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Reproducing Kernel Particle Method

for Eigenvalue Problem



Abstract

The development of meshfree methods can be traced back from two branches, one
based on weak form and other based on strong form. In this work, we use the
reproducing kernel particle method (RKPM) for solving eigenvalue problem under
weak form. We concentrate on the convergence analysis; the basis function of this
method is local. So the eigen system is sparse and band after discrete, similarly as
finite element method. However the band width of RKPM is more widely than finite
element method and the convergence of RKPM is better than finite element method.

A result extracted from the analysis is that the convergence about the errors of
eigen functions is related to the degrees and radius of RKPM. The errors of
eigenvalues are present square relations to the errors of eigen functions under one
norm. Some numerical experiments provided to validate the results of error analysis,
we found out that the best effect when we chose the degree of two, p=2. We could
chose higher of degree, for example p=3, but its waste much time to compute. RKPM
is more flexible than finite element method, as a whole and it can be viewed as a
generalized finite element method.
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o 0o o 0 o0 o0 -10 [
o 0o 0 0 0 0 o0 -1
(6. 67E-2 1.67E-2 0 0 0 0 0o |
1.67E-2 6.67E-2 1.67E-2 0 0
0 1.67E-2 6.67E-2 1.67E-2 0 0 0
i 0 0 1.67E-2 6.67E-2 1.67E-2 0 0
M"=| o 0 0 1.67E-2 6.67E-2 1.67E-2 0
0 0 0 0 1.67E-2 6.67E-2 1.67E (4.5)
0 0 0 0 0 1.67E-2 6.67E-2 I
0 0 0 0 0 0  1.6.BFEX261.
o 0 0 0 0 0 0 1.67E-
g S T G PR e o
,?1&'1"‘*?%@ ARGHRE A3 A Z2 > BB 5 XFEM» v 8K
FORER DR HEF AT R 2 s:w GORERAGN G IR F R e -
Bco TR EEY > RBEE AL WA AR R L - B
o %z'ufﬁf%;‘z v w AEI R I EE (support) (EFECE T R A
& T Bk B e QZ G E

BEE o %ﬂ:f’é%{) s AP E T - BRL
Fo B ACH[10] > A R T — 4 o

*

I
3
=
i
-

b @ e A gk Y i B PR R F T
LR A He o e L T A BT AREAG o T - G oA AL g
B e RRMERL o o e 2R aE B R AE 2 P ik e 1
i%mﬁﬁ*mb&ﬁ’ 7T e

a=(p+1)-h , p= -1 (4.6)
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o 3 ff“ﬁ-%ﬁé TR HCE B B S Bojr ek e AP Y R T ERBcE L b Ao T
Np =6,11,21,41,81 » #]}* fr gk 5 h=1/5,1/10,1/20,1/40 % 1/80 -

Fo- HEY -PFREAPCARKRIBK(p=1r a=2h) g% - AP EA D5

w BB LA LT R

k Np Juf _ukHO,Q Ratio A = A Ratio
6 6.12E-2 3.54E-2
11 1.58E-2 3.87 8.02E-3 4.42
1 21 3.93E-3 4.01 1.95E-3 411
41 9.82E-4 4.00 4.85E-4 4.03
81 2.45E-4 4.00 1.21E-4 4.00
6 2.63E-1 8.04E-1
11 6.12E-2 4.30 1.41E-1 5.67
2 21 1.58E-2 3.87 3.21E-2 4.42
41 3.93E-3 4.02 7.81E-2 411
81 9.82E-4 4.00 1.94E-3 4.02
6 6.62E-1 6.22
11 1.49E-1 4.44 8.39E-1 7.41
3 21 3.58E-2 4.17 1.70E-1 4.95
41 8.87E-3 4.04 3.99E-2 4.23
81 2.21E-3 4.01 9.85E-3 4.06
6 1.30 2.41E+1
11 2.63E-1 4.94 3.22 7.47
4 21 6.12E-2 4.30 5.68E-1 5.67
41 1.58E-2 3.87 1.28E-1 4.42
81 3.93E-3 4.02 3.13E-2 411

L - B SoBcR B2 A2 %1% (RKPM > p=1)

ERZF % 8NRH 1y > AR AR L e § B AR
Podvk ke BRFAY - PR RIEFKEFLELT ST 2B 4 2(3.61)
P FF R R AP P B RGOS AT

H@-wmgzomszomh 4.7)
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H@-ngzowﬁzomﬁ (4.8)
A
X -4 =0(@*) = O(h*) (4.9)

FochicE gk Ror TR R FAE S PSR R4 iR
FeAE § O(N) ihfcae i & #7235(4.8)% (4.9)dne & -

BTRFAEY Ao ARaEk (p=22 a=3h) hg% o 5%
Lo o RRALRT 4B

k Np Juf _ukHO,Q Ratio A = A Ratio
6 9.06E-3 1.10E-2
11 8.12E-4 11.16 3.75E-4 29.19
1 21 8.23E-5 9.87 1.21E-5 30.96
41 9.90E-6 8.32 3.75E-7 32.27
81 1.30E-6 7.62 1.09E-8 34.40
6 8.61E-2 3.54E-1
11 9.88E-3 8.72 2.10E-2 17.02
2 21 7.84E-4 12.61 7.51E-4 27.72
41 8.18E-5 9.58 2.42E-5 30.99
81 9.89E-6 8.28 7.51E-7 32.28
6 1.78E-1 1.80
11 4.06E-2 4.39 1.87E-1 6.30
3 21 3.27E-3 12.01 8.07E-3 23.21
41 2.97E-4 11.03 2.73E-4 29.56
81 3.36E-5 8.82 8.64E-6 31.60
6 8.75E-1 3.85
11 8.04E-2 10.88 7.59E-1 5.08
4 21 9.41E-3 8.54 4.18E-2 18.15
41 7.71E-4 12.21 1.50E-3 27.79
81 8.16E-5 9.45 4.85E-5 31.01

o PSR B2 L2 g1 F(RKPM > p=2)
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I

e T

oz

it -u,,, =0 =0t

it -ul,, =0 =00)

A=A = 0(@%) ~O(h*)

s R Sl TR e acd de

(4.10)

(4.11)

(4.12)

MNP - BT i e BGRB8 B 0 IR (A1) £ 0 A Bk
BRI G AR TR A 0 T PRI 32 Bk 0 ik O(hY) v 4r(4.12)#rit

preb s AR G RfRR - BRI A2 I F AR 2P M
M~ (linear FEM) #7i8 &% % o

k Np Juf _ukHO,Q Ratio A = A Ratio
6 4.05E-2 3.29E-1
11 1.17E-2 3.85 8.14E-2 4.04
1 21 2.91E-3 4.01 2.03E-2 4.01
41 7.27E-4 4.00 5.07E-3 4.00
81 1.82E-4 4.00 1.27E-3 4.00
6 1.88E-1 5.41
11 4.50E-2 4.18 1.32 411
2 21 1.17E-2 3.85 3.26E-1 4.04
41 2.91E-3 4.01 8.12E-2 4.00
81 71.27E-4 4.00 2.03E-2 4.00
6 4.46E-1 2.73E+1
11 1.08E-1 411 6.75 4.04
3 21 2.64E-2 412 1.66 4.08
41 6.56E-3 4.03 4.12E-1 4.01
81 1.64E-3 4.01 1.03E-1 4.00
6 7.90E-1 6.99E+1
11 1.88E-1 4.20 2.16E+1 3.23
4 21 4.50E-2 4.18 5.26 411
41 1.17E-2 3.85 1.30 4.04
81 2.91E-3 4.01 0.32 4.01

24



2 PPl BFAcE 2L 3 1% (linear FEM)

412 a2 (FDM) #+ @i % » 27T 5 42 o

k Np max‘ukh (X)-u, (x)‘ A=A Ratio
6 0 3.20E-1
11 1.33E-15 8.09E-2 3.96
1 21 4.00E-15 2.03E-2 3.99
41 2.86E-14 5.07E-3 4.00
81 7.82E-14 0.27E-3 4.00
6 2.22E-16 4.93
11 1.55E-15 1.28 3.85
2 21 9.51E-15 3.24E-1 3.96
41 5.32E-14 8.11E-2 3.99
81 1.28E-13 2.03E-2 4.00
6 0 2.34E+1
11 1.67E-15 6.38 3.66
3 21 6.22E-15 1.63 3.91
41 3.33E-14 4.10E-1 3.98
81 8.45E-14 1.03E-1 3.99
6 6.66E-16 6.75E+1 3.49
11 1.55E-15 1.97E+1 3.85
4 21 5.26E-15 5.13
41 1.59E-14 1.29 3.96
81 4.85E-15 3.24E-1 3.99

Fow o BrfcsdE BB L2 1% (FDM)

Afpd F- Tdw o VRBE G AR AE S VLA F L

WA G R P R dt o A

TR AT AME P ENp=AL ko e A Rk R AP

BLE LB AL T o
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CEM oM RKPM RKPM

(p=1) (p=2)

R 5.07E-3 5.07E-3 4.85E-4 3.75E-7
A -2 4,12E-1 4,10E-1 3.99E-2 2.73E-4
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A5
7

ik
T3\
3\

3

Bt ? o 2 Pro TR RS ACE R A oAl bt
32 R UVLAZ T PG A AR ? - i
B i Bl R A5 0 @ 2 s TR AP I R i 4
WA H RS Lot o g AR AER DTS £ A S o e g g
P bz RS o W AR

’/‘o __‘!:. ’;Lg;éq\‘l]tfrvﬂtfp = %PE’I@ 7]‘}3'1""A » FL "L%%F'T"%ly{@'gtvﬁ
é;ﬂ;csszﬁ:aﬁr"

Hui1 —ukH&Q ~0@"™ 9y p= 1,2, , (5.1)

WAL Tar PO RRATEPT RM G BB IEL B ik
~ BT (S=1)ATEL A T S B G TR A E 5

A-a4~0@%) p= -1 (5.2)

FrEfEgsi- 2 Ao @ PG 8 ,?xr;!;gg% - PR A K S BepE
ek bt F AT EL A blaop=3 - fip ¥ RS kg
e 4F o
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