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TRANSACTIONS OF THE CHINA WELDING INSTITUTION
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Table 3 Physical and mechanical properties of flyer and base plates
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T2/ 1083 65 185 295 4700
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Table 4 Emulsion matrix component

NH,NO; NaNO, H,0 CigHig Cy4HyyO4

71 11.5 11 3.7 2.8
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Fig. 4 Simulation results of three kinds of explosives.
(a) self-restraint structure explosive; (b) high
detonation velocity explosive; (c) low detonation
velocity explosive
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Fig. 5 Particle velocity of three kinds of explosives. (a)
self-restraint structure explosive; (b) high detona-
tion velocity explosive; (c) low detonation velocity
explosive
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anism is mainly the brittle fracture of WC particles and the

lamellar tearing along the WC-W,C interface.

Highlights: (1) The microstructure evolution of the interfa-
cial reaction layer of WC/TC4 composite with different con-
tents prepared by SLM was studied.

(2) The synergistic effect of air flow, heat and metal powder in
molten pool and the growth mechanism of grain epitaxial reac-
tion at particle/matrix interface during processing were ex-
pounded.

(3) The fracture mechanism of WC/TC4 composites and the

strengthening effect of particle/matrix interface are expounded.

Key words:  laser selective melting; WC/TC4 composites;

interface; fracture mechanism

Analysis of interaction mechanism between feeding flux

sheet and arc in ultra-narrow gap welding TANG

Guoxi', ZHU Liang', ZHANG Aihua’, ZHOU Hui', GUO
Ning], ZHOU Yil(l. State Key Laboratory of Advanced Pro-
cessing and Recycling Non-ferrous Metals, Lanzhou Uni-
versity of Technology, Lanzhou 730050, China; 2. Lanzhou

University of Technology, Lanzhou 730050, China). pp 54-60
Abstract: In the ultra-narrow gap welding of the fed-in flux
sheet constrained arc, the interaction between the continuously
fed flux sheet and the arc affected the stability of the welding
process. A method of rapidly interrupting the arc was used to
obtain the shape of the molten pool and the instantaneous melt-
ing morphology of the flux sheet at the arc-extinguishing posi-
tion . The relationship between the action length of the flux
sheet on the arc and the degree of arc confinement was ana-
lyzed. The results showed that the feeding speed of the flux
sheet was increased or the welding voltage was reduced , which
could make the action length of the flux sheet on the arc in-
crease. When it increased to a certain extent, the arc was ef-
fectively constrained at the bottom of the groove to uniformly
heat the root of the side wall, and the flat weld with good root
fusion was obtained. When the degree of restraint was

weakened, the arc heating area was concentrated on the two
side walls, and it was too difficult to form an effective molten

pool at the root of the groove. Finally a hole weld was formed.

Highlights:

feed-in flux sheet confinement arc was established, and the 30

(1) A method of ultra-narrow gap welding with

mm thick plates were ultra-narrow gap welded by multi-layer
single-pass.

(2) The interaction mechanism between flux sheet and arc in

ultra-narrow gap welding with confinement arc of flux sheet

was revealed.

Key words:  ultra-narrow gap welding; flux sheet confine-

ment arc; process parameters; arc confinement degree

Study on microstructure and properties of laser flux-cored

wire joint of titanium alloy FANG Naiwen, HUANG

Ruisheng, WU Pengbo, MA Yiming, SUN Laibo, CAO Hao,
ZOU lJipeng(Harbin Welding Institute Limited Company, Har-

bin 150028, China). pp 61-69
Abstract: The welding of TC4 titanium alloy plate was car-
ried out by means of laser welding with filler wire and self-de-
veloped flux-cored wire, and the obtained welding joint was
treated with 850 °C heat preservation for 2 hours and then
cooled and annecaled with furnace, the microstructure and
mechanical properties of the welded joint were compared with
those of the welded joint. The results showed that the welded
joint was composed of a, phase, o, phase and B phase, the o
martensite structure was not found in the as-welded joint, the
strength of the as-welded joint decreased, but the elongation
and impact toughness at room temperature increased, and the
tensile fracture of the as-welded joint was surrounded by a
large number of tearing lips, the dimples are deep and uniform,
showing microporous polymerized ductile fracture. It was
found by XRD that the as-welded joint was mainly composed
of o' martensite, and a few weak multi-angle o phase diffrac-
tion peaks were observed, and the central angle of o phase dif-
fraction peaks in the heat-treated joint was the same as that in
the as-welded joint, in addition, a rather sharp diffraction peak

of B phase (110) was found.

Highlights:

structure and mechanical properties of titanium alloy welded

(1) The effect of heat treatment on the micro-

joints by laser wire-filler metal was studied.
(2) It is found that the presence of residual B phase in a,/a, in-
terface can effectively guarantee the plasticity and toughness of

the welded seam.

Key words: titanium alloy; laser filler wire welding; mi-

crostructure and properties

Explosive welding and numerical simulation of T2/Q345
clad plate based on self-restraint structure explosive LI
Xuejiao, QIAN Jingye, BI Zhixiong, ZHANG Tingzhao, DAI
Xiande, RONG Kai(Anhui University of Science and Techno-

logy, Huainan 232001,China). pp 70-76



2023, Vol. 44, No. 3

TRANSACTIONS OF THE CHINA WELDING INSTITUTION v

Abstract: In order to improve the energy utilization rate and
reduce the energy dissipation, explosive welding was carried
out with self-restraint structure explosive. T2 copper and Q345
steel were used as fly and base layers, respectively, and self-re-
straint structure explosive was adopted as welding explosive.
The explosive welding process was simulated by ANSYS/
AUTODYN code, and the copper/steel explosive welded clad
plate was prepared. The welding quality was analyzed by
mechanical property testing and microscopic morphology ob-
servation. The results show that self- restraint structure could
reduce the dissipation of its own detonation products, which
makes more explosive energy into kinetic energy of flyer layer
and improves energy utilization rate. The collision velocity of
coppet/steel explosive welding is greater than the critical colli-
sion velocity of 345 m/s after detonation distance is greater
than 100 mm away from the initiation end. The ultimate colli-
sion velocity at a detonation distance of 150 mm is 567 m/s.
The initiation end of the copper/steel clad plate is of linear
bonding, the bonding interface is transformed into wavy bond-
ing as detonation distance increases. The shear strength of cop-
per/steel clad plate is 237.0 MPa, and the fracture position is
on the copper side. Copper layer existed work hardening after
tension shear failure, and the farther measuring point from the
interface is, the stronger the microhardness and plastic deform-

ation is.

Highlights:

successfully realized by using self-restraint structure explosive

(1) The explosive welding of copper/steel was

as welding explosive, and the microstructure and mechanical
properties of composite plate were analyzed.

(2) Explosive welding process was simulated by ANSYS/
AUTODYN code, and the reason that self-restraint structure
explosive could reduce energy dissipation and improve utiliza-

tion efficiency was analyzed.

Key words:  explosive welding; self- restraint structure ex-

plosive; numerical simulation; welding quality

Effect of welding time and temperature on properties of
Sn35Bi0.3Ag/Cu welded joints SHEN Bingwei, XU
Mingyue, YANG Shangrong, LIU Guohua, XIE Ming, DUAN
Yunzhao(Kunming Insitute of Precious Metals, State Key
Laboratory of Advanced Technologies for Comprehensive Util-

ization of Platinum Metals, Sino-Platinum Metals Co., Ltd.,

Kunming 650106, China). pp 77-86

Abstract:  Sn35Bi0.3Ag/Cu welded joints were prepared at

different welding time and temperature. The effects of weld-
ing time (1 ~ 9 min) and welding temperature (210 ~ 290 °C)
on the microstructure and mechanical properties of
Sn35Bi0.3Ag/Cu welded joints were studyed by means of
scanning electron microscope (SEM), universal tensile testing
machine and ultrasonic scan machine. The results show that
the Cu element diffuses into the welding interface and forms
the (CusSng, Cu;3Sn) interface layer. The Ag;Sn phase can in-
hibit the growth of interfacial layer. With the increase of weld-
ing time or welding temperature, the reaction layer thickens
and the shear strength increases first and then decreases. The
analysis of the fracture morphology of the welded joint shows
that the fracture of the welded joint is jointly affected by Bi
phase particles and CugSns particles. The fracture of the wel-
ded joint occurs on the IMC / solder side. Bi phase particles
and CugSn; particles affect the shear strength of the joint. In ad-
dition, when the welding time is 3 min and the welding temper-

ature is 230 °C, the brazing rate is the highest (99. 14%) and the

shear strength reaches the maximum value (51. 8 MPa).

Highlights:
perature on the interfacial reaction and mechanical properties
of Sn35Bi0.3Ag / Cu welded joints were studied.

(2) The defects of welded joints were evaluated and analyzed

(1) The effects of welding time and welding tem-

by ultrasonic nondestructive testing equipment.
(3) By analyzing the fracture morphology of the welded joint
and combining the brazing rate and shear strengthof the joint,

the optimal welding parameters are determined.

Key words:  technological parameters; Sn35Bi0.3Ag/Cu

welded joint; shear strength; the brazing rate

Effect of Ti and Nb on microstructure and properties of Fe

based surfacing alloy JIA Hua', GAO Mingl, LIU

Zhengjunz(l. Dalian Ocean University, Dalian 116023, China;
2. Shenyang University of Technology, Shenyang 110870,
China). pp 87-91

Abstract: Fe-Cr-C-B Fe based surfacing alloy was prepared
by changing the addition of Ti or Nb. The microstructure and
properties of surfacing alloy were tested and analyzed by
means of scanning electron microscope, X-ray diffraction,
Rockwell hardness tester and wear tester. The results show that
in the surfacing alloy containing Ti or Nb, the primary austen-
ite grain is refined, the eutectic structure is evenly distributed in
a broken network, and black circular or massive TiC and

rhombic or triangular NbC hard phase particles are formed re-
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