MW HZE A ]2 58 32 455 5 6 ] Applied Mathematics and Mechanics
2011 4F 6 H 15 H iR Vol.32,No. 6,Jun. 15,2011

XEHS :1000-0887 (2011)06-0730-11 © RIS A1 95 % 45 ISSN 1000-0887

P 7% 3] el 32 XE 1 A SR B 53 1T HY
7 M 1% RKPM B2 = A 5%

BRA WX, FEA

(1. 3SR ARG S g TR A5, 1l 2002405
2. PEITF AR ( B A IRA R, L 200042)

WE: HATETRIEA RKPM B ER W BEAS 3 ) I SR 5, I 42 1 T R RKPM Bt 45
W, A A B 0 22 43 SR B U B R AR PR VEAN O i, I3 ok (R IR T I
EAPE PPN T 35 T AT A R A S F AR G 1 S ) A5 4 i 3 BOfE B3 0 L e T
SRR TR LS )25 A S AP T v, B B0 4 I SR ) 25K 2 R B 45 R T T
AR RKPM ¥ R BT 5 38 d 18 5 5488 v 35k pR SO A 1 004 T T X6 RIS

X # A: RKPMsidk; FRUEMEHT; SRHGMT; BRSSO

FESES: 0302 XERARERD . A

DOI: 10.3879/j. issn. 1000-0887.2011.06. 010

51 "

AR REMH A 32 3] T TR 2 1) 0, MM BT TIF 2 AR EE, JF
W R R T A0 A5 551048 BR BT IE (FEM ) 76 b B — S0 45 AR I [ 151 st 75 22 o 4 1)
M3 5 T AR R BT TG PO A 1 DR R A A O A ) R AL, E AL B S ) R B
AW R AR B E AT TV 2R T A 7, Ao R A 3 ) 2E O ik
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Huang Z#0F9E T 0827 I 558 7 I L RE IR AL 3G M Y Schrsdinger-Poisson J5 2 [ FRE 4 , HHIE
T RGFSMAETEE . Ye A FRIC I WA 3 7 7 i P4 S tE AR T ) B 1Y) = 41 ) ™™
RAHRAFUIIE T ICIHE [ SR BATTIRAE S L AT v A I " . RE DR 1 45 I JE A% JR) 38 Petrov-
Galerkin 775, 4347 T Winkler 5394 3 56 A J5 3¢ B 2 A5 Yl SCbR | F2 8 M 4 F0OKS B2 v 19 4%
AR AR DR AR B A T O I AN B A3 Ak R LR R T TE RS B R AT O s I R
SElR 1AL G A BRICHE AR DA 3% 2 1 (R T Al 380 F)— S [ 8L, fef 2 10 1 S840, 99 1 IO R Y
IEAfE,

DL F B3 2 A & T RS 5 T UHCH S —Fh2 5 T Galerkin 551E2C0RY, 55— 5k
T, AT AT XS AR 2, T o8 X0 IE 5002 19 52 Z P Az A sk ) 7 mT LA
1 B MR FE AR H A, — LT 551 2 T AR 5 VA T IV RS 140 25 1 i I A A
GRAL TR, TN T IC s R U 2 AR 4 3 B, Tk SE000 5, WFFE A0 25 i C A A 17 R o Y F
5% B A5 35 (reproducing kernel collocation method , fijFX RKCM ) F2& H i85 Ry )32 v FH )
— P, Hu 8558 5 A A% e s R AT T R 22400 IR ST T A A% T A5V 1 MRS R A 2
PET SR, B HTIRAR DA A SRR A 3 T SR A sh g [ R 4 R M A TR

ARSCELEWIGE T A AR BC AR A B 7 R AR M R R ECE, 55 1 W R A AR T T
HEAT TR A 50 2 R TR TR vk RS TESE 3 T i T XS TRECE R 4. A
4 XS A R S B R G EA AT T X L 5 5 AR T B s R AR,

1 B (RKCM)

1.1 BEMZEEE

1At (kernel estimate , fA7FK KE ) & JCRIRE T8 57 T3] 04 fe 5 187 SR I A0 0 . AATT56
— UK LN T R TR e R TR AR 8h 02 0k (SPH) IURIFFE 27 L AR 3R, #%
it 2 RS SARXEAE AT BRI SEEE 0 BYFT 1 B A — 350k, 1995 47 Liu #2117 —Ff iy S A 1% 55
7 (RKPM) {7 i, 38 3 38 i — T00 4% 1 R BOR 42 125 SPH. 76 3K A A5 BIR S ) 0 P4 4 132520 5 A
TXIUE E PR, 30 o R T RS N 2 L pR A BT I FEAA A (reproducing kernel , fij FR RK)
AL BRI AT LA S IR o By — Sk, TS A2 — N L RKOJE BB i 5 v

— YR w (x) PILLES — RYAEES S = {x,,2,, Sy 7S (1 /NS Wi i )

w'(x) = i{lﬂi(x)di, (1)

Horb, g (x) LA, RO RIE BRL d, S 4% AR B R AL
RK JE _RECT DL LA AT 1

gbi(x):HT(O)M_l(x)H(x—xi)d)a(x—xi), (2)
iy

M(3) = S HG = x)H (v = 3),(x - 5). (3)

HT(x—xi):[l,x—x[,(x—xi)z,"-,(x—xi)m], (4)

H'(0)=[1,0,0,---,0], (5)

Horf, m BRI, &, (x) BFRNIZREL, o JEHSCHERL, BUR UL 3 By B 2% R &L
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kGl
2/3 - 47 + 42, 0<:<0.5,

¢,(z) = %—4z+4zz—%z3, 0.5<:<1.0, (6)

0, 2= 1.0,
Hz = |y - x, [/a. RTHEIFMRMES S RIS WSHEICH[30].
1.2 RKCM Kf#mEZ3h 7161 &

— AN LR S Sl g el AT DU =R (7)) R .

ni(x,t) + Lu(x,t) =f(x,t), xed,te]0,T], (7)
HEMR
B'u(x,0) =h(x,t), xe o te[0,T], (8)
Biu(x,t) =g(x,t), x e o, te[0,T], (9)
UL GE G
u(x,0)=u’(x), x e N=0UoN" U *, (10)
u(%,0)=v"(x), xef=0UaaN" Uik, (11)

o, LRSS Q WSO 51 o RIS TEER[ 0, 7] RIS (] A8 4, B 1 BF 2351 /2 13 I i1 3¢
aQ" LR T RS 00F RN T w(x ) REORMBmE, » = p REE,
SfCx,0) ST, h(x,0) ERITEN SR ERISNT, g(x,0) RHEIMERIFS A E R4 E
(RS )bk, w® v S35 AN UG (37 B i o FIA) U 3 i ks X T 4R B PR B g TR AL X S o)
A AR

2 2 2

d
A+2u) — +pm— A+
( 2 axf “axi ( 2 0x, 0x,
L= . . N (12)
0 d
A A+2u) — —
(A +p) o o, (A +2u) P
d d
(A +2,LL)TL1 +,un28 /\n1£+,udn26
B' = ’ Lo B=L (13
0 d 0 d
/\nZa +,U,nlaf (A +2M)n2T+Mn1T

o)A Filw /& Lamé W40, n, Fl n, BRIAINEL LA o5 T SRR, 406 % R
w,(x,t) Al DL RK B pRESC (U A

w,(x,0) = w(x,1) = ZLﬁ( )d, (1) (14)
%
\ ul(x,t)
u'(x,t) = \ ) =G(x)d(t), (15)
u,(x,t
Hrp

G(x) = [G(x) G,(x) - Gy (x)], G(x) =9 ()], (16)
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d(r)= [d(t) dy(t) - dy(1) 1", d(1)= [d,(1) dy(1)], (17)
,ﬁﬂjd SRS R
WG R (7)) GH RS (8) F1(9) IR 2 FE (10) A1) 43 Bl AE R 0,
I FIH 5 00" FIRSH T 0% N, N, RN, ANBCALE S (N, =N, + N, +N,) ARG 2
£ (18) ~(22) ,Tuk%m&m}ﬂz(m)Eijaﬁ%w,rﬁ%;&.

BT
nG(¢,) LG(¢,) } Sf(&, 1)
d(t) + : d(t) = , & e i=12,-,N,.
nG(§y ) LG(¢y) S(&x, 1)
I E— T e
(18)
SUR S Il
B' G(§\ ) h(&y .01)
d(t) = : ,
BhG(fm ) h(&y v, 1)
b2(1)
£, ed", i=N +1,N, +2, N +N,_, (19)
B*G(&y .y 1) g(&y v st)
d(t) =
B*G(¢,) g(&y, 1)
A3 b3 (1)
& eod!,i=N,+N +1,N +N +2,-- N (20)
Wk A1
[G(&)) | [u’(€)
: d0) = : , & eNUIN" U, i=1,2,- N, (21)
LG(&y,) ] Lu’(€,)
[G(&)) | V()
: d0) = : , & eNUIN" U, i=1,2,- N.. (22)
LG(&x,) LV (€y)
425630(18) ~(20) , A1}
M A b'(1)
{o}i(w {Az}d(w:{bz(z)]- (23)
Lod A’ b (1)

—_— _
s A b(1)
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IR TRDEE > B HOT 8 ] AR IR

Sd(t) + Ad(1) =b(1), (24)
Hd(0) =u", (25)
Hd(0) =v". (26)
38 35 K ] Newmark 55 B [A) 38 b 4 T B BT 45 40 5 7% .
, B o
(S + iiAt A)an+l - bn+1 Adn+1 s <27>

bn*+l
Horp, o SRIRLE, AcRIMEILK, d, = d(1,), v, =d(1,), a, = d(1,), B BRERKX
W

d,. =d, + Aw, + (1 - 28)Ar,, (28)

V=v, + (1 -y)Aa,, (29)
Hdr B Fly & Newmark S8, V% A A& IE pRECAN T .

dn+1 = an+l + ﬁAtzaml ’ (30)

vn+l = 9n+l + 'yAta,l+1 d <31>

RKCM HYREFIRARAN T
1) 28 R )R 25 (RS AT R AN 2) F N, A RK 9 SR 2 (B T B HG 3) i
A N RKOE AL 4) RIEIE S T FEA AR R S FEFE A A SR 5 5) SKRAFRD G 25407
S d Flv WA ; 6) E UK A SRIGTERTR] B3R 7) MREEA(28) ~ (29)
R — 1] 245 R T ek K d L, M9 5 8) ARIETAE(27) Kffa; 9) MG (30) ~ (31)
THREIERE d,,, Flv, 5 10) WS SEIRT RS e, ., < T3, =t,,, + A FH 2SR/ E] 5
BERE7) LR e, = TG d SKAGOI AL IR I -4 i 45
2 S g ifEEG 2E o By RKCM kA e Mot
ZIRWT — e s e
w,(x,t) =cu,(x,1), (32)
Hor, e WM IE e = VE/p yu, (x,0) Flu, (x,0) 53 HRDIAEBRE u(x,0) FTHE AR
A (A48 B o 1Y 2 B8 SR N, A RKC9 500 28 [RGB, 6788 R BCRT A4 (33)
RK JE bk 804 {1
u(x,t) =G(x)d(t), (33)
Hrp G(x) = [¢,(x) Py(x) - Py (x)].
Wtk (33) 78 N, ANTC ARG I R AT A
u(é,t) G(¢))
U(t) = : = : d(t) =Md(:). (34)
u(€y ,t) G(¢y)
it il xr = (32) HEATIE S AT AR
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G, (&)

U,(t)=¢ : d(t) = Ad(1) . (35)
G. (&)

FKHHOZESE (B =0,y =0.5) XF3(35) BB a7 8 E AR A al A R 2
(U -2U" + U = APAd", (36)
Heh, Un = U(1) d" = d(1,)  AEER(34) TR (36) 85 R
(U™ -2U" +U"") = APGU", (37)

Hr G =AM, MAEFGERIYERE I N, x N, XFT N, > N, PIEDL, M ] LLE i >R P 390 6 1
5.

N T IEME O (37) Ea BT, AL 5] A von Neumann R #4770 #r. AR 3% von Neu-
mann 1%, U" FIEE m 00 LR

=y

e (38)
FEHT, Ay BRI kIR A5 (38) IRAR (37) IS m A7 IMEA T AMHT T 78
b= (2 +APCD)A, + 1 =0, (39)
N,
Hr D=D,k = 2 (_;m]_ei(j—m)kh . o)

Jj=

NI —DRUEMUME A <1, B3] T LUTRGE &1
a) BN D =0, TEMHAREE,;
b) RN D < 0, &MFFaE , IR 005 /2 DL T s g 2k

1 [~4
< — /==,
At D (41)

ARG LA ol LI Y ekt RKCM 538 5 R BOR T2 D A5, ik 45X (40)
IS D J25 RK B s BN [ S 550R0 2 (AL 13 A9 5 B A DA,

TEME TR PR AR AN

1) & R IR 2SR/ 2) N, A RK 5 0028 [ 1T 51 3) T34 AU
RK JE R 4) LRHERE MFIAJERE; 5) T8 G REFE; 6) WA TAER B L 1 D 4 ; R an
D = 0,5 1L I - TAARUE” s RN D < 0, MR (41) SRATIh FL ) 20 K T

45

3 FKE o A

HR 5 2 WRBER I S R AL 5 LA RK ST UREL, R (32) B2 B BUE 2T bk ik
Md(t) + Kd(t)=0, (42)
Horr M, ='///(x/), K, =_¢/,m(xj)-
5] A von Neumann %%
d(x) = dye Heo=ion (43)
Horb, o SRS BIUR  k JE o, il 1e
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(K-o’M)d =0, (44)
R A SR B B N, A R0 25 (R T B WU AT A58 m 1 s B IE AR AR p, A0°F

Ny

o K, ,.icos(kih)

w 1 i=1

ck " ck | M ’ (45)

Mm,mﬂ'cos( klh‘)
1

i=

Hoib & = o /k AL,
4 HfE 5 B

R TR 1 IR B RKCM 3% B3 R AR E IR 2 558 2 3 8 RS PR VRN 7 vk BT
SRAR T AR E B ] 25K AT LU, AR T3 T A&l 1 s i —ZEAT 238k 30 Im) . 1) J LAl 24
FA RSB EON KE 1= 10 m , REHF p = 1.0 kg/m, FPEAEE E = 10 kPa . )5 B 14 4n
F!

1T

pii = Eu__, 0 <x<10,t=0. (46)

R

u(0,t)=0, Eu(l,t)=0. (47)
WIhk 551
u(x,0)=0, a(x,0)=0"=— 1.0 m/s. (48)

vO

ANNNNNNNN

A

/ >

B 1 ARG IR
Fig.1 Wave propagation problem statement
FHMFE®BBH. N, =21,N, =21,8 =0,y =0.5, FRER N m = 2.
F 1 RKCM il S ] 25 1 B E A S A X HE

Table 1 ~ Comparison of predicted time step and numerical time step by RKCM

/s (RKCM)
a’h
predicted ( At,) numerical (At,)
3.3 0.318 3 0.3221
4.3 0.3209 0.3295
5.3 0.320 8 0.3373
6.3 0.2557 unconditionally unstable

AR B 1 s B TR K R P AR AN R
1) 5 R R 23 a3 0,10 T LA N, = 21 A RK 4545 2) 4 S0 RK JE R
B 3) WRITB TR (46) M A S (47) #2X(23) 4125 S HREFT A JEFE; 4) WRAE0IH S
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(48) SR ITFE(25) F1(26) 15 d Fl v BIFIME; 5) 14 - ,.
BOERIA T ) K A SRIGAERS ] B IR 3R; |, azdy |
a=6. j,

6) MU AT—F )AL i 4 L 0 (28) ~ (31)
TN BB IE R (B=0,y =0.5);7) B ™|
ST HERERL " AR IFARE S (27) K ffa; 8) 3K

LW LW W
| ST

PR RO R R B e,

9 5) B RME RS KB A 0 % Mt e

HE L BOE ISP AC, S B2 RIS R
bR AR T S, RKCM 92 19 1l AL st (i) Fig.2 Comparison of normalized phase speed

SR 5o 7 MR 4K 5 1 B obtained by diferent support sies

T HIAE R, 75— 7 11 ARG 2 9 BORSE M0 B 3k T ISR A i S st 1) 20 UL 36 1 25
TS ) SCHEEOR /M BT BT Ac, FITHEAE Ar, BOXS HE.

2 s B2 i X (45 ) BT B AN TR] S PG 0 T T DAL AR 8 1Y LE AR,

W1 R, T ash =3.3,4.3,5.3 BYEOC, ik 5] 201 ) P00 A0 31 580 0 4
T WX T ash = 6.3 BITHBL, BATNIRECI AT Al LA p, 75 a/h = 6. 3 T HYFRBLEL LA 5L
ZEARZ XN T EOT R AR R B DA AN E B B IR RV AR P M 2 Hh A P00
Je— M RE AR,

T HEAT LR, 32 2 G TR AR 1) B pR BB A7 (RBCM) 1 SR AL S 90 BT A5 45 3R K
2 AT S AN D7 R0 TR AR I 25 2l g 1) el e o ) e S i) 254 e il

R 2 RBCM T BRG] 25 1 B (A (% L

Table 2 Comparison of predicted time step and numerical time step by RBCM

7 /s (RBCM)
a,/h
predicted (Az) numerical ( Az, )
3 0.319 2 0.3312
4 0.3211 0.3356
5 0.3237 0.3379
6 0.3267 0.340 2

2 1 RBCM SR IIE BRECE S 20 IR g, (v) = (17 +al) ™, Hip o, BIEIRSEL
5 45 ®

YA —AFE T i E AR RKCM i T A AR LA I AR R 52 1) 1Ok B2 1 S T, A
Ao T I 7 [ AR E PE AR B o Mrad A 3 (9 A0, AR SCH T — A g B 3k 0%
X AR PEAN TR B E BEAT T 2047 i i S0 AT 1 B8, 38 ok X BB 45 R AT A, A SC
T LR R REEIE

a) AR TR AT T SRAT 4 i 55 A ) 25 ST (E A 3B i, PO (AR B3
{ELTTT 7 s A PR

b) SRR ST AN 2R E PR A AR =1, 1R S R A S P 25 TH AR R 1Y
B[], AN, ISR SRS R A, W] RE 2 P SR v 25 T S O AR E PR R AL BEL
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Stability and Dispersion Analysis of Reproducing Kernel
Collocation Method for Transient Dynamics

LUO Han-zhong', LIU Xue-wen’, HUANG Xing-chun'
(1. School of Naval Architecture, Ocean and Civil Engineering,
Shanghai Jiaotong University, Shanghai 200240, P. R. China;
2. Siemens Industry Software (China) Co. , Ltd. , Shanghai 200042, P. R. China)

Abstract: Reproducing kernel collocation method based on strong formulation was introduced
for transient dynamics. von Neumann stability and dispersion analysis of reproducing kernel
collocation method with central difference temporal discretization was derived to evaluate the
stability condition for second order wave problem. The stability analysis algorithm proposed
firstly given an approach to predict critical time step for second order wave problem which can
greatly save computational time in application. A numerical test was conducted to validate this
algorithm. The comparison of numerical critical time step and predicted results shows good a-
greement. The guidance to choose a proper support size of reproducing kernel shape function is
also given. The results by radial basis collocation method are also listed for comparison.

Key words: reproducing kernel collocation method (RKCM) ; stability analysis; dispersion

analysis; transient dynamics



