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Table 1 Chemical compositions
Si Mg Cu Mn Cr Zn Al
6061 0.40 ~0.80 0.40 ~0.60 0.15~0.40 <0.15 0.04 ~0.35 <0.25
TNO1 <0.30 1.00 ~2.00 <0.20 0.20 ~0.70 <0.30 4.00 ~5.00
ER5356 <0.25 4.50 ~5.50 <0.10 0.05~0.20 0.05~0.20 <0.10
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(2009BAG12A04 — DO2)

GB/T 21143—2007 (
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Table 2 Mechanical properties
a, Alm
R,/MPa R, /MPa  A(%) v E/GPa JSM-
6061 340 173 >8 0.33 68.9 64901V (1)
7NO1 453 328 >10 0.33 71.7
(2) 5. J.
0.=6,+6,
° 4
Table 3 Welding parameters [ ( ) ] (1 —v’ 0.4(W -a,) Vl’
2R6LE 0 6a, +0.4W +Z
Uiv /A p/(cememin) Q/(kJeem™) d/mm (1)
FSA 1-v U
1 17 215 34.58 6.34 1.6 P
J.o=J.+], = [ ] [ ] 4 (2)
6061 1.5 _
2 20 205 32.71 7.52 1.6 BW E B(W -a,)
1 20 205 34.58 7.11 1.6 -0, S CTOD !
7NO1 .
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Fig. 1 Schematic of notches position in welded joints 0. J. 4
4 6061 7NO1 o,
Table 4 &, of 6061 and 7NO1 aluminum ally welded joints
CTOD  §,/mm
1 2 3 4 5 6 7 8
0.046 5 0.046 3 0.039 4 0.058 3 0.076 1 0.077 2
6061 0.2953 0.1522 0.138 5 0.3356 0.3452 0.298 9 0.306 1 0.286 1
0.1372 0.105 6 0.087 9 0.167 2 0.279 5 0.213 1
0.109 0 0.103 1 0.099 5 0.101 1 0.097 9 0.094 1 0.108 3
7NO1 0.217 4 0.202 5 0.146 6 0.1380 0.196 1 0.164 9 0.1850
0.1719 0.159 7 0.151 4 0.1852 0.1755 0.156 5 0.123 0
. S B E () =257 e - (57 (o
= x) = €ex
Ao 20° & 9-6\6-6 Pl 7 \o-s
o 7 B 0 ;0 X
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5 6061 7NO1 J,
Table 5 J, of 6061 and 7NO1 aluminum ally welded joints
J Jo/(kjom™?)
1 2 3 4 5 6 7 8
14.881 4 16.374 7 13.1810 20.068 8 25.181 6 26.994 9
6061 92.797 5 45.296 3 44.328 4 42.071 8 95.507 5 84.733 9 87.733 7 84.716 5

37.269 2 35.269 1 24.521 9 44.050 4 63.887 4 62.380 9

54.4850 52.378 2 52.882 1 49.045 1 52.478 4 49.354 5 52.614 6
7NO1 83.412 3 78.964 7 65.257 8 62.244 9 77.13717 66.222 1 77.943 6
61.8855 50.550 1 57.699 4 56.072°5 55.604 0 48.836 0 49.155 6

5=0 . 5% . K-S
5 D,
1 (Inx —A)° . 5%
== —exp| — 5 (5)
x /2w 2 6 K-S D, 0.5193;n 7 D,
‘A Inx ¢ Inx . 0.4843:n 8 D, 0.454 3. 6061
Matlab 4 5 7NO1 6. J.
6 7
6 5,

Table 6 Parameter estimation and test results of 3 kinds of probability distribution for &,

iz o B 0 A {
0.0573 0.0162 0.5157 4.3039 0.063 1 1 -2.8924 0.2802 0.2349
6061 0.1651 0.0717 0.5350 2.7387 0.1863 0.994 3 -1.8792 0.4330 0.1362
0.2697 0.0784 0.5551 4.8211 0.2964 0.998 2 -1.3597 0.3584 0.3687
0.1019 0.0054 0.5375 22.3199 0.1043 1 -2.2854 0.0531 0.1663
7NO1 0.1605 0.0203 0.5489 10.8979 0.168 4 1 -1.8371 0.1339 0.2095
0.1787 0.0297 0.5549 7.7303 0.190 4 1 -1.7345 0.1707 0.180 1

7 J,

Table 7 Parameter estimation and test results of 3 kinds of probability distribution for J,

" o B 0 A ¢
19.447 1 5.653 1 1 4.1842 21.4504 1 2.9326 0.2900 0.1815
6061 44.563 2 15.699 6 1 3.4710 49.718 4 1 3.7427 0.3658 0.1905
72.148 2 23.697 1 1 3.9920 80.179 6 1 4.2234 0.3688 0.2329
51.8911 1.9727 1 35.0819 52.7299 1 3.9485 0.0384 0.3169
7NO1 50.151 1 5.6052 1 11.797 1 52.447 1 1 3.9095 0.1145 0.25638
73.026 2 8.237 1 1 11.5299 76.438 9 1 4.2853 0.1144 0.2723
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Fig. 2 Probability density curves of fracture toughness of
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Microstructure and properties of a nickel-base superalloy
XING Xixue' > DI Xinjie' (1. Tianjin Key
Laboratory of Advanced Joining Technology
Tianjin 300072 China; 2. Shanghai Xinli Power Equipment In—
stitute  Shanghai 201109 China) . pp 73 -76

Abstract:  The microstructure and mechanical properties

of a nickel-base superalloy deposited metal were studied by

deposited metal

Tianjin University

means of thermodynamic calculation optical microscopy ( OM)

scanning electron microscopy ( SEM) and transmission electron
microscopy ( TEM) . The results indicate that the nickel-base su—
peralloy deposited metal in test was composed of columnar-ike
NiCr austenitic. There were a few phase MC carbides and Laves
phase in the intergranular of deposited metal. And most of allo—
ying elements in the deposited metal segregated especially Mo

Al Si and Nb were rejected in the intergranular liquid upon so—
lidification Fe concentrated in grain cores. However Cr did not
holes

and its

apparently segregate. The deposited metal with no cracks
and other defects had high strength and good toughness
fracture pattern in tensile and impact test was plastic with dimple
fracture morphology.
Key words:

nickel-base superalloy; deposited metal,

thermodynamic calculation; microstructure; mechanical property

Fracture toughness of 6061 and 7N01 aluminum alloy wel-
ded joints for high-speed train WU Ying' CHEN Hui'
GOU Guoging' YU Jinpeng”® CHE Xiaoli' WANG Zhihai’
(1. Research Center of Sichuan Advanced Welding and Surface
Engineering Southwest Jiaotong University Chengdu 610031
China; 2. State Key Laboratory of Traction Power Southwest
Jiaotong University Chengdu 610031 China; 3. Production Re—
search and Development Center CNR Tangshan Railway Vehicle
Co. Ltd. Tangshan 063035 China). pp 77 —81

Abstract:  According to Chinese Standard GB/T 21143—
2007 Metallic materials-Unified method of test for determination
of quasistatic the fracture toughness CTOD value §, and ] inte—
gral value J, in different areas of the welded joints of 6061 and
7NO1 aluminum alloys commonly used in high-speed trains were
obtained. Using mathematical and statistical methods the frac—
ture toughness of the welded joints and the relationship between
fracture toughness microstructure and fracture morphology were
analyzed. The results show that logarithmic normal distribution
was best fitted for fracture toughness data acquired from small
samples. Generally §, and J, in both 6061 and 7NO1 aluminum
alloy welded joints had the maximum values in the HAZ fol-
lowed by in WM and BM. However §, and J, in BM and WM of
7NO1 aluminum alloy welded joint were greater than those of
6061 aluminum alloy welded joint. §, in HAZ of 6061 aluminum
alloy welded joint was greater than that of 7NO1 aluminum alloy
while J, in HAZ of 7NO1 aluminum alloy welded

joint was better than that of 6061 aluminum alloy welded joint.

welded joint
Key words: 6061 aluminum alloy; 7NO1 aluminum al-

loy; fracture toughness; log-normal distribution

Effect of heat input on microstructure and mechanical prop-
erties of CMT welding-brazing joint between 5052 aluminum
alloy and galvanized Q235 steel CUI Dianzhong LU Sheng

CUI Qingging LIU Bin ( Key Laboratory of Advanced Welding
Technology of Jiangsu Province
and Technology Zhenjiang 212003 China) .

Abstract:
joint of 5052 aluminum alloy to galvanized Q235 steel using
ER4043 filler wire. The effect of heat input on the microstructure

Jiangsu University of Science
pp 82 - 86

CMT welding was carried out to weld-braze lap

and mechanical properties of the joint was investigated. The re—
sults show that the weld width grain size of heat-affected zone
( HAZ)

with the increasing of heat input. The lap joints broke initially in

hardness and thickness of interfacial layer increased

the HAZ of aluminum alloy in tensile test due to grain coarse—
ning. The weld zone mainly consisted of dendritic a-Al matrix
and intergranular Al-Si eutectic both of which grew to the weld
center perpendicular to interfacial reaction layer and fusion line.
The thickness of interfacial reaction layer in the brazed zone was
around 2.55 —6.86 pum. The interfacial reaction layer on alumi—
num side was uneven and consisted of FeAl; intermetallic com-

pound ( IMC)
composed of Fe, Al ( with lower heat input) or FeAl, and FeAl

while that on steel side was uneven and mainly

( with higher heat input) .
Key words: aluminum/steel; CMT welding-brazing; heat

input; intermetallic compound

Effect of tensile dwell on low cycle fatigue cyclic stress re—
sponse and damage mechanism of 316L austenitic stainless
LI Mingna' > LIU Feng' (1. School of

Liaoning Shihua University

steel welding joint
Mechanical Engineering Fushun
113001 China; 2. Lanpec Technologies Limited Lanzhou 730070
China) . pp 87 -91

Abstract:  Continuous and tensile dwell low cycle fatigue
tests of 316L. austenitic stainless steel base metal and weldment
were carried out at 873 K temperature. The dislocation micro—
structure and crack propagation evolution in the specimens were
examined using optical microscope ( OM) and transmission elec—
tron microscopy ( TEM) . The effect of tensile dwell on the low
cycle fatigue cyclic stress response and damage mechanism of
base and weld metal was experimentally investigated. Cyclic
hardening was observed in the base metal during both continuous
and tensile dwell low cycle fatigue tests. However continuous
cyclic softening was observed during continuous low cycle fatigue
in the weldment whereas clear cyclic saturation stage occurred
during tensile dwell test. The fatigue life during tensile dwell low
cycle fatigue was much shorter than that during continuous low
cycle fatigue. Transgranular propagation of crack was the main
character during continuous low cycle fatigue for both base metal
and weldment. However the crack propagated intergranularly or
in mixed mode during tensile dwell low cycle fatigue test.

Key words: austenitic stainless steel; low cycle fatigue;

tensile dwell; cyclic stress response; damage mechanism

Mechanism and suppression of cracking in 5052-O alumi-—
num alloy resistance spot weld WU Song' WANG Min'
KONG Liang' Gao Boen® SUN You®( 1. Shanghai Key Labora—
tory of Materials Laser Processing and Modification ( Shanghai
Shanghai 200240 China; 2. Shanghai
Shanghai 201814

Jiao Tong University)
Yirui Automobile Technology Co.  Lid.



