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Surface appearance and cross-sectional morpho-
logy of cold source assistant FSW HSn70-1 tin
brass joint. (a) surface appearance; (b) cross-
section; (c) OM image of advancing side
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Fig.2 The results of EBSD characterization. (a) base
metal; (b) stir zone
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Fig. 3 Engineering stress—strain curves of base metal
and stir zone
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Table 1 Tensile properties of base metal and stir zone
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Fig. 4 Linear fitting results of strain hardening exponent
of base metal and stir zone. (a) base metal; (b)

stir zone
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Fig. 5 Strain hardening rate of base metal and stir zone.
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Fig. 6 TEM characterization results of tensile tested stir
zone. (a) bright-field TEM image; (b) high reso-
lution TEM image of twin boundary; (c) fast
fourier transform (FFT) and inverse fast fourier
transform (IFFT) of selected twin boundary
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corresponding process parameters. The results show that with
less simulation cost, the prediction result of multi-fidelity mod-
el is better. Under the same prediction accuracy, the number of
high-precision sample points of the variable reliability model is
only 1/4 of that of the single precision model. At the same
time, compared with the neural network prediction model, it
converges faster in the optimization process. This paper

provides some reference for the research of reliability predic-

tion of solder joint with multi-fidelity model.

Highlights: (1) A multi-fidelity model for predicting the reli-
ability of solder joints is proposed. The required high-preci-
sion sample points have reduced by three-quarters compared to
a single-precision model.

(2) Convergence tests were conducted on four mesh partition-
ing methods for finite element analysis of solder joints under
temperature cycling conditions. Considering both accuracy and

cost conditions, two partitioning methods with better accuracy

are proposed.

Key words: solder joint reliability; life prediction; multi-fi-

delity model; NSGA

Strengthening mechanism and strain hardening behavior of
the stir zone of cold source assistant friction stir welded

HSn70-1 tin brass joint XU Nan, ZHANG Baishuo, QI

Tianxiang, LIU Zhaoyang, XU Yuzhui, SONG Qining, BAO
Yefeng(Hohai University, Changzhou, 213022, China). pp 17-

22

Abstract: 2 mm thick HSn70-1 tin brass plates were joined
using cold source assistant friction stir welding. Defect free
welded joint was obtained. The microstructure and its effect on
the strengthening mechanism and strain hardening behavior
were studied by optical microscopy, electron backscatter dif-
fraction, transmission electron microscopy, and tensile test.
The obtained results showed that the rapid cooling effect of dry
ice and ethanol mixture eliminated the heat-affected zone, and
it also restrained dislocation recovery and grain growth in the
stir zone. The stir zone exhibited ultra-fine grain structure with
high dislocation density. The ultimate tensile strength of the

stir zone was 486MPa, which was 53.8% higher than that of

the base material, and the fracture elongation reached to 30%.

The yield strength of the stir zone also increased by 47.1%
compared to that of the base material, and the yield strength of
the stir zone was dominated by solid solution strengthening and
grain boundary strengthening mechanisms, while the strain
hardening behavior was mainly affected by grain size and dis-
location density. The nano-scale deformation twins which gen-
erated during the tensile test effectively coordinated plastic de-
formation and alleviated stress concentration, so the strength of

the stir zone was improved without remarkable ductility loss.

Highlights: (1) A method for preparing ultrafine grain struc-
tures with high dislocation density in the stir zone was pro-
posed.

(2) The mechanism of enhancing strength and ductility in the

stir zone of cold source assistant friction stir welded tin brass

was revealed.

Key words: tin brass; friction stir welding; microstructure;

strengthening mechanism; strain hardening behavior

Study on friction stir welding of magnesium alloy with

backing plate REN Daxin, CONG Lingxiang, HAN

Ronghao, SONG Gang, LIU Liming(Dalian University of

Technology, Dalian, 116024, China). pp 23-30
Abstract: In conventional friction stir welding, the length of
the stirring pin needs to be strictly matched with the thickness
of the welded plate. A too-long or too-short stirring pin will
adversely affect the welding effect. To solve this limitation,

this paper proposes a new welding process that adds a backing
plate of the same material with appropriate thickness to the
back of the weld seam. In this process, the length of the stir-
ring pin is greater than the thickness of the welded plate, and
the backing plate is fused with the base metal. On the one

hand, the requirement for stirring pin length is reduced. On the
other hand, the adverse effects of weld seam thinning can be
eliminated. The butt welding of 1.5 mm thick AZ31B mag-
nesium alloy was studied by this method. The maximum

tensile strength of the weld joint can reach 91. 19% of the base
metal. In addition, the microstructure and microhardness distri-
bution of the weld beam cross-section were analyzed. The op-
timal process parameters were obtained by the established con-

volutional neural network model, and the distribution of joint
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