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Table 1 Results of chemical composition analysis (mass%)

analyzed elements Si Fe Cu Mn Mg Cr Zn Zr Ti
normal tilted rib 0.13 0.29 0.042 0.19 1.01 0.12 4.84 0.11 0.059
cracked place 0.17 0.34  0.036 0.19 1.19 0.10 4.84 0.091 0.040
raw plate(30 mm thick) 0.12 0.21 0.15 0.22 1.24 0.20 4.34 0.13 0.035
raw plate(15 mm thick) 0.15 0.21 0.17 0.21 1.21 0.19 4.46 0.13 0.034

requirement of EN573- 3: 2007(E) < 035 <040 <020 005 050 1.0 1.4 0.10 0.35 4.0 5.0 0.08 0.20 Zr+Ti 0.08 0.25

Table 2 Results of mechanical properties

property tensile strength R, / MPa yield strength Ry, / MPa elongation &/ %
normal tilted rib 405 365 16.5
cracked place 401 322 14.3
raw plate(30 mm thick) 395 348 17.0
raw plate(15 mm thick) 385 335 16.5
requirement of EN573- 3: 2007(E) > 350 > 250 >9

surface of coupler beam)

Fig.1 Morphologies of (a) crack appearance of the coupler beam, (b) macro- appearance of the crack, (c) mi-
cro- appearance of the cracks
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Fig.2 Morphologies of (a) appearance of surface coating, (b) corrosion pits on the surface, (c) EDS spectrum of

Fig.3 Morphologies of microstructure near the cracking plane
(b) etched by solution of mixed acids

corrosion products, (d) tiny cracks near the surface
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of the coupler beam (a) etched by hydrofluoric acid,
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Fig.4 SEM morphologies of (a) fracture of coupler beam, (b) fracture surface of the layered character, (c) frac-
ture surface of the intergranular character and (d) EDS spectrum of corrosion products

Fig.5 SCC crack appearance of the double cantilever beam specimen (a) continuous propagation of cracks, (b)

discontinuous propagation of cracks

Table 3 Cracks initiation and propagation of the DCB specimens

time of SCC
crack nucleation / h

lengths of SCC cracks propagation rate
propagation on both sides / mm (da/dty m h*

orientation of stress intensity
pre- cracked specimens  factor K/ MPa mP®
Z- X 15.8
zZ-Y 33.4
Z-Y 39

258
305
552

1.85/4.09 after 768 h immersion 2.41x10°°/ 5.33x10°®
0.18/0.70 after 768 h immersion 2.34x10°7/ 9.11x107
0.01/0.63 after 1055 h immersion 9.48x10°° / 5.97x107

© 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



244 28

Fig.6 SEM morphology of SCC fracture surface of double cantilever beam specimen (a) secondary cracks, (b)in-
tergranular character
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FAILURE ANALYSIS OF CRACKING OF COUPLER BEAM OF
ALUMINUM ALLOY 7020

WANG Rong, YAN Guogiang, LI Guangfu, CHEN Bingchuan
(Shanghai Research Institute of Materials, Shanghai 200437)

Abstract: The reason of cracking happened in several coupler beams of 7020 aluminum alloy used in high speed
trains has been analyzed by means of optical emission spectrometer, universal material testing machine, optical
microscope, scanning electron microscope (SEM) and finite element analysis. Cracks and some corrosion pits were
found in the beams after service of several years. The cracks propagated in horizontal direction, with the mor-
phology being even and straight. Most cracks propagated continuously and others grew discontinuously with steps.
Observation with SEM showed that the cracks were intergranular. Cl- ions were found on the fracture surface and
corrosion pits. Tests showed that the material of the coupler beam was normal according to the requirement of rel-
evant standards on the chemical composition and mechanical properties. The results of finite element analysis in-
dicated that the working load did not cause apparent tensile stress at the “Z" direction. Stress corrosion cracking
(SCC) test showed that the material was sensitive to SCC in ClI- containing environment and the crack characteris-
tics in the test was similar to that of the cracks found on the coupler beam. Finally it was demonstrated that the
cracking of the coupler beams was caused by SCC in the hot and humid inshore atmosphere and residual tensile
stress of the welding. The mechanism of the SCC was also discussed in this paper.

Key words: 7020 aluminum alloy, coupler beam, welding, stress corrosion cracking( SCC)



