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Table 1 Welding parameters
I/A v, /(mm * min~") v, /( mm * min~") Q,/(L*min") Q, /(L *min~") d/mm Atls
32 70 800 0.4 6 0.8 90
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4 Fig. 3 Forming appearance and total height of single wall
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Fig. 4 Variation of depositing height with the number of
layers
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6
Fig. 6 Bead appearance of the end position

2.2

7
Fig. 7 Droplet transfer of the end position

5
Fig. 5 Droplet of the end position

8
Fig. 8 Growth drawing of the welding beading
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Fig. 9 Flow behavior of molten pool in the middle portion
of single wall
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Fig. 10 Flow behavior of molten pool in the end portion of
single wall

Fig. 11 Influence of welding current on the ratio of width
and height
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Size effect of solder joints in BGA veneer structure and
boardevel structure under shear loading JIA Keming
WANG Lifeng ZHANG Shiyong ( School of Material Science &
Engineering Harbin University of Science and Technology Har—
bin 150040 China) . pp 67 -71

Abstract:  The shear behavior of solder joints in BGA
package structure was studied by test method. The size effect of
Sn3Ag0.5Cu  Sn. 3AgH. 7Cu  Sn-0. 3AgH. 7Cub. 07La
and Sn-0.3Ag-0.7Cu-. 07La-0. 05Ce four solder joints were an—
alyzed and compared under the veneer and board-level structure.
Results showed: The shear strength of solder joints in the veneer
and board-evel structure increased with the decrease of the sold—
er joints size this phenomenon in the solder joints under board-
level structure was more obvious. With the decrease of the size of
the solder joints the gap of shear mechanical properties of the
low silver solder joints and the high silver solder joints were grad—
ually decreased. The shear strain of the solder joints in the ve—
neer structure increased gradually with the decrease of solder
joints size while the shear strain of the solder joints in the
board-level structure was followed by the change law of the first
increase and then decrease. In addition the fracture mode of the
high silver solder joints was changed from the mixed-mode of
ductile and brittle to the ductile fracture with the size of the sold—
er joint. The fracture mode was unchanged for the other three
kinds of low silver solder joints only the fracture location shifted
to the bulk solder.

Key words:  size effect; shear properties; veneer struc—

ture; boarddevel structure

Preparation and connection performance analysis of solder
paste by low-temperature sintering Cu nanoparticles
YANG Wanchun' WANG Shuai’ ZHU Wenbo' WEI Jun'
LI Mingyu' ( 1. School of materials Science and Engineering.
Harbin Institute of Technology Shenzhen Graduate School
Shenzhen 518055 China; 2. Shanghai institute of radio equip—
ment  Shanghai 200090 China) . pp 72 =76

Abstract: The Cu nanoparticles ( Cu NPs) solder paste
was applied to connect high-power semiconductor devices at low
temperature. The preparation method of the Cu NPs solder paste
included the following steps: First Cu NPs with an average par—
ticle size of 30 nm were synthesized by the modified polyol meth—
od. Then the Cu NPs were dispersed in formic acid to remove
the surface oxide of Cu NPs. After that the Cu NPs were mixed
with ethylene glycol to prepare solder paste with a solid content of
70% . The DBC ceramic substrate and the metallized SiC die was
connected by sintering at low temperature from 160 °C to 320 °C
for 5 min and the assist pressure was 10 MPa. The morphology
of the joint was investigated by scanning electron microscopy
( SEM) and transmission electron microscopy ( TEM) . The re—
sult showed that the connection joints with high shearing strength
and conductivity were formed by metallurgical bonding between
the sintered Cu NPs layer and Cu pad. Coarse microstructure was
formed inside the sintered joint.

Key words: Cu nanoparticles; sintering; shear strength;

electrical resistivity

Effect of brazing temperature on the interfacial microstruc—
ture and mechanical properties of TC4/Ti60 brazed joints
NIU Chaonan'>  SONG Xiaoguo' > HU Shengpeng’

FU Wei' HAN Linfeng® FENG Jicai' >( 1. Harbin Institute of
Technology State Key Laboratory of Advanced Welding and
Joining Harbin 150001 China; 2. Harbin Institute of Technol-
ogy at Weihai Shandong Provincial Key Laboratory of Special
Welding Technology Weihai 264209 China) . pp 77 —80

Abstract:  In order to study the effect of brazing tempera—
ture on the microstructure and mechanical properties of TC4/
Ti60 joints the contact reactive brazing of TC4 and Ti60 alloys
using pure copper foil was performed and the brazing temperature
ranged from 970 °C to 1 010 °C. The microstructure and me—
chanical properties of the brazed joints were investigated by scan—
ning electron microscope ( SEM) energy dispersive spectrometer
(EDS) Xeay diffraction ( XRD) and tension shear test. The
results showed that the typical interfacial microstructure of TC4/
Cu/Ti60 brazed joint was TC4/a-Ti + Ti,Cu/Ti,Cu/TiCu/
Ti,Cu/a-Ti + Ti,Cu/Ti60. The thickness of reaction diffusion
layers near substrates were increased with the increasing of bra—
zing temperature while the width of brazing seam with Ti-Cu in—
termetallic compounds were decreased. The composition of bra—
zing seam tend to be uniform. The shear strength of joints first
increased and then decreased with increasing the brazing temper—
ature. The highest shear strength of 130 MPa was obtained when
brazed at 1 000 °C for 10 min. Fracture analysis indicated that
the quasi-eleavage fracture occurred between the center of bra—
zing seam and the reaction diffusion layer.

Key words: contact reaction brazing; pure copper inter—
layer; brazing temperature; interfacial microstructure; mechani—

cal properties.

Effect of solution treatment on the microstructure of Inconel
625 alloy fabricated by arc additive manufacturing
FENG Yingchao' LIU Jinping'> WANG Shijie' SUN
Qingjie’ Xu Pengwei’ LIU Yibo’ (1. China Nuclear Industry
23 Construction Co. Ltd Beijing 101300 China; 2. Harbin In—
stitute of Technology at Weihai Shandong Provincial Key Labo-
ratory of Special Welding Technology Weihai 264209 China) .
pp 81 -85
Abstract:

used for fabricating Inconel 625 alloy thin-wall component.

GTAW additive manufacturing technology was

Effects of solution treatment on microstructure and mechanical
properties were investigated. It was indicated that the fabricated
Inconel 625 sample consists of cellular dendritic which grew epi—
taxially from the substrate. Laves phase and MC-type carbide
were also observed in the microstructure of as-welded sample.

Compared with as-welded sample the microstructure after solu—
tion treatment at 680 °C shows minimal variation elements Nb

therefore &

phase was precipitated alongside with Laves phase. With an in—

Mo in Laves phase began to spread to the matrix

crease in solution treatment temperature the amount of dissolved
Laves phase and precipitation § phase increased. At 1 080 °C
most Laves particles were dissolved into the matrix Nb Mo seg—
regation were relieved remaining small amount of fine particles
are dispersed on the matrix.

Key words:  additive manufacturing; Inconel 625 alloy;

solution treatment; microstructure

Study on the collapse of 3D welding stacking process by mi-
cro plasma arc welding LI Ting' HUANG Jiankang'
CHEN Xiujuan® YANG Maohong' YU Shurong® FAN Ding'
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(1. State Key Laboratory of Advanced Processing and Recycling
of Nonerrous Metals Lanzhou University of Technology
Lanzhou 730050 China; 2. School of Mechanical and Electroni—
cal Engineering Lanzhou University of Technology Lanzhou
730050 China) . pp 86 —90

Abstract:  The collapse of three dimensional welding stac—
king in the end portion of the weld pass was studied by micro
plasma arc welding on the 3D motion platform. 3D welding stac—
king pocess was tracked in real time by using a CCD camera.
The change of the weld pool and the droplet transferring were ob—
served and analyzed . The influence of welding force and welding
parameters on the collapse was investigated. Experimental results
showed that the reasons of the collapse in the end portion of the
weld pass include the flow of molten metal and the lack of the
filler metal due to the fact the liquid metal pressed to the rear
end of the weld pool which can not be returned and the last mol-
ten droplet on the wire is not transfer to the weld pool. Especial—-
ly the accumulation of sinking in the end of stacking wall resul—
ted in the droplet not transfer stably to the molten pool and it
makes the collapse further exacerbate. As the result 3D welding
stacking process is hardly continued.

Key words:  micro plasma arc welding; 3D welding;

stacking collapse

Influence of pin length on formation and shear failure load
of dissimilar Al alloys FSLW joint LIU Jian' LIU Xue-
song” XING Yanshuang' (1. CSR Qingdao Sifang Co. Ltd.
Qingdao 266111 China; 2. State Key Laboratory of Advanced
Welding and Joining Harbin Institute of Technology Harbin
150001 China) . pp 91 -95

Abstract:  During the experiment dissimilar 2024 /7075
Al alloys were friction stir lap welded. The cross sections and lap
shear failure loads of lap joints under 3 mm and 4 mm pin
lengths were compared. The experimental results showed that the
mixing of materials between the upper and lower sheets was
heightened with increasing rotational speed of tool. Lower plunge
depth of tool pin more easily attained the higher effective sheet
thickness and bigger effective lap width. When the rotational
speed varied from 800 r/min to 1 200 r/min the ESTs got by 3
mm pin length decrease firstly then increase with the rotational
speed increase and the ESTs got by 4 mm pin length increase
with the rotational speed increase. The maximum shear failure
loads of friction stir lap welding joint by 3 mm and 4 mm pin
lengths were attained at 800 r/min and 1 200 r/min respective—
ly. And the values were 10.3 kN and 10.7 kN. The welding lap
joints mainly presented tensile fracture mode.

Key words:  dissimilar 2024 /7075 Al alloys; {riction stir

lap welding joint; cross section; shear failure load

Texture feature extraction and recognition of magneto-opti—
cal images of welded defects based on GLCM-Gabor
LAN Chongzhou GAO Xiangdong MA Niijjie ZHANG Nanfeng
( Guangdong Provincial Welding Engineering Technology Re-
search Center Guangdong University of Technology
510006 China) . pp 96 —99

Abstract: A nondestructive testing method for welded de—

fects based on texture features of magneto-optical image was stud—

Guangzhou

ied. The relation between welded defect and magneto-optical im—

age was analyzed by Faraday magneto-optical effect leak mag—

netic flux and magnetic domain theory. The texture features were
extracted by using GLCM to calculate magneto-optical image.
Due to the difference of GLCM texture features between crack
and sag was subtle the texture features of magneto-optical image
were further extracted by using Gabor filter. A pattern recogni—
tion method based on GLCM-Gabor and SVM was proposed to es—
tablish the classification model by processing magneto-optical im—
ages of welded defects. Classification result showed that seam
features ( sag crack incomplete penetration and no defect) in
surface and subsurface could be recognized by this method with
an accuracy rate of 89.7%.

Key words: welded defect;

texture feature; support vector machine

magneto-optical imaging;

Determination of peak flow rate of the media in oil-gas pipe-
lines for in-service welding YU Chen' CHEN Jing'
CHEN Huaining' CHEN Juan® ZHANG Manman® MA Jun-
hong” (1. Key Laboratory of Nuclear Materials and Safety As—
sessment Institute of Metal Research CAS Shenyang 110016
China; 2. Maintenance & emergency repair Co. of China petro—
leum pipeline bureau Langfang 065000 China) pp 100 —
103 109
Abstract:

gas pipelines in-service welding the simulating calculation of the

Based on the actual working conditions of oil—-

relationship between the media flow rate and the cooling time g5
was carried out with finite element method and the influence
factors of tg,5 was systematically studied. Referring to the calcu—
lation and experimental verification results with the water medi-
um the influence of the media flow rate and the pipe wall thick—
ness on tg;; were analyzed and the relating formula among them
was determined. The results showed that the action of the inter—
nal media flow rate on tg,5 could be negligible as the pipe wall
thickness was greater than 12 mm. In that case fy,; was mainly
controlled by the steel thermal conductivity. The gas pressure
had a great impact on ty,;; the greater the pressure the smaller
ty,s was. The allowable maximum hardness of difference pipeline
steels for in-service welding is closely related with #g,5. The peak
flow rate for the oil or gas medium was calculated with the gained
formula while the value of tg,5 related to maximum hardness was
determined.

Key words:  oil-gas pipelines; in-service welding, peak

flow rate; finite element analysis

A smooth trajectory motion control strategy of underwater
welding robot XIANG Lintao' CHEN Guodong® ZHANG
Panfeng’ LU Xiaohui' ( 1. City College of Dongguan University
of Technology Dongguan 523419 China; 2. China Nuclear
Power Technology Research Institute Co.  Ltd.  Shenzhen
518124 China; 3. School of Mechanical and Automotive Engi—
neering  South China University of Technology Guangzhou
Guangzhou 510000 China) . pp 104 — 109

Abstract:  In the arc welding process of underwater weld—
ing robot in order to improve the welding quality and the weld-
ing efficiency a smooth trajectory control strategy was presen—
ted. Firstly the mathematical model of the welding robot was es—
tablished and the kinematics analysis was carried out by using
the D-H parameter method. The forward kinematics and inverse
kinematics formulas of the robot were deduced and the position

formula of the robot was simplified. Then the 6-dimensional



