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Table 1 Chemical composition of base material and welding materials
B C Si Mn P S Ni Cr Mo Cu N
304 0.08 1.00 2.00 0.045 0.03 8.00 18.00 — — 0.1
Q355 0.2 0.55 1.60 0.025 0.025 0.30 0.30 — 0.40 —
ER308 0.08 1.00 0.50 0.040 0.03 7.00 22.00 0.75 0.75 —
ER309 0.15 1.00 0.5 0.040 0.03 12.00 18.00 0.75 0.75 —
ER50-6 0.105 0.975 0.163 0.015 0.013 0.016 — 0.06 — —
%2 BEIZSM 2 HRTGIHEF %
Table 2 welding parameters
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Fig. 1 Groove form and pass arrangement. (a) 0.3 mm;
(b) 1.0 mm;(c) 2.0 mm
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Fig. 2 Meshing model and local magnificatio. (a) A; (b)

B;(c)C

3

HREMH

Fig. 3 Constraints condition

(poisson's ratio) Fl 5L 4 #5 5 (young's modulus).
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Fig. 5 Double ellipsoidal heat source model
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Comparison of simulated melt pool with outual-
melt pool morphology (a) superimposed comp
arison of macroscopic morphology of weld sec
tion and multi-pass welding; (b) comparison bet
ween simulation results of cover welding and
macroscopic morphology of weld section
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Fig. 8 Stress cloud diagram of weld section of 304/
Q355 stainless steel composite plate with 0.3
mm thickness of cladding material
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Fig. 9 Stress cloud diagram of weld section of 304/
Q355 stainless steel composite plate with 1.0
mm thickness of cladding material

H T 304 F11 Q355 Wy Fh A4k Y 4y 38R Ak 2 PR E A
A, FEARE AR e A e, A BRI 2 B AN,
FE PR B 28 S AR 2 AN S L, 7T
DA 5], T8 AR R TR T 14 B A S e R R T
IR B B AR, KL 2 AR 4 31 5 )2 SR A AR
PEad AR, KA I IO g A Hp X R 1) o 2 A X
4.

BEAh, WER A A A e ZOIR S B R T AR A 1
FIGM A RRAE AT LA B, 3 AN ) 78 A J5E B 1 2 A
PRI BRI ) A3 AT RAE S, B KRR I )
PSR TE U AR A P, X5 AT ST HGE 3
T W42 I R AR 2 LB AR Sk R AR I T 4
AR AE—30"" 7, B TR AN 5 A K
REZEHIR, 304 NN REOE Q355 1K A
S RANY 170%, [FI T 2 221888, hiEEAL
P A% 326 =l 1o 4 [B) P B S, Bl I 2 R
XTI A 7 2 DX, T 3k B Ji P 92 IX AR
IO 3 A, T R L 7 S X T R A R A 2 4 IR AR AT



%14 BE=Z,FBAME

B AR ARA a AROR HeBE 5K B ) R e o AR AELAR L A 79

374. 21 311 41 222. 45 133 5 44.541
355.89 266.93 177.98 89.02 0.062 841

352.42 284 83 203. 54 122 25 40.96
325.47 244.18 162.89 81.605 0.316 14

5 —E

365.48 311 5 222 71 133.93 45.147
355.89 267.11 178.32 89.539 0.755 7

45 DU iE

365.42 311 56 222.89 134.23 45.56
355.89 267.22 178.56 89.892 1.226 6

iI%’x
H
3

367. 07 311. 59 223 1344 45.81
355.89 267.3 178.7 90.107 1.5126

S

!I

SiE

361.34 311.62 222.08 134 54 45.993
355.89 267.35 178.81 90.264 1.722 2

i

Lif

=] [=N]
411.42 320.24 229.05 137.87 46.681
365.83 274.64 183.46 92.274 1.088 8

B 10 BHIEE 2.0 mm B 304/Q355 REWNE SRIESE

EEEN N =E (MPa)
Fig. 10 Stress cloud diagram of weld section of 304/
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Fig. 11 Comparison of total deformation of composite pl-

ates with different thickness of cladding ma-
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Fig. 12 Deformation cloud image in x, y, z direction of composite plate with different thickness of cladding materical.
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Fig. 13 Transverse residual stress distribution in the
vertical weld direction of Q355 side
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parameters to achieve better droplet transfer.

Key words:  droplet transfer; Swing arc; MIG welding;

Narrow gap welding

Study on sensitization characteristics of TP347H stainless

steel welded joints LI Chenganl, FENG Daochenl,

ZHANG Lin’, ZHENG Wenjian', CHENG Mao’, LU
Xianjingz, YANG Jianguol(l. Zhejiang University of Techno-
logy, Hangzhou, 310014, China; 2. CFHI Dalian Nuclear
Power and Petrochemical Equipment Co. ,Ltd., Dalian 116113,
China; 3. Zhejiang Academy of Special Equipment Science,

Hangzhou, 310020, China). pp 64-72
Abstract: In order to clarify the sensitization characteristics
of TP347H stainless steel welded joints, the welded joints were
heat treated at different temperatures, and the changes of sensit-
ization degrees at different temperatures were studied. The res-
ults showed that an obvious sensitization trend was observed in
the heat-affected zone(HAZ) of welded joints. During the sens-
itization process, because the binding energy of Nb atoms on
the grain boundary is higher than that of Cr atoms, coarse
primary niobium carbon compounds are formed first, and then
fine secondary niobium carbon compounds are formed. When
the temperature is kept at 700 °C, the sensitization degree of the
HAZ of the welded joint shows a trend of first increasing and
then decreasing. When the temperature reaches 800 °C and

above, heat treatment no longer increases the sensitization de-
gree of the HAZ of the joint. Comparing with the sensitization
characteristics of F347H joints with 21000 h in the actual pro-
duction line, it is confirmed that the sensitization limit can be
reached by holding the welded joints of TP347H at 650 °C for
100 h. The reason is that the content of Nb is several times that
of C, most of C combines with Nb to form NbC, and the diffu-
sion of C in the grain has been fully combined with Cr. The

resulting sensitization reaches an equilibrium state.

Highlights: (1) Confirmed that TP347H stainless steel wel-
ded joint was heat treated at 650 for 100h can reach the sensit-
ization limit.

(2) In the process of sensitization, because the binding energy

of Nb atoms on the grain boundary is higher than that of Cr

atoms, the coarse niobium carbon compound will be formed

first, and then the fine niobium carbon compound will be
formed.

(3) When the TP347H stainless steel welded joint was heat
treated at 700 °C, the sensitization degree in the theat affected
zone of the welding joint shows a trend of increasing first and

then decreasing.

Key words: TP347H stainless steel; sensitization; welded

joint; heat treatment; corrosion resistance

Numerical simulation of the influence of thickness of clad-
ding material on stress and strain of welded joint of stain-

less steel composite plate FENG Yulan, WU Zhisheng,

SUN Zhiyu(Taiyuan University of Science and Technology,

Taiyuan, 030024, China). pp 73-82
Abstract: GTAW technology has been used to fabricate wel-
ded connections on composite plates consisting of 304 and
Q355 materials. Base material thickness was 13 mm, while
cladding material thicknesses ranged from 0.3 mm to 2. 0 mm.
The influence of different thicknesses of cladding material on
the stress and strain of 304/Q355 composite plate welded joint
was analyzed by numerical simulation method, and the evolu-
tion characteristics of residual stress and strain during welding
of stainless steel composite plate with different thicknesses of
cladding material were revealed. The results show that the X-
ray diffraction test results are in good agreement with the nu-
merical simulation results. With the increase of the thickness
of the cladding material, the maximum residual stress value of
the welded joint section of 304/Q355 composite plate gradu-
ally decreases, and the width of the residual stress zone gradu-
ally increases. During the welding process from the base weld
to the transition weld, the stress concentration zone gradually
shrinks to the transition weld zone. Finally, the highest stress
concentration area is located in the weld zone of the transition
layer, and the maximum stress value is close to the yield
strength of the material. In addition, the deformation after
welding increases with the increase of the thickness of the clad-
ding material, and the deformation of the composite plate with
the thickness of the cladding material 2.0 mm is about 2 mm
higher than that of the composite plate with the thickness of the
cladding material 0.3 mm, and the direction of the largest de-

formation is the direction of the weld thickness.
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Highlights: (1) The stress and strain distribution of
304/Q355 composite plate welded joints with different thick-
ness of cladding material were analyzed in detail by numerical
simulation.

(2) The stress-strain evolution characteristics of 304/Q355
composite plate welded joints with different thickness of clad-

ding material are described by the results of stress-strain field

analysis.

Key words:  cladding materials thickness; composite plate;

stress and strain; numerical simulation

Analysis of side-deflection behavior mechanism of GMAW

weld section of cable type welding wire YANG Zekunl’z,

XU Kai”’, YANG Zhanli’, ZHANG Yan’, FEI Dakui’, ZHOU
Kun’, YANG Yongboz(l. China Academy of Machinery Sci-
ence and Technology Group Co. Ltd., Beijing, 100048,

China; 2. Harbin Welding Institute Co. Ltd., Harbin, 150028,
China; 3. Harbin Welding Institute Co. Ltd., Harbin, 150028,
China). pp 83-87

Abstract: The side-deflection of weld section in cable type
welding wire GMAW will lead to poor fusion of welded joints.

Therefore, based on droplet force analysis and the principle of
minimum voltage, the mechanism analysis of the change rule
of the side-deflection of weld section was carried out. The res-
ults show that the current is the key factor affecting the side-de-
flection of the section. The unique stranded structure of the

cable type welding wire causes arc rotation, which leads to the
phenomenon of uneven force on the droplet. The transition dir-
ection of the droplet is at an angle with the axis of the welding
wire, resulting in the phenomenon of side -deflection of the
weld section under the action of the droplet impact force. The
droplet transition direction gradually tends to the axis, so the
side-deflection trend of weld section decreases with the in-

crease of current.

Highlights: Based on the principle of minimum voltage, the
characteristics of alternating arc-starting of cable type welding
wire are analyzed, and it is found that the uneven force of
droplet caused by rotating arc is the fundamental cause of the
side- deviation of weld section, and the trend of the side- devi-
ation of section decreases with the increase of current.

Key words: cable type welding wire; GMAW; weld sec-

tion side-deviation; droplet transition; the principle of minim-

um voltage

Weld recognition based on key point detection method
GUO Zhongfeng, LIU Junchi, YANG Junlin(Shenyang Uni-

versity of Technology, Shenyang, 110870, China). pp 88-93
Abstract: In order to ensure the quality of automatic weld-
ing and improve the accuracy and adaptability of weld identi-
fication, a key point detection method for weld feature extrac-
tion is proposed. A weld feature extraction network was de-
signed based on the convolutional neural network. The net-
work extracted weld feature by convolution and pool opera-
tion. The feature map from deep layer is sampled up, and then
the feature map from deep layer and shallow layer are fused to
improve the accuracy of weld feature extraction. The feature
point position of weld seam is predicted by the thermal image
of weld seam, and the recognition and location of many kinds
of groove weld seam are realized, and eliminating the need for
non-maximum suppression algorithm, which improves the fea-
ture extraction speed. The network model is trained by collect-
ing different weld feature images. The experimental results
show that the root mean square error of weld feature point loca-
tion is 0.187 mm. The network model designed in this re-
search has high detection accuracy in the weld feature point re-
cognition task, and has strong adaptability and generalization,

and meets the requirements of automatic welding.

Highlights: (1) Weld feature extraction network, deep weld
seam feature maps are sampled up and shallow weld seam fea-
ture maps are fused to improve feature extraction accuracy.

(2) The thermal image of weld seam is output to predict the po-
sition of weld feature points, which does not require non-max-

imum suppression and improves the speed of feature extrac-

tion.

Key words:  image processing; deep-learning; weld recog-

nition; feature fusion

Study on microstructure and mechanical properties of 6061
aluminum alloy prepared by oscillating laser-arc hybrid
welding  ZHANG He', JIN Jun’, JIANG Ping’, ZHANG

Fengdongl, ZHANG Zhenpengl, ZHOU Zhikai3(1. CRRC

Qingdao Sifang Co., Ltd., Qingdao, 266111, China; 2.
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