oy ay] e+

(10a)

( 10b)
(10c)

On

(11)

(12)

(13)

(14)
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J-Fu[ [%ﬂx + aaiyln}} N; + [%LZLM + aaijfn;] NL:| dr, (17a)
K , , Sy n o x y .
3.2
Q . Q. ,
. i ) ’
%— 477 + 47 r <%],
w(r) = %— 4r+ 4r’- %rS %< r <1], (18)
0
Q “ 7 ’
(4) A . ;
p(x) = [Lay],
3
[8,9]
1) N Q. k=
re = 0
2) N ;
3) ; ) ;
Tkl Tk2 Tk3 Tk4, Tk = max{rkl, rk2, rk3, rkz}, ;
4) ;
5) T D s, Dupa = 1.2~ 2.0°
3.3
. , , 3 .
X9 Q 3 Q ,
. PUQ
1) Oy = {xz}gﬂ Q Oy = {Q/}ﬁ e
; (La: Ly) ks
2) 2 ;
3 % ;
4) ;
a) X0 Q f);
b) N(xo) N i(xo);

o) xa i, O x0);
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5) ;

{-"'Zu(x’y) == 2x+ y- 2=y,

u(x,y)= 0,

u(x,y) = (v= a°)(y=- y°)*

11x 11 ) 4
2x0.8L, 4x4
. ,  PUQ
0.07]
1 AN
0.057
~ ]
= 0.031
R "
.0 --PQ
"o i
L] —A— 9 4’
-0 0T 04 06 0.8 1.0
Y
5
, 2% 2

1
+ + + + + + o+ + o+ A
+ + + + + + 4+ o+ o+
+ 4+ 4+ o+ o+ o+ o+ o+ 4
+ + + o+ o+ o+ o+ o+ o+
+ + + + o+ o+ 4+ o+ o+
+ + + + + o+ o+ o+ 4+
+ + 4+ + o+ o+ + 4+ o+
+ o+ 4+ + o+ o+ o+ o+ o+
T + + + + + + 4+ o+ o+
0 ' +—t
0 1
4
Q :x €/0,1],y €/0,1], (19
oQ )
(20)
2 L7
5 x= 0.5 PUQ
, PUQ CQ
0.07] T
i e |
0.05 ‘
e |
w 0.03 :
= 1 ;
0. 014 |
o] - L R .
oo ¢ —RmGEEmS L
0 02 04 0.6 08 1.0
Yy
6
. , 3
2%2 < 6
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N
error = _Zl[uNUM(xi,yi)— wC (i, i) 17 (21)
NUM  EXC -
u o, u .
1 (RFS) (URFS) (EXS)( x 107 ?)

y 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
EXS 0 2.25 4.00 5.2 6.00 6.25 6. 00 5.2 4.00 2.25 0
RES 0.26 2.10 4.02 5.2 6.00 6. 24 6. 00 5.2 4.03 2.08 0.32
URFS -0.64 2.53 3.99 5.3 6.06 6.33 6. 06 5.3 3.98 2.58 -0.76

2 . 1. OL , “ 7
, . .2L ,
’ ‘ , 1. 6L .
2 (%107 %

1oL 1.2L 1. 4L 1. 6L 1. 8L 2. 0L 2 2L 2.4L

160.0 1170.0 3.880 2.621 0.8714 1.916E- 5 5.558 2.0
_ ,
,

)
, , ,
, .
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Galerkin Meshless Methods Based on
Partition of Unity Quadrature

ZENG Qing_hong, LU De tang
( Department of Mechanics and Mechanic Engineering,

University of Science and Technoogy of China, Hefei 230027, P. R. China)

Abstract: Numerical quadrature is an important ingredient of Galerkin meshless methods. A new nw
merical quadrature technique, partiion of unity quadrature (PUQ), for Galerkin meshless methods
was presented. The technique was based on finite covering and partition of unity. There was no need
to decompose the physical domain into small cell. If possessed remarkable integration accuracy. Using
Element, free Galerkin methods as example, Galerkin meshless methods based on PUQ were studied in
detail. Meshing is always not required in the procedure of constitution of approximate function or nw

merical quadrature, so Galerkin meshless methods based on PUQ are “truly’ meshless methods.

Key words: Galerkin meshless method; finite cover; partition of unity; numerical quadrature



