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Table 1 Chemical composition of the Zr-Sn-Nb-Cr-Fe
zirconium alloy
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Fig. 3 Surface morphology of FSW weld under different
welding process parameters. (a) 200 r/min; (b)
250 r/min; (c) 300 r/min
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Fig. 4 Cross section morphology of FSW joint under
different welding process conditions. (a) 200
r/min; (b) 250 r/min
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Fig. 5 Microstructure of base metal and SZ of FSW
joint. (a) BM; (b) 200 r/min; (c) 250 r/min
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Fig. 7 Macro morphology of base metal and FSW joint
after corrosion
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Table 2 Corrosion weight gain results of FSW joint after
corrosion test
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Huazhong University of Science & Technology, Wuhan,
430074, China; 3. CARMAN HAAS Laser Technology (Su-

zhou) Co., Ltd., Suzhou, 215000, China). pp 94-102
Abstract:  The oscillating laser-arc welding was carried out
on the 6mm thick 6061 aluminum alloy locked bottom butt
joint commonly used for the roof of high-speed rail, and the ef-
fect of oscillating frequency on the microstructure and mechan-
ical properties of the weld was systematically studied based on
SEM, EBSD and other characterization methods together with
the penetration and porosity of the weld as indicators. The res-
ults showed that the porosity of the joint was reduced to less
than 1% when the oscillating frequency sharply increased to
250 Hz. The weld area near the fusion line was primarily ar-
ranged with columnar dendritic structures, while the central arc
region of the weld was chiefly composed of equiaxed dendritic
structures. Laser oscillating frequency could affect the beam
advance distance in per unit cycle, which posed a significant
impact on the stirring action of laser beam behind the molten
pool. With the increase of the oscillating frequency, the stir-
ring effect of the molten pool was enhanced, which effectively
refined the central equiaxed structures and dropped the dend-
rite sizes from 68 um to 44 pm. The tensile strength reached
their maximum value at the oscillating frequency of 250 Hz,
with a maximum tensile strength of 229 MPa, which was about
73% of that of the base metal. Both the reduction of the poros-
ity and the refined dendrites structures of the weld largely cre-

ated favorable conditions for the improved tensile strength.

Highlights: (1) The oscillating laser-arc welding process was
used to achieve high-quality welding of 6061 aluminum alloy
locked bottom butt joint, and the tensile strength of the joint
reaches 73% of that of the base metal.

(2) The correlation between porosity, microstructure and mech-

anical properties of 6061 aluminium alloy locked bottom joint

was studied.

Key words:  oscillating laser-arc welding; oscillating fre-

quency; porosity; microstructure; mechanical properties

Friction stir welding process microstructure and property
of weld for Zr-Sn-Nb-Cr-Fe zirconium alloys ZHANG

Chao, ZHOU Mengbing, TAO Xin, ZHENG Yunxi, WANG

Zhiguo, WEI Lianfeng, YANG Canxiang(Fourth Institute of
Nuclear Power Institute of China, Chengdu 610213, China). pp

103-108

Abstract:  Process performance, microstructure and corro-
sion properties of friction stir welded (FSW) joints of Zr-Sn-
Nb-Cr-Fe zirconium alloys were studied in the present paper.
The results indicate that the recommended zirconium alloys
FSW joints with good shape and no welding defects were ob-
tained by W-25%Re stir tool under the conditions of 250 rpm
rotational speed, 40 mm/min welding speed, 10 kN axial force
and argon protection. In stir zone (SZ), the severe plastic de-
formation leads to dynamic recrystallization, diffusion of alloy-
ing element and grain refinement and grain size increases with
the increase of rotational speed. As the same time, a large
number of irregularly shaped second phase particles were pre-
cipitated at the grain boundaries. These FSW joints prepared
by different welding parameters exhibited black, bright and
dense oxide film after being corroded in neutral water at 360
°C, 18.6 MPa for 72 hours. However, the corrosion resistance

of FSW joints decreases with the increase of rotational speed.

Highlights: (1) Technological exploration and microstruc-
ture research of 4.5 mm thick zirconium alloy are carried out
by using friction stir welding technology.

(2) The autoclave corrosion test on friction stir welding joints

of zirconium alloy is carried out.

Key words:  zirconium alloys; friction stir welding; weld-

ing process performance; microstructure; corrosion property

Effect of long term high temperature aging on CGHAZ mi-

crostructure of T23 water wall welded joint YIN Shao-

hua'’, WANG Yuwei’, SUN Zhigiang', ZHANG Zhenhua'(1.
Suzhou Nuclear Power Research Institute Co., Ltd, Suzhou
215004, China; 2. Tianjin University, Tianjin 300350, China;
3. CHN Energy Jiangsu Electric Power Co., Ltd, Nanjing
210036, China; 4. CHN Energy Xuzhou Power Co., Ltd,
Xuzhou 221166, China). pp 109-115

Abstract: The micro-mechanism of reheat crack formation in
coarse grain heat affected zone (CGHAZ) of welded joint of
T23 water wall tube without heat treatment after welding was

analyzed by high temperature aging method. It reveals the in-
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