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Table 1 Chemical composition of substrates (5052 alloy) and

welding wires ER5356 alloy (/%)

Alloy Mg Mn Cr Ti Al
ER5356 4.5 0.60 0.09 0.11 Bal.
5052 2.7 0.09 0.16 0 Bal.
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Fig.1 Schematic of ultrasonic vibration acting on the molten pool
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Table 2 Ultrasonic-assisted WAAM process parameters
Welding Protecting air

Weldln%]A current/ oltage/ . ng/lg:&ggl flow
v P /L min?
100 20.0 8.0 15
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Fig.2 Selected location of metallographic specimens and tensile
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Fig.3 Dimensional drawing of tensile specimen
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Fig.4 Macroscopic morphologies of the additive layer in the molten

pool under different ultrasonic vibration frequencies: (a) 0 kHz,
(b) 30 kHz, (c) 40 kHz, and (d) 50 kHz
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Fig.5 Pore size and distribution results of three dimensional p-CT scanning for WAAM specimens under different ultrasonic vibration

frequencies: (a) 0 kHz, (b) 30 kHz, (c) 40 kHz, and (d) 50 kHz
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Fig.6 Pores size distribution (a) and porosity (b) of the WAAM specimens under different ultrasonic frequencies
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Table 3 Test results of hydrogen content

Material H Content, w/%
ER5356 (welding wire) 0.000 012
5020 (substrate) 0.000 019
Blank specimen 0.003 7
50 kHz ultrasonic stirring of specimen 0.0013
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Fig.7 SEM images of the pore morphology of WAAM specimens under different ultrasonic vibration frequencies: (a, e, i) 0 kHz; (b, f, j) 30 kHz;
(c, 9, k) 40 kHz; (d, h, I) 50 kHz
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Fig.8 XRD patterns of the WAAM additive layer under different

ultrasonic vibrations frequencies
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Fig.9 Micrographs of the WAAM specimens without and with ultrasonic vibration at frequency of 30 kHz
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Fig.10 Micrographs of the WAAM specimens with ultrasonic frequency of 40 and 50 kHz
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Fig.11 EBSD diagram of WAAM additive layer specimens under different ultrasonic vibration frequencies: (a) 0 kHz, (b) 30 kHz, (c) 40 kHz, and (d) 50 kHz

50 kHz 1 F TH& M IE 4 2 N Sl oRL R S ks, HL &
FAAT AN R, B4R N 5~15 um. 0 24 A BRI R
4 30 A1 40 kHz I, 1555 2% XTSI 5245 B AR SR AT
BORMLE, RIS 30 bl R A A, AR7E TAEIR &
FIURL 2 1]

12 5% EBSD [imbi R4t B gt
HFE T WAAM 5 381 206 & 242 X 3T 2 ok R )
Pl Bl SR G AN, S 2 A G R DX e A R ) T2
RSPk, B HE N 50 kHz I8 B /0 E
150.44 um®, Lo AR AR R IRFE RN T 32.79%.

13 Jo Bl AR WAAM ki ik (L EE A
FERERER A R AR ) WAAM R, A fbe AL e 3
ISE X ETEA K IR i, AR, s> T KRR
fis FEORHE T /NS O T AR

200+ 199.78

169.32
156.02
150.44
150} S0

100}

Average Grain Size/um?
a1
o

o

0 30 40 50
Ultrasonic Frequency/kHz

Bl 12 RS HEE WAAM SRFE EBSD ~F1 R R~
Fig.12  Average grain size of WAAM specimens assisted by

ultrasonic vibration obtained by EBSD

®e
e ee

Isometric crystal

>
Broken ‘ .‘ Growth

Branch crystal

B 13 HFEAEHT A WAAM M )2 Ski4n a1 B

Fig.13 Ultrasound-assisted grain refinement mechanism of WAAM
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Fig.14 Tensile test results of the specimens under different ultrasonic vibrations frequencies: (a) tensile strength and (b) elongation
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Microstructure and Mechanical Properties of Aluminum Alloy Prepared by WAAM
Assisted with Ultrasonic Stirring

Peng Lizhen"?, You Guogiang*®, Wang Lei', Li Qi*, Zeng Sheng*
(1. School of Materials Science and Engineering, Chongging University, Chongging 400045, China)
(2. Chongging Chang’an Automobile Co., Ltd, Chongging 400020, China)
(3. National Engineering Research Center for Magnesium Alloys, Chongging University, Chongging 400044, China)

Abstract: In the arc additive manufacturing (WAAM) of aluminum alloy, different frequencies (30, 40, 50 kHz) of ultrasonic stirring were applied
in the molten pool using a stirring needle moving synchronously with the arc. Results show that the grains of the additive layer are refined, the
number of columnar crystals decreases, and the number of equiaxed crystals increases compared with that without ultrasonic stirring, and the grain
refinement becomes more obvious as the ultrasonic frequency increases. The porosity of the additive layer decreases with increasing ultrasonic
frequency, which is 0.73%, 0.64%, and 0.59%at 30, 40, 50 kHz, respectively, but no more than 0.2% of the specimen without ultrasonic stirring.
When ultrasonic frequency is 0, 30, 40, 50 kHz, the tensile strength of the additive layer is 266.57, 278, 282, and 299 MPa, and the elongation is
30.67%, 31.54%, 35.53%, 41.86%, respectively. With the increase in ultrasonic stirring frequency, the strength and plasticity of the reinforced
layer increase.

Key words: aluminum alloy; ultrasonic stirring; WAAM; microstructure; mechanical property
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