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Mode I stress intensity factor calculation of elliptical cracks in
aluminum alloy thick plates considering quenching residual stress

DING Hua-feng, ZHU Cai-chao, LI Da-feng, DU Xue-song, LIU Ming-yong
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract: Based on the experiments and Shiratori’s finite element data, the distribution functions of quenching residual
stress in aluminum alloy plates were fitted, the weight functions of elliptical crack were derived by Shen-Glinka’s method.
The weight functions were verified using available finite element results for basic mode of residual stress fields and good
agreement is achieved, which approves that the weight functions appear to be particularly suitable for residual stress
fields. Combined with the quenching residual stress distribution function, the mode I stress intensity factors of elliptical

cracks in residual stress field were calculated using the weight functions, and the trends of residual stress intensity factor

with crack propagation at different points are different.
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Fig. 1 Semi-elliptical cracks model of aluminum alloy plate

1.0

2 05¢
2
<
—
w)
7]
]
=]
2 0
=
=]
2
2]
Q
=2

-0.5¢

-1.0 : : :
0 02 04 06 08 1.0

Thickness ratio
B2 FRRBIIHY R T oA

Fig. 2 Residual stress distribution along thickness direction

Nt SNUSIL B

2 ERZRRN DR ECE

HAR AT IR 2 430 5B N st kAT T
RIS, (BT A I 37 R D R TR
MVEEE, AR BTSSP AT RN Tk, N )k
FEN T K 0[FKoRm N

K=[ o) m(a)dy 2

K a WREERIE: o(y) ARSI EARRLAL



3322 A G A R

(RIN )53 A1 m(p, a) R0 . RIAS R £

A, AR RRLE T o(y) (EHTY, HE
RNIE T AZEEUA AR E m(y, ) » WIS P I i 5 PN
TR CLE AR kAT . X TR R TR L, YU
RAL A ORI B RN g i B8 DAL d o S, i
THEUE Y R BN S s E R o X T K 315, SHEN
A GLINK A H — it 3isds FH A eR B0, 48U
RAL A B IBEE (ma(v,0)) W] KR A

2
mA(y,a)—m'

1+ALA@—2q +AQA@—X)+AQA@—Z)
a a a

0| =
N | W

(3)
LRI B RBIB R (mp(v,a)) M
2z
mp(y,a)= \/E :
1 3
{HMIB@)Q+M23(z)+Mw(z)z .
a a a

At M, 1M BRI RAL, DUR e T24LL
JLATEIR .

A BRI S PR T B4 4
K=, o(m,(y,ady
Ky =, o(nmy(y.a)dy

EAIE] A, B WIS T, AU

PRAU AR T M MM o HRAEBRE TR, £ =0
i, A

(%)

o’ m(y.a)

ay—zly=o=0 (6)
fE y=a b,

1+ Mg+ My +My, =0 @)

SHIRATORI 1 MIYOSHI™ 7 B Tc i 9% 21
[ 240 T LRI SR Y g o34, JEBEIY 335 53 A F
LMoy AT (R 56 8 DR 7SR M, R Mg o B0
TN 3 oA 3 o, w3 i g

o) =0, (95 ®)
dwzq{hfjé%ﬁ%ﬁ) 9)

RGN 7534 R AR AN FI(4) T, KR
(1 L 1 K (=0, 1; J=A, B/ 31 A

2012412 H
(@)
g
o >y
a
- t -
(b)
A
o4 -y
a
——————— [ ————>

3 RYERMIN Sy oA
Fig. 3 Reference stress fields of surface cracks: (a) Uniform
stress field; (b) Linear stress field

i@ﬁﬁﬁ(y)ZGO:

4 _ a (e 2(70
Ky =0y _Y()A_IO




5522 5 12

THeRE, S BIBVE IR RN ARG SO ST R R T 3323

1.65
ﬁ¢:Q=H¢%{%};)@%&ﬁ%%R@@E

ZH(i=0, 1, j=A, B).
g5 (6)FI(7), TTLAFFEI A, B P AR LR EL
FOESriW:

2

A4M::Vé%(z%A-3nA)—4s

My, =3 (12)
6

34 =FRQ(—YOA+2Y1A)+1.6

3n

Mg :ﬁ(_:;YOB"’SYIB)_g

M,y :%(2YOB—3YIB)+15 (13)
3n

Mg :ﬁ(_ﬂfw"‘lmfw)_g

Fi4h SHIRATORI 1 MIYOSHI™ ¥ 45 B o147 45
B, #02<a/t<08. 02<a/c<1.0 HA{LILH
W B Y, R A alt Rl ale 1) REL:

3 3
Y= 2> Cuulale) @/t (i=0, 1; j=4, B)  (14)
m=0n=0

Kb G NIRRT, AABEIE 1.

fifth My A0 Mg Jei, ATRARE T N 13 mh 24
g A, B IR MBS, St NGRS 4. B
RASAE K IR AN S350 ) T RN S 3 I

3 FHR51TR

N T BAERL R B AR, AT LR SCRRT4] A R
TUE RN . SCHR[4]H SR AL T LAl S [ R ECK T
N2 oA BRI 239 5 A SRR B o S L A
BEATXTLE . FREER N T3 73454

ﬂﬁzq{hfj,rahl3 (15)

R N 7 5 E IR e AL -

K
M =

e — 16
o[ma)/ 0 (10

R1 Y, K& IELGS R AL
Table 1 Fitting coefficients of V;;

i Cun n=0 n=1 n=2 n=3
Con 1.093 -0.016 58 —-0.0200 —0.02649
Cin 3.229 —8.339 7.493 -1.923
You
Con 2.450 -21.17 42.34 —24.52
(o —5.965 33.20 —58.05 31.39
Con 04701 -0.01826 —0.3779 0.2173
Cin 1.744 —5.567 7.127 -2.956
Yy
Con 2.805 —13.28 20.19 -10.44
(o -5.104 21.32 —31.58 15.79
Con 0.2670 1.552 -0.7393 0.033 61
Cin —1.291 17.46 —38.71 23.29
Yoz
Con 10.33 —81.55 175.4 -104.9
(o -10.35 84.99 -185.0 110.9
Con 0.2805 1.041 -0.2405 —0.1394
Cin -1.379 16.11 —35.43 21.18
Yip
Con 9.560 =75.04 159.9 —94.74
(o -9.654 77.87 -166.9 98.95

A\ B VA RTCE AN 58 8 DR (1 U B 45 S0 L
SR 4 F s, B 02<a/t<08, 02<
alc<1.0,

M 4 KIS hATLLE Y, fE 4 P8Ok F1 4y
MEOL N, BOREOEFT45 5L 5 Shiratori [ FRIT
SRV RAF, mAKREARE 4%, UEBPTdLm
BeR E T SRR TN 1] Y. 7 43 A1 (R 7 5 B TR -
JEE . B 6 B WGt 4. B WAL T %%
RN RSP EER, Hho02<a/t<08,
02<a/c<1.0.

MGE R LLEH, A sSTC R ANN ) SR R 1 fE
H IR RS A S KPR LUE /e BRI,
1M B R AL AR RN A & o 43S0 Pl 1A
ML a/c BRI, A RUITCHEAA N a8 B R S 4
KIGI/N, 11 B i AR RS K, 2N
BEAE LMY T8, 4 mERGERININIRAR N ) 2k NV
KIRAIN IR S XI5, 10 B s GG 20 T3 Kk A
ISFALOE AN IS



3324 P EA SRR 2012412 A

2.0 1.5
@ alc=02 0 (P} a0 n=0
15 i /
1.0f
= 10t =
n=1
/ n:1
n=2
05E _ n=2
j i 5
0 02 04 06 08 10 0 02 04 06 08 1.0
alt alt
1.4 14
(c) alc=0.6 (d) alc=1.0
L2;——_-—4—ﬂ~___‘_,,,——~—~‘-‘_‘”:0 1.2+
—__—/._’—o——. n=0
1.0f 1.0F
0.8f 0.8}
= =
0.6 - 0.6}
04, ] 0.4}
n=2 L e =1
f _
0.2 '____-__——b’-_‘—\" n=3 0.2¢ —n n=2
A — =3
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
alt alt

B4 A NIy sn v R AT IRCER K0 E

Fig. 4 Comparison of weight function based stress intensity factors for point 4 with finite element data
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Fig. 5 Comparison of weight function based stress intensity factors for point B with finite element data
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