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Fig. 1 Schematic diagram of welding experiment
system
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Image analysis of welding pool
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Fig. 4 Flow chart of feature extraction of molten pool
based on saliency detection
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Fig. 6 Characteristic parameters of the molten pool and
the corresponding welding state
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Table 2 SVM test results
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Research on the RF performance simulation of ultra-fine

wire bonding of RF devices WANG Shangl, MA

Jingxuanl, YANG Dongshengl’z, XU Jiahui', HANG
Chunjinl, TIAN Yanhong1 (1. State Key Laboratory of

Advanced Welding and Joining, Harbin Institute of

Technology, Harbin, 150001, China; 2. Guobo Electronics
Co., Ltd., Nanjing, 211111, China). pp 1-7

Abstract: With the continuous improvement of radar
performance indicators and the continuous compression of the
volume, the T/R (transmitter and receiver) component as one of
its key components is also continuously developing in the
direction of miniaturization and high density. Ultra-high-

density wire bonding technology is adopted to realize high-
density RF device packaging form. However, it will cause the
reliability of bonding solder joints to decrease, and the circuit
RF performance is poor. Aiming at the problem of the

degradation of radio frequency performance caused by the
small bond size, this paper used HFSS software to explore the
influence of the change in the gold strip's size on the circuit
radio frequency performance. And ANSYS Q3D and ADS

software were used to match the impedance of the ultra-fine
wire bonding circuit. The results show that for gold wire and
gold ribbon, inserting the microstrip double-stub matching
structure can significantly improve the radio frequency
performance of the circuit. For type 1 structure, the

transmission power of S21 and S12 can reach —0.049 dB. For
type 2 Structure, the transmission power of S21 and S12 can
reach —7.245 x 10" dB, indicating that the signal transmission
under the type 2 structure is almost lossless. This result can lay
a theoretical foundation for the application of ultra-fine wire

bonding technology in radio frequency circuits.

Highlights: (1) The model containing the microstrip trans-
mission line is established in the electromagnetic field simula-
tion software ANSYS HFSS. The span, arch height, cross-sec-
tion size, number of gold wires and other parameters of the
bonding alloy wire are changed, the insertion loss and return
loss under different parameters are calculated, and the relation-
ship between the RF performance of the gold wire bonding and

the bonding structure parameters is found.

(2) The equivalent circuit model of the transmission line is es-

tablished in the circuit simulation software ADS. Microstrip
single-branch stub and microstrip double-branch stub struc-
tures are used to match the impedance of the mismatch circuit,
and solutions that can reduce signal loss have been success-

fully discovered.

Key words: ultra-fine wire bonding; RF performance; im-

pedance matching

Unstable state vision detection of molten pool during

aluminum alloy climbing-TIG welding HONG

Yuxiangl, YANG Mingxuanl, DU Dongz, CHANG
Baohua’, XIAO Hong3 (1. Key Laboratory of Intelligent
Manufacturing Quality Big Data Tracing and Analysis of
Zhejiang Province, China lJiliang University, Hangzhou,
310018, China; 2. Key Laboratory for Advanced Materials
Processing Technology, Ministry of Education, Tsinghua
University, Beijing, 100084, China; 3. Tianjin Aerospace Long
March Rocket Manufacturing Co. Ltd., Tianjin, 300462,
China). pp 8-13

Abstract:  Visual detection of the state of the molten pool
during the welding process is an important means to realize the
online monitoring of weld quality. Aiming at the problems of
molten pool unstable state and forming defects that are likely to
occur during the climbing tungsten helium arc welding process
of medium and thick aluminum alloys, this paper proposes a
Tungsten Inert Gas Welding(TIG) welding status monitoring
method based on the image characteristics of the molten pool.
Based on the constructed passive vision sensor system, the
acquisition of clear images of the molten pool under the
interference of strong arc light is realized. A helium arc
welding based on Otsu’s threshold segmentation and visual
saliency features(VSF) is proposed. The image processing
algorithm of the molten pool is used to extract the
morphological features of the molten pool, and the relationship
between the extracted visual features and the stability of the
aluminum alloy climbing-TIG welding process is analyzed.
Finally, a support vector machine (SVM) model is established
to identify the welding state. The experimental results show
that, compared with the geometric characteristics of the molten

pool contour, the morphological characteristics of the molten
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metal at the end of the molten pool can more effectively reflect
the unstable state of the molten pool during the aluminum alloy
climbing-TIG welding process. The established welding state
classification model has a maximum accuracy of 95. 94% under
the condition of a single feature input. The proposed real-time
detection method provides a basis for online intelligent
diagnosis and process optimization of TIG weld forming

defects of large aluminum alloy components.

Highlights: (1) An image processing algorithm based on
Otsu ’s threshold segmentation and visual saliency features
(VSF) is proposed to quickly extract the features of the melt
state region at the molten pool tail during helium tungsten arc
welding.

(2) It was found that feature J located at the tail of the molten
pool can effectively characterize the unstable state of the alu-
minum alloy during climbing helium tungsten-arc welding.

(3) A welding state classification model based on SVM was es-
tablished, and the highest accuracy was more than 95% under
the condition of a single feature input.

(4) This research provides a basis for the online monitoring of

aluminum alloy defects during climbing TIG welding.

Key words: climbing-TIG welding; medium and thick plate
aluminum alloy; welding process detection; visual sensing;

molten pool features

Influences of preheating temperatures on the micro-
structures and mechanical properties of GTA additive

manufactured TiAl based alloy CAI Xiaoyu, DONG

Bolun, YIN Xianlai, LIN Sanbao, FAN Chenglei (State Key
Laboratory of Advanced Welding and Joining, Harbin Institute

of Technology, Harbin, 150001, China). pp 14-21
Abstract:  High-temperature structural material TiAl based
alloy has poor machinability. It is challenging to fabricate

complex structures. And the processing cost is relatively high.

GTA arc additive manufacturing is a promising technology to
synthesis TiAl based alloy in situ with increased flexibility and
low cost. However, crack control is still essential during

fabrication. Preheating is effective in avoiding cracking during
additive manufacturing. In this work, the Ti6Al4V and

ER1100 wires are used as feedstock to fabricate TiAl based
alloy in situ with an aluminum content of 50 at%. Preheating
temperatures of 200, 300, 450 °C are used to investigate the
influences on the microstructures and mechanical properties of
the fabricated specimen. Results show that, with the preheating
temperature increasing, more bulk y phases precipitate on the

boundaries of y/a, lamellar clusters in the top and middle

region of the specimen, while the influences on the
microstructures at the bottom are not significant. The
proportion of a, decreases with the preheating temperature,
leading to a diminishing hardness. At the same time, the
percentage of bulk-like y phases increases, which results in the
promotion of compressive properties. When the preheating
temperature is set at 450 °C, the fabricated specimen shows the

highest compressive strength and compression ratio.

Highlights:
fully fabricated in situ by feeding Ti6Al4V and ER1100 wires

(1) V containing TiAl based alloy is success-

simultaneously.
(2) Influences of preheating temperatures on the microstruc-
tures and mechanical properties of additively manufactured

TiAl based alloy are illuminated.

Key words: wire arc additive manufacturing; TiAl based al-
loy; preheating temperature; microstructures; mechanical prop-

erties

Effect of strain aging on fracture toughness of welded joints
of high-strain pipeline steel ~ GAO Shanshan', DI Xinjie',
LI Chengningl, JIANG Yuanbo', LI Weiwei’, JI Lingkang2
(1. Tianjin University, Tianjin, 300350, China; 2. CNPC
Tubular Goods Research Institute, Xi'an, 710077, China). pp
22-28
Abstract:  In order to explore the effect of strain aging on
welded joints of high strain pipeline steel, the microstructure
and mechanical properties of welded joints of high strain
pipeline steel before/after strain aging were studied. The
mechanical properties of welded joints before/after strain aging
were investigated by hardness test, fracture toughness test and
digital image correlation (DIC) strain test. The microstructure
and substructure characteristics of welded joints were analyzed
based on optical microscope (OM), scanning electron
microscope (SEM), electron back-scattered diffraction (EBSD)
technology and X-ray diffraction technology. The results
indicated that the microstructure of welded joint does not
change obviously after strain aging, but the inside micro-
defects increase. Meanwhile, the fracture toughness of welded
joints decreases, and the decrease amplitude increases with the
pre-strain degree. It was found that the increase of dislocation
density, strain concentration as well as the geometrically
necessary dislocation (GND) density are key factors leading to

the decrease of plastic deformability and the deterioration of

fracture toughness of welded joints.

Highlights: (1) The microstructure evolution and mechanic-



