5523 45 1) T EESBEEFIR 20134 1 /1
Vol.23 No.1 The Chinese Journal of Nonferrous Metals Jan. 2013

TEHES: 1004-0609(2013)01-0035-09

Al-Mg-Si-Cu & & B8RS X
I 55 3 2 R B S AE RO 52 M

¥ SE, WA, s, BER, £ A, Bk, KR
(MR K% MERIE S TR0, Kb 410082)

& . CRAESTIER. PR, S RREREL. FR R ETRIE S BRI AR I A HLR AR Al-Mg-
Si-Cu £ A AEAR IR 11 LR o g 2k BRI AR R 55 W7 VR IE . 45 R I 3 Sl o7 A i i, 1§
(ELIN 280 G (% 55 T v B s IR ORI P80 4 1) o IR P 57 i R R HR I R B, LRI 280 R RS L
R, RN G K SR B IR BRI 0 s b IR A R AR R 5 i R R 1 B s, T R A
I8 577 JE W IR T B8 57 Z4E0AE AR SR TR T A2 J5 0 1) -V SR B T T GRS Ar i 2k
ARPLGIGE X 5 W7 X 2 IR L T 9 X

K§EIE: Al-Mg-Si-Cu &4 MribiA; 9%57; Jrsebhae; Wrogse

RESES: TGI1L.5; TG113.25 NEkbRERS: A

Effect of precipitation state on fatigue process and
fracture characteristics of Al-Mg-Si-Cu alloy
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Abstract: Under cyclic loading the evolution rules of mechanical properties and the fractographs of the Al-Mg-Si-Cu
alloy samples aged for different times were investigated by the fatigue test, tensile test, optical microscopy, scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). The results show that the fatigue life of the
over-aged alloy is the longest, while that of the peak-aged alloy is the shortest. The yield strengths of the under-aged and
peak-aged alloys decrease during the fatigue process, especially for the under-aged alloy, while the elongation of the
under-aged alloy increases steadily with the increase of fatigue cycles. For the over-aged alloy, the strength increases
during the fatigue process, whereas the elongation drops sharply in the late fatigue stage. The fatigue fracture analysis
reveals that the cracks are inclined to grow along the grain boundary after initiating on the specimen’s surface and the
crack-source-regions form. Interestingly, grain boundary separation regions were observed between the ray-like crack
growth region and the over-loading region in the over-aged alloy.
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Table 1 Chemical composition of Al-Mg-Si-Cu alloy (mass
fraction, %)
Al Mg Si Cu Others
Bal. 0.75 0.75 0.8 <0.3
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Fig. 1 Dimensions of sample (Unit: mm) (incision of tensile
specimen plotted by dash line from fatigue specimen drawn by

solid line , thickness of fatigue specimen is 3 mm)
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Fig. 2 Hardness curve of Al-Mg-Si-Cu alloy (Inset shows

hardness curve in early stage, and horizontal axis is logarithmic

scale, so that differences in hardness can be clearly identified.

Note that hardness values of 0.5, 8 and 72 h have error bars)
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Table 2 Hardness and tensile properties of Al-Mg-Si-Cu alloy

with different aging treatments

Aging Hardness,
time/h HVO 5

Under-aged 0.5 111.8 281.7 346.5 164
Peak-aged 8 126.4 335.8 3684 15.6
Over-aged 72 115.8 255.9 292.7 16.8

Condition 092/MPa o, /MPa  6/%
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Fig. 3 Pseudo 3D optical micrograph of artificially aged alloy
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Fig. 4 TEM images of three different aged alloys with beam direction parallel to (001)4; zone axis (corresponding fast Fourier
transform (FFT) is placed in upper right corner, respectively): (a) Under-aged; (b) Peak-aged; (c), (d) High-resolution TEM (HRTEM)
images of typical precipitates in peak-aged alloy; (e) Over-aged; (f) HRTEM image of typical precipitate in over-aged alloy
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Fig. 6 Evolution of tensile properties of alloys during fatigue
process: (a) Yield strength; (b) Ultimate tensile strength;
(c) Elongation
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Fig. 7 Fractographs of under-aged samples after fatigue fracture: (a) Overall morphology; (b) Morphology of crack source arrow

shows initial crack growth direction with (45° angle from axis); (c) Enlarged image of zone 2; (d) Enlarged image of zone 3
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Fig. 8 Fractographs of peak-aged samples after fatigue
fracture: (a) Overall morphology; (b) Morphology of crack
source (arrow shows initial crack growth direction with 45°

angle from axis)
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Fig. 9 Fractographs of peak-aged sample after fatigue
fracture: (a) Overall morphology (there are two crack
initiations circled by solid lines for zones 1 and 2); (b) Enlarged
image of zone 1 45° (arrow shows initial crack growth
direction with angle of from axis); (c) Enlarged image of

zone 3 (characteristic of intergranular fracture)
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