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Abstract The aging aircraft fuselage skin contains multiple hole edge cracks, and the skin holes will change from circular
holes to elliptical holes under loads. The calculation of stress intensity factors for multiple elliptical hole edge cracks is an
important problem in a fracture mechanics analysis. An analytical calculation method based on a complex function theory and an
approximate superposition method was used to solve the stress intensity factor of multiple elliptical hole edge cracks under the far-
field stress, and the change rules of stress intensity factors under several modes of symmetric cracks at the edge of double
elliptical holes, inner cracks at the edge of double elliptical holes, outer cracks at the edge of double elliptical holes and cracks
on the same side of double elliptical holes were analyzed. The numerical examples show that the stress intensity factor of the
crack at the edge of multiple elliptical holes is affected by the crack length, the half-axis ratio of elliptical holes and the spacing
of holes. As the crack tip approaches gradually, the interference phenomenon between cracks tends to be significant.
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Fig. 1 Mapping of the infinite plate containing elliptical hole with

asymmetrical cracks into the exterior of the unit circle

P P THT b B B (5 L ik AN X B A To R
M O A WS 1) B2 S T B [ A AR L S G R R
o' ()1, 0'(=d)—-1,0" (bi)—B,0" (-bi)—B,, &
R, (O) RA —A—Gtl . (=0, 0 (O W R ECH
(a+b)(g+h)

Res[w(£).0]= 4 (7)
2 (6) R ST
o) = e ) -
2a=b)(L = Dllg+A+B] o

[g(1+)*+h(1 -{)+AFA
Hr,
B=(g"-1)(1+2)+2(gh+ 1)1 +)+(h* -
D1 -2)7%
wl(g):m: a;—bg(] +§)2+Z(1 -+ A
2(a - b) £ (9)
g1+ +h(1-4)+A
Hlo]|= lﬁﬂ‘,wl(a')=m,m§=0ﬂ%w,(§)%
— MR
B T BRAR U y il 7 101 52 3235 34 21 0% 7 g VERT L £L
FASZ ) R E0(2) (20 (4) Al i

+

$(¢) = Fw({)+ dy(2) (10)
W(8) =S w(d)+1y(0) (11)
fr==30(0) -3 0(0) (12)

2 2

by (1/0) = a, + 2a,/l + 3a, /i + -
H T H () 76 B 1R A1 A H ok (5] 8] b 7 32 22 bR
B AR YE T FF Ak AT P AL AN U

(@) @)
= ”Wa__gda H(e)=0 (15)
K (13) T i fb
L) - Lolo)
W)= | 2 e ()

A £=0 72 0 () Ml w, () B — et 5, BT LR 315 B4
Hoe BA

(oo, 1

2mi ), g - g 47 =@l - pResle(2).0] (17)
L[, L [olo),

gy e il el By
w({)‘%ﬁes[w({),o] (18)

B (17) A 8) F (DA (16) AT 1
(a+b)(g+h)

bo(0) ==qo(e) + T (19)
KA 1OFRAK(10) 7T 7
__ 3% qla +b)(g +h)
0(¢) ==Feo) + T (20)

ST BV (5 F L 2SS A R AT PR A
2 (e, 0) Kb i 13 g 5 JBE 5l AR 46 2 %5 50
WR[ 20 171 SR A,
K0 = K — K = 2/ lim —2 )

¢'(1)
2 (21)
Jo (1)



5 46 B4 6 ] B 54 ST L3 248007 758 B8 DR ) e A i 1477
X2 (20) K SRl 15 .
3 gy At RERSNEREN
$'({) w'({) i (22) | |
il | O Q |
| LA Hole 1 1) fLH Holej |
¢'(1) = q(a + bé)‘(g +h) (23) | _OﬁcktipA |
3t (8) 3 S AT | Ao Holeo AL HoleM |
Y I 2 ~F I» o AI
- /(g+h)[a(g2—1)+bg4/gz—1] IW FI J
Jo' ) = (24) B2 LA R

2(g”- 1)
Bt (23) .2 CARK(21), )
w(g+h)(g - 1)

/2[a(g2—1)+bg [g* - 1]

(25)

gla +0b)

(e0) — pr(c0) _ (c0) —
K& = K10 — Ko

PRI, 242 (e, 0) Ab 1A 10 7 5 B Ry
m(g+h)(g" - 1)

/2 [a(g” - 1) +bg Jg* - 1]
1.3 SHEFLIAHIAMETN SEH

XF T 22 A 19 L 2SR, I 2 i, AR
AT ARLIR LR AR RO A LR S ST SR BE R T,

S+ Sl )

gla +0b)

K\ = K =0(26)

K'=K!'-iKi=2Jw izl =
w”(go)
£ L)
L L = 1~M (27)
o' (1)

st R AL TURRIC WAL 05 W EL AL ZALL /R ) o
B £y WL BRER I SRS AL T 2452 A B R AR 1.
b, JyFLABTL T 9 B 505 £ MR AFEFL R B AL B
S AL, T 556 R 20 (£) B BB

(AR R R R 45 L 1 B 7 ) BB 96 J2 A
fMLﬁ < AELK LR ) BB BN A R £ L

LRI R USRS A T ERE A

SIS P, Efr%zcb PRSI

TR AR AR R AL 565 AL I 0 SR g B 5 2 25
B3R JC PR 140 5 2 AR R 52 33

2 F5itie

SRS IE Ak A v R P | S R 2 U [ L
6 FR B4 20 5 T FR AR AE R F 98 6 4, e 3 s, i
B4l L a/b=1, FLIAIFE 21=20a, 1.8 24950 T

L0 T 0T, ) TG B A N 5 B DR 1 T e A FR
JCf# (Franc 3D) (9 XF i1 2%

Fig. 2 Infinite plate containing multiple elliptical hole edge cracks
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