RSN, 59 BBI04(19884£107) MRgEMhyREES
Applied Mathematics and Mechanics R H KR H

%
"

DRTE PSR H R LT RE

ANBE  HEH

(L¥#gzeks, 1987T4E9 B 7 HIKEFD

W =
HARTHES, FRRSWOERR~MOASIAZEMNME., ARET —MERTRSE
WA EROFOCE FE, CREAMERTRESNERE, EZRAEARS, BRAET
AT TP ER SRR, TFESIFIRE, AXFREOSERARN. HE.

— 5 =7

BRTEFOFRRSFELEB THRTENOZNA, Hit, S5 SRS0%ERL
, RRAGRTERBH—AR I AEEGEE.

R, MTOERPEATIB0ENRT I, Cruse'!?, Jeng'®), Webster®), Oken'*! % A g%k
FHAESAKET, KETARRSORITEER, B2, EHKMET, SRSMAR
iR (AEJUMERNAMYEER) . ik, AMIFBRERATSERBN, ATIRAL
MINTHE TR, FENF/LAERMYEERNES 2008, #H8E8T, RUKS
R

FREH BT, PMUAER/AMERGR 2, THBESHERE, TFeEERENR, &
EFEHLOREAF RS WL BH TER BT ED RTHE PRGN . Lechat®
BN ERTRAESABBLTROFE, SEERETAEDRTEROERRITEE, 8
BT ENBBETES— SN RET R, WS TR ERGE 2, UBHRLTERE.
B, FZARERLER, #BRSHEEFNERENSAHBKR L3#1T, BERERS
KI5 0N, #—5 M E LR E %, Brebbia”l % ARE T —MHEHBINE
FORS AR, HiTFRFF AL RS B R,

AR T —HNFERSERELBOF T, BdEeTREORLIFEER, e
BREMBF IR OT RN, FFRHRSTREARS, TH—RORERS LR,
HARENBBATOBREFOESR, RERTRESLTTHROBE. NTESTEL
RAEHAEHAT AR MR & TEERAE, KEEF0Er. ATRHOTEN
M, OEM, SEHEHEEN LS. ESAERE, AXERNTEEERN.

‘mEERE.
899



O Mo B B & K

B RITTEREA LK

ATEFHRE, RSN LG RIE P,
NFZREREB, wE 1R, RESRECe, WA FHHEG R I5RRE,

G F) ~P) PER
[[ow 5o — 020 G, ]dre=( 2.1
@ @ —CHPw per
Hp ik (Green) B ¥ A,
_ 1 1 ‘
G(,; q)=— 4 R(,,q) (2.2)
i} R(r.4)=[(xp—x0)z+(yy_yﬂ)z'f‘(zp—zG)z]x 2.3)

AGR P FERIAIEE o AART LSRR 1o BgRENIERER, Bo=
(ng, ny, n;). » '

NARD, FRESTHEHITER, FI8E QDR
MRS E R TR,

NOD NOD

2 H(E‘Pk—ZG{t( )k i=1, 2,-.--,NOD

2 (q) (B R)
i&iléiq(xq.uq.ze)

(2.4) ,
Hr ‘ M HE e
M 8
Hu=2 Z 5krﬁ§;>+015u
a=1 j=1
r=NENN(j, e) (2.5)
¥ s
Gu=2 Z 5::'@8)
e=1 j§=1
ﬁ A
j=1, 2,, S . (2.6)
G(;) j G, olN A, i=1, 2,-+, NOD

EE, PEENAH G B, NODAFEEE, MBIBRTER. T WE e MATHRIR, SHET
e LT BN, NoRBTl LHsE j MEEES; NENNG, o) IR THRBRESH
HEREFME. 0eF16:, I HT P AT (Kronecker)d,

HE.2ORKMQ.ORTEH, MF5HEp (LD HFEef Bx LM, TIXHRNE
REZGEATRE, C.ORNE—FTRSHL/ROFRE, E-RRSEL/RHFRE. X
aﬁﬁﬁﬂﬁ%Tﬂkmmﬁ,ﬂﬁﬁﬁﬂAMﬁﬂ,E%%%ﬂﬂﬁnﬁ&%&& ‘

P45 5 \\%’*mﬂﬁﬁﬁﬂ"&tﬁ

NETRAEST, LE 2, REEERA,



| BRTHHERE TR RATERE

Ny=5 A+EHA+nm =1, 2, 3, (S=0)

By, 1) RE I HRNRHLRE.

901

3.1

RIOVEHF A ERPET LR TN, &ii=2. FlonkinFBa i &L, HiEk

ShMk, WA 3, .
E=&i, +Ecosf—Tsinf, n=ni, +&sinf+7cosp

z

4 n
3 n=1

e 4 3

1L é r:
2 E==—1] " ¢ £=1
y ° ¢
/a 1 2 7

x n=-1

A2 MY RETRATR

Hrp B=(i,~1)(x/2)

B3 HATHAMLIRER

(3.2)
E
3
‘\8
£
)
[+
2(i;)
(3.3

=2 (K1, 8, ) HTRRERPATPHFRS, G, 1) AFRRE B HLIRE.

A SRR, ol fhiksh, #M&E—MRBIRE, BHE 3.
m, & =pcosf, 7j=psinf
H(3.2)f 3. HRAE.

§=&i, + pcos(B+0), n=ni, +psin(B+0)
BB HIXRAG.DHRE,

Ny= ‘11 (1+4+&i &5+ pEscos(B+0) 11 +ni ns+pnsin(f+60)]

EB:Fi;,'\’—i, J:ﬁ&?[ﬁ]—"/l\iﬁ_tp ﬁ
Einbi=—1 HE/R niyni=-—1 Wi, i

fuds=1 7 miy 0y =1 Wi, =it
WA (3. 6) R B AR,
PN ;0,0 EFE N
Nj ={ ' ‘
1+pr1 (P,H Wi=i i
Hrp
Nio,0= i [2ai, + 2bi, + pai, bi, ]
1 a;[1+ni, ns+ pby] Eiy £y=—1R¢
Nj(P,o)=
‘1471[1+£.', &5+ pa;] ni, ny= — 1K
i} o;=£,cos(B+0), by=nsin(8+0)  j=1, 2,, S

(3.4)

(3.5)

(3.6)

3.7
(3.8

(3.9

(3.10a)

(3.10b)

(3.11)

BT R R ApE A LRSS S, LR DRPHETN, BAK.



902 ) xomoom B &R

- S 1]
(%p—2q) = (i, —%xg) =2xi, — »_, Njyx;=Q1~Ni Yxi, — T N ;x; (3.12)

-l
3 i

FBEFHG.OR, 75

(X, ~x)=pX(p,9 (3.13)
[7 22 .
Wr—y) =iy —ya)=pPY r,5), (2p—20) =(2iy —20) =PL(r,p (3.14)
Hip,
4 8
B X(P;9)=_ZINI(P,9)xj
P
S
Yi,p=-— ZlNJ(Fm)y! (3.15)
e

S
Z(p,0)=— ZN!(P:G)ZI

\ =1

TiN 5o, 0 B (3. 200 R 4B
H(3.9)~(3. 15)-ﬁu P, GRHIJLMEX, BRATEH, #p—wﬂ’r, X, Y, ZFrH#
HE; BYp->08t, HGB.1DMGB.1DOR, g=(%¢, Yo, 20)>p, BR,, =0
HGUIDNTMGIDRRAC.IR, 7.
Riy,e=pRs,0 : (3.16)
Hrh R(P,y)z[Xz(F,g)+Y2(P,9\,+Zz(ﬂ,a)]% (3.17)
XFEQR.ORPE RSN (W8T, THEH ., LE2) .

(e) 1 1

1
= 41” F:(R;ﬁN’J’”’”)dpdG (3.18)

EEP: NIEE(3.9)*H(310)EQ%IEH; J(§,ﬂ)%iﬁreaq]a(:()bia{ﬁm’pnls ﬁﬁ-’up,,)fvﬁ@j)
RN ¢, nEHER. BR, CRROREABHFEMFRENERRS.
FE, (2.6)RXPHE—-TFRLA.
X +Y X .
41‘11‘{ o P, l{(:’pa:"lg'l'z(lo.a" Nio,0d 10, 9dpd0 M jaq B
H(e) (3.193)

1",[ 772((”0)"=+Y(P 9‘”,+Z(P,g)"z [1+pNi1(P,a)]Jl(P,o>de0 Wj=i Rk
3.4 : PR, 0

(3.19b)
BR, G.19)RBE—NMEHEMEHFHENOERRS.

Yj=iBf, fE(3.190)RH, BHREMEL/ oHF R, 1H1§1ﬁﬂ’lfﬁﬁlﬁﬂsf7émﬁk,
At FIAESLEZR, fiEMe=constit, 3¢/an~0(F_t)B‘J%‘#E&*tﬂﬂu-zﬁ,
H(2. KRR,



AR TSR AR BRI s

NOD
Hy=-—3 Hg; i=1, 2,--, NOD 3.20)

k=1
| L1

Hrh Hu<k#i)ﬁa(z.'s)ft, (2.6)RF(3.19a) R ITHE. BB (2.4), (2.5)Ff1(3. 2007 F

Heth Z2(3.20) R —HFZET.
EH, C.OMMWERES Guf Hi WERERSIHTEHEEEMET RN, TH—ROEHR

(Gauss) BEHSARBITERNLE.
MNF RN, ZAHRARERKG.5RT, LHEELEEHRE, I BTESRIA =
ARFREUFHETG. 1) G 1RO FSHE, BRE4. FF I *REA.

0<P< s 0O 3.21)

HF RSB TRMITE. Mo a8, XFHXKENS 55 5 M8 L0 E Tk,
o, ERA=ZABEST, LRITETEKL, U8, N, nfNse,q, BloyKRE
EHEY N BR. RTHEE, AXFEREETIE.

M, BMESBETHTRFSLE

XTI\ RBT(E5a), HRBFREHRR(B.5)RKIL,

T Tt F1—1 . |
B—k(z)' k_Int( 12 ) 'l_ls (2. s 8) (4.1)
g, It )ERRBRRER. HEERNH,
FUHEDAtnm (—1+EE+nm  j=1, 3, 5, 7
Ny= 1.2)
%—(1+nm+£j£)(1—§¥n2—n?£z) i=2, 4, 6, 8(5=8)
= 7 i)
I L 7 6 5
= 8 [ 4 & I .
o= o I
— I I B i £(&)
° _ 1 oz 3 1 iz 3
= B a) /\FH BT b) FLE BT
B4 FHREHYS E5 RETHRMREYS

FIF (3.5)R, FEALSBSHG. DR, TTHNENe,05.
1*{[6+P(20.', +2bi, +paiy biy ) 1(ai, +biy) +paiy by} §i=7=1,3,5,7

Nil(’r0)=
%{(a.-. +biy ) —p(a?, +b3 ) [2+p(ai +bi) 1} i1=i=2,4,6,8

(4.3



904 X1’ . 'l% £ A

{

}1"11[1+7)i1 n;+pb 1l —24+p(a;+b;) +niyny] & &y=—1 j=1,3,5,7
Niyoo= 'ibj[1+§il§,-+pa,-][—2+p(aj+b,)+§n &1 miyny=-—1 (4.4a)
1’[1+§i1 Es+pa;1[1+ni n;+0b;](a;4+b;) —1+4&; E54+ni, ;=0

FO1—pHdi+eD ey rby)  j=itd §=2,4,6,8

Nyo,p= . | . (4.4b)
- [283bi, +2ntai, +pct +pdd 1{14ni, 15+ 8i &5+ p(as+by) ]
j¥i 14, j¥i

il c;=n5c0s(B+0), d,:=§,sin(ﬁ+0) i=1,2,---,8 (4.5)
5 SBRTNAERE, TRHG.15)~(3.200. FrkGith 5SmSR ER.

MRS IRER5, HihMmAaL, 3, 5, 7h, S EBRATHRRRLS TLMEA,
RG.2DHDR. %, ﬁﬂqﬁﬁ'ﬁZ 4, 6, 85‘1‘, FRT HREANZABTFRR (B5a) , 3
[*RIA.

1

0<p< 1y 5 0<B<arc tg(2) \ (4.6)

HE T KSR v 15 5 SO, \
MHFAT RS (E5b) , RFAFERARN, FRHESNOLBEMATKBNUS, 5
N RBTREM, e =98, BERSERMNSREISZABFRR, [*REN.

1
0SP< oo s — 5 <O | “.n

HEXRBAGELRE. TRENOEE B N, BT 5\ TRRATHCB TS, XBER
¥R,

T PAWRAEZRU LR B A RASET LR E., FTFEZABERET, LR
it Az,

LB ESRE W ®

B TRBRAF R L KRR AB G ENE RN, FEHE TR REYENEER
7 S R

1. ERREEHTEEREHORE \ :

$ﬁ¥&ﬁ¢,U%ﬁﬁﬁﬁxﬁﬁﬁﬁﬁﬁLwﬁ,ﬁﬁmmA B6, HHLERE
#1.

Hess-Smith!"' 23434 MW 3 B A A FIBIOOM . Kalef (UMt T M=
BEMHESR. EHEIPNE 3 FHARINET &, TUEH, RABHATES
i, EAAERGERRTE. HE, NE7HTEH, RALTSETHA\TEALTE
EENBE. FEENE, RAN AVEAOTIATIH I RANY SORMET, HEER
BHES. A, % 1/8 RE LA AN, MFAMAT SATHHER E SR N



RS

0.27

0.24
0.23

0.20
Be 1/8EBERE LB THS
13.0%%0.4%, HEEEAHE=1THES.

- Q. 26¢
0. 25}

0. 22¢
0.21p

PR R R 905
W (AUJI’HJJuIﬁ )
paEE)
7r/12 P
0l T =
ya" — W
,;//‘ --- EMERHCL Gn
: » R

o JLYiLiMT

L mCU/8ERTT LAY g
0710 20730 40 50 60 70 80

BT mEpETATEESEREMLLR
XA 5 leng® R ZR=ABTHEIE=ER

B GrRESEARNEERES HEHNEER—BY.

2. EERRBHREELZENOMRE

FEEREAGIER P RO s e Rl 4 A8, 7%/
75 [ B B B ., @y, oM.

MXBELERBEY, BRNR

RATHEDOATHTA, REXE
TRAROME, RRRKRGH
HEH BB R TRA R AR
ERBIYH. "
I.
0.8
0.

0.0

E8 1/BHREEEARTNS

o d

9 FIR 2 A T%ﬁkuiﬂﬁﬁ’/‘%wﬁ ™

2, 29
£ =0, 39887.v A
| /éfmz.s:m:
i
@y=0. 12683y
/"/d/.
o B
o~ o — R
ry o RS IFATAN
O Xy
L*’rfﬂ) , 4
0102030405080 70800 1. 0

M9 #mtEx. v, Zﬁl‘jﬂﬂlﬁ‘f%iﬁiﬁﬁ

#®1 S RREEESNITHERLR
B oo ,
6 ) WEARTIEE | ATARTUHEE | ATKRTIHAE
¢p,=*2*-cos9
0.0 0.5 0.46492 0.49278 0. 49876
22.5 0.46194 0.43018 0.45445 0.46106
45.0 0.35355 0.32959 0.34784 0.35201
19.211 0.326648 0.30747 0.32500 0.32638
53.7356 0.288675 0.27280 0.28682 0.28813
87.5 i 0.19134 | 0.17770 0.18839 | 0.1%088
90.0 ; 0.0 | 0.0 0.0 | 0.0
32.7647 | 0.42045 | 0.39388 0.41964

e 0 BRI ARG N RES




%2 BHEAKNRE

RRR | mER Ao
M, i 13.3663 ‘ 13.014
M, | 4.250 | 4.254
M, | 50.9895 | 50.357

. M., M, MARIASR{Ex, y, 25 B RHINGR &

ZAYSE - B S

1. fERRTCEA, RAEY AT B S FORAER, R bR AT 5
TR B4 M HHE M R R R, BT AT R LA R BB, ZEARR T
HARBOBAET, SHEBEkmEesfg. TE, AW ARRAN, KREATHRER
BHENRTHOMHLHBE, ERSKERSRASEEOER. AR TR ERA
IHRETHER, HFEGROAM, SRETORERERST.

2, Kiﬁ&mﬁﬁﬁﬂmﬁW%ﬂf%,ﬁ%%ix&ﬂﬁn%¢%ﬁéﬁm§ﬁT
EAFHOH A

3. BRAKIWISRUBES AL, BERATRENREFEREGRTRRSH
A RN A RS A T, WY, R RSEE. ' '

3 £ X W '

[1] Cruse, T, A,, An improved boundary-integral equation method for three-dimen-
sional elastic stress analysis, Computer and Structures, 4 (1974), 741—754,

[2] Jeng, G, and A, Wexler, Isoparametric, finite element, variational solution of
integral equations for three-dimensional fields, Int, J, Num  Meth Eng , 11 (1977),
14556—1471,

[3] Webster, W _ C,, The flow about arbitrary, three-dimensional smooth bodies, J,
of Skip Research, 19, 4 (1975), 206—218,

[4] Oken, E, E,, The potential integral for a linear distribution over a triangular
domain, Int, J Num_ -Meth K Eng,, 18 (1982), 1821—1828,

[5] Lachat, J, C, and J, O, Waston, Effective numerical treatment of boundary inte-
gral equations: a formulation for three-dimensional elastostaticls, Int, J Num, Meth,
Eng., 10 (1976), 999—1005,

(6] MERE., BB ZEME IR IFTEFNTEEE, < -BIRMNB R TS U X $,
(1985, 12), 149—155,

{7] Telles, ], C.F ,L, C, erbe‘d and C, A, Brebbia, Boundary Element Technology
Theory and Application in Engineering, Springer-Verlag (1984), 448—454, '

[8] Brebbia, C, A, and S, Walker, Boundary Element Techniques in Engineering, But-
terworth Lth, (1080), A, KBEE, CARTEN TREM>, RENKHIKE (1986),

[9] Bath, K, I, and E,Z L, Wilson, Numerical Methods in Finite Element Anolysis,
Prentice-Hall, Inc, (1976), 120--123,

[t0] Smith, A, M, O, and J, Hess, Calculation of non-lifting potential flow about
three-dimensjonal bodies, Douglas Aircraft Company, Report E, S, 40622 (1982),



R TR R R AR B N so1

[11] Kaleff, P., A hydroelastic approach to ship vibration problems, J of Ship Re-
search, 27, 2 (1983), 103—112,

Polar Coordinate Transformation Approach for Treatment

of Singular Integrals in Boundary Element Methods
Liu Yong-hui Lu Xin-sen

(Shanghai Jiaotong University, Shanghai)

Abstract

In boundary element methods the treatment of singular integrals as onme of the
main numerical problems has been noticed seriously, In this paper, by using polar
coordinate transformation for elements a new approach is proposed to remove the singu-
larities in the integrals explicitly., The formulations for treatment of the singularities
in quadrilateral boundary elements with four nodes, eight nodes and nine nodes are
derived and it can be extended easily to other higher order boundary .elements. Nu-
merical examples are given, The results show the present approach is effective and

efficient,



