Ho2H A6
2012411 H

X % ® I K ¥ ¥ R
Journal of Dalian University of Technology

Vol. 52, No. 6
Nov. 2 01 2

XEHS: 1000-8608(2012)06-0870-08

it HL gy o] 8 Y 55 L AW 53 B Uy ik

7k 3, M

x| %7, & &

(KEEIA¥ AR ITE¥YH, TF A%E  116024)

WE: S Nmah a2 —#FANRE T %, CHLARE it EHRA 5% — =Kk, AT H
BTG EF _ABENTALIR B GHERT HNAEE LR P UAEE A EEA N
F-HE BRTET REAFL A AANAEZLERAMERN LT E 24, BEL R4
BEREHAML T RBMAFNAER TR A TRALF L4 B 008 5 XF L.
BEHA NG ANTRERPERWART AR, ERXR LN T 2L H 8 B
D AR B WK S B B 0 0R R L PT DARE R RO (R 2 89 R AE PR

KRR w7 % LT 947 NURBS; 1 B 304 % 5 45 4F P 40

hESES. TM151; 024

MEARER . A

0o 9

i R 7 ) RS2 T 55D W 1 2 v e AR Y ) R
BRTH R UG 2 0 R oy O A B S R O
TR AR R 5 2% H X T o g [m) B, HEmT DL RT AR
TAAS J7 R R 3 07 O R Ok T B0 SR g A
— 5 1 31 5 2% a8 Bk A R 3, 1 g BT
e gy B AR ik 5 AR A% 4R A5 ] B0 RS B AR BT
fiff o BROAR HORGE F T & 2% W R i s R i A 4 1
AT DI SRy At T v 0 A R 5 0KG B 04 A 56 A o

R A LA A I R B O i R AT R
i BB ARAS T ARL A - SR ik 1R B2 5 280 3 B T4
(B 77 ¥k K H 8BRS, % e i A IR 22 43 1
(FDM) £ BR 76 (FEM) . i1 % o6 % (BEMD | 4
A (MoMD ™ DL B 7 Y i) JC M A% (mesh free)
U HeBi B BR O (SBFEMD Y 4L 5 [R
2557 DR B RS b eR By I AL A B 22 R
T A4 42 Tl B o T R e A o 22 43 O R BROBR O
TP 25 5 d i, RS B — AL 25 5 AR X 2 ki
ST 5, A% ) 43k /b RTE M A B Tk SR A 3
BN TT AR AR A 3 Bl IR AR i ok
il 1w 53 7 1 55 Ak A AR B R L O 43 BT i R 3 )

K BEH. 2011-05-02; f&E BHI. 2012-09-10.

Rl A 5 1 2 — A7 TR B UG, RDRE
SR fifp SR ) TL AT A5 Y AR 41 BT 28 R, S TR Y Y A
— R TT AN f U TR A Sy T SRR A O
HAS B85 02 C0 JELRRY. i BT iR A
it Ko 2 T Bl 73 75 A B A O 10 SRR 03 O A R T
B P A BB 2 L AR T SRS da ) 4 K
AT R AR b B ] AT SR A TG B e A
[Fa) R, A 50 e ) T BR0RG B2 (E LG SR SR A i O A
B B AR R L A T — TR
PR HSCEE K A2 ) i T R S R 0 5 R e A D AR
T3 B BT B TR T R 1 2R SR i Jel R IO
A AT R A TR R e P e R A Y A
PRAERER %07 ik U T A N BT THEOR
o WSS R PR (ELR FH A 56 R BSOS AT H (B O
WSS I Ab PR RR ST L 1) 30 A BR 5T U 1 02
S50 A BROTAN I BT Y — Fos OB 7 2, B R
ATV R B OF B X T AT
(2 fif T 2607 8k IR B 2 Rk T L)
AR IR T R B A ORI A T I
THIAUR JEE v SO B R TS D

R RBUE 7 1% TP B T SRR R R X SR i

EEmMB . PEAEVREIIH(GZ566); B R A 28Rl 5E 4 %% B3 H (90510018,90915009,51009019,51109134) ; ¥ 48 K 2% K
VbR 5K R K oL TR [ 5% T A S 0 5 R 0 42 W D3 H (sklhse-2010-C-03).
EEZ® . ¥ F1983) . F .1+ 4: , E-mail: zymarchine@gmail. com; Ak %" (1929-), B, #¥% . 4 14 Sl . oh BB 2= Be b 1,

E-mail: gaolin@dlut. edu. cn.



% 6 1

K OBE. e AENE TN % 871

B SR AR GR FEAT HOE B AR I, 5
A6 TUAT A RS AT — 20t o DA TS B0KS B2 1 e 2k
25 JLART 43 M7 5 5 (isogeometric analysis . fij FR
IGA) j& i Hughes %5 $ H 1y — i 7 51 80 Oy
%07 R T NURBS #3809 LA LR, bt 4 T
TR G T 1k i TUAT AR AR R T A A g A — 3k
AR B SR0R IR, BT B TR fif [ 14
Sy R AR g A ) 20 Zhang 55 4% H A R £
Ll ) 30 5545 T AT 43 B Tl 705 DA B g B AR A )
R0 RSO TGA I FH T i v 3 0] A0 R .

1  NURBS Xt e B B JL B 4 i i

1.1 B FEZHI NURBS Xt i %L
BFREAEEREI N, , (i = 0,1, ,n) & XIE
TR E= (& & £,) FM—ABA
i sz e i R, — 4 B FE S L BB Cox-de
Boor 2420 i IH E SCINF .
1; € [&,6.0)
N.. (& =
0; HAth
_£—¢
iy — &
§iipnn —§&
Eivprr — &
Horp p IR BEI B L (D FTRLE H L p By
FERRBORT A It p — 1 B3 oR B M A (45 2.
T B p R A0 T A S Y A
[vi) 1 0 SR UBIORR Sy R R T A ) R
& — > p By S R T A 1) Y O YT A I AR
JEp+1, B CAD Bithn e, PR AR SCs R FH T
TN A5 1)
B FE £ 5 bR B0 AP L I B bk | BA 0 40 A
P VBRSO R R S 3 SR M R T e
GAIE [ iR e S X VR 8 X NS S A L W S
ML G A FRJGHY) Lagrange & pR SR — 80/, B
B i R E S LA A B b, T LR A S
SEARUR ) 1 A5 it 3y, TS S R A5 S R T Y
ST DL K B IR I FR B0 B R R B . (R B R
L= TS A IR = I O N | S = A
Lagrange 3% pRHZ A R a9, Hodr, B X F &
WL HA H B R X B S T R s
By A% 12t 4 1 4R 3ok U SR A A o i R B ok
S A 7 A T A A7 (A A 3 A% 1 At o

N,., (& N, (& + (D

]\[iﬂ.pﬂ (& p =1

R RS
T B SR R BORT DL o —4E B RSO
PR ES K B BRI OB L -

N (Esp = N, (&N, (p (2)
HAPN,, (& AN, Gp ATy ) Ll sr i) — 2
B 2% KL R AR

WA R A~ B FE A% 5 R B E — AR L Gl
3 AL R 1 AR Y 51 FE B B 2% (non-uniform
rational B-spline, NURBS) %t iR %, — 4 1 — 4k
NURBS 2 pf £ 11 =X (3) F1 (D) iR

R, & = @Nw@ .
Zwil N; ., (©®
iI:o
Ri'1)¢j-q(5v77) = — nw"'jNi.p;j.q(S,V) "

2 Zwﬁ iy Ni1~/>;jl .q(gv 77)

i1 =0j;=0

H AR NURBS J: of 802 A 2 2 1 2, H i 2R
BCE AR B 5 B FE A3 R 50— B 1Y
Ji. 5 B BRI BRSO HE . NURBS 3 b8 %50 nT LUKS
Ay i g 3 1520 A oty R T S A 2 R BRI Y
BUEEI M%) NURBS 3 o8 B0E 16 B BE 45
PR R, PR AT LA NURBS BAE & B RES T,
i B RS NURBS B — Fh AR5k 5 T2 L 78 5 22 /)
SCHORTE X0 3%, B FR i NURBS Bt pfi 25 56T
FRC S mEO 0 0 1 2 3 4 4 I
TR NURBS JE R B & 1 s,

1.0F
08
06
04t
0.2

0 1 2 3 4
K1 = NURBS # & #t
Fig. 1 Quadratic NURBS basis function

1.2 J&ET NURBS )L JE A 4 b

NURBS £ p& BCHE 15 550 1) 5 I 78 19 2 8025 [
r P S B S 380 A ) 5P AE R ) A (R, RSB
FLE &) S 3= (8 h By 50 V' AH X .
NURBS i £ i i 09 #8538 4n = (5) FC6) frs

C® = D.PN,,(® (5)



872 X # ¥ L X

VS

¥ % R %52 %

22PN

Hrfp, fP,; /& NURBS JU] JE 4 i 45 il . & 2

3 43 g T AL Rk NURBS il 22 F
17 Herh i bR - DI R R] DAAR B 5 00

SR B 2T R IE A2 U AR b HA R 4 {E .

SN\

K 2 —w NURBS # %
Fig. 2 Quadratic NURBS curve

5(5977) - 1./};1,(1(537]) (6)

K3 —%x NURBS # @
Fig. 3 Quadratic NURBS surface

2 L b Y A5 LAY Sy B T Ik T
HE

2.1 Fhiig )
THE H R 2 1 4 1 O BN 22 e i T O R AL
Xof T # R 37 0] L B T R e I T T L R O R T
TR AR 27D BYIRAL T i KR B 1Y 320 5 A
Vg = p; TEQ L (7a)
$=¢; 1T, I (7bh)
$.=q: £, | (7¢)
g S HLH o IR T R e SR A R
BrobEm,Q RR R, Hih R o=, UT,. ¢ &
HHFR D, FIRENBRAE . BEARD, LhE
LA ) S BO(E. 0 SR R P T8 H e A A, ) R
(7a) 3B Ak Ry 734 7 34 7 .
2.2 ORI NURBS 55 LA 2518
DL 4 kg i, SR B Q1 LA R R R
NURBS ##fiif , an =X (6) , Hoor 154> J5 ] B9 775 55 17
/NN E = (& & & ) M H= (y
7o ). HE R H SRS B, b R
XA &, + €01 ) X Lo s o) WS KSR R IR 2 B9 —

ATV ST VL BILE, 2860 X Do s ) —> VI,
AT DL 3 A W S o A A SR i B NURBS 45 JL AT
BBy TR, AR NURBS 3 o8 5000 "% 32 1, AH B
1 JE 2 5 R ﬁ%?ljﬁ(kl,k Yohiy =h—psh—p+
Loveshoky =k —qik—q+ 1. ks poq 5351 M
AT 1) 2 R ééﬁwxéﬁz $7EV”E1@FE7§1EZ£§ £
N A, = (p+1) (g4 1) BIZBATTH 5 145 1l
RBCN n, . RHEZ6) LUK NURBS R 5 32
PE BT Vi AR — S P (6 ) B AR T RN
H

SIPHNE (6

P"'k(f,ﬁ) - - Nh'k(faﬁ)X’“k

(8)
Hpprrcgp = @ Ep &), Pt =
(2"t )RR GBI VIR A S AR AR
X" = (Pt Pyt PO R % BIL T A
Pt A AR AR F [ . NTHCEL ) R BRIT VI MR
NURBS J o8 £, N (6, 2 Hm 8B L =
), 3% HLAY L R B 1 209 4R B (hy k) B
AL B)IZ BT R — e R T
— B 2SR R B NURBS B H, an & 4
Firos s 53 i i 2 Ta) i T AS () 2 oK S bl 2

SF- T PN [R]85
$------_= i -~ - - - »
L T ®-----.- ¢
"o ----®----¢
e o o co o

B 4 NURBS # # R #f#
Fig. 4 Domain discretization by NURBS

2.3, R

BT NURBS #if 34 1 R i 380n] DL #5614
(BT 53R 20 AT AL O T 8 s i 4K B L 5 g
Uh A JLAT A5 78 1 5 40 4. NURBS 4143 535 . A0 6
R AT i L p- AL T I kAL T AT ER A
EERVSIAIE RN L VS R 2 =t
4RSS T8 5 4) B 55 7R R L AT — 0y, AR i R AT L
{645 41 43 2o B S T 4 JL AT A A
2.4 RN ESL

MHL AR R L B4R NURBS 2 58 50K B



% 6 1

K OBE. e AENE TN % 873

AARAEE R T B B A R iT DL A
oy RS RS AR G B AT BROCTT A AR AL L 2 L AR
G AT I ik Fp A g B A I SR A 2 SR U SR
fit Bkt NURBS #o0 V' AR — M2 i R
A5 Q) MRy Lk,

”(/)

§ (G = D INIE (G = NEpg™' (D)

o gt 05 R R A e e R g 1) B
U 42 T A L A
2.5 Pl oy 7R LA B0 R
LG4 FRIC I, R Galerkin Sk 4
R B T B R 4 g 4 Oy Rk L Rk
AR CT) AT S B i St AR WS L T LA
Sy BT R 1 B O R T R
K¢ = Q (10)
PO F #5003 @ (AR BT B, Moo
K = D> K"* 37 NURBS ¥ 75 225U M 45 il 1 4
R ZBHE.Q = D0 2530 i AR .
R L BT A RS — 230 T 4 1Y Tk
K" = JJV LB ) B (G [ | dedy

N A

an

le,k _ JCIMIJV}:'I (N"'k(g,y]))rr ads+

S A

J (N (&.)" qdS (12)
Fr/

FEA X QD a2 doag A X a2
NURBS #.5C V" F 1 (1 S 50X 8] [6,.6,) X
[ s o) B X A% 8 A BR T A B B 5T X6 7 1Y
P AR XA [— 1. 1] < [— 1,10, ik 7E 4%
E B B B AR AL, O BT B A ot S B o
X ] 2 25 A .

2.6 BB AR A N Be 3 8O R R AR

H AR A LA (TR E (12) h 5 2 33,

FI i SRy s i RO A B S 80 T

-
ot = j (N" (g gl |l (13
l

Xt TR B 3 S, 5K (13) TR Ay R o e
A AEL X R A S AR L il an, % F 6 = &, i 5t
.,z

Q' =JWM(N’“k(&,n)ﬂﬁ\J“\d:; SY))
)

3

EX F 53 ) 20 A 454, T NURBS 3 o8 5k

B I 37 R L o B 2% 1 B9 it n AR 1 B AT A (R

H Lagrange B0 A B KB X 9. & 5%, M

NURBS 3k o& #1035 6 po6 5 5 il ik 5 Ty A 56 10

FEPRBT YL NF FIN=. NS D, BE A%,
NrF fE D, EATE R W 9) 7] 50k

DN \F + D 4NF

FE R 22 0 KL pR B N R 7 A 45 ) e A0

P TR ISR (14) FURIT A 67 3 o 00
BRI 5T NURBS 3 568 35 45 i , ol 78

.= $ (15

= ¢ (16)
3 (16) T AR A ¥ o 5 AR B B 24 oR 45 R LB A
210D ] 3 B JH: 22 850 B 10 2 S 42k
3 B Pr
3.1 WBHs

h T B UE A5 TLART 53 BT 7 v SR ik i v 37 1) R
e b B R P B SRR T H AT AT A Y
2 M) 2 — K E A R, R I A
RO, AR ¢(xr=a,y) =U,, £ HKFE
] FL 37 58 B2 Ry O, A& 5 TR, 7 oK Bl 09 e Ao
Fe 37, HoAg b 38 (17 FEoR. FEF E P LB @
=1.0 m,b=1.0 m,U,=1.0 V.

(a ):4@2 cosh ((2k — D na/b)
VT (2k — Dcosh ((2k — Dra/b)

k=1

sin ((2k — Dwy/b) (17
y =0
b N
=0,
207 4
X
(0] \d)ZO a

A5 BBFRIGAHETZERE

Fig. 5 Sketch for the rectangular plate using IGA

FEIE J5 A 0 0 4 LA AR R A A — A
NURBS #5009 1 o 85 (8 Ak 19 e S5 Al 84
HPE R R4 53 7 3 X A 56 T AT A5 R AT 4
g3 A BN AR 5 F RSE RIA% (RIA% 1~5) 3
LRI, [ i) 41> B 5T RUSE B S 3 X B — A~ 1



874 X # ¥ L X

¥ o R 52 8

S A FRIC R BT AL, & A RS i 1 S A
A B npor 5B ITAI R 2 RN AT 6
Jros. B ST BCE B, BT ROST /N A%
%A FRJT Lagrange B T B R B9 3154 A b B 1
&, T NURBS 45 JLfaf 4 51 ¢ 3155 A Hiy B2 38
18 3 238 Wl 2 18 T L X T A ) ) SR s, A5 LA
ST FE A TS B R O T RUE T SRR
Wh, T8RRI 4 L X P D S LA A5 A
NURBS % 580 2 22 P e, BoC 2 [H] L2 0H £
(9 H HEE.

3600
3000 F - M
52400 [
=10
00 . s
1 10 100 1000 10000

e

M6 Eﬁﬂf?‘i/ﬁ%nnmgiﬁik%n( &
Fig. 6 Number of DOFs consumed vs. number of

elements 7.

TEIT AR e T A B AT b A A i R b e
AN 7 s, B 7 A BR TR R 5 R

0.8
07 —---

0.6
05 ----
04r
2 03F
<
02
01

0 02 04 06 08 10

“X/m

(b) IGA
B 7 FEM fut IGA W8 A & | ki % A E
Fig.7 Electric potential along typical section in

FEM and IGA

TEAB I A7 b A (B3 e X0 ) B2 7 BRIV AR 40 1)
DA% AR B S s 1 IGA R TH 45 i 7 (b)
JI 7 s PR ST SR i B A AN H RS 9

R X i BT e B R 22 1T B 5K

e — JZ (¢i7«xm - ¢i7cal(‘>2/2 (¢i7oxau)2

(18

HP B xaer NIRNTIR B e P EAE S

FEL B4 11 R T 15 2 Bt 0 A5 R F A8 Ak an 8 i
RSB BT ROT /N L A% G2 A R OT Lagrange
FOTHEAL A NURBS 45 JL Ay A5 20 04 1153 235 51 14 A
Xof 15 25 AR /IN T AE B AN A% ROSE T 5 & #6 L i
/0N AT UL HORS BE R OB BE TR

| ——IGA
| = FEM

e/%
o _NwWwhAOo

01 02 03 04 05
n/m

H8 wmApWMAEEZMMNERTEME
Fig. 8 Relative error for electric potential of

different meshes

9 SR AN S i L A A L T 9 (a) S 3R
(B, T 9 (b)) Sy figt A7 fift » A A4 &1 o ol 4543 A JL-F-
— i, B 7 A X T S AR W

PRI AT A7 S 0 e 3 ) AT DL
(1) S5 JUAR] 537 7 25 10 55 TUART e AS AU IR B AE 3 3
TR L An] A5 70 — S, B35 R B 4k R T )L
i 5700 V7 TG U AT T L A A B AE A R 41 4y
A A 308 TR R T 1 L 3k R B T BR TR
KGR 5 (2) 55 TUAR1 43 A7 5 I A6 TSR0 D5 TR
HA B RT3 A AR TR A
WA AT B PR B 5 (3D R A SR 1)L A PR O
FEASREAR g b A5 0L, A J31) s 3 5 DX 30 25+ B
S T AE TUART 43 A7 1% 50 A A6 A7 57 DX Bl B O
PRAS BT 1 L I FLB 5 6 ROF 08/ , 4 T4 1
fift.

3.2 Ml

N T — A W E Iy R T R 2% e b ) R

(18 3 o7 RA S5 S R ECAMG [5 ey 2  HC AR e



% 6 34

KOBE. Mwlp AN E LA AT 875

B 10 fros . Fh il S i $ k0, P B T HL
H1IV.BEEKEMH =1 m.b/a=0. 3, w/a=
0. 5.

2

OOOOOOOOOOOOOOOOOOO T

O NN B B UITIOIH NN0000WOO
OO IOCTIOTIONTIOIOIOCIOOT

0 02 04 06 08 10
(a) BUE

2

O NN D A IIDN 00000
FIONONSTONONOTONONOG

0 02 04 06 08 10
(b fift b7 fi
B9 wmHHEMmBENBNEFELE
Fig.9 Contour plot of numerical and analytical

solution of electric potential

$=0

B 10 A E O &

Fig. 10  Elliptical stripline

Y TR AR AL 1/ 4 R BEAT M TR A
JUAa] 73 Fr 800 3 A A 1 11 i s, v (8
Pl A R SR U A AR AL PR 83 B3RO
RPN R A R R R R AR
1t

Ao 130 fofc £ A R A BELBE AT A3 o Fi 3 i oK
I A

19

C=4X"= 20

St [
w=>]" JT 7 $) 87 ¢) | J | dedy (21
hk 3

5/1
Ho 0, =3X10° m/s, A H = P OEHE C LA
Ap=1 V. WNSMRL S W Sy fE . 2 (20)
M R AL 4 R THIE AR 1/4.

)
/ Il
o
I'l.. '

B 11 % JUAT 2 A 40 46 W 4
Fig. 11 Initial mesh of IGA

TR RS BT B A A 12 i R A
SRR REARE KB T AR B B B AR L S AR
[7) 0 % A 78 e B X (19) ~ (21) 3345 31 FLARAF
FELBL. &5 R an i 13 fFroR. 7884 Wk B AL L 25 L
fu 5347 0 45 AL Le AT R OT Y 45 AL T 5 30 A BT A
XTI A% 5 o A 55 AU, S5 LA B R Y 3 R BE
4422, ¥R AFE BH HT A 42. 29 Q CHH XF iR 2 K
0. 14 %), MiABRITH A BN 9 409, FF4EFH BT N
42,20 QUHIXFIRZE R 0. 33%) , Al LIRS 1L &
L BRI RN 7 1k 0 1R 22 /N AR T 100,
SEAE U 3 A i 3 R A A BRI — 2 L RS
FEHEEE R 2 5.

10000

——IGA
8000 |
5 6000 f T EM
£ 4000
2000 | —
O 100 1000 10000

ne
Hi12 HEEhESETHE
Fig. 12 Number of DOFs consumed vs. number

of elements

45
4t
a#3r
N42F
41
40

No.
B 13 Al B o e AE LA

Fig. 13 Characteristic impedance of elliptical stripline



876

kx #

I K ¥ ¥ R

%52 4%

ARSCHFIE T A5 LA 3 Bt J7 i 5K i i WL 3 1)

L5 NURBS $fi 34 19 JUAnf A58 78 1 4% 1 73050
ST IE R LAY 25 2 AR G 4 o] A2 B 4 3
AR Ty T R 3 A A o3 O e A R S LA S
BT AR, RIS A 43 7 4 LA A5 280 B A e THOR JE 20
3 SR R B 2% A Bt 0. R R L e v 3 1) R
A EE 25 R R W 5 L G A FROCTT LA EE %7 1
TEEE A P D WS BT R T BORS BE AN AR
R T TP 15 R 4 1 e a BELAC.

2% SCk -

[1]

(2]

[3]

(4]

[5]

[6]

b ES, BRHMFARTFEIM]. B BLETF
ABK F W MAE . 1998,
JIN Element Methods of

Jian-ming. Finite

Electromagnetic Field [M]. Xi'an:Xidian University
Press, 1998. (in Chinese)
SONG B, FU J. Modified

indirect boundary

application  to

Ll

Antennas

element  technique and its

electromagnetic potential problems IEE

Proceedings. H, Microwaves and
Propagation, 1992, 139(3) :292-296.

Bamji S S, Bulinski A T. Electric field calculations
with the boundary element method [J]. IEEE
Transactions on Electrical Insulation, 1993, 28(3):
420-424.

MEK mugRERAANEREALIL HEY
I, 1989, 6(1):1-8.

FAN De-sen. Moment-method solution of static-

L1
Journal of Computation Physics, 1989, 6 (1).1-8.

electric boundary-value problems Chinese
(in Chinese)

KEwE. wap it AP e E B ERNE LA R
[D]. EK.E K A%, 2008.

ZHANG Huai-qing. Research on radial basis
function meshless method in numerical computation
of electromagnetic field [D]. Chongging:Chongqing
University, 2008. ( in Chinese)

AR A ELEAW. RGN MLALRA
Rk ()]). KT k% %4, 2011, 51(5):731-

736.

L7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

LIU Jun, LIN Gao, WANG Fu-ming. Scaled
boundary finite element method for analysis of
electrostatic field problems [J]. Journal of Dalian
University of Technology, 2011, 51(5):731-736. (in
Chinese)

F M BB ERMBEHAARGF RG] =@
WA FMCHBHF B, 1997, 17(3):43-45.

LI Jing. In progression resolution statics field with
symmetric axis [ J]. Journal of Yunnan Normal
University (Natural Sciences Edition) . 1997, 17(3):
43-45. (in Chinese)

D&, /DN 2SR RO R kAR a3 U E ]
oo 7 b ey BRI L) ] B F R, 1994, 37(2):17-
22.

MA Xi-kui. Application of least square boundary
point matching method to the numerical analysis of
electromagnetic field problems [ ] ]. Journal of
Microwaves, 1994, 37(2):17-22. (in Chinese)

Ballisti C H. The multiple multipole method in

electro- and magnetostatic problems [ J]. IEEE
Transactions on Magnetics, 1983, 19 (6): 2367-
2370,

BAE. BB RN LB ENER T E S

B IMI. Ao B2 i Ak, 2006:1-35.
SHENG Jian-ni. Theory and Application of Semi-
solution Method to Electromagnetic Field and Wave
Analysis [ M]. Beijing: Science Press, 2006: 1-35.
(in Chinese).

I A,
CAD,

Hughes T ] R, Cottrell Bazilevs Y.

Isogeometric analysis, finite elements,
NURBS, exact geometry and mesh refinement [J].
Computer Methods in Applied Mechanics and
Engineering. 2005, 194(39-41) :4135-4195.

Reali A. An isogeometric analysis approach for the
study of structural vibrations [ J]. Journal of
Earthquake Engineering, 2006, 10(Special Issue 1) :
1-30.

Bazilevs Y, Calo V M, ZHANG Y. Isogeometric
fluid-structure interaction analysis with applications

blood flow [ ] ].
Mechanics, 2006, 38(4-5):310-322.

to arterial Computational

Cottrell ] A, Reali A, Bazilevs Y. Isogeometric

analysis of structural vibrations [ ]J]. Computer



%6 M K OBE. e AENE TN % 877

Methods in Applied Mechanics and Engineering, Eigenvalue problem of waveguide [ J]. Chinese
2006, 195(41-43) :5257-5296. Journal of Theoretical and Applied Mechanics, 2012,

[15] Cottrell ] A, Hughes T J R, Reali A. Studies of 44(2):382-389. (in Chinese)
refinement and continuity in isogeometric structural [19] % B4k %.x #B,%. RFAMLEEANE LA
analysis [ J]. Computer Methods in Applied 7RI BLR A % #2012, 29(2) :113-119.
Mechanics and Engineering, 2007, 196 (41-44). ZHANG Yong, LIN Gao, LIU Jun, etal. The
4160-4183. isogeometric  analysis for eigen problem of

[16] ZHANG Yong, Bazilevs Y, Goswami S. Patient- waveguide [ ] ]. Chinese Journal of Applied
specific vascular NURBS modeling for isogeometric Mechanics, 2012, 29(2):113-119. (in Chinese)
analysis of blood flow [J]. Computer Methods in [(20] % F.Mh R, HXE.% ETENAoF &
Applied Mechanics and Engineering, 2007, 196 (31- kM EEA TR S AR AL WWHEHE, 2012,
32):2943-2959. 29(4):9-17.

[17] ZHANG Yong, LIN Gao, HU Zhi-qgiang. ZHANG Yong, LIN Gao, HU Zhi-qiang, et al.
Isogeometric analysis based on scaled boundary Eigenvalue analysis of waveguide with arbitrary
finite element method [J]. IOP Conference Series: cross-section by isogeometric analysis [J]. Chinese
Materials Science and Engineering, 2010, 10 (1): Journal of Computational Physics, 2012, 29(4):9-
012237. 17. (in Chinese)

(18] % F.# R.HAXE. WAL RFILE 2T & [21] Piegl L, Tiller W. The NURBS Book [ M]. Berlin:
TS AMEE AL A 224, 2012, 44(2). Springer-Verlag, 1997.

382-389. [22] Hughes T J R. The Finite Element Method, Linear
ZHANG Yong, LIN Gao., HU Zhi-qiang. Scaled Static and Dynamic Finite Element Analysis [ M ].
boundary isogeometric analysis and its application I: New York:Prentice Hall, 2000

Isogeometric analysis method for electrostatic field problems

ZHANG Yong, LIN Gao", LIU Jun, HU Zhi-giang

( Faculty of Infrastructure Engineering, Dalian University of Technology. Dalian 116024, China )

Abstract: In isogeometric analysis (IGA), a lately novel numerical technique, identical model is
shared for geometric design and numerical simulation, which avoids the redundant procedure of
remodeling simulation model in traditional methods and eliminates the geometric approximation errors
during the mesh discretization. IGA is expanded to electrostatic field problems. The variables are
constructed by the discretized control variables within the geometrically isoparametric concept. Using
weighted residual approach the governing equations are weakened to the algebraic equations for the
discretized control variables. For compulsory boundaries, they are given by the method of dividing
groups. Numerical example of electrostatic field problems in a rectangular domain is carried out, and
it is shown that the present method yields more excellent computational results, less amount of
DOFs, quicker convergence than traditional one. Then, the characteristic impedance of elliptical

stripline is calculated by the present method.

Key words: electrostatic field; isogeometric analysis; NURBS; elliptical stripline; characteristic

impedance



