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quently at the stage of crack nucleation. The increase of inclu—
sions with large size was the main reason of the appearance of
quasi-cleavage fracture and the decrease of impact absorbed en—
ergy.

Key words:  high strength steel; deposited metal; me-—

chanical property; microstructure

Influence of process parameters on the cracking rate and
morphology of the laser melting and quenching zone in ver—
micular graphite cast iron ZHENG Ziyun MA Bing
FENG Shenggiang LIU Guang ( Ningbo Branch of China Acade—
my of Ordnance Science Ningbo 315103 China) . pp 58 -62
Abstract:  Laser melting and quenching experiments were
conducted on vermicular graphite cast iron by employing 3 kW
solid fiber laser. The cracking rate in the quenching zone the
morphology of the melting zone microhardness and microstruc—
ture were analyzed. The results show that at a given flow rate of
shielding gas increasing the laser power or reducing the scan—
ning speed could facilitate the reduction of cracking rate in the
quench zone. When the laser power was constant the optimum
flow rate of the shielding gas changed with the scanning speed.
With the increase of laser power the morphology of the quench—
ing zone extended to the substrate. The morphology extended
vertically and horizontally in the melting zone and then in other
directions. After that it extended vertically and horizontally
and cycled. The gross area of the melting zone increased conse—
quently and the morphology of the quenching zone changed from
flat to calyptra.
vermicular

Key words:  laser melting and quenching;

graphite cast iron; cracking rate; melting zone; morphology

Microstructure characteristics of RuTi/1060Al fusion-brazed
joint by pulsed gas metal arc welding WEI Shouzheng LI
Yajiang WANG Juan ZHANG Pengfei ( Key Laboratory for
Liquid-Solid  Structural Evolution & Processing of Materials
( Ministry of Education) Shandong University Jinan 250061
China) . pp 63 —66

Abstract:

alloy to 1060 aluminum was conducted. The microstructure in

Pulsed gas metal arc welding of RuTi titanium

weld zone of RuTi Ti/1060Al joint was examined by scanning e—
lectron microscope ( SEM) fitted with energy-dispersive spec—
trometer ( EDS) . Elemental distribution and precipitated phase
in weld zone and transition region on Ti alloy side were analyzed
by EDS. The weld zone was composed of a-Al dendrites and eu—
tectic @Al + Si structures. The eutectic a-Al + Si structures dis—
tributed along the boundaries of a-Al dendrites. Striped or block
Ti( Al Si) ; intermetallics appeared in the weld zone. A serrated
transition region mainly containing Ti( Al Si) ; intermetallics was
formed between the RuTi titanium alloy and the weld zone. The
width of the Ti/Al transition region was less than 10 pm. With
the increasing of welding heat input the Ti/Al transition region
presented a rod-ike appearance. The heat-affected zone ( HAZ)

of RuTi titanium alloy consisted of acicular a” and lath a” mar—
tensite. The average microhardness in the HAZ was about 2. 16 —

2.65 GPa.

Key words: RuTi titanium alloy; 1060 aluminum;

pulsed gas metal arc welding; microstructure; precipitated phase

Uniform design and optimization of active flux for A-TIG
welding of AZ31B magnesium alloy DU Xianchang
WANG Yi GUO Shulan YANG Chunguang( School of Mechan—
ical and Electrical Engineering Changchun Institute of Technol—
ogy Changchun 130012 China) . pp 67 =70

Abstract:  Active fluxes with four components ( TiO,
SrCl, ZrO, and Y,0;) were developed based on the require—
ments of A-TIG welding of AZ31B magnesium alloy on active flu—
xes including weld penetration weld appearance mechanical
properties and reinforcement mechanism of weld process feasi—
bility and non-toxic etc. The composite active fluxes were de—
signed by uniform design method. A mathematical model was es—
tablished according to the weld penetration depth and weld ap-
pearance. The optimized ingredients of active fluxes were deter—
mined and verified through the comparative analysis with different
mathematical models. The results show that the maximum pene—
tration could be obtained with good weld appearance and the wel-
ded joint had excellent mechanical properties when the active
fluxes was designed with the proposed uniform design method.

Key words:  magnesium alloy; active flux; uniform de—

sign

Analyses of reheat cracking sensitivity and test methods for
07MnNiVDR steel LIU Junsong' > CHEN Xuedong® BU
Huaquan® ( 1. School of Materials Science and Engineering

Hefei University of Technology Hefei 230009 China; 2. Hefei

General Machinery Research Institute Hefei 230031 China) .
pp 71 =74
Abstract:  Reheat cracking sensitivity of the quenched

and tempered high strength 07MnNiVDR steel was investigated
with methods such as low strain rate tensile test at high temper—
ature after thermal simulation Charpy pendulum impact test
implant test and small Tekken test. The thermal simulation re—
sults show that the steel was insensitive to reheat cracking with
low welding heat input but sensitive with high welding heat in—
put and the sensitive temperature was around 600 °C. Implant
test also indicates that the steel had risk of reheat cracking to
some extent with sensitive temperature of about 600 “C. The re—
sults of thermal simulation test and implant test were consistent
with each other while small Tekken test was not suitable for tes—
ting reheat cracking sensitivity. Low stain rate tensile test after
thermal simulation was a practical and effective method for reheat
cracking sensitivity assessment. The critical stress of implant test
was important for engineering practice. Post-weld heat treatment
of this steel joint should be prudent although no apparent reheat
cracking was found in small Tekken test.

Key words:  high strength steel; reheat cracking; weld—

ing; thermal simulation

Spectral diagnostics of electron number density in plasma jet
under atmosphere thermal plasma spray SUN
Chengqi' > GAO Yang' YANG Deming' CHEN Zhenyu'( 1.
School of Transportation Equipment and Ocean Engineering

Dalian Maritime University Dalian 116026 China; 2. Maritime
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College Guangdong Ocean University Zhanjiang 524025 Chi-
na) . pp75-178
Abstract:

conducted at different power levels and flow rates of argon plasma

A direct current atmospheric plasma spray was

gas. In this paper electron number density of the plasma jet was
determined using AA, ,of the Ar T (430 nm) line and the effect
of different power levels and flow rates of Ar plasma gas on the e—
lectron number density in the thermal spray plasma jet was inves—
tigated. Meanwhile the degree of ionization of Ar atom was ana—
lyzed using Saha equation and the relations between the degree
of ionization the gas flow and arc electric current were dis—
cussed. The results show that the electron number density in—
creased with increasing the plasma input power and Argon con—
tent of the plasma gas while the degree of ionization increased
with the increase of the plasma power but decrease of the Argon
flow rate.

Key words:

thermal spray plasma; emission spectrosco—

py; degree of ionization; electron number density

Non-inear influence of welding thermal effect on dynamic
CHEN Zhanglan' YE Jiawei’
(1. Marine Engineering Institute Jimei University ~Xiamen
361021
tion South China University of Technology Guangzhou 510640
China) . pp 79 - 82

Abstract:

dynamic performance of complex structure was proposed and con—

performance of structure

China; 2. School of Civil Engineering and Transporta—

The influence of welding thermal effect on the

firmed by both formula derivation and numerical solution by finite
element analysis method. Based on constitutive relation including
initial stress and strain the stiffness matrix considering the weld—
ing thermal effect was derived by employing the principal of vir—
tual work. Then modified characteristic equation of modal analy—
sis including geometric non-inear stress stiffening and welding
thermal effect was established. Modal analysis by taking a ship
hull block as the example was performed to testify the derived e—
quation and the first natural frequencies were extracted. The
comparisons of different first natural frequencies induced by dif—
ferent levels of welding residual stress exhibited that the welding
thermal effect obviously influenced the vibration performance of
hull block by changing natural vibration frequencies of the struc—
ture. Especially certain value of welding residual stress could e—
ven lower the first natural frequency nearly to wave frequency.
The results show that the welding thermal effect played an impor—
tant role in the dynamic performance of structure and could not
be neglected in vibration analysis.

Key words:  welding thermal effect; stiffness matrix; geo—

metric nondinear; hull block; dynamic performance

Laser-TIG-adhesive hybrid welding of magnesium to steel
with Ni alloy interlayer WANG Hongyang ZHANG Zha-
odong CAO He ( Key Laboratory of Liaoning Advanced Welding
and Joining Technology Dalian University of Technology Dalian
116024 China) . pp 83 -86

Abstract:  Laser-TIG-adhesive hybrid welding was carried
out to join AZ61 magnesium alloy to Q235 steel with Ni interlay—

er. Weld surface appearance microstructure and distribution of

alloying elements in the fusion zone were investigated. The ex—
perimental results indicate that the welding heat input was the
key factor on the weld surface formation when the thickness of
adhesive was constant. The seam was mainly composed of Mg
Fe and Ni. In the fusion zone the addition of adhesive rein—
forced the liquidity and promoted the reaction among molten met—
als. The AZ61 magnesium alloy and steel were metallurgically
bonded and the liner load capacity of the resultant joint in—
creased. The comprehensive performance of the joint was im-—
proved.

Key words: adhesive; magnesium alloy; steel; laser-T1G

hybrid welding

Visco-elastic-plastic constitutive model
A7N01-T6 aluminum alloy SONG Kuijing' WEI Yan—
hong' > DONG Zhibo' MA Rui’ ZHAN Xiaohong® ZHENG
FANG Kun' (1.
Welding and Joining Harbin Institute of Technology
150001

Nanjing University of Aeronautics and Astronautics

for welding of

Wenjian' State Key Laboratory of Advanced
Harbin
China; 2. School of Materials Science and Technology
Nanjing
210016 China; 3. Beijing Power Machinery Research Institute
Beijing 100074 China) . pp 87 -90 94

Abstract: A visco-elastic-plastic constitutive model for
welding of A7NO1-T6 aluminum alloy was established consider—
ing the welding thermal temperature and deformation history. The
model used elastic-mixed hardening plastic and creep equation to
describe the strain hardening at low temperatures and strain sof—
tening at high temperatures respectively. And it was applied for
finite element numerical simulation of the welding process.
Based on the established constitutive model the welding residual
stress and strain agreed well with the theoretical results. Com-—
pared to the ideal temperature dependent elastic-plastic model
strain hardening at low temperatures and strain softening at high
temperatures had combined effect that led to invariable welding
residual stress. Due to strain softening at high temperatures the
overall longitudinal residual compressive plastic strain and the
maximum deformation of welding sheet were much larger using
the newly proposed model.

Key words: constitutive model; secondary development;
strain hardening; strain softening; welding residual stress and

deformation

Fatigue failure analysis of 6061-T6 aluminum alloy refilled
friction stir spot welding ZHU Xiaogang WANG Lian—
feng QIAO Fengbin GUO Lijie ( Shanghai Aerospace Equip—
ments Manufacturer Shanghai 200245 China) . pp 91 —94
Abstract:  Fatigue test was carried out on refilled friction
stir spot welding joints of 6061-T6 aluminum alloy to identify the
reason for fatigue failure and the S-N curve and conditional fa—
tigue limit were obtained at test load of 1.5 kN. The microstruc—
ture and fatigue fracture were examined by scanning electron mi—
croscope ( SEM)

features were investigated. The results show that the main reason

and the fatigue mechanism and fatigue fracture

for fatigue failure of refilled friction stir spot welding of 6061-T6
aluminum alloy was the hook in the joint and serious stress con—

centration at notch tip of the boundary between the upper and



