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Table 1 Chemical compositions of LD10 Al alloy

S Fe Cu Mn Mg in Ti M1 Al

0.6-1.20.703.9~4.8 0.4~1.0 0.4~1.0 0.3 0.150.10 FE
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Table 2 Chemical compositions of BJ-380 welding wire

Cu Ti Zr Si Al

4.1 ~4.8 0.12~0.32 0.23-~0.35 1.3~1.7 wE
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Table 3 Welding parameters of TIG
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Table 4 Characteristic parameters of thermal circles
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Table 5 Porosity under different processes

[EEEEHET $SHEE S2EHE FEAE FAE=E
] 3.41 7. 49 2.32 0.36
2 3.08 2. 60 2.21 0.90
3 3.36 2.48 2.31 1.44
F i 3,28 2.53 2.28 0.90
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Table 6 Porosity of different size range

SHERBy,,, PEERE PEAE MAAE AB-E

13 ~20 93. 4 157 67.0 51.1
200 ~40 166.0 134. 1 120.9 37.1
40 ~ 60 51.0 45.0 34.6 1.1
60 ~ 80 11.7 1.7 3.1 0.6
80 ~ 100 3.6 0 0 0
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7 phases emerged in nugget zone and thermal-mechanical affect—
ed zone with increasing the natural aging time’ which effectively
pinned the dislocations and consequently enhanced the strength
and plasticity of the joint.

Key WDr{h: friction stir wﬂiding: 7050 aluminum H.iln:-,r:
natural aging: mechamcal pmpf:rty: precipitation

Process and properties of plasma arc welded Invar alloy
4J36 WANG Xijing'® CHAI Tingxi'* ZHAO Qingshan'’
WANG Jiang’* WANG Qi (i. State Key Laboratory of Ad-
vanced Processing and Recyeling of Nonterrous Metals® Lanzhou
Univemsity of Technology* Lanzhou 730050 China’ 2. Jinchuan
Goup: Co: v Tidi» Tinohang 737100+ Cline’ - pp 16 -23
Abstract *

was conducted. The microstructure and mechanical properties of

Plasma arc welding of 4]36 low-expansion alloy

welded joint were analyzed by using optical microscope (GM} ’
scanning electron microscope SEM:J * energy spectrum analysis
[EDSJ * X-ay diffraction {){Rﬂ] * and Rockwell hardness test—
er. The results indicate that the weld appearance was excellent
and the tensile strength of the joint reached 93. 6% of the base
metal under appropriate parameters. The microstructure of the
weld consisted of austenite with some strengthening phase
"}r’{NiJ t:zl".tl"'[’i]'I :1 The microstructure of the base metal was fine
equiaxed gramn’ while that around the fusion line had dendrites
structure. In the HAZ’ the grains near the weld pool grew up
due to overheating’ but those near the base metal were fine equi—
axed grains. The tensile fracture revealed obvious ductile fea—
tures’ and the HAZ had the mimmum hardness.

Key words® Invar alloy 4,]3!5: plasma are wﬂiding; me—

chanical property’ microstructure

Process and microstructure properties of laser beam welding
of thin 2524 aluminum alloy sheet with filler wire CAI
Hua* LIN Kaili* XIAO Rongshi (Inslilulf: of Laser Engineering’
Beijing University of Technology® Beijing 100124~ China). pp
24 -28

Abstract * Type 2524 aluminum alloy is an Al-Cu-Mg al-
loy with high damage tolerance for aerospace applications. High
power fiber laser welding of 1. 6 mm thick 2524 aluminum alloy
sheets was conducted with 5087 aluminum alloy filler wire. The
effects of laser power’ welding speed and wire feeding speed on
the weld appearancer sohidification eracking susceptibility and
microstructure were investigated. The microhardness and me-
chanical properties of the crack-ree joints were tested. The re—
sults indicate that welding with 5087 aluminum alloy filler wire
could shorten the columnar dendritic grains’ refine the equiaxed
dendritic grains’ increase the quantity of grain boundary and re-
duce the hot eracking susceptibility. A defect-free joint with good
surface appearance was obtained with optimized welding parame—
ters * 2.5 kW laser power’ 2 m/min welding speed and 2 m/min
wire feeding speed. The tensile strength of the joints was 313-
324 MPa' and ductile fracture with plenty of dimples oceurred a—
round the weld fusion line.

Key words® fiber laser welding: 2524 high strength alu-
Mnum alln:-,r; 5087 filler wire’ welding pnx:esﬁ: microstructure

property

Size control of carbide in plasma cadding Fe-based compos-
ite materials strengthened by superfine NbC WANG Zhi-
hui'*  ZHAO Xuefei'’ ITANG  Jianmin'*
HUANG Caiyan® I'l:]. College of Materials Science and Engineer-
ing’ Beijing University of Technology’ Beijing 100124’ China*
2. Harbin Welding Instituter China Academy of Machinery Sei—
ence & Technology® Harbin 150028/ China). pp 29 =32
Abstract® Two methods were used to control the size of
in-situ synthesized NbC in Fe-Cr-B-C-Nb handfacing alloy. The
size of carbide in four kinds of Fe-Cr-B-C-Nb hardfacing alloys’
with niobium content of 2.2% * 3.2% ' 3.9% * and 5.0% ' re—

spectively’ were studied in this paper. A new kind of wear—re—

HE Dingyong'*

sistant alloy’ with dispersed micro/submicron NBC” was in-situ
synthesized by plasma cladding. The results show that the size of
NbC could be controlled” and increasing niobium content in-
creased the size of in-situ synthesized NbC* and the carbide ten—
ded to agglomerate. The cooling conditions played an important
role in controlling the size of carbide. The size of NbC decreased
with water cooling’ but would increase when the cooling rate de-
creased.

Key words'  carbide niobium’ plasma ﬂiadding: aﬂ{}}r:

micro/submicron

Full digital multifunction square wave welding inverter
based on ARM WANG Zhenmin’ FENG Yunliang’ FENG
Rujier TANG Shaojie [51:111}&1 of Mechanical & Automotive En-
gineering’ South China University of Technology’ Guangzhou
510640- China}. pp 33 =36

Abstract® A full digital multifunction square wave weld—
ing inverter based on ARM was developed. To achieve the effi-
cient energy transformation’ double inverter structure was adopt—
ed in the main circuit’ while full-bridge inverter circuit topology
was used in the primary inverter circuil’ and the secondary in—
verter was with double parallel half-bridge inverter circuit strue—
ture. The LM358971 ARM microprocessor with Cortex-M3 ker-
nel was used as the cybemetic core for the full-digital control sys—
tem. Through the cumrent closed-oop feedback control and digital
PID regulation’ the constant current output characteristic of the
primary inverter circuit was obtained’ while a variety of output
current waveforms could be extracted through digital low frequen—
cy modulation for the secondary inverter circuit. A digital control
panel with double-core structure based on ARM and CPLD was
designed to realize the digitization of human-machine interaction.
Both performance test and actual welding process test indicate
that the developed welding inverter was with such advantages as
perfect dynamic performance’ flexible control’ convenient opera—
tion’ and reasonable and feasible design.

Key words - welding inverter’ multifunction’ full digital

control’ square wave

Influence of TIG welding parameters on porosity in LD10 a-
luminum alloy joint LI Yanjun'* KANG Ju'* WU Aiping'*
ZHAO Gang’* GAO Yanjun®* ZOU Guisheng' (1. Key Labora-
tory for Advanced Materials Processing Technology {]'#'[inisl_t}r of
Edm::;llfmnn:I * Department of Mechanical Engineering’ Tsinghua

University® Beijing 100084 - China* 2. Capital Aemspace Ma-
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chinery Company’ Beijing 100076 China}. pp 37 -40
Abstract -
tic acrospace vehicle propellant tank and mostly joined by TIG

LDI10 aluminum alloy is mainly used in domes—

welding’ and pores often appeared during fusion welding of alu-
minum alloy. This paper conducted TIG welding of 5.5 mm thick
LD10 aluminum alloy plates with different welding parameters
and calculated the porosity in the joints. The experimental results
show that LD10 aluminum alloy joints made by TIG welding were

The joints produced by doublefaced
three-pass welding technique had a higher unqualified rate after

prone to high porosity.

X-ray detection’ but contained fewer micro-pores in the qualified
ones. And micro-pores were much more easier to form in robot
automatic welding than in manual welding. Porisity of the welds
was 3.28% " 2.53% ' 2.28% and 0.9% ' respectively. During
tensile test” cracks often generated at the pores in joints with
high porosity.

Key words® 1DI10 aluminum aﬂt}}r: TIG wﬂiding: porosi—
ty

Friction and wear properties of the zirconia coatings pre-
pared by plasma spraying and laser remelting WANG
Hongying® LI Zhijun® TANG Weijier HAO Yunfei {Iﬂf]I.IEI.['iH.l.
Training Center’ Shenzhen Polytechnic’ Shenzhen 518055 Chi-
n::tj’I . pp 41 -4
Abstract *

coatings were prepared using plasma spraying’ and then the nano

The conventional and nanostructural zirconia

zirconia coating was melted by laser. Friction and wear properties
of conventional’ nanostructural and laser remelted zirconia coat—
ings were investigated at room and high temperatures. The exper—
imental results show that the wear resistance properties of the
nanostructural coating were obviously better than the conventional
ones’ and the nanostructural coating treated by laser remelting
had the lowest friction coefficient and the best wear resistance.
The analysis on surface micrographs of the three coatings shows
that the surface roughness’ porosity and eracking status were sig—
nificantly different from each otherr which resulted in a large
difference in friction and wear properties for three zirconia coat-
ings. The results indicate that nano powders plasma spraying’
combining with laser remelting’ was an effective appmwach to im-
prove the performance ol the zircona coaling.

Key words * plasma spr:i}ring: zireonia {:ﬂaling: laser

remelting’ friction and wear property

Dimensions optimization of ultra-high strength steel spot
weld based on response surface methodology YU Huip-
ing’ WANG Weiweir LIU Yuehuar LI Xiaoyang (E-‘.}H{‘.gﬂ of Me-
chanical Engineering and Applied Electronics Technology’ Bei-
jing University of Technology’ Beijing 100124+ i:hina:J . pp 45
- 48
Abstract "
welded structure of ultra-high strength steel was established with
software ANSYS by APDL to analyze the static strength of the

structure’ and was verified with experiments. Based on the simu—

A parametric model for the tensile-shear spot

lated results’ the optimized model was builtl to decrease the
whole materials® and some sizes of the structure were also opti-

mized. The response surface methodology was adopted to make

the stress constraints explicit® and the sequential quadratic pro-
gramming algorithm was used to achieve the most suitable solu-
tions of the optimized model. The results show that this method
could effectively enhance the solving efficiency and avoid oscilla—-
tion. The calculation procedure was programmed with C language
in order to improve efficiency’ and the results indicate that the
optimization was feasible and effective.

Key words * ultra-high strength stf:f:i: E[Hjl'w{'!ld{':f]: di-

mensions oplimization’ response surface’ sequential quadratic

programming

Effect of filler metal on vacuum brazing of high volume
fraction SiC, /Al composites QI Junlei'* WAN Yuhan'®
ZHANG Lixia'* CAOQ Jian'* FENG Jicai'** LIANG Yingc:hun3
{1. State Key Laboratory of Advanced Welding and Joining’
Harbin Institute of Technology” Harbin 150001 China’ 2.
Shandong Provincial Key Labomatory of Special Welding Technol-
ogy’ Harbin Institute of Technology® Weihai 264209+ China’ 3.
School of Mechatronics Engineering” Harbin Institute of Technol-
ogy’ Harbin 150001 China} . pp 49 =52

Abstract* Three different filler metals’ Cu foil’ Al-Si-Mg
foill and Al-8i-Mg/Cu/Al-5i-Mg CACA) composite foils were
used for vacuum brazing of 45% S5iC /2024 Al composites. The
microstructure of the interface in brazed seams was examined
with SEM* EDS and XRD. And the effect of different filler met-
als on the interfacial microstructure and bonding strength was al-
so analyzed. The formation of interface during vacuum brazing of
45% 5iC 12024 Al composites with different filler metals and the
fracture mechanism of the joint were revealed. The results indi-
cate that ACA composite filler metal’ combining the advantages
of both Cu foil and AISiMg foil” had lower liquidus temperature
and better flowability. Through the diffusion of Cu atoms and pri—
or eutectic reaction at the interface between aluminum alloy sub-
strate and its oxide film’ the removal ability of oxide film of the
filler metal was enhanced and joining of 45% SiCFJ’M COmpos—
ites was achieved with high quality.

Key words®  Al-based {:nm[:msitf:: vacuum hrazing: com-
posite material

Property and microstructure of deposited metal with high
strength wire WU Bingzhi* XU Yujun* AN Hongliang’
SUN Jingtao IEHarl:nin Welding Institute’ China Academy of Ma—
chinery Science & Technology’ Harbin 150028* Ehina}. pp 33
- 57
Abstract *
of deposited metal under different shielded gases were investiga—

The microstructure and mechanical properties

ted by means of optical microscopy’ scanning electron microsco—
py with EDS’ tensile and impact tests. The results indicate that
the best mechanical properties of deposited metal with the medi-
um alloy solid wire were acquired when welded with Ar +5% CO,
mixed gas. The granular bainite dominated the microstructure of
the deposited metal’ and the existence of fine lath bainite im-
proved the toughness elfectively. In addition’ carbon obviously
enriched in M/A constituents’ and massive M/A constituents
could cause stress concentration by dislocation pile-up between

M/A and base metal. Meanwhile’ the micro erack appeared fre—



