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Tab.1 Chemical composition of aluminum alloys

R JFi i 535 Mass fraction/%

Material Mg Si Cu Zn Mn Fe Cr  Ti Al
Fy

5052-H32 2.2 025 0.1 025 03 04 0.15 0.15 -
Balance
Ak

6061-T6 0.8 04 0.15 025 0.15 0.7 0.04 0.15 -
Balance
At

YL112 0.1 7.5 30 29 05 0.1 0.1 0.15
Balance

R2 BASNFMERE

Tab.2 Mechanical properties of aluminum alloys

JHRREE  BURIEREE ARG
#1 Kl Material Yield strength/  Tensile Elastic
MPa strength/MPa modulus/MPa

5052-H32 83 184 75

6061-T6 263 296 73

YL112 282 306 78
5052-H32/6061-T6 K4k

5052-H32/6061-T6 weld 100 150 74

seam

6061-T6/ YL112 f4%

1 1
6061-T6/ YL112 weld seam 30 75 76
45°
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T 600 2= i}l ﬂ
| — g ¢7 5+0.15 I E «
] i) ]
1l = 6 ./
E 30+0.15
37.5+0.3

(a) BFEIT 5]

(a) Specimen size diagram

(b) HURE E R
(b) Schematic diagram of sampling location
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Fig. 1 Diagram of specimen size and sampling location
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Tab. 3 Fatigue crack growth test parameters of the aluminum alloy

vy

Saiﬁﬁzber Ry Poust/kKN P /KN Py KN
CAL-1 o — L5 0.15 —
OL-1 0.1 125 L5 0.15 1875
OL-2 0.0 150 L5 0.15 2250
OL-3 0.0 175 L5 0.15 2625

ABIE R EAE I AL < >R 400 H P AEXT CT
WA HE AT 2 T RS B AL B, R i e 55 1 5 AL
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R A B EL 0. 29% Fit i AU NE DX [ =2, &
GRS DR AT T BB X AR AL . AR I
T (Sigma 300) X 57 W7 111 T RE ML S AAE o
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Fig.2 Schematic diagram of the tensile overload
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Tab.4 Representative parameters of the fatigue crack growth under single tensile overload for 5052-H32 base material

S

(da/dN), ./

(da/dN), i, 1./

Sample number k RoL P /KN (mm/cycle) (mm/cycle) Buay Noyfeycle a,/mm
CAL-1 0.1 — — 1.36x107* — — 21715 —
OL-1 0.1 1.25 1.875 1.51x107 6.68x10°° 0.044 39320 1.23
OL-2 0.1 1.50 2.250 1.43x107 3.42x107° 0.024 44 263 3.95
OL-3 0.1 1.75 2.625 1.45x107 7.91x107 0.005 96 684 5.36
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Tab.5 Representative parameters of the fatigue crack growth under single tensile overload for 6061-T6 base material
TS5 (da/dN), ./ (da/dN) . ./
R R P /KN bef min,OL S, N, /eycel /
Sample number oL max,0L (mm/cycle) (mm/cycle) daldN ou/eyete /mm
CAL-1 0.1 — — 1.67x10™ — — 20 544 —
OL-1 0.1 1.25 1.875 1.63x107 5.02x107° 0.308 23245 0.51
OL-2 0.1 1.50 2.250 1.64x10™ 1.63x107° 0.099 23412 0.61
OL-3 0.1 1.75 2.625 1.68x107 4.99x107 0.030 26 794 0.91
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Tab. 6 Representative parameters of the fatigue crack growth under single tensile overload for YL112 base material

vy
Saniﬁiﬁ;zber R Rou P /KN ((r(rilir/l(/icls\)[/)gife/) (?1272;212 ;/ Pusay Nou/eyele a,/mm
CAL-1 0.1 — — 1.53x107 — — 21 401 —
OL-1 0.1 1.25 1.875 1.63x107 4.91x107° 0.301 23283 0.45
OL-2 0.1 1.50 2.250 1.53x10™ 2.47x107° 0.161 24393 0.56
OL-3 0.1 1.75 2.625 1.53x107* 7.73%x10°° 0.051 26 768 0.84
F7 5052-H32/6061-T6 1845 R M H TESHAT BRRSH
Tab.7 Representative parameters of the fatigue crack growth under single tensile overload for 5052-H32/6061-T6 welds
ey
mplemmter * R PN G e Mo agmm
CAL-1 0.1 — — 1.34x107* — — 25967 —
OL-1 0.1 1.25 1.875 1.53x10™ 8.14x10°° 0.053 36 672 1.06
OL-2 0.1 1.50 2.250 1.37x107* 4.92x107 0.036 43 849 3.07
OL-3 0.1 1.75 2.625 1.33x10™* 9.52x107 0.007 81529 5.01
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Fig. 7 Single tensile overload curves (6061-T6/YL112 welded joint)
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Tab.8 Representative parameters of the fatigue crack growth under single tensile overload for 6061-T6/YL112 welds
AR (da/dN),/ (daldN) o0/
Sample number R Rov P /KN (mm/cycle) (mm/cycle) Buaay Noyfeyele @,/mm
CAL-1 0.1 — — 1.28x10™* — — 32819 —
OL-1 0.1 1.25 1.875 1.54x107 8.72x10° 0.057 39300 0.76
OL-2 0.1 1.50 2.250 1.19x107 5.45%107° 0.046 52203 2.31
OL-3 0.1 1.75 2.625 1.21x10™ 1.27x10°° 0.011 78 001 4.46
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Tab.9 Dimensions of the plastic zone at the crack tip

B

Material P/mm*  P/mm’ P/mm’ P, P,. P,
5052-H32 3.856 53.406 45347 13.85 0.85 11.76
6061-T6 0.573 1.890 1.672 330 088 292

YL112 0.561 1.628 1.435 290 088 256
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Fatigue crack growth behavior and mechanism of aluminum alloy welded
joints under overloads

XU Lianyong" >’ ZHAO Lei">’ HUANG Jinchao"*® SUN Quanwei’ LIANG Wenzhou’
(1. School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)
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Abstract: Different parts of high-speed train bogies are usually designed with aluminum alloy materials of varying
strengths, and welding is adopted to connect these different parts. When high-speed trains operate under complex road
conditions, the bogies will be subjected to tensile overload, which will produce a coupled superposition effect with the strength
difference of welded joints. Therefore, tensile overload tests were carried out on the welded structural components of bogies to
study the fatigue crack growth behavior and intrinsic mechanism of aluminum alloy welded joints with different strengths
under the action of tensile overload. The compliance method was used to measure the crack growth rate under tensile overload;
the digital image correlation (DIC) technology was applied to analyze the change in the size of the plastic zone at the crack tip
before and after the application of tensile overload; the scanning electron microscope (SEM) was employed to observe the
fracture morphology characteristics of different aluminum alloys in the region affected by tensile overload. The crack growth
behavior and intrinsic mechanism under tensile overload were explained based on the change in the size of the plastic zone at
the crack tip and the corresponding fracture morphology characteristics. The results show that a single tensile overload can
reduce the fatigue crack growth rate and extend the fatigue life. Further analysis indicates that during the tensile overload
process, the plastic zone at the crack tip expands and the crack tip is blunted, which together lead to the reduction of the fatigue
crack growth rate. The lower the material strength, the more severe the deformation at the crack tip and the more obvious the
hysteresis effect under the same tensile overload. The test results of welded joints under tensile overload are consistent with
those of the base metal, suggesting that the strength of the hysteresis effect depends only on the inherent strength of the
material itself.
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