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Table 1 Chemical composition of materials
Al Nb Mo Zr Si Ti
Ti-24AF15Nb-1. 5SMo 24.0 15.0 L5 0 0 59.5
TCI11 10.0~12.0 0 1.4~1.8 0.7~2.2 0.3~0.6 83.4~87.6
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Table 3 Result of energy spectrum analysis in welded joint
Al Ti Zr Nb Mo
(%) 8.19 74.15 0. 66 14.05 2.%

(%) 14.87 75.86 0.35 7.41 1.51
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Key Laboratory of Gansu Advanced Non-Ferrous Metal Matenals
Lanzhou 730050, China; 2.
Division of Strucrural Materials Central Iron and Steel Research I
stitute, Beijing 100081, China). p 17—20

Abstract:  Micwstructure and mechanical properties of HAZ

Lanzhou University of Techenology,

of 980 MPa low carbon bainite high strength steel joints were stud-
ied. The different regions of welded joint HAZ were simulated by
welding themal simulation technique. Microstucture obsewvation
phase analysis and corresponding tensle and impact test for differ-
ent regions of welded joint HAZ were taken. The results indicate:
the impact property of coarse grain zone is the best, while the impact
popetty of fine grain zone is the womst. So the fine grain zone is the
weakest part of the welded joint. Micmwstructure of coase grain zone
is uniform interweaved coarse and fine lath martensites and precip-
tation acicular ferrite are distributed between the lath martenstes.
Toughness of coame grain zone is increased owing to the austenite
thin film adherent lath marensite interface. Microstructure of fine
grain zone are twin martensite and a small number of lath maarten-
site, only minor acicular ferite are distnibuted in the twin marten
site. Toughness of fine-grmined zone was decreased owing to win
martensite.

Key words: 980 MPa high strength stee; welding themal

simulation; heat affected zone; austenite film

The multi-information fusion quality judgment of spot welding
LI Dongtao, PAN Cunhai DU Sumei
GUO Shilin (College of Mechanical Engineering, Tianjin University
of Science and Technology, Tianjin 300222 China). p 21—24
Abstract:

based on rough sets

The new method of quality judgment about omrline
aluminum alloy spot welding was studied which was based on the
wough set theory. The eight characters selected from two parameters
(electiode displacement and electode force in the weld process)
constituted the knowledge representation system. The new method
dealt with the obtained information by adopting the discretized conm
tinuous attibute algorithm with the self-organizing feature map net
work (SOM) and the attribute reduction algonithm based on discerni-
bility matrixs picked up the distinguish mle, then completed the
classification of spot welding quality by the mle. The method can not
the workload of

quality classification and the information memory capacity, but also

only reduce the dimensions of the feature space,

can make the accuracy of the spot weld quality judgment reach 97.
03%.
Key words:  quality judgment; rough set; attribute discrimi-

nation; attribute reduction; resistance spot welding

Appearance of fine grain titanium alloy by tungsten iner-gas arc
welding( GATW) ZHOU Shuiliang, TAO Jun GUO Delun
(Aeronautical Key Laboratory for Aviation Joining Technology, Bei-
jing Aewnautical M anufacturing Technology Research Institute, Bei-
jing 100024, China). p 25— 28

Abstract:

Fine grain titanium alloy is used extensively in

aerspace and ailrraft because of its excellent comprehenslve proper-

ties and outstanding machinability. Fine grain Ti-6A1-4V alloy and
common grain T+ 6AF4V alloy were welded by tungsten iner gas arc
welding(GTAW) respectively. Welding parameters and appearance of
wo Ti-6AF4V alloys welded were investigated. 'The results indicate
that the heat conductivity impediment of grain boundary strengthened
because of fine gran Ti-6Al-4V alloy grains refinement and grain
boundary increasing. Thus, its coefficient of heat conductivity is de-
creasing. Camparing with appearance of common grain Ti-6Al-4V al-
loy, when the range of welding cumrent parameter was wide, the ap-
pearance of fine grain Ti-6A}F4V alloy was bad. However, when the
range of welding current parameters was nawow mlatively, the ap-
pearance of fine gran Ti-6Al-4V alloy welded was better than the
one of common grain Ti-6AF4V alloy. The possible influencing fac-
tors were discussed. At lask according to the specimen size, an op-
timal welding cument parameter(47 ~48) A was recommended.

Key words:

heat conductivity; grain boundary

fine grain Ti-6A1-4V alloy; appearance of weld;

Influence of TIG arc on characteristics of high power CO, laser
beam ZHANG Huanzhen, WU Shikai, XIAO Rongshi (Institute
of Laser Engineening Beijing University of Technology,
100124 China). p 29— 32

Abstract
beam diagnosis and the fast CCD camera, the effects of the DC TIG

Beijing

By instruments such as the laser power meter, the

arc on the characteristics of a vertically incident CO laser beam were
investigated. The expermental results demonstrate that part of the
laser beam energy is absotbed by the arc plasma. This absorption in-
creases with the increase of the arc current and the incident laser
power, and becomes more evident as the laser beam incident position
is closer to the anode. Meamwhile, the laser beam will be defo-
cused, deformed and deviated to the cathode due to the arc refrac-
tion. The beam defocusing deformation and deviation become more
obvious with increasing the arc current and the incident laser power
and impinging the laser beam closer to the anode. The combined ef-
fect of the absomption and defocusing causes the power density de-
creases sharply as the beam passes though the arc.

Key words: (0, laser; arg absorption; refraction; negative

lens

Effects of electron beam heat input on microstructure and mi-
cro-hardness of Ti24AF15Nb-1 SMo TCI1 dual alloys
GAO Jun, YAO Zekun IIU Yingying (School of Materials North-
western Polytechnical University, Xi an 710072 China). p 33—
36, 40
Abstract
24A1-15Nb-1. SMo/TC11 dual alloys welded joints obtained on the

Microstructure evolution characterization of the Ti-

condition of different electron beam heat input was studied by optical
microscope, scanning electron microscope, energy spectrum and mi-
cro-hardness analysis. The results show that the energy input have an
important effect on the micwstructures grain size, micro-hardness
and alloy elements content of welded joints. The micwstmucture is

. . ! . .
made up of homogeneous acicular martensite @ phase in fusion zone
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(¥Z) and the average micro-hardness value is 447HV when heat in-
put £= 135 kJ/m is utilized. With heat input increasing to 150 kJ/
m. the number of o’ phase decreases in FZ, short acicular a +J3
phase become coawser in heat affected zone(HAZ) of TC11, coarse
grains become larger in HAZ of Ti-24A1-15Nb-1. SMo and the aver
age micro-hardness value dops to 402HV. The result is attributed to
the changed content of alloy elements and lower cooling velocity
caused by increasing heat input. The content of element Ti, Al and
Nb is changed abmptly in the boundary of the joint but these ele-
ments evenly distribute in each zone and hardly diffuse.

Key words;  election beam welding; dual alloy; heat input

fine texture; micwostmcture

Microstructural characterization of TCY Cw ZQSn10-2-3 diffu
7ZHAO He, CAO Jian, FENG Jicai (State
Key Laboratory of Advanced Welding Production Technology, Harbin
Institute of Technology, Haibin 150001, China). p 37—40
Abstract:  The experimental investigation on the diffusion
bonding of TC4 to ZQSnl0-23 was carded out in vacuum.
CuSn3lis CusTi and rich-Pb layer were formed at the interface

sion bonded joints

zone. The maximum joint strength was 102 MPa. Biittle fracture was
explored after shear test, and occurred proximity to ZQSnl0-2-3
side. Using copper as the interlayer, element Sn and Pb can be
avoid diffusing from ZQSnl10-2-3 to TC4. Then there were little
CuSn3Tisin the interface. Fracture had certain plasticity, and the
maximum strength of joint was 196 MPa. The optimum bonding pa-
rameters were; honding temperature 7= 830 ‘C, bonding pressure
p= 10 MPa and bonding time = 30 min.

Key words:

titanium alloy; tin-bronze; diffusion bonding;

copper interlayer

Intelligent process modeling of rabotic plasma spraying based on
XIA Weisheng"?
ZHANG Haiou’ WANG Guilan, YANG Yunzhen' (1. State Key
Laboratory of Material Processing and Die & Mould Technology,
Wuhan 430074 China; 2.
State Key Laboratory of Digital Manufacturing Equipment and Tech-

multi-layer artificial neural network

Huazhong Universiry of Technologys

nology, Huazhong University of Science & Technology, Wuhan
430074 China). p 41— 44
Abstract:  The implementation of multi-layer artificial neural

networks (ANNs) in robotic plasma spraying was discussed and an
intelligent process model was constiucted to fully describe the rela-
tionships between process parameters and coating properties. Influ
ences of plasma arc current spray distance, robot scanning space
and scanning velocity on coating properties i. e. residual stress and
porosity  were systematically studied based on the present model.
Prediction can be effectively carried out after the leaming of the ex-
perimental database. Theoretical analysis shows the prediction results
agree well with the experments. It is favorable to fully investigate

the complex and nonlinear relationships between processing parame-

ters and coating properties as well as to overcome the limited infor-

mation indicated by the discrete varable in the processing results.
Key words:  robotic plasna spraying; artificial neural net-

work; intelligent model; residual stress; porsity

Kinemaftics and track amendments of intersecting pipe welding
roebot DU Hongwarg"% WANG Zongyis LIU Shaogang',
ZHAO Yanan'(1. College of Mechanical & Electrical Engineering,
Harbin Engineering University, Haibin 150001, China; 2. College
of Automation, Harbin Engineering University, Harmbin 150001,
China). p 45— 48

Abstract  According to the welding particulanty on the junc-
tions of intersecting pipe, the 4 degrees of freedom suspended weld-
ing obot was developed and mechanical structure of the body was in-
troduced. Based on the relation of the joints the kinematics model-
ing was established with the method of D-H (Denavit-Hartenberg).
To overcome the size emor and processing eror and welding distor-
tion, the welding track was taught in order to ensure welding quality,
and then theory track was amended by the linear interpolation. Ac-
cording to the kinematics modeling, the simulation was carried out
with SemMechanic. The results of experiments show that the welding
quality meet the requirements actually.

Key words:

terpolation

welding robot; kinematics teaching; linear in-

Dynamical simulation on the pressure response of load system of
linear friction welding ma chine YIN Dongdong, DU Suigeng,
YU Ionggh MA Yunfeng (Key Laboratory of Ministty of Education
for Contemporary Design and Integrated M anufacturing Technology,
Northwestem Polytechnical University, X{ an 710072 China). p 49
—52, 56
Abstract
of the eleciro-hydraulic servo load system of the linear friction weld-

In order to study the closed-loop contwl qualities

ing machine on the slipway pressure, closed-loop transfer function of
the pressure for the electro-hydraulic servo load system was estab-
lished according to the relationship between input and output vari-
ables a simulation model was established according to the transfer
function and the simulation was carried out. In order to validate reli-
ability of the simulation result, a frequency characteristics experi-
ment of pressure was implemented under closed-loop control and the
system pressure’ s affect on the pressure’ s closed-loop response
characteristics was specidlly analyzed. The results show as follows

the emulational and expermental results are anastomosing; the elec-
tro-hydraulic servo load system is a second-order inertial & first-order
differential link for closed-loop pressure contol the system frequen-
cy width is laige, and the system stability is high; pressure’ s
closed-loop dynamic response chamctenstics can be improved by
promoting the system pressure.

Key words:

draulic sewvo system; dynamic quality; simulation

linear friction welding machine; electro-hy-

Study on rapid solidification welding techniques of quenched Cu-
Sn alloy foils ZHAI Qiuya, YANG Jinshan, XU Jinfeng, GUO



