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Fig. 1 Thermo-physical properties of the material used
in the calculation. (a) heat transfer coefficient;
(b) heat capacity; (c) heat conductivity; (d) evapo-
ration coefficient
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Table 1 Other parameters used in the model
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Fig. 2 Mesh generation of the geometric model
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Fig. 3 Temperature distribution of the longitudinal sec-
tion and top surface of the workpiece
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Fig. 4 Comparison between the experimental and
calculated results of the weld cross section
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Table 2 Welding parameters of GMAW and laser + GMAW with similar weld penetration

T HLTA HUEU /V P (momin ) B Y, /(memin ) FETEw/mm FiVRR/mm
GMAW 427 35.3 14.2 1 11.00 2.90
HOt+GMAW 173.3 25.4 6.2 1 7.58 2.91
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Fig. 5 Young’s modulus and yield strength used in the
model. (a) Young’'s modulus; (b) yield strength
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Fig. 6 Schematic diagram for the clamping situation of
the workpiece
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Fig. 7 Overall deformation of the workpiece. (a) GMAW;
(b) laser+ GMAW
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Fig. 8 Schematic diagram for calculated positions
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3. Chengdu AIGRE Technology Co., Ltd., Chengdu, 610097,
China). pp 76-82

Abstract:  For the shortcomings of the traditional power
supply mode of the diesel generator set for the mobile flash
welding machine, a new type of power supply system for the
flash welding machine is presented. It is proposed to use a
super capacitor to connect to a bidirectional DC/DC power
converter in parallel with a battery pack through a switch to
form a battery-supercapacitor hybrid energy storage system for
driving mobile flash welding machines by analyzing the
working characteristics of mobile rail flash welding machine.
Established the model of hybrid energy storage system and
conducted simulation tests, and test through product
development of system prototypethe, the results show that the
new hybrid energy storage system has fast dynamic response to
load power ripple and stable output, which can not only meet
the power supply requirements of rail flash welding machines,
but also overcome the shortcomings of the three-phase load
imbalance of the traditional diesel generator power supply
mode and produce exhaust gas to pollute the environment. It
has many advantages such as environmental protection. The
independent research and development of the system has

important reference significance for the technology upgrade

and innovation of China seamless rail welding equipment.

Highlights:  This system adopts the battery-supercapacitor
hybrid energy storage power supply system to be successfully
applied to the mobile flash rail welding machine for the first
time, which replaces the existing power supply mode of diesel
generator set, completely avoids the problems of unbalanced
three-phase load and environmental pollution in the welding

process, and has the advantages of energy saving, environment-

al protection and emission reduction.

Key words: mobile flash welding machines; battery; super-

capacitor; hybrid energy storage system

Pressureless sintering behavior of nano-silver paste for

large area chip interconnection WU Weizhen, YANG

Fan, HU Bo, LI Mingyu (Sauvage Laboratory for Smart
Materials, Harbin Institute of Technology (Shenzhen),
Shenzhen, 518055, China). pp 83-90

Abstract: A nano-silver paste which can be used in low
temperature sintering was prepared by chemical reduction
method. By mechanical

analyzing the microstructure,

properties and failure modes of pressureless low temperature
sintered nano-silver joints, the gradual microstructure evolution
of the pressureless sintered silver joints was systematically
discussed, and the influence of joint size on the connection
performance and reliability of sintered silver was obtained. By
heating the joint to 250 “C with the sintering time of 1 hour, the
shear strength of pressureless sintered joint reached 70 MPa or
more when the joint area was less than or equal to 3 mm x 3
mm. As the joint area increased, the shear strength of the
solder joint gradually decreased. However, when the solder
joint size was 10 mm x 10 mm, the shear strength remained
above 20 MPa. The fracture interface morphology showed that
the larger the joint area, the lower the plastic deformation of the
sintered silver. It was interesting that there was a gradual
microstructure evolution from the center to the edge of the
joints of all sizes, and violent plastic deformation occurred at

the edges.

Highlights: (1) The nano-silver paste with the optimized or-
ganic coating was used to realize the pressureless low temper-
ature sintering connection of a large area chip (10 mm x 10
mm).

(2) The influence of the size of interconnect joints on the mi-
crostructure and echanical properties of the sintered silver was

illustrated. The gradual microstructure evolution of sintered

silver microstructure in pressureless joints was obtained.

Key words: nano-silver paste; pressureless sintering; large

area; mechanical properties; microstructure evolution

Thermal-mechanical coupled numerical analysis of laser +
GMAW hybrid heat source welding process WU
Xiangyang', SU Hao’, SUN Yan’, CHEN Ji’, WU

Chuanong2 (1. CRRC Qingdao Sifang Co., LTD., Qingdao,
266111, China; 2. MOE Key Lab for Liquid-Solid Structure
Evolution and Materials Processing, Institute of Materials
Joining, Shandong University, Jinan, 250061, China). pp 91-96
Abstract: From the viewpoint of macroscopic phenomena in
heat transfer, a combined “ double-ellipsoid + linearly-
increased peak value cylinder”  volumetric heat source
distribution mode was proposed according to the characteristics
of laser + GMAW hybrid heat source welding process. A finite
element model of laser + GMAW hybrid heat source welding

process was established. The temperature distribution, and the
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size of the weld cross-section were numerically calculated. It
can be observed that the calculated results were in good
agreement with the experimental results, which proves the
rationality and applicability of the combined volumetric heat
source model. And then, the calculated temperature field was
utilized for the numerical modeling and comparison of the
welding deformation and residual stress between GMAW and
laser + GMAW hybrid welding process. The results shown that
the heat input, weld width, welding deformation and high
residual stress region of laser + GMAW hybrid welding were
all much smaller than that of GMAW with the identical weld
pool depth. The research confirmed the advantages of laser +

GMAW hybrid welding, and provided basic theoretical data for

the optimization of process parameters.

Highlights: (1) A combined heat source model for laser +
GMAW hybrid welding was established, and the distributions
of temperature and residual stress on the workpiece were nu-
merically calculated.

(2) It was shown that heat input, weld width and range of high
stress zone for laser + GMAW were all smaller compared with
that for GMAW under the same weld penetration, which con-
firmed the superiority of the hybrid heat source welding pro-

CEsS.

Key words: hybrid welding; combined volumetric heat

source; thermal-mechanical coupling; numerical analysis



