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Fig. 1 Schematic diagram of the test system
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Fig. 2 Mirror reflection imaging system of molten pool
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Table 1 Chemical compositions of base material
Tk C Si Mn S Ni Cr
3045 < 0.08 < 1.00 <2.00 < 0.035 < 0.030 <38.0~11.0 < 17.0~19.0
316LAEEH <0.08 < 1.00 <2.00 <0.045 < 0.030 <12.0~14.0 <16.0~18.0
Q2351 <0.18 0.30 0.35~0.8 0.040 0.040 — —

x2 BEIZSH
Table 2 Welding parameters

MURES/mm I FIA WL /A H25 0 R UNV By (emmin ) K Lmm e HifHaC) AR EFO/(L min )

3 40 90 1:9 10

20 3 90 15
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Fig. 3 Reflection imaging results of 304 stainless steel molten pool surface
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Fig. 4 Weld formation of different kinds of stainless steel/Q235 carbon steel
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Fig. 5 Imaging information of molten pool for 304
stainless steel/Q235 carbon steel
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Fig. 7 Trajectories of the tracer particles in the molten

poolin 0.12 s
N

_soof 304 NN Q235 B4
£
>~ 29
600 | Y
] [
E&k 400 | i s A
= !
75 200 |

N

0 1 1 1 1

1 1
0 200 400 600 800 1000 1200
X J5IAME RS Xipx
(a) 4.21 ~ 4.33 s R BRI F-128 B

ool 304 AEE Q235 M
)
= 2
600 - "
= Lz

¢ -
£ 400 - i/
E | R
=}
> 200 - e
0

0 200 400 600 800 1000 1200
XI5 R RIEE Xipx
() 9.1 ~9.22 s FREFRLTHB BT

Imaging results of welding pool of 304 stainless steel/Q235 carbon steel at different times
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Fig. 9 Imaging information of molten pool for 316L
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Imaging results of welding pool of 316L stainless steel/Q235 carbon steel at different times
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Fig. 12 Pixel motion trajectories of tracer particles in different time periods
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Table 3 Motion velocity of tracer particles in 304
stainless steel/Q235 carbon steel

¥ UL NIz 3 B3 S/px FEh v/ (mm s ")
1 732.456 24.3
2 864.253 27.2
3 694.475 23.6
4 760.264 26.9

F 4 316L IEEW/Q235 BRINRERRL FIE TN iR E
Table 4 Motion velocity of tracer particles in 316L
stainless steel/Q235 carbon steel

P & 2 i 5 S/px i Eh# v/ (mm's ")
1 500.275 21.6
2 543.256 22.4
3 463.952 19.3
4 563.426 23.2
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Relationship between thermal process and microstructure
during additive manufacturing of double-electrode gas
metal arc welding YU Shurongl’z, CHENG Nengdil,
HUANG Jiankangz, YU Xiaoquanz, FAN Ding2 (1. School
of Mechanical and Electrical Engineering, Lanzhou University
of Technology, Lanzhou 730050, China; 2. State Key
Laboratory of advanced processing and recycling of Non-
Ferrous Metals, Lanzhou University of Technology, Lanzhou
730050, China). pp 1-6

Abstract:  Wire arc additive manufacture of ER304L
stainless steel was studied using double electrode micro-plasma
arc welding. The effect of different bypass current and
stacking sequence on the microstructure and properties of 304
stainless steel stacking samples were analyzed by
microstructure observation and microhardness test. Combining
with the thermal cycle curve measured in the process of
additive manufacturing. The results show that when the bypass
current is increased, the dendrite arm spacing of the stacking
sample decreased firstly and then increased during additive
manufacturing of double electrode micro-plasma arc welding.
Meanwhile, the effect of stacking sequence on microstructure
was that the different direction of heat dissipation leaded to the
change of dendrite growth direction. The microhardness
decreased slowly along the direction of stack height. And with
the increase of the bypass current, the hardness increases firstly
and then decreases. The stacking order had no obvious effect
on the hardness.

Key words: arc additive manufacture; double elec-

trode micro-plasma; microstructure; thermal process

Forming regularity of aluminum alloy formed by laser
induced MIG arc additive manufacturing ZHANG
Zhaodong, ZENG Qingwen, LIU Liming, SUN Chengshuai
(Key Laboratory of Advanced Connectivity Technology of
Liaoning Province, Dalian University of Technology, Dalian
116024, China). pp 7-12

Abstract: In order to research the influence of various
parameters on the forming dimension of thin-walled structural
parts in the process of laser induced MIG arc additive
manufacturing of aluminum alloys, this paper used the
quadratic general rotation combination method to design
orthogonal test samples, and established the process parameters
(arc current I, stacking velocity v, interlayer temperature T,
laser power P) and the size prediction model of the stable area

of the thin-walled wall through quadratic regression equations.

And the influences of individual process parameters on the
forming of the test piece were studied. It was found that the
model prediction effect was good. When the arc current
exceeded 106 A, the order of influence of parameters on the
layer width from large to small were arc current, interlayer
temperature, stacking speed, and laser power. The order of
influence of parameters on layer height from large to small
were arc current, stacking speed, interlayer temperature, laser
power.

Key words: laser induced arc; additive manufactur-

ing; forming size; orthogonal test

Ti/Al dissimilar metals fabricated by cold metal transfer
TIAN Yinbao'’, SHEN Jungi'?,
HU Shengsun]’z, LI Huan’, GOU Jian' (1. Tianjin Key
Laboratory of Advanced Joining Technology,
University, Tianjin 300354, China; 2. School of Materials
Science and Engineering, Tianjin University, Tianjin 300354,
China). pp 13-17
Abstract:

additive manufacturing

Tianjin

Dissimilar alloys component was fabricated
using TC4 and ER2319 wires by direct/variable polarity cold
metal transfer. Microstructure and mechanical properties of
Ti/Al component were analyzed by optical microscope,
electron transmission  electron

scanning microscope,

microscopy, energy dispersive  X-ray  spectrometer,
nanoindentation, microhardness test and tensile test. The
results shown that minute Ti alloy was melted when Al alloy
was deposited on the surface of Ti alloy. Ti atoms diffused to
liquid Al alloy and the long strip TiAl; phases were formed
with difference length. The reaction layer about 10 pm in
thickness was formed at the Ti/Al interface. The reaction layer
near the Ti alloy side was continuous. The reaction layer near
the Al alloy was long strip or block shape. The microhardness
of reaction layer was between Al alloy and Ti alloy. The
maximum tensile strength of the component was 111 MPa.
Fracture occurred in the Ti/Al reaction layer for all samples.
Key words: Ti alloy; Al alloy; additive manufactur-

ing; cold metal transfer

Flow behavior of stainless steel/carbon steel TIG welding
HUANG Jiankang', PAN Wei', SUN
Tianliangl, YU Shurongz, FAN Ding] (1. State Key
Laboratory of Advanced Processing and Recycling of Non-

pool surface

Ferrous Metals, Lanzhou University of Technology, Lanzhou
730050, China; 2. Institute of Mechanical and Electrical
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Engineering, Lanzhou University of Technology, Lanzhou
730050, China). pp 18-25

Abstract:  In order to study the flow behavior of
molten pool surface in the process of dissimilar steel gas
tungsten arc welding, based on the particle tracing method, the
flow behavior of the molten pool surface during the welding
process of 304 stainless steel /Q235 carbon steel and 316L
stainless steel /Q235 carbon steels were studied by the laser
reflection on the molten pool surface. The movement trend of
tracer particles on the molten pool surface was analyzed, and
the flown velocity of molten metal on the molten pool surface
was calculated. The results shown that the liquid metal flows
from the stainless steel side to the carbon steel side during the
TIG welding process, and the average flow velocity of tracer
particles on the molten pool surface of 304 stainless steel
/Q235 carbon steel was about 25. 3 mm/s, and the average flow
velocity of tracer particles on the surface of 316L stainless steel
/Q235 carbon steel was about 21. 6 mm/s.

Key words: dissimilar steel welding; particle tracing;

flow behavior of molten pool surface; surface velocity

Interface behavior and mechanical properties of Ti/Cu
dissimilar metals welding by electron beam GUO Shun',
LUO Tianyuan’, PENG Yong', ZHOU Qi', ZHU Jun’ (1.
Nanjing University of Science and Technology, Nanjing
210094, China; 2. CRRC Changchun Railway Vehicles Co.,
Ltd., Changchun 130000, China; 3. Nanjing Institute of
Technology, Nanjing 211167, China). pp 26-32

Abstract:  In order to obtain high-strength dissimilar
metals joints of T2 copper and Ti-6Al-4V titanium alloy,
electron beam welding was used to carry out experiments, and
the interfacial microstructure and mechanical properties of the
joints were analyzed. Based on the Ti/Cu welding-brazing
process, the remelting temperature field of intermetallic
compounds layer at the Ti/Cu bonding interface was
constructed by secondary composite welding on the Ti side of
high melting point, and then the remelting modification of
Ti/Cu intermetallic compounds layer was realized. By
temperature field simulation of FEM and detection of SEM,
XRD, the results shown that a high temperature of about 1 000 °C
at the interface was formed by remelting welding at titanium
side, leading to local remelting of intermetallic compound
layer. In the process of solidification, due to the direction of
heat dissipation and the redistribution of elements, the
formation sequence of the phase was changed, the diffusion
distance of titanium atoms was reduced and TiCu with high
hardness was transformed to Ti,Cu. The phase structure was
optimized and finally the strength of the welded joints
improved.

Key words: electron beam welding; titanium alloy; in-

termetallic compounds; microstructure

Comparative study on load voltage-ampere characteristic
and seam quality of CO, arc welding ZHAI Peizhuo',
XUE Songbai', SUN Zijian’, CHEN Tao', CHEN
Weizhong2 (1. Nanjing University of Aeronautics and
Astronautics, Nanjing 211106, China; 2. Kunshan Huaheng
Welding Co., Ltd., Kunshan 215347, China). pp 33-37
Abstract:

CO, arc welding, the concept of load voltage-ampere

In the short-circuiting transfer process of

characteristic curve and single cycle load voltage-ampere
characteristic curve were put forward in view of the dynamic
characteristic behavior of "power-arc-liquid bridge" system,
which integrated the expression of different references. Under
same welding conditions and parameters, the difference of load
voltage-ampere characteristic curve among three welding
machines were studied and their welding seam qualities were
compared. The results shown that if the load voltage-ampere
characteristic curve was closer to the origin of coordinate,
welding spatter degree would be smaller. Additionally, the
better repeatability of the curve waa, the more stable welding
process and the more beautiful welding seam would be.
However, if the area enclosed by curves was too large, the
possibility of welding defects, such as incomplete fusion and
asymmetry of welding seam, would increase.

Key words: voltage-current

curve; short-circuiting

transfer; welding seam quality

Microstructures and mechanical properties of welding joint
of Q235/1Cr18Ni9Ti dissimilar steel with ultra-narrow-gap
ZHENG Shaoxian', LI Yenan', SHI Wei’,
ZHAO Xilong1 (1. Lanzhou Jiaotong University, Lanzhou
730070, China; 2. Lanzhou LS Test Technology Co., Ltd.,
Lanzhou 730314, China). pp 38-43

Abstract:

welding

Dissimilar steels with thick wall welded by
ultra-narrow-gap welding have some extra advantages in
increasing welding efficiency, reducing production costs,
improving mechanical properties of joint. In the paper,

microstructures and mechanical properties of welding joint of
Q235/1Cr18Ni9Ti dissimilar steels with ultra-narrow-gap
welding were studied. The results indicated that welding pool
of backing weld solidified with the FA solidification mode, and
solidification microstructures were made of fine equiaxed
grains of austenites and a few dendritic ferrites. Welding pool
of filling bead and cover pass near the transition region of
fusion solidified with the AF solidification mode, solidification
microstructures are made of cellular austenites and ferrites
between cellular austenites, welding pool of filling bead and
cover pass far away from the transition region of fusion can
solidify with the FA solidification mode, and solidification
microstructures were made of columnar dendrite of austenites

and a few skeleton ferrites. Ultra-narrow-gap welding joint of



