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Fig. 1 Macro-graph of welded joints
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Fig. 2 Microstructure of different position with groove of
60°. (a) martensite coarse crystal structure of
60°; (b) martensite fine crystal structure of 60°;
(c) weld austenite structure of 60°
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Fig. 3 Microstructure of different position with groove of
90°. (a) martensite coarse crystal structure of
90°; (b) martensite fine crystal structure of 90°;
(c) weld austenite structure of 90°
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Fig. 4 Microstructure of fusion line. (a) 60°; (b) 90°
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Fig. 5 Line scan diagram from heat affected zone to
weld
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Fig. 6 Micro-hardness of welded joints on cross sections
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Fig. 7 Fractured tensile samples
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Table 2 Tensile strength of joint
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Effect of element Nb on microstructures and impact
toughness of CGHAZ in TiNbV micro-alloyed steels
YAN Han'"’, ZHAO Di', QI Tongfu', LENG Xuesong’, FU
Kuijunz, HU Fengya2 (1. State Key Laboratory of Advanced
Welding and Joining, Harbin Institute of Technology, Harbin,
150001, China; 2. State Key Laboratory of Metal Materials for
Marine Equipment and Application, Iron & Steel Research
Institute of Ansteel Group Corporation, Anshan, 114009,
China; 3. Department of Mechanical Engineering, The
University of Sheffield, Sheffield, S10 2TN, UK). pp 33-37

Abstract:  The microstructure evolution and impact
toughness of the coarse grain heat-affected-zone (CGHAZ) of
TiNbV micro-alloyed steel were investigated by the simulated
welding thermal cycle. The microstructure and grain size of
the simulated CGHAZ between low-niobium steel and high-
niobium steel is significantly different. When the Nb content is
low (0.005%), the CGHAZ consists of ferrite, acicular ferrite,
and pearlite. The ratio of the large-angle grain boundary and
the small-angle grain boundary is equal, and the grain size of
the CGHAZ is coarse and uneven. With the increase of Nb
content, the number of grains in the high-angle grain boundary
increases, and the grains are refined. However, the formation
of acicular ferrite is suppressed, and the bainite content of
CGHAZ increases. The formation of bainite in the micro-
alloyed steel plays a leading role in the decrease of the impact
toughness of CGHAZ. The content of element Nb should be
controlled within an appropriate range (~ 0.02%) to obtain
good impact toughness.

Key words: TiNbV micro-alloyed steel; coarse grain
heat-affected-zone; element Nb; microstructure; impact tough-

ness

Rapid evaluation of fatigue limit of AZ31B magnesium
alloy joints based on energy dissipation GUO Shaofei',
LIU Xuesong', ZHANG Hongxia’, YAN Zhifeng’, FANG
hongyuan1 (1. State Key Laboratory of Advanced Welding
and Joining, Harbin Institute of Technology, Harbin, 150001,
China; 2. Taiyuan University of Technology, Taiyuan, 030024,
China). pp 38-43

Abstract: The temperature rise of the material during

the fatigue process is mainly caused by energy dissipation,

which can be used to evaluate the fatigue performance of

materials or components. However, changes in the thermal
boundary conditions during the test is likely to make the
evaluation result unreliable. In this paper, the fatigue
performance of AZ31B magnesium alloy manual TIG welded
joint was evaluated by using the temperature rise caused by
energy dissipation. In order to overcome the adverse effects of
changes in boundary conditions, based on the superposition
principle of boundary value problem of linear partial
differential equation, this paper proposes to divide the raw
temperature data measured by infrared camera into two parts:
temperature rise caused by boundary conditions and
temperature rise caused by energy dissipation. On this basis, it
is further proposed that the temperature rise caused by energy
dissipation can be used to evaluate fatigue performance.
Moreover, a temperature data processing method was given
according to the proposed theory. The results showed that,
based on the processed temperature data, the fatigue limit of
the ground flush joint and the as-welded joint are 58.85 and
62.61 MPa respectively by the classical energy dissipation
method (Risitano method), whose errors relative to the fatigue
limit obtained by the S-N curve (2 x 106) are —11.82% and
—0. 03%, respectively.

Key words: fatigue limit; energy dissipation; magnesi-

um alloy; experimental mechanics

Microstructure and properties of ultra-high strength steel
joints welded with high nitrogen austenite wire YANG
Dongqing, XIONG Hanying, HUANG Yong, PENG Yong,
WANG Kehong (Key Laboratory of Controlled Arc Intelligent
Additive Manufacturing Technology, Ministry of Industry and
Information Technology, Nanjing, 210094, China). pp 44-48
Abstract: In order to solve the problem of cold cracks
in ultra-high-strength steel welding, the GMAW process
experiment was carried out with high-nitrogen austenitic wire
with lower strength than the base metal to study the
microstructure and properties of ultra-high-strength steel
welded joints at different grooved angles. The results show
that welded joints are well formed without cracks according to
cross-section of weld, the microstructure near the fusion line is
mainly acicular and lath martensite, and the weld structure is
mainly austenite and ferrite dendrites surrounded by austenite

matrix; the average hardness of the martensite zone near the

fusion line is 530 HV; the average hardness of the weld zone is
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275 HV; compared to 60° grooved joints, the hardness of the
martensite structure near the fusion line of 90° grooved joints
are higher; The average tensile strength reaches 850 MPa, and
the highest is 887 MPa, while the average tensile strength of
60° groove joints is only 690 MPa.

Key words: ultra-high strength steel; high nitrogen

austenitic wire; microstructure; mechanical properties

Adaptive edge detection of molten pool based on coarse-
grained regularization in restricted solution space LIU
Tianyuan, BAO Jinsong, WANG Junliang, ZHENG Xiaohu,
WANG Jiacheng (College of Mechanical Engineering,
Donghua University, Shanghai 201600, China). pp 49-54

Abstract: Edge detection is a key step in the image
processing of the molten pool. In view of the sharp changes in
the arc in the molten pool area, the edge detection method that
relies on artificially setting the threshold is difficult to adapt to
the dynamic change of the arc. This paper proposes a deep
learning-based edge extraction mode of the molten pool.
Firstly, pixel-level annotation and data augmentation are
performed on the original molten pool image to build a dataset.
Secondly, a coarse-grained regularization method in restricted
solution space (CGRRSS) is proposed to enhance edge
features. Finally, the proposed method is compared with the
traditional methods in both quantitative and qualitative aspects.
The results show that the proposed method has a higher recall
of edge points, the obtained molten pool edge is more
continuous and has a better suppression effect on false edges.
The detection time of a single image is 6.2 ms, which can meet
the needs of online monitoring.

Key words: molten pool image; deep learning; edge

detection; regularization; coarse-grained

Study on creep damage evolution of braze sealant of solid
oxide fuel cell by small punch test SONG Ming, MA

Shuai, DU Chuansheng, WANG Bingying, JIANG
Wenchun (China University of Petroleum (East China),
Qingdao, 266580, China). pp 55-60

Abstract:  Obtaining the creep properties of sandwich
structure of brazed joint has always been a challenge. Based on
Wen-Tu creep-ductility exhaustion model, a subroutine for

creep damage evolution of braze sealant of solid oxide fuel cell

(SOFC) was developed in the finite element model of small
punch test (SPT) using ABAQUS software. The evolution and
characteristics of creep damage of the brazed joint with 304
stainless steel as base metal were studied by combining
experiment and finite element analysis. The relationship

between the change rate of central creep deflection and the
creep strain rate of the brazed joint under different loads was
obtained. The evolution of creep damage and crack

propagation of brazed joint in the small punch creep test is
clarified. The results show that the main fracture mode of
brazed joint under multiaxial stress is brittle fracture, and the
creep crack originates at the lower surface of base metal, which
is 0.85 mm far away from the center of SPT specimen, and
gradually propagates to the upper surface of base metal and the

lower surface of the solder layer until fractures.

Key words: brazed joint; creep damage; finite ele-

ment method; crack propagation; small punch test

Application of selective anodic bonding technology in

grating gyroscope HAO Feifan'?, LI Mengwei]’z,

WANG Jungiang'?, JIN Li'’, GENG Hao' (1. North
University of China, Taiyuan 030051, China; 2. Nantong
Institute of Intelligent Opto-Mechanics, North University of
China, Nantong, 226000, China). pp 61-66

Abstract: Anode bonding technology is widely used in
wafer-level MEMS device manufacturing and packaging. For
devices with cantilever beam structure, it is easy to attract
during bonding. Selective anode bonding technology is used to
prevent the gyro from attracting failure during bonding. The
formula of electrostatic pull-in voltage between gyro beam and
glass was educed, and the relationship model between pull-in
voltage and silicon structure glass gap was established. First,
the gyroscope structure was made by DRIE, then the grating
was made by sputtering Al/Cr on the glass substrate, and
finally the anodic bonding was performed. The results showed
that the bonding interface has no defects, and the conductivity
of Cr and its oxides made the silicon-glass anodic bonding
without electrostatic attraction. The average bonding strength
was 33.94 MPa, and the bonding quality was good.

Key words:  MEMS gyroscope; anodic bonding; elec-



