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Finite Point M Ethod (FPM):

1. Developed by Atluri-Zhu (1998).

local support
domain of x;




Finite Point M Ethod (FPM):

e Thestrong form of equilibrium eguation can be defined as:
A(u;)=0 In Q

i u, -u;=0 on I

B(u,)=0 on T,

e Similar to other strong form solutions, FPM directly applies

the equilibrium equation on all nodes. The discrete final form
can then be defined as:

_A(uj)Jpzo p=12,.,N
u | -7,=0 s=12..,N,
Bu,)] =0 r=12..,N,




Finite Point M Ethod (FPM):

e FPM usesWLS or MLS shape functions to approximate the
field value around a node:

u(x)=u"(x) =N(x)U,= p" A" BU,_

 Then the discretized governing equations are modified:

_A(N(Xj))USJsz p=12..,N,
N(x,)U,].-T,=0 s=12..,N,
B(N(x,)U,] =0 r=12..,N,

 Thefinal set of ssimultaneous eqiations can then be obtained:
KU =f



Finite Point M Ethod (FPM):

* Inorder to avoid ill-conditioning of FPM, the following
stabilized terms are added :

A——h %—O In Q
2 " ox,
uj—uj=0 onl

u

B—%hknkA:O onI;

e and the discretized governing equations:
A(uj)—lhkiA(uj) =0 p=12..,N
2 " OX, ;

u

uj]s—up:o s=12,...,N

B(u; )— h.n AU, )} r=212,...,N



Finite Point M Ethod (FPM):

Thefinal set of stabilized simultaneous egiations can then be
obtai ned:

[K +K s(hk)]uh =f



Finite Point M Ethod (FPM):

e FPM isatruly meshless method.
e FPM isfar faster than other weak form based methods.

 |ncomparisonto FEM, it does not require any mesh
generation.

e |ncomparisonto FDM, it alowsfor irregular nodal
arrangements and efficient enforcement of boundary
conditions.



1D tests solved by FPM;

(—r/cr )2
e m r<=r
W(X— X, )= m
0 r>r.

r=[x-x,|

m=2

N

Z ‘UFPM (Xj ) ~ Uexact (Xj )‘
err =2

N
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1D tests solved by FPM;

error
,
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1D tests solved by FPM:
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2D tests solved by FPM:

0°u  0°u

+ =0 O<x<2 O<y<?2
Ix* 0y’ y
u(O,y)=sin(y) @x=0,u(2,y)=¢e”*sin(y) @x=2
u(x,0)=0 @yzo,g—u:cos(Z)* e’ @y=2
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2D tests solved by FPM .
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Plate bending by FPM:

The governing PDE of plate bending problems can be
expressed as:

4 4 4
. VX+2 28 V\; + : VX=V4W= PX.Y)
d X 0°X0°y 0dY D

With the following boundary conditions along the edge x=aof
arectangular plate parallel to xy axes.
. Fixededge:  w=0. %V:o (x=a)

« Simpleedge: w=0, M =0 (X = a)
* Freeedge: V.=0, M =0 (x=a)



Plate bending by FPM:

 Thegoverning PDE of plate bending problems can be
expressed as:

w =p(X) A'BW

(V*p(x) AB)W] = Pi(; ) i =12,...n
e Assuming simple edges for the rectangular axb plate:

u

MX:{—D(E) (p()g’)? AT & (p(g’;? A B))WS} —0 s=12,.N

[p(x, y) A*BW], =0 s=12,.N,

(x=0,a)4

2 1 2 4

My:{—D(a (P, YATE) 0" (P Y) A B))WS} =0 s=12..N,
(y=0,b) dy J X S

[p(x.y) A*BW], =0 s=12,..N,




Plate bending by FPM:

e Inorder to enforce two boundary conditions at any node:

Only one condition is selectively enforced at each node.
Thiswill lead to the reduction of accuracy.

Defining two sets of variables (degrees of freedom) at
each boundary node.

Defining extra (ghost) nodes on the boundary. Thisis an
extension to the usual procedurein FDM.



Square Plate Bending by FPM:

nodes distribution

6 nodes distribution
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Clamped Circular Plate Bending by FPM:

nodes distribution




Clamped Circular Plate Bending by FPM:

Wexact W-FPM(mm)




Flexible Plates by FPM:

A dx
Ny N+a—Ndx
<N_dy ", 0X
aNy+any+p:O y N+al):ydx
dy  0X 4
>IN
N, +—>dy
IN, ON |
N
X+ g p,=0 N+ dy
dX dYy
2 2 2
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Flexible Plates by FPM:

ou 1 0w,
Ex =50 _(—)
dX 2 90X

ov 1 dw,, £, =i(Ny—vNX)

€y = a—y E(a—y)

7 _au av dW oW Vs =
o ay x| X Yy

Et au 1 0w,, av 10w,
N = - A
© 1-v?|dX 2(8x) ( ( ))_

Et au 1 0w,, av 1 0w,
N = Y — gy =2

N = ( Et 8u+av+awaw
YT2A+v) |0y Ox Ox Oy




Flexible Plates by FPM:

a( Et {aqul(avv)erv(aerl(avv)z)D 8(( Et ){au oV awawD
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2= 3y i 9 X
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Flexible Plates by FPM: i
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