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Fig. 1  An annular sector plate in the polar

coordinate system

TR A AR T AR % 5 B I <o F9 O R A
¥

fE&®N. £ W (1981, %, {4/ , E-mail: wangshan1981@163. com.



5 IO RAHEME ARV B 0B AR 323
2w FLo g 16 A F A BOT AR 4 a7 9 L S Y
5 w o HRCUR 4 A R UR A B, (o D AR BT B
k= |e | = LIl RO . ERIE S CE s
pdo  p Id¢ o
K A =— Ay
" 2 yw}

MG SCHR10 1173833 51 AR

E=1n p, 5, = pKys S, = PKys S = Py (2)
PIR

SP:LD[%JF(E%J_ VS (€D

Ho D = Er*/12C0 — ), Je AR A 25 iy W0 5 i
bor e ETH PRI EHEHMXLRN

M, =3d¢,/d0s M, = (¢$,+3d¢,/I$)/p

M, = 0¢,/d0+ 0 ¢./Ip— ¢.)/2p
TR o T T Al 25 i ] A8 R S A1) T 19 S 2 [ i
GENF

€Y

v= (¢, . s, sp)" (5)
SHOT N7 1) S8R PR T A T 3T ) S XA O R

J D(1—») 0

v Uao
9
- = 1 0 2D(l—w
wv_ | 0¢ )
I8 12 — _ 2
D Da¢ Jg
19 1 9 1
Ddg Dag Jg
(6)

JrR (6) nl FH 43 8 A8 RS A ik R JF koK
fite, B
v(&, @) = exp(p)w(p), Hy(g) = py(e) (7)
Horpr e S E A AEAE, H 2 0 %07 5
v = (3§, b 3 50TV BB R
BHE ¢ I REL
X — i ) AE Z ASAEAR 1) AT A 2F ASAE 2R AR
m i w(e) T .
$, = Acos [(1+ el + Bisin [+ wel +
Cicos [(1— we¢l+ Disin [(1 — wol;
$o = Avsin [(1 + ] + Bycos [(1+ w ¢l +
Cosin [(1 — @ @]+ Docos [(1 — ) ¢l
5, = Ascos [(1+ w o]+ Bysin [(1+ w el +
Cycos [(1 — wel+ Dysin [(1 — w¢l;
% = Assin [(1 4w @]+ Bicos [(1+ w el +
Cisin [(1 — w ¢l 4+ Dicos [(1 — @]
(8)

A, = /D1 — ) X Ay
C=—Q@+v—put+uy)/ G+ v+ p—w) XC;
C =—pB3— /DB + v+ p—w) X G
C,=—p(1—w/DB+v+pu—u) XC (Ya)

B, = By

By = /D1 — ) X By

B, = w/D(1— ) X Bys

D= @+ v—pt+tw)/B+v+tp—y) X Dy

Dy = p(3— /D3 A4 v+ p— y) X Dy

D, =— p(1— /DB + v+ p—w) X D, (9b)
i NN B VR R EIVA BV B S A R At

Wk AR TR S BT S SRR X B A

IR B JE AR, SCHRL10 -11 ] B 4848 T R 48 nY B 5%

X HLBE IR A B B TR AR A ) A ) i 5 AR A S )

YBCh VP 300 ] S s — L H R — B S
AR A IE AR AR Ry = 0, U] [ 8 ) 25

& VIEY) B8R il ) AL e Ah, N ) A

S PERY AT O R R — 1 <<Re(p—1) <O K

FEARMEAE o B F R XN A9 AAE % A B IR R

Re(p— 1) MR 141 5.

2 P LB S S A AR i

P L 31 [ S R R
I = sple 0 =0 (10
XF 2410 A 2 B4 AT LATIE BB N A7 A AR A
5 OE A W e Rl )R g S
ARLEO S T 0 T S B O AR A e R R R A
TEAE B AR S AT DA R K F 2 il Co = 0 X
PR AT B9 2H. MAE f (8) T AR YL A i C 4
FR 7 g W RS TR i L T B R D 2H A S 2 6] R AR
T fik.

Yo f# (8) HoRH A5 C 4l ARA I A
N HFEE Q0 b RS R BT AN
& DT LAAS ) L A SO B AR T Y 3 B AR
i {F 8 7 e

sin 2pa + psin 2a = 0 (11D
1717 A O (4 A A

S{xp | ¢=a — Sp | ¢=—a



324 Ax % # L kK % ¥ # %53 %

(D{(1—wA—wsin [(1 — walcos [(A+ wel+ B+ v—p+ ysin [(A+ walcos [(1 — w ¢l
D{— A —wA—wsin [(0— walsin [A+ wel — 3+ v+ p— w)sin [(1 + walsin [(1— wel}

v {1 —wsin [(A— walcos [(14 ]+ (3 — wsin [(14 walcos [(1— w¢l}
p(1— w{—sin [(1 — wa]sin L1+ @] +sin [(1+ walsin [(1— wel)
12
RS [R] T C6) 1) N mEREmmS) RRH BS5 D i, AW
v, = p'y, (13) HBE SR A0 LIRS H R BT
B R AT LAAS 20 P B [ SR s R AR TE B AR &
=—ﬂﬁl{;ﬁsin[(l—,u)a]cos|:(1+,u)g01— AR (R L
sin 2pa — psin 2a =0 (15
sin [ (1 4 ) «Jcos [(1*;1)50]} QED) I AH L ) AR i
D{A—wA—wcos [(A— walsin LA+ el + 3+ v—p+udcos [(1+ walsin [(A— well )
DA = = wcos [(1—waleos [+ wel+ (34 vt p—ywcos [+ waleos [(1—wel)
v p{—weos [(1— walsin [+ wel+ (3— weos [+ walsin [(A— wel}
w1 — w{cos [ (1 — walcos [(1+ o] —cos [(1+ walcos [(1 — wel}
(16)
BB R) R C6) A R 175 S AR T L X A AE B 3 o Sk, B R )
V. = 'V, (17 WA PR A 1k
i3
0
w, —pﬁl{ cos [A—walsin [+ wel+ 01
cos [(1+ alsin [(1— ¢ (18) -02
-0.3
SR T A 19 A O (1 1 K G 6 40 B y
Jei o D00 T AR 4 JR T B 25 0 34 [ S B R T B 05
3 el
90 105 120 135 150 165 180
v = Zav Jer]v] (19 a/(®)
EATBIANE R — 0. 0 L 5 2 W B SO MR A SR R
HE S VS O S, ARG 5A5) 1] Fig.2  Stress singularity orders of a plate with
AR th T L 1 SO A VTR Y both straight sides clamped

AAELE o 5 bR T X T AU BT V B9 1 ‘ ‘
W OE B VR D Aty S VLD LI S RS0 R S IR e

it P 0025 1 B 3 A O 7
2 25 7 P B T SRS il VI [a) AR — O
e R IS pl bl o 92246, AP il ¢P|¢:ﬂ = ‘f’,w|4>:u - Splqﬁfﬂ = See | p—
FHL, (D) 24 90° << o< 180° I, ¥ HA — A& (20)
Jiar R AR A B (D) Y o« > & S BT 0 S, T LLE B T ORAE R A

(aac1297) I, A — AN A7 SRR SO PRZE (3@ e (8) P b T 1 30 R 4, T L A5 5]
T X 3 R 0 S o 9 L R S



55 3 1] X

e R EAE by [\ B F ARV B0 ETR 325

J— Ascos [(14 wal + Bysin [(1+ wa] — m Coeos [(1— W al+ m Dysin [(1— ) a] =0

Aysin [(1+ wal]+ Bycos [(1+ wal+ Cysin [(1 — ) a]+ Dicos [(1 —pwal =0
[AQCOS [+ wal+ Bysin [(1+ wal+ myCocos [(1 — ) a]+ myDysin [(1— wal =0
— Aysin [ (14 wa] 4+ Bycos [(1 4 ) a] 4+ my Cosin [ (1 — g a] — my Decos [(1 — pa] =0

<

m = QB+ v—pt+u)/G+ vt p—w)
m =— =0+ w/G+vtpu—y) (22)
my = (11— —w/B+v+p— )
BRI 2D AR R LT 51
N7 2, W) LA B —E A iy o — B S
AT AR & BT 7R
B+ v —wsin® 2pa+ ¢ (1 — W’ sin® 2a—4 = 0
(23)
K i SO R B AR R AR A (21 Ba]
SR BT X I3 B ST R R B AL B, (G Dy HY
— AR F UM, T 5 X R A SR AR AR )
w(). BPJIRI R C6) 1 i hy
v = o'y(g) (24)
PR D ~ (3), 7T LA 5] 2 AAE ] 4 i
XoF L8 S R kA
w= o F(¢g) (25)
Hrp

F(p) = 1

d+wd—w
Bysin [(1+ e} —

{Ascos [ (1 Jr;t)q:] —

1
T — W{Cgcos [(1—/4)go]—
D,sin [ (1 — ]a)goj} (26)

[ RE  SRAT T BT A B9 3 A AE(E L2 3 ARAIE R 5
o] B R IR TT E B AT 4y it — HiL Al o —
L 1] S B AR A 3

Vv = 2 a;Vy (27)

j=—0c0o

LA HIER N R = 0, ] 8] 55 5 45y —
ELIA A WD — B S AR S VOB D) TR
R, DA A R A 2 (23) AXER L XTI
H VIR YT (a8, HoE AR o A5 BRHARS L v
PA B IR FF A o A K

F1HNH TR v= 0. 3 I}, XF R A [ 1
a W B N ) 85 SR AR SR AR 200 S A . 72 Y i
LT R AR AR 34 S A R WL ) 45 Sk
BIH IR

B 345 T v=0.3 0. —HiH A H.

@D

Ty — LI [ SR B L) A S IR Re (s — 1) Bifi
a B4, MEIHATE H (1D 2 o< & (0 =~ 48°)
F, WA W B RPEAETE (2 Mo < o< & (&~
137°) Wf . B ZF 4R N ) A 50 — X L4
SEARMAE) (3) M a> % B, BEMERG N S
A S CF I L4 52 AR TEAED .

k1 —HAEWd. 7 —HAEIZHRNFEK
AEME (v=0. 3)

Tab.1 Symplectic eigenvalues for a plate with one
straight side free and the other one clamped
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Fig.3  Stress singularity orders of a plate with one

straight side free and the other one clamped
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Symplectic eigensolutions for bending problems of a circular sector thin plate
and discussions on stress singularities of V-shaped notches

WANG Shan”
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Dalian 116024, China )

Abstract: By introducing bending moment functions and appropriate transformations, the bending
problem of a circular sector thin plate can be led into the symplectic space with two kinds of variables
and solved using the methods of mathematical physics of a scheme of separation of variables and
symplectic eigenexpansion. Firstly, based on the general solution for the bending problem of the
circular sector thin plate, plates with both straight sides clamped, and with one straight side free and
the other straight side clamped are discussed, and their symplectic eigensolutions are obtained.
Secondly, the stress singularities around the V-shaped notch in a thin plate are analyzed. The validity
of methodology of symplectic duality system is verified by the successful solution of bending problem

of a circular sector thin plate.

Key words: thin plate bending; V-shaped notch; symplectic space; symplectic eigensolution; stress

singularity



