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Effects on fatigue properties of A7N01-T5 aluminum alloy welded joints for
high—speed train by using different evaluation methods
WANG Yong' ZHANG Zhiyi' GUO Wei' WU Xiangyang' ZHU Zhongyin®
1.CRRC Qingdao Sifang Co. Ltd. Qingdao 266111 China 2.School of Materials Science and Engineering Sout—
hwest Jiaotong University Chengdu 610031 China

Abstract Experiments and analysis were made on A7NO1S-T5 aluminum alloy welded joints. Nominal S—N curves and the fatigue
strength under different survival rate were obtained through the tension—tension fatigue tests. The hot spot stress gap stress were
obtained by finite element method and then the fatigue properties were evaluated by using the nominal stress method hot spot stress
and gap stress method. The results showed that the mean fatigue strength Ao~ was 45.77 MPa by the tension— tension load fatigue test,
and after corrections of two standard plus or minus deviations the fatigue strength Ao was 39.89 MPa under the 95% reliability. The
hot spot stress concentration factor was 1.034 and the hot spot stress fatigue strength was 47.39 MPa. The gap stress fatigue strength was
123.03 MPa. The fatigue strength under the gap stress method had the largest value the value under the hot spot stress method was in
the medium and the value under the nominal stress method was the smallest. The nominal stress method was more conservative than the
other two but the hot spot stress method and gap stress method both need to evaluate the detailed factors and analyze the stress
condition accurately so as to make sure the safety of high—speed trains.
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Table 1 Chemical constituent of matrix and welding wire %
w Si w Fe w Cu w Mn w Mg w Cr w Zn w w Al
ATNO1S-T5 0.03 0.076 0.001 0.306 1.278 0.227 4.04 0.160 9
ER5356 <0.25 <0.10 <0.10 0.05~0.20 4.50~5.50 0.05~0.20 <0.10 <0.15
2
Table 2 Welding parameters
S&/mm I/A UV v/m*min™! v/m*min’!
ATNOIP-T4 g 160 24 10 0.42
160 24 10 0.42
XXQ2505D-XK32 X
ISO 10042-2005
o PLG-200
R=0 90~
110 Hz 5~7 o
1 o
2 L \B N ~ ~ a \h[ \R
2.1 N N U/Z\hZ\r
S—N N N °
1
Fig.1 Dimension of butt joints
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stdv= V zi]%—lxm 7 Table 4 Date of the S—N curve
Xx=X,—K +stdv 8 m 50% 95%
S Ao N (€ /MPa Cy /MPa
A B C, m  S-N 5.18 4.06x10° 45.77 1.99x10" 39.89
stdv X,
Xk n °
[12] n K
3 o
3 Xk K
Table 3 K value corresponding to the calculation of cha—
racteristic value X
K n K
3.50 30 2.15
10 2.70 40 2.05
15 2.40 50 2.00
20 2.30 100 1.90
25 2.20 SN
7 Fig.2 S-N curve of joint
K K=3.18, 30 MPa W
L~ 5 m 0=2.520 0.4t -2.240 0.9 +0.720 1.4t 9
50% Cho 5~ 8 o t o
Xk
95% Cy 5 R
4 2 ° 5
2.2
50 MPa.40 MPa. 1.035,
5
Table 5 Hot spot stress concentration factor of butt joint
/MPa /MPa 0.4¢ 0.9: 1.4¢ /MPa K,
50 60.389 50.796 50.119 50.062 51.784 1.036
40 48.311 40.837 40.295 40.250 41.628 1.033 1.035
30 38.233 30.877 30.472 30.437 31.067 1.036
S-N 10 N=1.0x10’ 11
11 Ohso N
mlgo+lgN=I1gC,, 10 6 o S-N
mlgon,+1gN=lgC,+mlgK 11 3 o
6
Table 6 Comparison data of nominal stress and hot spot stress
/mm 95% S-N 95% S-N
/MPa /MPa
8 5.18lgo+lgN=15.60 45.77 5.18lgo+lgN=15.68 47.39
-173-
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Fig.3 Comparison of S—N curves of nominal stress and

hot spot stress
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Fig.4 Map of gap stress calculation
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Table 7 Maximum gap stress and fracture location forecast

/mm /MPa /MPa
90 652 032 236.72
80 887 962 204.81
70 1002 480 179.24
8 60 1012478 160.85
55 2 045 860 140.25
50 10000 000  126.52
45 10000000  114.33
8

Table 8 Results of fatigue properties evaluation with the

use of gap stress method
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Fig.5 S-N curves evaluation with the use of gap stress
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