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Table 1 Chemical compositions of base metal and weld consumable
C Mn Si p S Mo Ni Cr Cu \ Nb Ti Al N B
0.072 1.805 0.250 0.0078 0.001 0.29 0.260 0.02 0.009 0.0030 0.035 0.012 0.031 0.004
0.056 1.610 0.290 0.0140 0.002 0.15 0.047 0.15 2.490 0.0068 0.038 0.014 0.018 —  0.0018
2
Table 2 Main parameters for welding process
I/A UIv vy /( mmes ") d/mm al(°)
1 800 32 17.79 -15
2 450 34 17.79 18 15
3 450 38 17.79 22 25
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Development of self-shielded flux cored wire for X100 pipe—
line steel and performance analysis of welded joints
ZHANG Min LIU Mingzhi CHEN Yangyang LI Jihong ( Col-
lege of Material Science and Engineering Xian University of
Technology Xi‘an 710048 China) . pp 1 -4

Abstract:  The alloy systems of weld metal of X100 pipe—
line steel were determined with the principle of composition
match and structure match. Combined with the principle of weld
metal alloying the types and content of alloy elements which
need to transit in the weld can be quantitatively calculated
based on which the flux-cored wire match to X100 pipeline steel
was designed and made. The appropriate welding process param—
eters for welding and the according joint performance were also
analyzed. The results showed that the flux-cored wire has excel-
lent mechanical properties with the tensile strength up to 795
MPa yield strength up to 615 MPa and impact energy value to
47.7J( 40 °C) . The microstructure of the weld metal consists of
lath bainite granular bainite and little acicular ferrite which
can match well with base material.

Key words: X100 pipeline steel; flux-cored wire; self-

shielded; mechanical properties; alloying

Effects of longitudinal magnetic field on non-consumable gas
shielded arc welding CHEN Shujun’ MENG Danyang’
SU Zaiwei® JIANG Fan' LU Yongsheng' (1. College of Me-
chanical Engineering and Applied Electronics Technology Bei-
jing University of Technology Beijing 100124 China; 2. Tianjin
Aerospace Long March Rocket Manufacturing Co. Lid.
300462 China) .
Abstract:

method a set of parallel longitudinal magnetic field generating

Tianjin
ppS5-8
Based on theoretical analysis and experimental

device is used on the non-consumable gas shielded arc welding
process which includes plasma arc welding and tungsten arc
welding. With the use of a high-speed video camera observation
the arc shape are measured. Then the arc changes of the two
kinds of welding method under the longitudinal magnetic field are
compared. The experiment results refer that owing to the specifi—
eness of the composition of the plasma arc the differences be—
tween the two kinds of the welding method under the same mag—
netic field occur. And by means of making analysis of the move—
ment of the particle the particle motion model is established un—
der the longitudinal magnetic field. It illustrates that because of
the difference of the longitudinal velocity of the particles the
difference of the motion stage of the charged particles under the
longitudinal magnetic field will appear which explains that why
the difference of the arc shape changes exists between the two
non-consumable gas shielded arc welding under the same mag—
netic field.

Key words:
gas shielded arc welding; arc force analysis;

longitudinal magnetic field; non-eonsumable
particle motion

model

Effect of bonding temperature on interfacial microstructure
and properties of TiAl/Ti,AlC, joint SONG Xiaoguo'

WANG Meirong’
FENG Jicai' * ( 1.
and Joining Harbin Institute of Technology

LIN Xingtao' LIU Jiakun' CAO Jian'’
State Key Laboratory of Advanced Welding
Harbin 150001
China; 2. Shandong Provincial Key Laboratory of Special Weld—
ing Technology Harbin Institute of Technology at Weihai
Weihai 264209 China) . pp 9 - 12

Abstract:  Diffusion bonding of TiAl alloy and Ti; AlC, ce—
ramic was achieved by using Ti/Ni composite interlay. The inter—
facial microstructure of TiAl/Ti;AlC, joint was analyzed by
SEM EDS and XRD and was determined as TiAl/Ti;Al +
AL NiTi, /Ti;Al/a-Ti + Ti,Ni/Ti,Ni/TiNi/Ni;Ti/Ni/Ni; ( Ti
Al) /Ni;Al + TiC, + Tiy AlC, /Ti;AlC,. As the bonding tempera—
ture increased the thickness of Tiss in TiAl/Ti interface gradu—
ally reduced the Ti;Al intermetallic layer gradually thickened
and the thickness of TiNi intermetallic layer increased signifi—
cantly while the thickness of Ti,Ni and Ni,Ti intermetallics lay—-
ers remained substantially constant. The shear strength of joints
first increased and then decreased with increasing the bonding
temperature. The maximum shear strength of the joint can reach
85.3 MPa when bonded at 850 °C. The joint fracture occurred
mainly in Ni/Ti;AlC, interface and Ti; AlC, matrix.

Key words:
terfacial microstructure

TiAl alloy, ceramic; diffusion bonding; in-

Study on phase matching control system for pulsed laser-arc
hybrid welding based on Labview SONG Gang LIU Che
SONG Qiuping LIU Liming ( Key Laboratory of Liaoning Ad-
vanced Welding and Joining Technology School of Materials Sci—
ence and Engineering Dalian University of Technology Dalian
116024 China) . pp 13 -16

Abstract:  This article introduced a pulsed laser-arc hy—
brid welding phase matching control system based on Labview.
Using NI's PCI6221 data acquisition card the DAQ system ac—
quired current of AC arc signal processed the signal and capture
the feature points of arc by the computer thus accurately ana—
lyzed the phase of AC arc and realized a continuous trigger con—
trol of pulsed laser on specific phase of AC arc. The locking trig—
ger method was put forward which eliminated the wrong trigger
of laser realized frequency doubling of pulsed laser and arc and
trigger frequency protection of laser. The verifying experiment in—
dicated that the system realized a accurately trigger control of
specific phase of arc and the pulsed laser and also provided the
technical support of flexible combination of energy of pulsed laser
and AC arc and the research on mechanism of interaction be—
tween the two heat resource.

Key words:  welding; laser-arc hybrid welding; phase
matching; control system

Numerical analysis of three-wire tandem submerged arc
welding grade X80 pipeline steel ZHAO Ming WANG
Haiyan WAN Fuwei LUO Detong ( College of Mechanical and
Electronic Engineering China University of Petroleum
266580 China) . pp 17 =20

Abstract: A model for the thermal process in three-wire

Qingdao
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tandem submerged arc welding of grade X80 pipeline steel is de—
veloped by using finite element analysis software ANSYS. The
element birth-death technique is employed to deal with the filling
of double-V groove along the longitudinal seam of pipeline steel

and double-ellipsoid volumetric heat source is used to achieve the
thermo-oad application and solution. The calculated results show
that the phenomenon three-wire in a single weld pool emerges
at 1.6 s after the weld starting the quasi-steady state is achieved
at 6 s and then a weld pool with length of over 100 mm is pro—
duced. The three peak values of temperature at the thermal cy—
cles in weld and heat affected zone elongate the high temperature
dwelling time of the thermal cycles which is the main reason
why the grains in the heat affected zone become coarser and the
joint properties worsen. The comparison between the experimen—
tal and predicted results shows that the agreement extent of the

and the

calculation accuracy can be improved if the weld reinforcement is

weld width is better than that of the weld penetration

considered.
Key words: pipeline steel; multi-wire tandem submerged
arc welding; heat affected zone; thermal cycle; numerical simu—

lation

Research on rapid underwater welding based on SHS
YIN Yujun PAN Chuanzeng SU Shan ( Department of Vehicle
and Electric Engineering Mechanical Engineering College Shi—
jiazhuang 050003 China) . pp 21 -24
Abstract:  Based on SHS technology
welding was investigated. The solder was composed of thermite of
CuO + Cu, O + Al gasification agent of CaCO; alloy agent of
FeSi + MnFe and slagging agents of B,0,. The weld block was
consisted of graphite crucible and rectangular pipe meanwhile

rapid underwater

one end of rectangular pipe was sealed and another one sealed
partly to control the heating direction of combustion flame. Tung—
sten coil was used to ignite KNO;/Al-Mg ignition materials and
the paraffin was used to seal the opening of the weld block. Fi-
nally the feasibility problem of underwater welding based on
SHS was solved. It was found that this technology can be opera—
ted easily without power supply to form welded joints after self—
combustion of the solder in weld block. Welded joints with ten—
sile strength of 135 MPa can be obtained under the condition of
water depth of 0.5 m and the emergency repairs of underwater
damaged structures can be realized basically.

Key words:  underwater welding; self-propagation; emer—

gency repairs, welding mechanism

Microstructure and mechanical properties of variable polari—
ty plasma arc keyhole weld of 2A12 aluminum alloy

JIANG Yi'> LIU Ming® LU Yaohui® XU Binshi®( 1.
tics academy Naval University of Engineering Tianjin 300450

Logis—

China; 2. National Key Laboratory for Remanufacturing Acade—

my of Armored Forces Engineering Beijing 100072 China) . pp

25 -28
Abstract:

cient and cost-efficient welding technology has been widely ap-

Variable polarity plasma arc welding an effi-
plied to aircraft components manufacture especially aluminum
alloy components. Variable polarity plasma arc keyhole weld of
2A12 aluminum alloy was conducted by welding torch with assis—
tant nozzles under high welding speed and high heat input and
microstructure and mechanical properties of weld zone was ana—
lyzed as well. Due to the compression of assistant nozzles to plas—
root weld is broad-

ma arc crown weld is narrowed however

ened; reinforcements of both welds are increased. In the weld
fine equiaxed nondendritic grains are dominate strengthening
phases are with Al, Cu phases largely and few S phases. Mechan—
ical properties of weld zone are determined by the size and quan—
tity of Al,Cu. It could be concluded that the difference of hard—
ness between parent metal and weld is little. Furthermore mi—
crohardness distribution curve alongside longitudinal direction of
weld is like U-shape plain in the middle of weld and fluctuating
in both sides of the crown and root weld.

Key words:

variable polarity plasma arc; aluminum al-

loy; keyhole weld; mechanical properties

Influence of welding residual stresses on fatigue life of Al
2024 plate ZHANG Zhengwei ZHANG Zhao ZHANG
Hongwu ( State Key Laboratory of Structural Analysis for Indus—
trial Equipments
116024 China) .
Abstract:

and fracture mechanical model based on finite element method

Dalian University of Technology Dalian
pp 29 -32 36

Sequential coupled thermo-mechanical model

and J-integral method are established to calculate the residual
stress and the stress intensity factor for friction stir welding TIG
and laser welding process respectively. The commerical code
NASGRO is used to predict the fatigue crack growth rate. This
method is validated by comparing with the experimental data and
results of the virtual crack closure technique method. The distri—
bution of the residual stress intensity factor is similar with the re—
sidual stress profile and the residual stress has a significant im—
pact on the effective stress ratio R. The influence decreases as
the increase of the stress ratio. The residual stresses severely
shorten the fatigue life of the plate and the fatigue life of the
plate welded with TIG technology is shorter than the ones of the
plates welded with friction stir welding and laser welding.

Key words:  welding residual stresses; J-intergral; resid—
ual stress intensity factor; fatigue crack growth rate

Preparation and connectivity of sintering paste containing
copper particles covered by nano-silver CAO Yang'’
LIU Ping' WEI Hongmei’ LIN Tiesong” HE Peng’ GU Xia-
olong' (1. Zhejiang Province Key Laboratory of Soldering & Bra—
zing Materials and Technology Zhejiang Metallurgical Research
Institute Co. Ltd. Hangzhou 310030 China; 2. State Key La—
boratory of Advanced Welding and Joining Harbin Institute of
Technology Harbin 150001 China) . pp 33 -36

Abstract: A kind of sintering paste mixed of nano-silver
and copper particles covered by nano-silver was made by which
oxygen-ree copper pad with 99. 99% purity were connected at
low temperature. Firstly nano-silver particles whose average di—
ameter were 20 =35 nm were synthesized by liquid chemical re—
duction method. Meanwhile the copper particles covered by
nano-silver were prepared by the method of chemical plating. Af-
terwards these two kinds of particles were mixed by mechanical
method to prepare sintering paste by which oxygen free copper
plate with 99.99% purity were joined under the condition of 10
MPa 200 °C for 30 min. Finally the microstructure of sintering
section was observed by the scanning electron microscope
(SEM) . The results showed that the connection interface was
sintered compactly and certain porosities existed throughout the
joint organization. The everge shear strength of the joints was a—
bout 20 MPa.

Key words:

nano-silver; copper particles covered by

nano-silver; low temperature connection



