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Table 1 Chemical composition of the 9Cr-1.5W-0.15Ta heat resistant steel
C Cr Mn A w Ta Si Zr N SHIP Fe
0.1 9 0.5 0.2 1.5 0.15 0.05 0.005 0.007 0.002 AR
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Macromorphology of FSW weld
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Fig. 2 Dimensions of V-notch impact specimen
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Fig. 3 Microstructure characteristics of BM and FSW weld. (a) the metallographic structure of BM; (b) the morphology
of BM; (c) the microstructure of BM; (d) the RA diffraction patterns in BM; (e) the metallographic structure of
FSW weld; (f) the morphology of FSW weld; (g) the microstructure of FSW weld; (h) the RA dark field image in

FSW
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Fig. 4 Precipitates characteristics of BM and FSW weld. (a) the distribution characteristics of precipitated phases in the
BM; (b) the characteristics of M,3Cq phase in the BM; (c) the characteristics of MX phase in the BM; (d) the
distribution characteristics of precipitated phases in the FSW weld; (e) the characteristics of MX phase in the

FSW weld; (f) the characteristics of M5C phase in the FSW weld
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Table 2 Impact test results of the base materials and

FSW welds
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Agyp/(J-cm 7) Agyw/(J-em 7)
20 155.1 132.7
0 149.7 122.0
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—40 96.1 85.8
—60 69.1 58.5
—80 45.0 33.7
-100 21.4 12.9
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Fig. 5 Transformation curve of impact toughness of
base metal and FSW weld with test temperature
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Fig. 6 Impact fracture morphology of BM under different temperature. (a) 20 C; (b) 0 C; (c) -20 C; (d) 40 C; (e) —60
C; (f)-80 T
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Fig. 7 Impact fracture morphology of FSW welds under different temperature. (a) 20 C; (b) 0 °C; (c) —20 C; (d) -40 C;
(e) -60 C; (f) -80 C
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information contained in the class labels; and lastly, the fusion
of the underlying features and the high-level semantic features
in the LeFF module improves the model's ability to represent
the features of the melt pool. Simulation experiments show
that the proposed model obtains higher accuracy and faster de-
tection speed compared with MobileNetV3, ResNet50, Shuffle-
NetV2, DeiT, and CeiT models.

Highlights: A GTAW weld fusion state identification model
based on improved CeiT is developed, which obtains higher ac-

curacy and faster detection speed compared with other models.

Key words:  image processing; melt pool; penetration

state; CeiT network; gas tungsten arc welding

Microstructure and impact properties for friction stir welds

of 9Cr-1.5W-0.15Ta heat resistant steel ZHANG Chaol,

ZHOU Mengbing', CUI Lei’, TAO Xin', WANG Jun', WANG
Wei', LIU Yongchang3(1. Fourth Institute of Nuclear Power
Institute of China, Chengdu, 610213, China; 2. Tianjin Key
Laboratory of Advanced Joining Technology, Tianjin Uni-
versity, Tianjin, 300354, China; 3. State Key Lab of Hydraulic
Engineering Simulation and Safety, Tianjin University, Tianjin,
300354, China). pp 36-42

Abstract: In this paper, the microstructure evolution and im-
pact properties of friction stir welds of 9Cr-1. 5W-0. 15Ta heat
resistant steel were studied. The results showed that due to the
double effects of the mechanical stirring of the stir tool and the
welding thermal cycle, grain breaking, fully austenitized dy-
namic recrystallization, dissolution of M,;C¢ phase at the grain
boundaries and formation of M;C are materialized in the
welds. Higher cooling rate after welding restrains the growth
of grains, and promotes martensite transformation. The impact
test was conducted in the temperature range of —100 ~ 20 °C.
With the increase of impact test temperature, the impact ab-
sorbing energy of base metal and FSW weld metal is monoton-
ously increased, and the impact fracture mode changes from
brittle fracture to ductile fracture. Due to the formation of lath
martensite and the precipitation of "acicular" M;C carbide in
FSW weld, the hardness of FSW weld increases significantly.
At the same temperature, the impact toughness of FSW weld
decreases. And, the ductile-brittle transition temperature of
FSW weld increases from —50 °C of the base metal to

—40.2 C.

Highlights: (1) The friction stir welding on 9Cr-1.5W-

0. 15Ta heat resistant steel with a thickness of 5 mm is per-

formed, and the microstructure evolution characteristics of the
weld is analyzed.

(2) The ductile-brittle transition temperature for FSW weld of
9Cr-1. 5W-0. 15Ta heat resistant steel is obtained.

Key words:  9Cr-1. 5W-0. 15Ta heat resistant steel; friction
stir welding; microstructure; impact toughness; ductile-brittle

transition temperature

Effect of wire feeding angle and wire feeding mode on the
formation of single-track laser wire deposition layer

YANG Xin', HAN Hongbiao™’, YAN Chenxiao', WANG
Ruil(l. Henan University of Science and Technology, Luoy-
ang, 471003, China; 2. Henan Key Laboratory for Machinery
Design and Transmission System, Luoyang, 471003, China; 3.

Longmen Laboratory, Luoyang, 471003, China). pp 43-48,56
Abstract: In order to study the influence of the direction of
the welding wire into the molten pool on the formation of the
deposited layer during the laser additive manufacturing by
paraxial wire feeding, single-track laser wire deposition tests
were carried out under different wire feeding angles and wire
feeding modes. The variation of layer width, layer height, sur-
face roughness, cross-sectional morphology and substrate fu-
sion depth of deposited layer with wire feeding angle and wire
feeding mode was analyzed. The results show that the wire
feeding angle and wire feeding mode of paraxial wire feeding
influence the formation of single-track laser deposited layer,
and the effect of wire feeding mode on the size and shape of
deposited layer is greater than that of wire feeding angle. With
the increase of wire feeding angle, all the substrate fusion depth
decreases gradually, the layer width of front feeding and back
feeding decreases gradually, the layer height of deposited layer
increases gradually, however, the layer width, layer height and
surface roughness of side feeding change little. The cross-sec-
tion shape of front feeding and back feeding deposited layer is
symmetrical and circular, while the cross-section shape of side
feeding deposited layer is asymmetrical and the highest point is
biased towards the wire side. The layer width and substrate fu-
sion depth of front feeding are larger and the layer height is
smaller, while the layer width and substrate fusion depth of the

back feeding are smaller and the layer height is larger.

Highlights: (1) For single-track deposited layer, the effect of
wire feeding mode on the size and shape of deposited layer is
greater than that of wire feeding angle.

(2) The variation of wire feeding mode changes the position of

wire feeding into molten pool, affects the flow of wire molten
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