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Abstract

In order to improve the microstructure and mechanical properties of aluminum alloy arc additive
manufacturing, the effect of longitudinal AC magnetic field on the manufacturing anisotropy of alu-
minum alloy arc additive was studied. The single-pass single-layer and single-pass multi-layer depo-
sition tests were carried out with aluminum-silicon welding wire as filler material under different
excitation voltage. The results show that with the increase of the excitation voltage, the section
porosity of the deposited sample decreases gradually. When the excitation voltage reaches 7.5V,
the section porosity of the weld increases gradually. Under the action of AC magnetic field, the mi-
crostructure of the deposit layer changes, and the number of finer columnar grains and equiaxed
grains growing in some areas of the deposit layer is significantly increased. The transverse tensile
strength and longitudinal tensile strength are 11.6% and 9.6% higher than those without magnet-
ic field, respectively. There are many pores at the tensile fracture and they all break from the pores.
AC magnetic field can significantly improve the porosity, microstructure and mechanical proper-
ties of aluminum alloy in the process of arc additive manufacturing.
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Table 1. Chemical composition of 6061 aluminum alloy substrate and welding wire (wt.%)
Fz 1. 6061 {5 & S ERFNIELL UL AL 53 (Wt.%)

Element Si Mg Fe Cu Al Cr Ti Mn Al
ER4043 5 0.05 0.8 0.3 0.1 - 0.2 0.05 Bal
Al6061 0.4-0.8 0.8-1.2 0.7 0.15-0.4 0.25 0.04-0.35 0.15 0.15 Bal
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Figure 1. Welding platform
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Figure 2. Macroscopic morphology under different magnetic fields
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Figure 3. Cross-sectional shape of the weld under different AC magnetic fields. (a) 0
V;(0)25V;(c)45V;(d) 75V
3. FRIXRuIHTIREEEMIR. @0V; (b)25V; ()45V; (d)75V

DOI: 10.12677/app.2023.133006 52 S A B


https://doi.org/10.12677/app.2023.133006

E

LI OIS IS0 TRE AR 2 T BB B RIR AR E SO 3 B, K 3(a)s2 oIz
MR S, 15 3(0)~(d) RN F S 5 R 48B3 . ilid Image-Pro Plus B/ 5%k
PR AL R, FLBR AT 2 308

S
P=S—p><100%

X, Sy AR FTA FLERIHAR, S, AR AER IR .

K 4 TSRS B AN i v S 26 AR R B R SRR LI R . AN IR, FLERE N 9.1%, BE
EHIN, 1R R FLIR AR A (RIL 2 6.5%, BEZ S LTH2908 6.8%. b IA 2 — e (H N,
I BE R 2 AR GE N B SLRR R AT BRI, AL/ b A RSl SN ER, R I b ot i AT 2 3% 25 i
BERAR T IR B N BB FLBR A, MBI PR RGNy, 22 e AR M B0 0K Stk — P i, BRI
WAL R . phAh, 52 2R el 2B I T B R R AR 4 A S AL R 2, il
24 8 FO B IR I BB P PR, AR v (AL 3 S B

—_
(=}

FLE R / %
(] — [\ w N w (o)} ~J [oe] NeJ

0 25 45 7.5
Vil L /

Figure 4. Effect of AC magnetic field on porosity
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Figure 5. Microstructure of aluminum alloy by arc additive manufacturing
under AC magnetic field
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Figure 6. Microstructure morphology under no magnetic field and AC magnetic field (a) upper part of
no magnetic field; (b) middle part of no magnetic field; (c) lower part of no magnetic field; (d) upper
part of AC magnetic field; (e) middle part of AC magnetic field; (f) lower part of AC magnetic field
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Figure 7. The effect of AC magnetic field on the tensile strength
of additive manufacturing specimens
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Figure 8. AC magnetic field tensile fracture morphology organization chart
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