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Fig. 4 Temperature distribution of joints with different offset
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Microstructure and stress-rupture property of TLP diffusion
bonded DD3 single crystal superalloy joints LI Xiao—
hongl , MAO Wei', ZHONG Qunpeng2 ., CAO Chunxiao',
XIONG Huaping' ( 1. Lab of Welding and Forging, Beijing Insti—
tute of Aeronautical Materials, Beijing 100095, China; 2.
School of Material Science and Engineering, Beihang University,
Beijing 100191, China) . pp 1 -4

Abstract:

crystal superalloy developed in China. In order to meet the possi—

DD3 is a first generation nickel-based single

ble need of manufacturing turbine blades and vanes, DD3 was
TLP diffusion bonded with D1P powder interlayer alloy and the
investigation on joint microstructure and properties was conduc—
ted. The results showed that, the bonding seam was mainly com—
posed of y + vy~ two-phase matrix, dendritic compound was iden—
tified as ( Mo, W, Cr, Ni) ;B, and strip-like compound was identi—
fied as ( Cr,Mo) 5 ( C,B) .

pounds were precipitated in the zone adjacent to the bonding

Some blocky or needledike com—

seam, and the TEM analysis results indicated that these com-—
pounds were identified as ( Mo, W, Cr, Ni) ;B, borides. Micro—
structural inhomogeneity existed in the joint along the flowing di-
rection of molten interlayer alloy, and this inhomogeneity could
not be eliminated even by the diffusion bonding for 24 h at ele—
vated-temperature of 1 250 °C. There are some y” phases in the
form of large block. The boundaries between these large y” pha—
ses and the bonding seam matrix became the weak part of the
joint, which damaged the joint property. Under proper bonding
condition, the stress—rupture strength at 980 °C of the TLP diffu—
sion bonded DD3 alloy joints reached 90% of that of the base
metal.

TLP diffusion

bonding; joint microstructure; joint stress-rupture property

Key words:

single crystal superalloy;

Finite element analysis of magnetic control arc welding seam
HONG Bo, LI Lin, HONG Yuxiang,
YANG Jiawang ( School of Mechanical Engineering, Xiangtan U-
niversity, Xiangtan 411105, China) .

Abstract:

acteristics of the magnetic control arc welding seam tracking sen—

tracking sensors

pp S5 -8
In order to research the electromagnetic char—

sors, the harmonic magnetic field of sensor is analyzed with AN-
SYS software: when the coil circle number, air gap length, core
magnetic conductance factors change respectively, the magnetic
control arc welding seam tracking sensors magnetic maps and
magnetic field vector diagram are obtained. The influence law of
the main parameters of arc sensor on the magnetic field distribu—
tion and the size of the magnetic induction is analyzed, and is
compared with the actual magnetic induction intensity measured
by gauss plan. The results show that analysis results of using the
finite element method for magnetic control arc sensor electromag—
netic properties and test results are coincide. It provides theoreti—
cal guidance for magnetic control arc welding seam tracking tech—
nology.

Key words:  magnetic control arc; seam tracking; sen—

sor; finite element analysis

Laser-tandem MIG hybrid welding for 6005A-T6 aluminum
alloy profile of high-speed train WANG Xuyou', LEI
Zhen', ZHANG Jian', WANG Yanjin*( 1. Harbin Welding In-
stitute, China Academy of Machinery Science & Technology,
Harbin 150080, China; 2. Changchun Railway Vehicles Co. ,
Lid. , Changchun 130062, China) . pp 9 —12

Abstract:  Welding research of 6005A-T6 aluminum alloy
profile for high-speed train was done by using tandem MIG weld-
ing and laser4andem MIG hybrid welding individually. The weld
appearance, welding distortion, mechanical properties of the
joints and microstructure were analyzed. The results demonstra—
ted that high-efficient welding for the profile was achieved by u-
sing laser+tandem MIG hybrid welding, the speed of which was
up to 4.5 m/min. The process had a good gap bridging ability
that even if the gap of the butt joint was up to 1.4 mm, a good
weld appearance could also be got. While the hybrid welding
speed was greater than 4 m/min, the welding distortion of the la—
ser-tandem MIG hybrid joints was just about 40% of that of the
tandem MIG joints. And tensile strength of the hybrid joints was
83% of that of 6005A-T6 base metal, 9% higher than that of the
tandem MIG joints.

Key words:  high-speed train; aluminum alloy profile; la—

ser; tandem MIG arc; hybrid welding

Investigation on temperature field and interfacial micro—
structure of Ti/Al arc welding-brazing joint LU Shix-
iong', JING Xiaojun'?, HUANG Yongxian', WANG Yuan-
rong”, LI Shufei’, XU Yongqiang' (1.
Advanced Welding and Joining, Harbin Institute of Technology,
Harbin 150001, China; 2. Chengdu SIWI High-Tech Industrial-
ized Garden Co. , Ltd, Chengdu 611731, China) . pp 13 -16
Abstract:  Dissimilar alloys of TC4 titanium alloy and LF6

aluminum alloy were butt joined successfully by TIG arc and Al-

State Key Laboratory of

Sil2 filler metals. Temperature distribution and relationship were
investigated by finite element method ( FEM) numerical simula—
tion and experimental validation. The microstructure of the inter—
facial layers was measured by scanning electron microscopy
( SEM) . The results indicate that the temperature distribution of
Ti/Al arc welding-brazing joint is extremely asymmetrical, the ti—
tanium side exhibits high temperature gradient and narrow high—
temperature zone, while the aluminum side exhibits low tempera—
ture gradient and wide high-temperature zone. The high-tempera—
ture zone trends to assemble near the titanium side in cooling
stage. The interface roughly parallel to the isotherm of the tem—
perature field as the electrode point at titanium root face. This
leads to a symmetrical temperature distribution at brazing inter—
face and seam near titanium side, which can improve interfacial
reaction nonhomogeneity. It is the key factor to form brazing in—
terface with symmetrical microstructure and welding-brazing joint

with high performance. The water cooling technology can acceler—
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ate the cooling process, cutting down the dissolution of titanium
and retard the growth of intermetallic compounds. The interfacial
reaction layer morphology is cellular rather than serrated shape in
air cooling condition.
Key words:

Ti/Al dissimilar alloy; welding-brazing;

temperature field

Method of pulsed-MIG welding arc voltage control based on
sub-spraying transfer ~ LIN Fang', WEI Zhonghua®, CHEN
Xiaofeng® , CUI Longbin®, XUE Jiaxiang’( 1. Department of E-
lectromechanical Technology, Jiangmen Polytechnic, Jiangmen
529000, China; 2. School of Mechanical & Automotive Engi—
neering, South China University of Technology,
510640, China) . pp 17 =20

Abstract:

were both used in the pulsed metal argon arc welding power

Guangzhou
Constant current control and constant wire feed

source. The method of pulsed-MIG welding arc voltage control
based on sub-spraying transfer was put forward. Its principle is
as follows: the average arc voltage of each period of pulse was
measured. If the average arc voltage was within the sub-spraying
transfer range, the arc length would be adjusted only by self-ad—
justing of the arc. But if the average arc voltage went beyond the
sub-spraying transfer range, the background current time
changed so that the average current in each pulse period
changed, so did the burn-off rate in the welding conditions a—
bove. It was found that the arc adjustment and anti-disturbance
ability were improved. The results of the tests indicated this
method obviously improved the welding dynamic characteristics
and efficiently restrained disturbances. In addition, well{formed
welding seams were acquired.

Key words:  pulsed metal argon arc welding; sub-spra—
ying transfer; arc voltage control

Symmetrical transition waveform control process of double
wire MIG welding YAO Ping, XUE Jiaxiang®, Ma Qian—
jin>, CHEN Hui*, CHEN Xiaodong® ( 1.
chanical Engineering, Guangdong Polytechnic Normal University,
Guangzhou 510635, China; 2. School of Mechanical and Auto—
motive Engineering, South China University of Technology,
Guangzhou 510640, China) . pp 21 -24

Abstract:

ic force in double-wire welding and the probability of breaking

College of Electrome—

In order to reduce the impact of electromagnet—

arc during switching between peak current and basic current, a
symmetrical transition waveform control process for double-wire
MIG welding is proposed. The new process tries to improve sym—
metrical transition during the change of double-wire phase, and
introduce three control parameters: leading-wire transition cur—
rent [, , double-wire transition time T, and trailing-wire transition
current /,. Orthogonal experiment was designed and the results
were analyzed and assessed by range analysis method. It shows
that the impacts of I, T, and I, on welding quality decrease in
turn. Further verification test shows that the range of operating
point is wider, the welding process is more smooth and soft, and
weld surface produces a glossy transition zone. This paper pro—
vides a new idea for waveform control of double-wire welding.
Key words:  double wire MIG welding; symmetrical tran—
sition; waveform control; orthogonal experimental; range analy—

sis

Analysis of mechanism for TIG-MIG hybrid arc properties

YANG Tao', ZHANG Shenghu', GAO Hongming', WU
Lin', XU Kewang®, LIU Yongzhen®( 1. State Key Laboratory of
Advanced Welding and Joining, Harbin Institute of Technology,
Harbin 150001, China; 2. Offshore Oil Engineering Co. Ltd,
Tianjin 300451, China) . pp 25 -28, 60

Abstract:  TIG-MIG hybrid arc is adopted to change defi—
ciencies existing in TIG or MIG welding method. With PID theo—
ry, current and voltage of welding power is constantly controlled
to achieve TIG and MIG hybrid arc. Thus, property of hybrid
arc, transitional form of droplet and influence of different polarity
connections to welding seam are studied. Results from above re—
search show that presence of TIG arc made good effect for stabili—
ty of MIG arc. In the hybrid welding, following minimum voltage
rule, TIG arc burns on droplet to heat metal and DCEP has good
effect in cleaning oxide film of workpiece. In conclusion, TIG-
MIG hybrid arc efficiently reduce welding splash, promote wet—
ting of droplets and formation of welding seam, and realize weld—
ing with higher efficiency and better quality.

Key words: hybrid arc; droplet transfer; weld formation;
high-efficiency welding

Research on ultrasonic metal welding power supply based on
DSP YANG Jingwei, CAO Biao, YIN Tiangang ( School of
Mechanical & Automotive Engineering, South China University
of Technology, Guangzhou 510640, China) . pp 29 -32
Abstract:

has the shortages of inaccurate frequency tracking and unadjust—

The analog power supply of ultrasonic welding

able amplitude in the process of welding, which make the weld—
ing process unstable, sometimes even lead to failure. The design
scheme based on digital signal processor ( DSP) was proposed to
improve the reliability and stability of ultrasonic metal welding.
Frequency tracking was realized by using incremental PI algo—
rithm through gathering phase difference signal between voltage
and current of piezoelectric transducer ( PZT) . The method of
pulse width modulate ( PWM) was used to control and adjust the
amplitude of ultrasonic vibration. The results indicated the ultra—
sonic welding power supply based on DSP could adjust the ampli—
tude continuously and track the resonant frequency in 0. 32 ms
during the welding process.

Key words:  ultrasonic welding power supply; frequency

tracking; piezoelectric transducer; incremental PI algorithm

Effect of Cu + B composite fillers proportion on AJO,/TC4
alloy joint microstructure YANG Minxuan', LIN Ties—
ong'?, HAN Chun', HE Peng', WEI Hongmei' ( 1. State Key
Laboratory of Advanced Welding and Joining, Harbin Institute of
Technology, Harbin 150001, China; 2. Department of Electron—
ics Packaging Technology, School of Materials Science and Engi—
neering, Harbin Institute of Technology, Harbin 150001, Chi-
na) . pp 33 -36, 40

Abstract:
of Cu and B powders were used to braze Al O, to TC4 alloy at
930 °C for 10 min. The joining and microstructure of Al,O,/TC4
alloy joints were observed and analyzed by SEM and EDS. The
results show that Al,0,/TC4 alloy joint interfacial microstructure
is Al,0,/Ti;( Cu, Al) ;0/Ti,Cu + Ti, ( Cu, Al) /Ti + Ti, ( Cu,
Al) +Ti( Cu,Al) + AlCu,Ti + Ti,Cu/Ti,Cu + AlCu,Ti + TiB/Ti

The composite fillers with different proportions



