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Stress concentration effect analysis of new aviation aluminum alloy
pitting corrosion damage with complex morphology

LIU Zhiguo, LI Xudong, CHEN Chuan
(Aviation Mechanical Engineering and Command Department, Qingdao Branch of Naval Aeronautical University, Qingdao 266041, China)

Abstract; Based on simulation accelerated pitting corrosion test results of 7B04 aluminum alloy specimen, which combined with the pitting
corrosion mechanization and microstructure of aluminum alloy and stochastic process essence of pitting corrosion, two typical damage models with
complex morphology which were composed of many micro-ellipsoid corrosion pits were erected through finite element method, two models were
named wedging model and encircling model respectively. The stress concentration effect which was embodied by stress concentration factor and
stress nephogram was calculated and analyzed through ANSYS software and linear elastic fracture mechanics. The results show that the stress
concentration effect of wedging model and encircling model is very different from the results of simplified ellipsoid corrosion pits model. The stress
concentration factor value of wedging model and encircling model is almost the same, and may increase because of interference and influence and
superposition of each single micro-ellipsoid corrosion pits. The obvious area or location of stress concentration effect of wedging model and encircling
model almost locates at the intersection region between each micro-ellipsoidal corrosion pit, the intersection regions almost are on the side of the
macro corrosion pits. The size range of wedging model and encircling model stress concentration effect are well matched with the microscopic grain
size and small crack size of aluminum alloy.

Keywords: 7B04 aluminum alloy; stress concentration effect; complex morphology; pitting corrosion damage ; micro-ellipsoid corrosion pit
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Tab.1 Composition of 7B04 aluminum alloys
%
JLE Cu Mg Mn Zn
FEas 3.8~4.3 1.7~2.3 0.4~0.9 <0.1
JCHR Si Fe Ti Ca Al

JRESE <0.2 <0.3 <0.1 <0.1 The others
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Tab.2  Corrosion pits damage data of 7B04 specimen

during accelerated pitting corrosion test

AL pm
J et S
8 a 9a 10 a

45.2x22.1x11.3 52.2x17.8 x15.9
62.4x11.4x12.4 76.8 x35.6 x21.7
38.6x28.1x10.7 48.0x20.5x%x21.5

79.2x30.1x18.8
68.9 x23.0x21.9
96.4 x34.3 x23.1

43.7x16.0x9.8 46.5x18.9x13.8 102.0x34.8 x21.7
37.5x11.8 x11.7 61.0x24.4x15.5 88.5x25.1x%x22.9
46.6 x24.3 x14.1 75.4x17.6x23.2 76.3 x36.8 x30.5
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Fig.3 Typical pitting corrosion morphology
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Tab.3 Dimension and number value of

each micro-ellipsoidal corrosion pit

B o RSF(L - W B O
Bt Ko
6x3x3 10
1/ 4 10 x5 x5 5
10 x7 x7 3
15 x10 x 10 2
6x3x3 15
10 x5 x5 5
AEE S 10 x7 x7 4
15 x10 x 10 3
20 x15 x 15 2
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Fig.4 Typical construction model of pitting corrosion damage
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Fig. 6  Stress nephogram of typical pitting corrosion damage model
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