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Table 1 Chemical compositions of base metal and welding wire

ok Si Fe Cu Mn Mg Cr Zn Ti Al
AA6061 0.4~0.8 0.7 0.15~0.4 0.15 0.8~1.2 0.04 ~0.35 0.25 0.15 i
ER4043 4.5~6.0 <0.80 <0.30 <0.05 <0.05 — <0.10 <0.20 H&E
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Table 2 Welding process parameters
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600 x 100 x 6 1.2 99.999 15 13 98 88
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Fig. 3 Voltage and current waveforms during master
strong and slave strong pulse period in
synchronous mode
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Fig. 4 High-speed picture during master strong and slave strong pulse period in synchronous mode. (a) 1 530 ms ; (b)
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Fig. 5 Voltage and current waveforms during master
weak and slave weak pulse period in synchro-
nous mode
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Fig. 6 High-speed picture during master weak and slave weak pulse period in synchronous mode. (a) 1 270 ms;

(b) 1271 ms; (c) 1272 ms; (d) 1 273 ms ;

(e) 1274 ms; (f) 1 275 ms; (g) 1 276 ms; (h) 1 277 ms; (i) 1 278 ms;

() 1279 ms; (k) 1 280 ms; (I) 1 281 ms; (m) 1 282 ms ; (n) 1 283 ms; (0) 1 284 ms; (p) 1 285 ms
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Fig. 7 Voltage and current waveforms during master
strong and slave weak pulse period in alternating
mode
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Fig. 8 High-speed picture during master strong and slave weak pulse period in alternating mode. (a) 4 496 ms;

(b) 4 497 ms; (c) 4 498 ms ;
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Fig.9 Voltage and current waveforms during master
weak and slave strong pulse period in altern-
ating mode
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Fig. 10 High-speed picture during master weak and slave strong pulse period in alternating mode. (a) 3 152 ms;
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Structural of the Al,;CoCrFeNi high-entropy alloy/Cu ex-

plosive welding interface TIAN Qichao]'z, ZHAO Yangz,

YANG Ming', MA Honghao'”, SHEN Zhaowu', REN Zhigi-
angz(l. Key Laboratory of Material Mechanics Behavior and
Design, Chinese Academy of Sciences, University of Science
and Technology of China, Hefei, 230027, China; 2. National
Key Laboratory for Remanufacturing, Army Academy of Ar-
mored Forces, Beijing, 100072, China; 3. State Key Laborat-
ory of Fire Science, University of Science and Technology of

China, Hefei, 230027, China). pp 36-42
Abstract:  High-entropy alloys (HEA) are a new subset of
metal systems with complex compositions. The inhomogen-
eity of the organization and properties of Al, ;CoCrFeNi high-
entropy alloy/Cu metal composite plate prepared by explosive
welding and the potential mechanisms of interaction were in-
vestigated. The longitudinal periodic structural distribution as
well as transverse irregular boundaries were observed at the ex-
plosive interface. By comparing the waveform parameters of
the longitudinal sections, it was found that consistent wave-
form parameters could be obtained from different sections and
measurement methods. Through the EBSD method, elongated
grains were found on both sides of the wave crest and equiaxed
fine grains with recrystallization in the vortex region. As the
degree of grain deformation increases, the proportion of fine
crystals in the corresponding regions increases. The results of
nanoindentation tests showed that a periodically undulating
hardness distribution along the explosion welding direction.

The mixed zone was not a hard and brittle structure.

Highlights: (1) The composite plate of Al ;CoCrFeNi HEA
and Cu was prepared by explosive welding process.

(2) The explosive welding interface region of Al, ;CoCrFeNi
HEA/Cu was characterized by electron backscattering diffrac-
tion, and nanoindentation tests were performed to determine
and compare the micromechanical properties of the different
regions.

(3) The explosive welding interface of Al, ;CoCrFeNi HEA/Cu
exhibits a longitudinal periodic structure and lateral irregular
boundaries.
Key words:

explosive welding; high-entropy alloys; com-

posite materials; microstructure; nanoindentation

Effect of low-frequency phase on metal transfer and weld
formation in double-wire double-pulse GMAW WU
Kaiyuan, CHEN Ziwei, HUANG Hao, XIE Peimin(South
China University of Technology, Guangzhou, 510640, China).

pp 43-48

Abstract: In order to improve the weld formation quality in
gas metal arc welding (GMAW) and investigate the effect of
low-frequency phase on metal transfer and weld formation, ex-
periments were carried out on low-frequency synchronous and
alternating modes respectively under the premise of high-fre-
quency synchronous mode. The metal transfer processes of
low-frequency synchronous and alternating modes were photo-
graphed using a high-speed camera, and the influence mechan-
ism of metal transfer on the weld pool was analyzed combined
with the current change during welding. The result shows that
the droplet collision and fusion is reduced, thus the impact of
large volume droplet on the weld pool is reduced in the altern-
ating mode, and the splash is reduced. Compared with the syn-
chronous mode, the weld formation is more flat and weld rein-
forcement variance is smaller in the alternating mode. The

fish-scale pattern in the alternating mode is more regular than
that of synchronous mode, and the weld formation is optim-

ized.

Highlights: (1) Double-wire double-pulse GMAW combines
the advantages of the high efficiency of double-wire GMAW
and the superior weld quality of double-pulse GMAW, which
can improve welding efficiency and weld formation quality.

(2) Low-frequency phase mode affects metal transfer and weld
formation of double-wire double-pulse GMAW. Compared

with the synchronous mode, the probability of droplet collision

in the alternating mode is reduced.

Key words:  double-wire double-pulse GMAW; low-fre-

quency phase; metal transfer; weld formation

Effect of yttrium content on microstructure and properties
of 2319 aluminum alloy fabricated by wire arc additive
manufacturing  HAO Tingtingl, LI Chengdez, WANG Xu3,
ZHAI Yuchun4, CHANG Yunlongl( 1. Shenyang University of
Technology, Shenyang, 110870, China; 2. NingBo Sub-Aca-

demy of the National Weapons Science Research Academy,

NingBo, 315103, China; 3. Jiangxi University of Science and



