%39 %% 124 BHod K FF R CEARRF R 2017412 A
Vol. 39 No. 12 Journal of Southwest University (Natural Science Edition) Dec. 2017

DOI: 10. 13718/j. cnki. xdzk. 2017. 12. 025

EnRUEFHEZEAN—FEERE

FEm, % 4

MR K h#F 5@ TR, N 2055 6T,
ERTRERESERMMAEHESLRE, "M 510632

WE: ¥R - 2BBERATONAEAEETHRA @G E G FEAFREEEFEA. § AT AN LR THRFEEE MG 5

H BB FTERERBELEENAF TR, BAALLEN AL TOARME, R FERR -JHME—AE Green S,
HAHRT FRAREMN. BHEM Green 2K E G FRAF MR RN RO LS ENE T RECARSITE, B

AR -FHREAARFELHARFTRREB RS T RGF T, KAL) RN, s kT —F A 2 38 5 .

% # W: R-%24; Green &8k Ry F42; S v FHAT; 4R

hESES: 0343.8 TR R A XEHS: 1673-9868(2017)12-0179 - 06

F PR A1 P R S BRG] (R AR — R X — S R i OB IR, IR L AR = A
JE o REIE TR A5 AT R AT e o X AR, ME USRI A AT A% L DA 0k LR P R fEL AR i

R —pR B AT LU s B s R R — D AR, R R BRI A — A S 2 X o, WEE%/\?iﬂﬁi%
HARERAE Voo AL RSEEL, HARXE N SRIFEE U SR N R4 7300 s 8 o, Bl 2 —Br LA J7
s W w, 2 2 —Br e e s 2.

i F Rvachev' ™ 4t ) R — R BRI 1 8 19 h 35 Hr 9 55 AU UE Green s 2 Y G T B
AT IR AT A1) 25 o] S M AT S P 2 R R, T AR BE A Green BRSO 15 H 3 A G F67 50 19 10 O 0
B DA R, ST T s SR AR ISR AR L e BRSE B JLAS R R RO R —
FEAFOE R RCE 2, SAMROTIEY Y A H . R - eRECHE Ty 7 A D (0 BB )y T, xR A B IX
3R 3] 73 B TT WM S /D, AR B T AR A X NMR 22 OB BE R, SRR, FORARAR R BE RO A5 2R . i R
T I D5k B4 TE A

1 EAER7TE
TEAHAE M, AT, S0 2 [ AU AT LR ;3 eR B o 3R
To s e _
Su s s 3 ay Su 5 E =20 (1

X S Sis A Sss NAPRHZREE REL, 0 R AT Rl SR BEHF M. 2 Si =S50 S =0 I, B4 il )
PEAT 0 59 4% ) A

O Wk HM. 2016 -11-27
HAeTH. EHEARPS¥ESFEILETH (11402099 5 M i RBHE #1155 H (201510010013).
TEH R A 221982 -, B, J I A, BBz, W4, FENFHTE T2 A Iy e



2 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

PR AT L 4 5 10 g 7 15 R ) eI 56 R

_Je __
To, —ay =T, (2)
U US|
¢ lr=0 (3)
ZHQDdxdy =M, )
5] A AR FR AR
;=I, ;=a11+a2y (5)

X

FIAB RS . H

XD fbH
— 2
Vip=——— (6)
L
A
g2 2
Iz’ Iy’
Bl AR S . W15 N REL R R A
Jo Jdo do
Ter — Aoy fﬁ,r;y—(¢+al¢j5 7
ay dx (7y
Sl ARFRAE S, AR N
¢ lr=0 (8
ZJ— — M,
apdrdy ==, (9

i e, = 2| gdedy Rl

2 BMoFRENES
¥k Laplace B T 1Y #E Green BB G(x, & WMXHR[2—5], H G(x, & TWREEMH

G(I, S) ‘55{79:0 (10)
TR B B C6) R E R AR (8) Ak B e, WA C*(Q) PREIZEI Green A, XA U,V €
ccaunmf
" " J J
J (VVZU*UVZV)deﬂZJ (V—U*Ujfv)dfl“ (1D
Q r @

dn n
Fil @ A Green BAL G 4r BIERE (1D PG UL V. ﬁii%%@k%m R Laplace 8 T 19 542 . I T2t

(6), K8 FAAD Al



% 12 4 EEM, F. S@ AT R A6 — A Ak 3

;(1)==47537JHG(1 ,E)dEQA%JQ;(E)K(zg £)d.Q (12)

B K (o, &) KRR 2 — 5] ik, B R & SR B SCik[2 — 5] AL 3 7 ik, ARIERU B
K(x, &) WM%EEME.

3 HNASEHKE
%2k (12) KM

P G (2 » IK (r .
4223:——3J499—9¢Q+J & B g (13)
dx Siida dx dx
EPS ) , IK (x,
L) 2] A D04 [ g T D (1)
dy Suda dy dy

B 13) ) AR AR FFRE R A BT R )4
B S OT B (12) TR AR H R @ (2 s RAR () TSRS HEERIE. XA R (13) A=
(14) T8, FEAAR (D) ATRSFFREAR T b 0 85 5 74> 5.

4 HEED

Bl 1 — MUK £ IS8 4% 1 SR TR AR TP 1 R K5 90 2a i1 20 . LA X BV 1 43
S0 5 1 000 T BT AT SE BT IR G\ Goos FF 3L . 59— S — 5% = B0 DR M, RO 2
B, o

1 1
Sy =" Sss =
Y Gy G

S15 =0

A=t = F“ /Qsa— HIEERIEE N ¢, — 16G b’ Lo 31 A FRASHS . A9 R A ] 2.

y
(-b, a) (b, a) (-b, a,a) (b, a,a)
0 x 0 x
(-b, -a) (b, -a) (-b, -a,a) (b, -a,a)
1 EREE 2 ARTHREEREE

G R —pRZHE ", AT LI

w, =w, +w;, —Jol + o}
A,

W :7(1) —x° )

2b
1

w, = (a§a2*§2)20
2a.a

W w, =0 25 B LA — N EA TR, ) =0, w, =0 43l F /R 56 I8 BOE 19 %5 30, AT 9 R T )
IR 0 = 1. 00 B RYHLECWIEE R A X poless Bls) T3 1w, JFH 21 X 21 JEE AR RS A TR 6 (HRY
HLEG R R & X BT 38 2 b IR 5 3CHR012 ] 19 = R0 1 25 R 04T 1 % Ee.



4 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

z1 =100 HENERE X

ARSIk X W& e,/ %
AR ST 5X5 0.143 318 1. 644
7X 7 0.142 560 1. 106
9% 9 0.142 117 0.792
11 % 11 0.141 801 0.568
13X 13 0.141 572 0. 406
15X 15 0.141 399 0. 283
17 X 17 0.141 266 0.189
19 X 19 0.141 161 0.114
21 % 21 0.141 077 0.055

SCHkL12] 0. 141 000 -
2 EREETFHERERH Y

8 ARSIk Sk 12] B¥e /%
1.00 0.141 077 0.141 0. 055
1.25 0.172 357 0.172 0. 208
1. 50 0.196 512 0.196 0.261
1.75 0.215 151 0.214 0.538
2. 00 0.229 733 0. 229 0. 320
2.50 0.250 842 0. 249 0. 740
3. 00 0. 265 397 0. 263 0.911
4. 00 0. 284 706 0. 281 1.319
5.00 0.297 877 0. 291 2.363

B2 BN L0 IR B @ — 2.0, b= 2.5, S — L SPBI e A 16

1.2,0.8,0. 45 WA 3 PR, EWUIREEN Gy oGy s AT — 3w &, 55— s fFE H— 58 = ey Jy 58 M, CBis 2
TN,

y y
b a,b
d azd
< |1 I < ! I
I 1 ¢ a | 1 ¢ a -
-a t T X -a T T x
| 0 1 | 0 |
1 I | |
J -a,d
b -a,b
B3 +F®EE B4 LETHRETFEER

HEeSBOEmFRF 1, 51 bR 5 A 4.
AR R —pRECHEIS Y, 1T IR
wo = (w1 Now:) Nolws Vow,)
Kb,



% 12 4 EEM, F. S@ AT R A6 — A Ak 5
wl=(a2*;2)/2a =0 w2=(a§b2*52)/2a2b>()
ws = (> —12)/2¢ =0 w, = (aid? — vy?)/2a,d =0

PRI 5 —0 L TR AT R S B /{2(]‘;)} AR 5. % c —0. 8, JF15 ANSYS £ HIEH: 0

BEERIAT T B (R 6). B 1 —2 1) B., &5 EbEE, AT %1 R —pREFRIE R H T3 80E /0 T ANSYS A FRJT

% IR R RN TR Z, B, WEGR LT, X IE AR S5 A P

- ¢c=1.6 ;é B » EXTTE 12 .
- ¢=1.2 r . — | z
- =08 24 } EBETL—./Z_E 10
04 20 ¢ 81
16 | 6F i
12t I
4l 4
4t 2r A
L L Fat T I X L . N N ‘r) N " L DX
20 49 05 10 15 20 20 <15 -0 05250 05 10 15 20
e |
12 4r
-16 | 6t
=20 8t
24 F
28t ) -10F
32 L -12¢

Bs5 cBAEERNy =0Lp, HBL

5 & i

ASCHE R -PRECRIE FI T 23 A B AT AR T IR AR A 2% ) e R B L e )

Be6 WMAERy=0Lp, HHE

SRR NG RZE BN

L12] B =M% S ANSYS A FRICIE 45 R AT 1 UEIIA SO R IE B Y. R —pR &S 7 vk e —
Fob A fige pRe KA (EL I BB PR AR AT 04 R B, A Fp it — 25 R0 A S s B U N . R — R BSOS A i ik S 2 L3
DI TARAT 28, T2 5 A8 o3 e A BB R A DR AT S A0 AR BB R L R (AR U

S E k-

(1]
(2]

[3]
[4]

[5]
[6]
(7]
(8]

(9]

(10]

[11]

[12]
[13]

RVACHEV V L. Theory of R-Function and Some of Its Application [M]. Kiev: Nauk Dumka, 1982: 415—421.
oW, ZEEM, XA, Pasternak i b 8] SCH R 2l 18] B AY HE RS AR R EOT s )0 T3 A5 2% 5 2007, 28(7) .
757—1762.

ZEEHM, M. IR W ERSE B B IR S R HE Green PRATT YL [T, B EZE M J12%, 2010, 31(5): 602—608.
LIS Q, YUAN H. Green Quasifunction Method for Free Vibration of Simply-Supported Trapezoidal Shallow Spherical
Shell on Winkler Foundation [J]. Acta Mechanica Solida Sinica, 2010, 23(4): 370—376.

AR, W, BERGAE. (AT SRR I e R T )RR AR MR RO R (D). B 224, 2011, 28(2) . 270—273.
LU, A BT R A R T A LR R RE BORS T BE (0. R RBE LORFA R CERBERD L 2015, 29(10) ¢ 34—38.
SRR, FE O BE. M AT A R R B KL RE R SE ) [T, PSR TR AE2E M (A ARRLA R . 2016, 30(9): 49—54.
AT, = M. Winkler M3 I [# 2 AR A IR 30 ) 8AHE Green BB % [J]. B B4 M S 2%, 2011, 32(3):
253—262.

LI S Q. YUAN H. Green Quasifunction Method for Free Vibration of Clamped Thin Plates [J]. Acta Mechanica Solida
Sinica, 2012, 25(1). 37—45.

4= Y. B B, KB, 5. £ T ANSYS Workbench M 3BE AL BERE 25 1A BROT /4T [1]. VU KAk (A KRB
R, 2015, 37(12): 162—167.

&%, M b TR M OB B A R i Rt Bt (U], PR R M CEARBERD . 2016, 38(8): 182—185.
THGE, 22ER. S mEF e R (ML B s K AE W A, 1994,

ORTNER V N. Regularisierte Faltung Von Distributionen. Teil 2: Eine Tabelle Von Fundamen-Tallocunngen []].
ZAMP, 1980, 31(1): 155—173.



6 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

[14] BRESLAVSKY I D, AVRAMOV K V. Nonlinear Modes of Cylindrical Panels with Complex Boundaries: R-Function
Method [J]. Meccanica, 2011, 46(4): 817—832.

[15] AWREJCEWICZ J, KURPA L, OSETROV A. Investigation of the Stress-Strain State of the Laminated Shallow Shells
by R-Functions Method Combined with Spline-Approximation [J]. ZAMM, 2011, 91(6): 458—467.

[16] PILGUN G, AMABILI M. Non-Linear Vibrations of Shallow Circular Cylindrical Panels with Complex Geometry:
Meshless Discretization with the R-Functions Method [J]. International Journal of Non-Linear Mechanics, 2012, 47(3):
137—152.

A Numerical Method for the Torsion Problem of Anisotropic Bar

LI Shan-qing. YUAN Hong

MOE Key Laboratory of Disaster Forecast and Control in Engineering » Institute of Applied Mechanics s

School of Mechanics and Construction Engineering s Jinan University , Guangzhou 510632 , China

Abstract: In this paper, the R-function theory is applied to solve the torsion problem of anisotropic bar
with arbitrary shape cross section. Firstly, the stress function equation of the problem is transformed into
the Laplace operator equation through coordinate transformation. Then, the fundamental solution of the
Laplace operator, the boundary equation and the R-function are used to construct the quasi-Green’s func-
tion, which satisfies the homogeneous boundary condition of the problem. Finally, the Laplace operator
differential equation of the problem is reduced to the Fredholm integral equation of the second kind by
Green’s formula. The singularity of the kernel of the integral equation is overcome by choosing a suitable
form of the normalized boundary equation by the R-function. Numerical examples show that this method is
an effective numerical method.
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