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Analysis on Stress Singularity of Plane Joints With the
Differential Quadrature Method
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Abstract: A novel differential quadrature method (DQM) for analysis of the stress singularity index was proposed. Firstly,
the radial asymptotic expansion scheme of the displacement field at the connection point of the plane joint was substituted
into the governing equation of plane elasticity, and the eigenvalue problem of ordinary differential equations (ODEs) about
the stress singularity index was obtained. Then, based on the DQM theory, the eigenvalue problem of ordinary differential
equations was transformed into the eigenvalue problem of standard generalized algebraic equations. The stress singularity
index at the connection point of the bi-material plane joint was calculated at one time, and the corresponding displacement
and stress characteristic functions at the connection point were obtained at the same time. The numerical results show that,

the DQM is correct in calculation of the stress singularity index at the connection point of the plane joint.
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Fig. 1 The 2-phase isotropic multi-material junction model
H T TR, I AH—fbAE e, 0<e< 1. ZEIX[A][6;, 6,17, A —fbAR e Ny
E=(0-01)/621, 001 =6,-0.
TE X [E][62, 6317, IH—L A e
E=(0-602)/05, 03 = 03— 0,.
F20(2) . (5) A1 [ R ) - R (4) v, 15
L+4M+ ;N =0,

Horp, JERES )L, MAINRESY (€), a0 (&) SR 1y 5 2 B S B & (m=1,2), B

— _“;k _ 2 Y 10 dd) 4, ,
— it
05, d¢ 61 dé 02 1=y d& 1 — (D 'k — ﬂillc)
cald o dal ) D v
1 Ok urk 1 1 + V( ) du 1) ~(1) 1 _ V(l)
———— - +(1 -y — 'V
6, d& Oy d& 6 2 d§ ok 7 ok
L= 2:0) o | M= _) SN= 5 .
1 d urk 2 duek 1 1+V(2) duak 4 (2) 5 ~(i)
@2, 4 6y dé 02 1O de T 1_y@ ' i sz;
-2 e ~(2) Vo
9%2 d§2 932 df 032 2 dé:
B 1Pk E FRRLIL R L (AT o2, T B4 mT 3 m

ol (r,6) = ') (r,61) =0,

4

(5a)

(5b)

6)

(7a)



5 4 BATAR, A BN SRABRE T ISk I T A R 385

)(r 6;) = 0_(2) (r,0) = (7h)
P 1k S, RS SR | T T ARAE, WSE A 2l h R 3.
u (r,6,) = u® (r,6,), (8a)
u (1,6,) = u (1,65), (8h)
(U(r 6,) = 0_(2) (r,0,), (8¢c)
') (n6) =03 (16). (8d)

M, T Sk N AT PES B M AR BT SRR AE I AR (7) FIAE B4 (8) T, ODEs(6) 4FAE{E [A]
B, X B, 38 ] DQM 805 1 22 3k 45 44 0 ) A PEFE B TR 1S a4 Sk 19 S BT TR X [R] 0, <9<<6, il
0, <O<6; I B R IT OEUE N, BHOT SUBEE IN + 1, BIE(0<j<N), Hfé =0, &y = 1 BTHCT S0 0
T 2R ALK 5 A=, R

gjzé, j=0,1,2,---,N. )

DQM I BEA SEARZ : KV — AL DL RS RRAE e 8 (), iy (&) (0=<e<<1) B r B SAFE HOR A T 78
BT AR U, FR T BT A (E RS ihﬂﬂ%ﬂ. Ell

8rﬁf‘z1)(§) o (r) (m)
o¢" z:(; ij Urk (&), (10a)
o'l (m)(tf) N
)~ (m)
s = LA (10b)

A, AQ S r By SEONBCREEE, i) = 01,2, Ny 7= 1,2 N = L IBCRECEFEA 1T 2 A
FEAE, i b, A7

(r=1)
AD =p[ATVAY - L j=0,1,2,- N, r=23,- ,N-1; (1D
! TG ¢
Hi= jit, A
N
AP == S AD. =012 N r= L2 N (12)
j=0,i%]
— B R IR R B R 1 Fe kT
RV&)
(1) Si ..
VAN Y l, =0,192"“,N7 (13)
v G-epRE)
X, ROy
N
RY¢ =[] &-¢). (14)
j=0,j#k

F3(10) 1328 B9 DQM LR T ODEs(6), MM 2 5 T 1323k 1 2 P B A FRIE (R A — 204K
TR N

L&+ M6+ N6 =0, (15)
2, 60 KT IR — AL AR SR B Ml ORI AR E R I, Bis = &) &) @ & )T HFERRL,
MFINSY 5K

az(i(;l 0 )M(M 0 )N(N 0 ) (16)

o



386 O % ¥ M % 2022 4F 45 43 3

AL 402 a2 L 02 4 11 )
. V2 ey |, e, Tien | o 1=y oy 1=y i
b= m 2 1 fo = m 2 @ 1 M= 1 1+v®
+v
Aij 0— AU QT A’J 0— AU HT - fjl) l_y(l)
21 21 32 32 6 2
4 1 1+V(2) 1) 2 2
N 11—y 0y 1 —y @ il N 1—yD N 1—y®
My = o) 2 s N = a | N2= @
1 1 +v ) 2 1 -V 1 -V
— A 1-v® 0 0
63 2 Y 2 2

e, BB R (7) TS 4544 (8) Hh & T Eeo Fivm i) i R A B 2 (15) M B L, MOFMN TR AR
BB AT FRAT. R DL 2R, 254 ] FORTRAN 1B S 9’5 1 ¥ DQMEI [T DQM 8B ik i /1
BFEAR B SR P (T RS RRAE R A" ()RS F1REAE @%ﬁz&ﬁﬁ)w).

2 A KR

21 Efi1: FEELEE 1

2 RV SR AR 1, @ = 180°& — A, B AR Y. 25 FEO- i1 AR 1% 0, I ELAB & W 0 44 Y
Poisson v =v@ = 0.2; B HEATC B BIHIN=4, 6, 8, 10, 12, B s 0 A5 T 2R FH A5 K 2 4] AR AR K
iz Ffl DQM K ff# ODEs(6) . 1 52514 (7) FIsg F 414 (8), 3RAS W AH A b2 3k 4 422 5 AR 107 7 2 PR SR Bt A L )
PSR HUEy = EQ/EO LA BASAL AT, W 1 ~ 3 Fim. AFE 1 ~ 3 n 1, 76 B HUA T MBIV =4 F1
N=6 I}, DQM JHEMH 5 S PRE TR 225K, BEE NZHE N, DQM HEE N # LSt 4 N=12 i, DQM i 8(H S
SCHik [14] WTHEEE R DA 5 A TR, 2B T AR SCBUE D7 B 3T 42 3k 1y ) 23 PR S0 A e Fn
Kb,

B2 Pk |

Fig.2 Plane junction model 1

R =300, FrHEHSBI 1S 1 BRI R R R A, T AR R HOUR TR NV R I

Table I Variation of the 1st-order stress singularity index of plane joint model 1 with number of discrete elements N for = 3.0

0 n=3.0
A N=4 N=6 N=8 N=10 N=12 ref. [14]
15 -0.142 935 841 -0.171 926 062 -0.172 359 547 ~0.174 841 720 —0.174 843 563 -0.174 837
30 —0.172 189 244 —0.168 084 637 —0.168 357 284 —0.171 008 990 —0.171 010 442 —0.171 006
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75 —0.039 048 671 —0.009 146 856 -0.011 225252 —0.012 133 752 —0.012 128 895 —0.012 132
90 —0.072 175 519 —0.480 812 299 —0.050 550 470 —0.051 075 515 —0.051 073 963 —0.051 074
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Fig. 11 Displacement and stress characteristic function curves corresponding to the 2nd-order stress singular index A, of plane joint model 2 for E*/E"=3
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