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of laser keyhole welding process is considered with the model
based on the multiple reflections Fresnel absorptions the jump
boundary conditions of the keyhole wall the radiation heat trans-
fer of vapor plume/plasma the Marangoni force the friction
force in the solid-liquid mixture phase the buoyancy force the
viscous force the evaporation latent and the solidification/melt-
ing latent and the conduction convection and radiation heat
transfer of the metal alloys. A Level Set method and a new Fast
Sweeping method are developed to solve the transient keyhole
evolution equations. A SOLA method is proposed to solve the
three-dimensional heat transfer and fluid flow of the transient
weld pool. Numerical examples demonstrate that the presented
model can be used to reasonably simulate the transient keyhole
behaviors and the transient weld pool dynamics during laser key-
hole welding.
Key words laser keyhole welding mathematical model

transient keyhole transient weld pool

Microstructure and wear resistance of clad layer on laser re-
manufacturing metal pieces ZHANG Xiaodong' > DONG
Shiyun® WANG Zhijian® YAN Shixing” XU Binshi® Li Qing-
fen' 1.
Harbin Engineering University Haerbin 150001 China 2. Na-
tional Key Laboratory for Remanufacturing Academy of Armored
p75-78

The microstructure hardness wear resistance

School of Material Science and Chemical Engineering

Force Engineering Beijing 100072 China .

Abstract
of cladding layer which Fe-Cr-B-Si-Mo alloy powders were clad
by using laser multi-layer on the 1045 steel substrate were re-
searched with scanning electron microscope optical microscopy
micro-hardness tester and wear testing machine. The results show
that the microstructure of the layer is fully dense with rapidly so-
lidified microstructure. There is a metallurgical bonding between
layer and layer so no weakness in the whole material in theory.
The hardness of the laser is about 760-780 HV. The wear resist-
ance of laser cladding coatings is 21.7 times higher than that of
the unclad 45 steel. Laser cladding layer has higher metallurgy
quality and wear resistance.

Key words

laser remanufacturing microstructure wear

resistance behavior

Investigation and application of ultrasonic-TIG hybrid weld-
SUN Qingjie LIN Sanbao YANG Chunli
State Key Laboratory of Advanced Welding Pro-

ing equipment
YAN Jiuchun
duction Technology Harbin Institute of Technology Harbin
150001 China . p 79 -82

Abstract  The limitations of the TIG welding include low
productivity due to low deposition rates shallow penetration and
inconsistent penetration in the stainless steel plate with 5 mm
thickness. An ultrasonic assisted TIG welding equipment with
the assistance of high-intensity ultrasonic was researched and de-
veloped to increase the welding penetration and improve the
welding efficiency. The frequency and the output power of the ul-
trasonic are respectively adjusted by the input voltages of the
control circuit and the main circuit. The output power of the ul-

trasonic vibration can be continuously adjusted from 0 W to 1 000

W. Experimental results show that the high-intensity ultrasonic
has the effect of increasing the weld penetration. Also the
process is simple and easy-controlled compared with other weld-
ing methods for increasing penetration. The ultrasonic assisted
TIG welding equipment can satisfy the requirements of the design
and application.

ultrasonic vibration resonance acoustic

Key words

field stainless steel welding penetration

Characteristics of aluminium-lithium alloy joint formed by
YAG-MIG hybrid welding YANG Jing' > LI Xiaoyan'
GONG Shuili* CHEN Li* XU Fei'* 1.
Science and Engineering Beijing University of Technology Bei-
jing 100124 China 2. Key Laboratory for High Density Beam
Processing  Technology
Technology Research Institute Beijing 100124 China .
86
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Abstract  The process of YAG laser and MIG-arc hybrid
welding for 5A90 aluminium-lithium alloy was investigated based
on analysing the characteristics of joint formation in laser-arc hy-
brid welding. Under the condition of the constant welding posi-
tion the effect of main welding parameters on the joint forma-
tion including laser power travel speed welding current and
the distance between hybrid thermal sources was discussed. The
results indicate that a good synergistic effect is shown if the dis-
tance between laser and arc is within 0—6 mm. The laser power
plays a main role in increasing of depth and backside width of
weld. With the increase of welding speed the width of the weld
decreases rapidly so dos the penetration. But the depth and
width of the weld increase obviously with the promotion of weld-
ing current.
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aluminium-lithium alloy laser-arc hybrid

welding weld formation

Inversion imaging of nugget cross-section in aluminum alloy
resistance spot welding XUE Zhiging' LUO Zhen'

SHAN Ping' LIU Ying® Wang Rui' 1. School of Materials
Science and Engineering Tianjin University Tianjin 300072

China 2. Jinghai County’ s Commission on Science and Tech-
p 87 =90

Inverse theory and regularization method are

nology in Tianjin Tianjin 301600 China .

Abstract
used to the current inversion imaging of nugget cross-section.
The inversion image can be used to evaluate spot weld intuitive-
ly which meets to the requirements of higher weld quality. First-
ly the forward model which describes the relationship between
the current distributions of nugget cross-section and magnetic
field was established and its reliability was verified by experi-
ments. Secondly the inversion model was established and the
numerical experiments were conducted to verify correctness of the
inversion model. In the end different current values were chosen
for the resistance spot welding experiments and then the collect-
ed magnetic signals were transformed into current signals which
were displayed in the form of image. Experiment results show
that the inversion image can describe the characteristics of nugget

cross-section current distribution and reflect the quality of nug-



