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Fig. 1 X-ray diffraction pattern of surfacing layer
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Table 1 Gibbs free energy of each reactant

S R A ABAGY(T'mol ) G A TIK

23Cr + 6C=Ct;Cs

-309600—-77.4T 298< T <1793

7Cr + 3C=Cr,C; —153600—-37.2T 298< T <2130

29040 —-28.03 T 298 < T <1000

3Fe + C=Fe,C
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Nb + C=NbC 317748 +38.851 7 298< T <3973

2 AR YA E AR AR TRl <k, A
& FR ] LAFE HY, TiC, NbC, CryCy Fll CryCy B 75 A1 17

100

—a— Cr,,Cq

—o— Cr,C;

—— TiC

i —v— NbC
-100 + —— Fe,C

|

|
W
=
S

H AT E HAE A Gy/(kJ-mol )
A Wb
= =

7500 1 1 1 1 1 1
800 1000 1200 1400 1600 1800 2000 2200

B T/K

B2 ERMEMERNEHENTLME
Fig. 2 Variation curve of Gibbs free energy of each
reactant
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Fig. 3 Hardness and wear of surfacing layer with
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Fig. 4 Microstructure and morphology of different samples. (a) without Ti or Nb; (b) 5%Ti; (c) 4%Nb
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Table 2 Chemical compositions of surfacing layer
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Fig. 5 Wear morphology of different samples. (a) without Ti or Nb; (b) 5%Ti; (c) 4%Nb
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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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spectively. The microstructure of the surfacing alloy with 5%
Ti is the smallest. Tic or NbC hard phase particles are evenly
dispersed in the structure and can be used as wear-resistant
particles to form a wear-resistant skeleton with refined primary
austenite and eutectic structure to jointly resist the wedging and
cutting effect of wear particles. When the content of Ti is 5%,
the surfacing alloy containing Ti achieves the best wear resist-
ance, the hardness is 66 HRC and the wear amount is 0. 048 7
g; When the addition of Nb is 4%, the surfacing alloy contain-
ing Nb achieves the best wear resistance, the hardness is 65
HRC and the wear amount is 0. 052 4 g. Under the same condi-
tions, the iron-based surfacing alloy containing an appropriate

amount of Ti has better wear resistance.

Highlights: (1) The Fe-Cr-C-B iron-based surfacing alloy
containing Ti or Nb is prepared by open arc surfacing with self-
shielded flux-cored wire.

(2) The effect of Ti or Nb on the micro-structure and proper-
ties of Fe-Cr-C-B iron-based surfacing alloy was analyzed.

(3) Comparing the strengthening effect of TiC and NbC hard
phase particles, the Fe-Cr-C-B iron-based surfacing alloy has

the best wear-resistance.

Key words: iron base surfacing alloy; self-protective flux
cored wire; open arc surfacing; microstructure and properties;

TiC and NbC particles

Development of high power low ripple plasma spray chop-

per power supply  WANG Dianlongl, HUANG Haol, Z0U

Xianxin', LIANG Zhimin', WU Chaojun’(1. Hebei Provincial
Key Laboratory of Material Near-net Forming Technology,
Hebei University of Science and Technology, Shijiazhuang
050000, China; 2. Institute of Aerospace Materials and Tech-
nology, Beijing 100076, China). pp 92-97

Abstract:  Plasma spraying power supply usually adopts
thyristor rectifier power supply or inverter power supply, which
has problems such as low efficiency and large output current
ripple. It is difficult to meet the special requirements of plasma
spraying process. A high-power plasma spray chopper power
supply was proposed based on an eight-phase interleaved paral-
lel Buck converter in this paper. Firstly, the circuit topology of
the chopper power supply was designed. The working prin-
ciple and the current ripple generation mechanism of the chop-
per power supply were analyzed. The influence of the number
of parallel phases and the duty cycle on the current ripple was

clarified. The simulation verification was carried out. Then,

based on the requirements of the plasma spraying process for
power supply characteristics, a four-phase interleaved parallel
module with power of 40 kW was designed. Under the cooper-
ative control of the CAN bus, an 80 kW eight-phase inter-
leaved parallel chopper plasma spraying power supply was
formed. Finally, the plasma spraying chopper power supply
prototype was built. Spraying experiments were carried out to
test the output ripple and efficiency of the power supply. The
experimental results show that, compared with the traditional
thyristor rectifier power supply and inverter power supply, the
current ripple rate of the chopper power supply was reduced by

more than 50%, and the power efficiency was up to 94. 5%.

Highlights:

on an eight-phase interleaved parallel Buck converter was pro-

(1) A plasma spray chopper power supply based

posed.
(2) Based on plasma spray chopper power supply, the control-
ler of eight-phase interleaved parallel Buck converter was de-

signed.

Key words:  plasma spray; chopper power supply; Buck

converter; interleaved parallel; current ripple

Study on temperature field, microstructure and properties

of electroslag surfacing high chromium cast iron WANG

Hao, HU Huie, CHI Junhan, CHEN Ze, FENG Zijian(Naval
Engineering University, WuHan 430022, China). pp 98-

105,113

Abstract: In this paper, the high chromium cast iron (HCCI)
hardfacing layer is deposited on the surface of D32 low-alloy
steel by electroslag surfacing method. Combined with the tem-
perature field measurement of the heat-affected zone (HAZ)
during the surfacing process, the microstructure and mechanic-
al properties of the HAZ, composite interface and hardfacing
layer are studied. The results show that: the heating and cool-
ing rates are slower during the electroslag surfacing, and the
temperature distribution in the low alloy steel substrate during
the stabilizing stage is uniform; the maximum temperature
gradient in the surfacing direction is 23. 1 °C/mm. The maxim-
um thermal stress in the low-alloy steel substrate is 25.9 MPa,
lower than its tensile strength, which effectively avoids the oc-
currence of cracks; the composite interface is smooth and clear,
with an austenite band region, about 50 pm in width; The
grains of HAZ have grown, whose microstructure is a mixture
of ferrite and pearlite. The microstructure of HCCI hardfacing

layer is composed of austenite, carbides and a small amount of
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