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Fig. 1 Optical image of Cu-Al lap cross-section

P T AT LU AR e A v A 2 T 5K g 3
T3 E A AERIEREE R W0 10 5 S 5 A
ML AR 25 & X JE ARAE 7 4545 X ) SEM 73
Prés R sl 2 .

2 {EEEERMWNARESR
Fig. 2 Microstructure in Cu-Al intermediate layer
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Fig. 3 Microstructure of Cu-Al intermediate layer at high
magnification
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Table 1 Microstructure morphology and corresponding
compositions of Cu-Al joint
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Table 2 Solid phases for Cu-Al system and their corre—
sponding compositions
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EDS J7p 73 Hr 4 R W, 11 1, K, L AR i 7y
BN 53.57% ,54.03% F1 52.44% . 15 M,N,O
AR R A R 34 64% ,32.97% Fil 34.14% .
PR 2. 1 Xk 0 5 i AR B BT Xk 17 9 s 43 M il R, T
K, L 4k & s AL & ) CuAl,, M, N, O by 3E i 41

g1 WAl UL, hr A BT I R R AR A XL AHE
Bl AR EAROCTE ERIE T, Sk h A 5 U] 55 a5
Tt 3 5 I A SUIR A X (X35 3) .
2.3 BEEEMMNALARNDFHEENZIE

PR AR AR LR A AR Sk A 2R 2 AR Ak, 2
MY 2 e 42k W s R By ) ). (8] Sa FIEL Sb i
TG R TR G DX R R e R B D) 7 R ek 3
A 42

9 600
g
§ 8 % 550
% 7+ § 500+

=®

ﬁ 6 K 4501
P it

5k L 400 L

120 140 160 120 140 160

EHHE v/(mm- s')
(a) BRAEXRE

PBESHE v/(mm- s )
(b) B KBIHIH

5 RAREEREXHVINBIEREERTL
Fig. 5 Variations of mixture zone width and maximum
tensile stress with welding speed
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neering, Harbin Engineering University, Harbin 150001, Chi-
na) . pp 35 -38
Abstract:

were welded with refill friction spot welding process, in which

Lap joints of 5A90 aluminium-ithium alloy

the process parameters were changed for different purpose. The
joint mechanical test of lap shear samples and cross tension sam—
ples, metallography analysis and joint microhardness test were
carried out. The experimental results indicate that 1.5 mm thick—
ness spot welded joint shear strength is more satisfying with tool
rotation speed of 1 800 r/min and welding time of 1.5 s. The
cross tension test results shows thats the joint strength of cross
tension increases with welding time, and insensitive to the
change of weding tool rotational speed and press depth. The joint
cross section metallograph show that the joint vertical interface is
the weak joining area. The microhardness distribution indicates
that the joint weak microzone locates in joint horizontal interface.

Key words:  refill friction spot welding; aluminiumithi—

um alloy; mechanical properties; microhardness

Shakedown analysis of U-groove butt welded joints under
cyclic thermo-mechanical loadings ZHENG Xiaotao,
PENG Changfei, YU Jiuyang, WANG Chenggang ( Wuhan Insti—
tute of Technology, School of Mechanical Engineering, Wuhan
430205, China) . pp 39 -42

Abstract:  The shakedown behavior of U-groove buit wel—
ded joints under cycle thermo-mechanical loadings was studied
by ABAQUS according to the nonlinear superstition method. The
effect of the geometrical scale of welding line, yield stress, ther—
mal expansion coefficient and Young’s modulus of the base mate—
rial and weld material as well as the thickness of piping on the
shakedown behavior were studied. Results showed that the geom—
etry of welding line has little influence on the shakedown region,
while the difference between the yield stress, thermal expansion
coefficient and Young’s modulus of the base material and welding
material influence the shakedown behavior significantly due to the
great local stress. Lastly, the shakedown estimation method of U
groove butt welded joints was developed for engineering designs.

Key words: shakedown; welded joints; pressure piping;

thermo-mechanical loadings

Microstructure and mechanical properties of floating bobbin
friction stir welded joints in aluminum alloy DONG Ji-
hongl‘2 , DONG Chunlin®*, MENG QiangZ , LUAN Guohong2 s
JIAO Xiangdong’ ( 1. Beijing University of Chemical Technology,
and Electrical Institute

Mechanical Engineering

100089, Chian; 2. Beijing Aeronautical Manufacturing Technol—

Beijing

ogy Research Institute, Aviation Industry Corporation of China,
Beijing 100024, China; 2. Beijing FSW Technology Co. , Lid,
Beijing 100024, China; 3. Beijing Institute of Petro-chemical
Technology, Beijing 102617, China) . pp 43 —46

Abstract:
the whole specimen in the 12 mm thick plate joint obtained by
floating bobbin friction stir welding ( FBFSW) were studied. The

results showed that refined equiaxed grains could be observed in

Microstructures and mechanical properties of

weld nugget zone ( WNZ) , and the segregation phases were bro—
ken up and mostly dissolved into the matrix. The microstructure
in the heat affected zone ( HAZ) consists of coarse bar-shape re—

covery grain. The profile of micro-hardness across the weld ex—

hibits like “W” and the fluctuation in hardness along the thick—
ness direction of joint was small and that the HAZ has serious
softening. The fracture analysis showed that the fracture mode of
the joint is ductile fracture. When the rotating speed is 600 r/
min and the wielding speed is 300 mm /min, the good weld is a—
chieved. The tensile strength of the joint reaches 231 MPa,
which is about 79% of the ultimate strength of the base material.

Key words:  floating bobbin FSW; microstructure; me—

chanical properties; 6082 aluminum alloy

Ultrasonic-assisted brazing of Al/Fe with Al alloy
WANG Qian, LENG Xuesong, YAN Jiuchun, CHENG
Xianoguang ( State Key Laboratory of Advanced Welding and
Joining, Harbin Institute of Technology, Harbin 150001, Chi-
na) . pp 47 -50
Abstract:

successfully realized at intermediate temperature without flux in

Al/Fe clad materials joining with Al alloy were

air by using ultrasonic-assisted brazing. Mechanical properties
and microstructure of joints with Zn-Al and Al-Si filler metals
were studied. The experiment showed that the oxide film of Al
film at clad materials were effectively removed when Al/Fe clad
materials were brazed with 5A06 alloy by using Zn-Al filler met—
al. Diffusion of Al film was easily controlled. There were not Fe—
Al intermetallic compounds in the joins. Shear strength of joints
was higher than 70 MPa when the Al film was not completely dis—
solved. The joints were composed of a-Al, np—n, Zn-Al eutectic
and Zn-Al eutectoid. When Al/Fe clad materials were brazed
with 1100 Al by using Al-Si filler metal, the Al film was com—
pletely dissolved in a short time. Fe-Al-Si intermetallic com—
pounds and microcracks were observed and the shear strength
was only 20 MPa.

Key words:  ultrasonic-assisted brazing; Al thin film/Fe
clad materials; Al alloy; Zn-Al filler metal; Al-Si filler metal

Microstructural characteristics and mechanical properties of
laser-welded copper and aluminum XUE Zhiqing'?, HU
Shengsun', ZUO Di*, SHEN Jungi'( 1. Tianjin Key Labora—
tory of Advanced Joining Technology, Tianjin University, Tianjin
300072, China; 2. School of Materials Science and Engineer—
ing, Tianjin University, Tianjin 300072, China) . pp 51 —54
Abstract:
different from that made by other welding methods due to the rap—

Microstructures of laser-welded Cu-Al joint are

id heating and solidification during laser welding process, which
produces the high temperature and constituent gradient in the
welding pool. In present paper, laser lap welding of copper and
aluminum, tensile shear testing, examinations of weld joint
cross—section and fracture surface using SEM & EDS were carried
out to study the microstructural characteristics of laser-welded
Cu-Al joint and the effects of microstructure on the joint mechan—
ical properties. The results show that diverse microstructures
were formed in the joint under the conditions of high temperature
and constituent gradient due to the high solidification rate of laser
welding process. Several different zones were identified in this
study. They are band shape hypereutectic with the characteristic
of parallel arrangement, mixed structures of hypereutectic and
eutectic ( mixed zone for short) , lamellar eutectic and dendritic
hypoeutectic. The results of tensile testing and fracture surface a—

nalysis indicate that the defect occurred in the mixed zone of hy—
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pereutectic and eutectic structure. With the increase of welding
speed, mixed zone width decreased and the hypereutectic mor—
phology transited from the equiaxed shape to band shape. Mean—
while, the maximum shear strength of the weld joint increased
with increasing of welding speed.

Key words:

laser welding; dissimilar metals; microstruc—

ture; mechanical properties

Thermal kinetics for phase transformation of CuZnSnSi al-
loy BAO Li, LONG Weimin, PEI Yinyin, MA Jia ( State
Key Laboratory of Advanced Brazing Filler Metal & Technology,
Zhengzhou Research Institute of Mechanical Engineering, Zheng—
zhou 450001, China) . pp 55 - 58

Abstract:  CuZnSnSi alloy performs well on brazing steel.
This paper aims at studying the thermal kinetics for the melting
phase transition process with CuZnSnSi alloy as filler metal, by
DSC and TG techniques and the differential and integral non-iso—
thermal analysis methods. The results show that endothermic
peak starts at 1 150.5 K and ends at 1 221.5 K. The peak tem—
perature of heat absorption is 1 174.46 K. The endothermic peak
in the heating process is lower than that in the cooling process
while transforming without reaction, which indicates that under—
cooling is necessary to make the alloy crystallize. The calculated
apparent activation energy is 615. 72 kJ/mol and the transition
rate varies with 7" as the function of £ =1.71 x1 027exp( —6. 16
x10° /RT) .

Key words: filler metal; phase transformation; thermal

kinetics; DSC technique; apparent activation energy

Effect of strain rate on mechanical behavior of lead-free
AN Tong, QIN Fei, WANG Xiaoliang ( Col-
lege of Mechanical Engineering and Applied Electronics Technol—-

solder joints

ogy, Beijing University of Technology, Beijing 100124, China) .
pp 59 -62, 104

Abstract:  Tensile properties and fracture mechanism of
Sn3.0Ag0. 5Cu/Cu solder joints aged at 150 °C for different time
were investigated at the strain rates of 2 x 10 4 2%x107%and 2
s~'. Experimental results show that the strain rate plays a signif—
icant role in the strength and the fracture behavior of the solder
joints. The tensile strength of the solder joints increases with in—
creasing of strain rate. The solder joints fail in a ductile mode
within the solder at the low strain rate, but fail in a brittle mode
inside the IMC layer at the high strain rate.

Key words:

solder joint; intermetallic compound; strain

rate; tensile strength

Research on decoupling of trajectory error compensation for
multi-joint welding robot LI Xueqin', JIANG Honghai®,
YIN Guofu', HU Xiaobing' ( 1. School of Manufacturing Science
and Engineering, Sichuan University, Chengdu 610065, China;
2. School of Electrical and Mechanical Engineering, Kunming
University of Science and Technology, Kunming 650504, Chi-
na) . pp 63 -66
Abstract:

sources, the end of the welding gun doesnt follow predefined

Because of the influence of different error

trajectory. An additional movement approach was presented to
compensate position and orientation errors for each joint of the

welding robot which caused small perturbation on the welding gun

so that the error was eliminated. Since there were serious cou—
pled interactions between kinematic pairs of the joints of 6-DOF
welding robot, error compensation model was established based
on small error assumption by analyzing the relationship between
the robot coordinate system. The value of error compensation for
each joint of the robot can be calculated accurately through the
mathematical model. The correctness of decoupling methods and
modeling presented in this paper were verified by the simulation
analysis. The results showed that the algorithm can effectively re—
duce the position and orientation errors for the end of welding
gun, which offered an effective theory foundation for the control
of the pose accuracy in the welding robot.

Key words: welding robot; decoupling; error compensa—

tion; accuracy

A seam tracking method for overlap sheet welding based on
magnetic-control arc sensing HONG Yuxiang, XIANG Xi-
aoming, HONG Bo, HE Rongtuo ( School of Mechanical Engi—
neering, Xiangtan University, Xiangtan 411105, China) . pp 67
-70
Abstract:

of sheet was always a particular problem in the welding field.

The automatic seam tracking of overlap seams

According to the characteristics of its welding procedure, a seam
tracking method for overlap sheet welding based on magnetic—
control arc sensing is proposed in this paper. By employing ex—
ternal alternating transverse magnetic field to control arc motion,
this method acquires the real-time welding deviation through de—
tecting the variation rules of welding currents. Wavelet threshold
de-noising method is selected to process the current signals after
contrastive analysis on the filtering results of the two-evel sec—
ond-erder Butterworth filter and the wavelet filtering. Based on
the analysis of characteristics of overlap sheet welding and the
motion of magnetic-control arc, a control method of welding devi—
ation correction based on the combination of unilateral-compared
midpoint-divided area integral method and the torch-eontrol
method is proposed. The results of practical seam tracking exper—
iments demonstrate that the automatic seam tracking method pro—
posed can effectively resolve the dilemma of real-time seam
tracking during overlap sheet welding.

Key words:  overlap sheet welding; magnetic—control arc
sensing; wavelet filtering; unilateral-compared midpoint-divided

area integral method

Numerical simulation of resistance spot welding considering
YI Rongtao, ZHAO Dawei, WANG
Yuanxun ( Hubei Key Lab for Engineering Structural Analysis

phase transition effect

and Safety Assessment, Huazhong University of Science and
Technology, Wuhan 430074, China) . pp 71 - 74

Abstract:  The thermal expansion works in the whole
welding process. Taking into account the phase transition on the
thermal expansion coefficient, a two-dimensional axisymmetric fi—
nite element numerical analysis model of the resistance spot
welding considering the effects of phase transition was per—
formed. Then based on the thermal results considering the impact
of latent heat, the resistance spot welding stress field and de-
formation of the weldment of dual-phase steel DP600 were ana—
lyzed with the thermal elastic-plastic theory and the linear rule of

mixtures taking into account of the phase transition. The results



