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Effect of time-selective piezoelectric vibration on resistance spot welding strength of aluminum alloy

Chen Shujun, Li Tianming, Wu Na, Xiao Jun

(Beijing University of Technology, Engineering Research Center of Advanced Manufacturing Technology for Automotive Components, Ministry
of Education, Beijing 100124, China).pl -4

Abstract The piezoelectric actuator was connected in series to the spot welding electrode. Based on the trigger control system, pulse vibration
was applied to the welding spot at different stages during the spot welding process. Resistance spot welding test was conducted on the 6061 alu-
minum alloy through mechanical tensile and metallographic observation, by which the influence of time-selective piezoelectric vibration on me-
chanical properties and nugget size of spot welded joints was analyzed and researched. The results showed that in the full-stage pressure hybrid
control and solidification-phase pressure hybrid control, the shear strength of the joint was reduced, and a large number of crack defects ap-
peared in the joint. When applying pressure hybrid control in the current welding stage, shear strength of the joint increased, the size of the
nugget increased significantly, and there were much fewer internal defects. During the 120 ms pressure hybrid control in the welding stage,
shear resistance of the joint reached a maximum of 2. 11 kN. The pressure hybrid control at 60 ms after welding stage was compared with that
at 60 ms before welding stage, nugget size increased and internal defects decreased.

Key words: piezoelectric actuator, aluminum alloy, resistance spot welding, time-selective piezoelectric vibration, spot strength

Formation of weld by high-power fiber laser-MAG hybrid welding

Jiang Bao, Lei Zhen, Huang Ruisheng, Yang Yicheng, Liang Xiaomei

(Harbin Welding Institute Limited Company, Harbin 150028, China).p5 —11,32

Abstract Effects of laser power, defocusing amount, heat source sequence, heat source distance, heat source arrangement, welding speed
and welding current on formation of weld by high-power laser-MAG hybrid welding were studied systematically with the method of plate surfa-
cing. The results showed that the effect of defocusing amount on formation of weld was more significant with the higher laser power under the
condition of lower current. The defocusing amount had little influence on formation of weld when the laser power was at 10 kW, while formation
of weld surface was better with negative defocusing amount when the laser power increased to 20 kW. The influence of heat source sequence
and heat source distance on formation of weld was also significant. Under the condition of negative defocusing amount, better formation of weld
was obtained with arc-leading and larger heat source spacing. When using laser-leading and smaller heat source space, more spatter generated
and the weld uniformity was poor. But better weld was obtained by significantly increasing the welding current. Using negative defocusing a-
mount and arc-leading was more helpful to increase weld penetration.

Key words: high-power fiber laser, MAG arc, hybrid welding, formation of weld

Horizontal welding deformation of API X65 pipe in deep water J-laying

Li Mingzhao' , Li Guangquan®, Zhou Canfeng’, Chen Zhi®, Zhou Zhenzhen®

(1. Research Institute of Drilling Technology, Sinopec Shengli Petroleum Engineering Co. , Ltd. , Dongying 257017, Shandong, China; 2. Sin-
opec Oilfield Service Corporation, Beijing 100000, China; 3. Beijing Institute of Petrochemical Technology, Research Center of Energy Engineer-
ing Advanced Joining Technology, Beijing 102617, China; 4. Harbin Welding Institute Limited Company, Harbin 150028, China). p12 - 17

Abstract The welding stress and deformation of GMAW automatic welding that was the key in deep-water offshore pipeline laying were re-
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searched, which had process features of without backing, narrow groove and transverse welding. On the basis of theoretical analysis of welding
stress and deformation, the average thermal cycle curve of weld cross-section was extracted as the loading heat source of multi-pass welding with
SYSWELD software as a tool, Numerical simulation of multi-pass welding deformation and stress distribution of API X65 plate with the same
pipe thickness and groove parameters was carried out, and a transverse automatic welding test system was set up for multi-pass welding verifica-
tion. The results showed that the numerical simulation results of the final welding deformation were in good agreement with the experimental re-
sults, and the errors between them were mainly due to heat flow distribution, calculation accuracy of the two-dimensional cross-section model ,
constraints and the characteristics of the thermal cycle curve. In the process of multi-pass welding, the first few layers of welds had great influ-
ence on the final welding deformation, while the latter few layers of welds have little influence, which was due to the large basic deformation in
the first few layers of welding, and the deformation compensation caused by the release of residual stress in the latter few layers of welding obvi-
ously offset a part of the welding deformation.

Key words: horizontal welding, thermal cycle curve, welding stress and deformation, API X65 pipeline steel plate, J-laying

Microstructure and mechanical properties of S32750 super duplex stainless steel welded joint by TIG

Liu Yang'?, Li Guoping'”, Wang Lixin'? | Zhao Zhenduo'*, Fan Guangwei'

(1. Taiyuan Iron & Steel (Group) Co., Ltd., State Key Laboratory of Advanced Stainless Steel Materials, Taiyuan 030003, China; 2.
Shanxi Taiyuan Stainless Steel Co. , Ltd. , Taiyuan 030003, China)pl8 —22

Abstract S32750 super duplex stainless steel plates were welded by TIG under five different heat input. Microstructures of welded joints were
carefully observed by means of optical microscope, laser confocal microscopy and scanning electron microscopy. N content of the weld and me-
chanical properties of welded joints were tested and analyzed in detail. The results showed that with the increase of heat input, the grain size of
austenite in grain and on grain boundary increased gradually in the weld metal, while the ferrite content decreases linearly. The microhardness
of welded joints under different heat input were higher than that of base metal. Nevertheless, the tensile strength under higher heat input was
lower than that of base metal.

Key words: super duplex stainless steel, tungsten inert gas welding, heat input

Influence of reflow soldering parameters on soldering strength of flip chip LED

Yang Mingde' *, Li Binggian', Xia Zhenghao®, Luo Minghao®, Liang Shenghua'*’

(1. Wuyi University, Jiangmen 529020, Guangdong, China; 2. Zhongshan Guangsheng Semiconductor Technology Co., Ltd., Zhongshan
528421, Guangdong, China). p23 -27

Abstract The shear strength of the soldering position was taken as the characterization parameter, and the thrust measured by push-pull meter
was converted into the shear strength of the chip solder joint. Parameters of reflow soldering in the flip chip LED package were optimized. The
experimental results showed that when the design of reflux furnace temperature was unreasonable, the proportion of shear strength below 30 MPa
was 17% , the proportion of 30 ~35 MPa was 11% , the proportion of 35 ~40 MPa was 11% , the proportion of 40 ~45 MPa was 15% , and the
proportion of more than 45 MPa was only 46% . While using the optimized temperature, there was no shear strength below 35 MPa, the propor-
tion of 35 ~40 MPa was 5% , the proportion of 40 ~45 MPa was 6% , and the proportion of more than 45 MPa was 89% . It was observed that
settings of different soldering temperatures had a great impact on soldering shear strength of flip chip packaging. Through optimization of reflow
soldering parameters, the size and number of cavities in the soldering surface could be effectively reduced.

Key words: LED, FCOB, reflow soldering, reflow curve

62 2020 F£6 HA



Main Tgpivs, Alstracts & Tovy Words WELDING & JOINING

Effect of welding parameters on ferrite number of weld metal by E309L flux-cored wire

Wang Heng, Wu Yao, Ji Wen, Ma Lei

(Tsinghua University, Tianjin Research Institute for Advanced Equipment, Tianjin 300300, China). p28 —32

Abstract The effect of welding parameters on ferrite number (FN) of weld metal by E309L flux-cored wires were investigated through three
methods of ferrite tester, Schaeffler diagram and WRC - 1992 diagram. The results showed that change of FN in weld metal was the largest with
the change of welding electric parameters, the gas flow was in the middle, and wire extension was the smallest. The FN in weld metal could be
decreased by increasing wire extension and gas flow appropriately. The N element in weld metal was more sensitive to the change of gas flow
and wire extension. WRC —1992 diagram was more accurate due to the consideration of N element, while the ferrite tester was suitable for FN
under normal process parameters. With the increase of welding electric parameters, wire extension and gas flow, FN in weld metal measured
with Schaeffler diagram decreased gradually.

Key words: welding parameters, ferrite number, ferrite tester, Schaeffler diagram, WRC -1992 diagram

Microstructure and properties of resistance spot welded joint of 55% SiC,/A356Al composites

Fan Mingbao' , Wang Yongliang' , Yin Jinlong', Wang Shijun', Li Xingrui’

(1. CRRC Changchun Railway Vehicles Co., Lid., Changchun 130062, China; 2. Zhengzhou University, Zhengzhou 450001, China). p33 —37
Abstract 55% SiC,/A356Al composites were welded by resistance spot welding process, and welding schemes for samples were designed to
be directly welded without interlayer and welded with aluminum foil interlayer. The microstructure, shear strength, microhardness, nugget di-
ameter and interface reaction of resistance spot welded joints under different schemes were analyzed and compared. Interface connection model
of high volume fraction 55% SiC,/A356 Al composites was established, and the relationship between joint strength and interface model was dis-
cussed. The results showed that under the optimized welding parameters, the joint was well formed without obvious defects, and the SiC parti-
cles evenly distributed in the nugget zone without interfacial reactions. After being welded with aluminum foil sandwiched between the samples,
strong and sub-weak connection reactions only occurred at the interface. The joint strength increased, and the average tensile shear force was
2 165.6 N. The average nugget diameter was 9.5 mm, microhardness of the joint was consistent with its microstructure distribution, and there
was no significant difference from microhardness of the base metal.

Key words: 55% SiC,/A356Al composites, resistance spot welding, microstructure, interfacial reaction, microhardness

Research progress of double wire welding technology and double wire Tri-Arc welding stability

Zhong Pu, Li Liangyu, Chai Junyi

(Tianjin Polytechnic University, Tianjin Key Laboratory of Advanced Mechatronics Equipment Technology, Tianjin 300387, China). p38 —46
Abstract According to characteristics of the arc and wire feeding form, welding methods with double wire were classified into four categories
in this paper, such as double wire with single arc welding, double wire with double arc welding, double wire with double arc welding plus cold
wire filling and double wire with coupling arc welding. After briefly introduction of these technical principles and equipment, the research on
welding stability of double wire with double arc welding and double wire with coupling arc welding was discussed and summarized. The devel-
opment direction of double wire welding technology in system control, automation application and further improvement of welding efficiency was
prospected, which provided reference for the innovative research and application of double wire arc welding and in-depth study of double wire
three arc welding technology.

Key words: double wire welding, Tri-Arc DE, coupled arc, arc stability, control of stability

Diffusion bonding process of TiAl alloy and hydrogenated 0.5% TC4 titanium alloy

Fan Long' , He Peng’
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(1. Yellow River Conservancy Technical Institute, Kaifeng 475004, Henan, China; 2. Harbin Institute of Technology, State Key Laboratory of
Advanced Welding Production Technology, Harbin 150001, China). p47 —50,56

Abstract The direct diffusion bonding of TiAl alloy and the diffusion bonding of TiAl alloy with hydrogenated 0. 5% ( mass fraction) TC4 tita-
nium alloy were carried out. SEM, EDS, XRD and shear strength test were employed to investigate on microstructure and properties of bonded
joints. Effects of bonding temperature, bonding time and bonding pressure on the interface and mechanical properties of bonded joints were
studied. The results showed that holes at the direct diffusion bonding interface of TiAl alloy completely disappeared at bonding parameters of 1
473 K, 60 min, 30 MPa, and shear strength of bonded joints was up to 285 MPa. When hydrogenated 0. 5% TC4 titanium alloy was used as
the intermediate layer in diffusion bonding of TiAl alloy at bonding parameters of 1 123 K, 30 min, 15 MPa, holes at the diffusion bonding in-
terface disappeared, together with a certain thickness of the reaction layer generated, and shear strength of bonded joints was up to 290 MPa.
The phase composition of fracture interface was mainly composed of brittle phases, such as TiAl, Ti;Al, TiAl, and Ti;Al;. Compared with the
direct diffusion bonding, the diffusion bonding parameters of TiAl alloy could be greatly reduced by using hydrogenated 0.5% TC4 alloy as in-
termediate layer in diffusion bonding of TiAl alloy.

Key words: TC4 titanium alloy, TiAl alloy, hydrogenated, shear strength

Robot welding technology of two common welded joints

Li Jie'?, Zhou Peng', Hui Yuanyuan'

(1.Xi” an Aeronautical Polytechnic Institute, Xi’ an 710089, China; 2. Lanzhou University of Technology, State Key Laboratory of Advanced
Processing and Recycling of Nonferrous Metals, Lanzhou 730050, China). pS1 —56

Abstract Welding experiments of 8 mm thick plate horizontal butt joint and 6 mm thick plate flat angle T-joint were carried out by OTC arc
welding robot. Influences of groove root gap, welding gun angle, arc voltage, welding current and welding speed on formation of butt weld in
the root pass, width and reinforcement of back weld, as well as influences of welding speed, arc voltage and welding current on formation of
weld, foot size and convexity of T-joint were emphatically analyzed. The welding parameters were optimized through experiments, and butt
joints with well formation of both sides, good fusion, uniformly weld width and weld reinforcement were obtained. According to the test, the
width of backside weld was 4. 04 mm and the reinforcement of backside weld height was 0. 17 mm. The width of front weld was 14.20 mm, and
the reinforcement of front weld was 1.22 mm. T-joints were welded with the optimized welding parameters. The fillet welds were well fused in
the area of both toes. The welds were even and slightly concave on the surface. The foot size measured by the test was 6. 8 mm.

Key words: welding robot, welded joint, welding parameters

Arc spot welding process of stainless steel

Zhang Wei, Song Xiaofei, Yu Xueli, Liu Hui, Lu Xiangming

(Beijing Special Machinery Research Institute, Beijing 100043, China). p57 - 60

Abstract To reduce welding distortion, arc spot welding was used to join 3 mm and 5 mm thick OCr18Ni9 stainless steel sheets. Effects of
three section welding current on weld penetration, nugget diameter and shear resistance of joints were mainly investigated. The research results
showed that weld penetration, nugget diameter and shear resistance of joints increased with the increase of the first current and the second cur-
rent. The first current mainly affected on weld penetration, while the second current mainly affected on both weld penetration and nugget diame-
ter, especially nugget diameter. However, the third current did not affect weld penetration or nugget diameter, which mainly affected on forma-
tion of weld. Optimizing the first welding current and second welding current and their relevant parameter could improve the shear strength of
arc spot welded joints.

Key words: stainless steel, arc spot welding, penetration, nugget diameter, shear resistance

64 2020 F¥6 H



