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Microstructure and Tensile Properties of Double—Wire+Arc Additive
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[ABSTRACT] Double—wires+arc additive manufacturing (D-WAAM) system for AI-Mg—Si alloy using hybrid pulsed-
variable polarity gas tungsten arc welding (HPVP—GTAW) process was established. When two different alloying wires (Al—
5Mg + Al-5Si) were used, ternary (Al-Mg—Si) alloys with various compositions can be obtained by adjusting the wire feed
speed of the two wires. Mechanical properties of the as-deposited and heat treatment AI-Mg-Si alloys were investigated.
Microstructures of Al-Mg-Si deposits are mainly composed of columnar and equiaxed dendrite grains with non-uniform
distribution characteristics. Mechanical properties of the as-deposited and heat treatment AI-Mg—Si alloys were investi-
gated. Experimental results show that with the increase of the Mg/Si ratio, tensile properties of the as-deposited alloy in-
creased, which were also nearly isotropic along the two directions. After heat treatment, tensile property of some specimens
increased a lot but too much plasticity was loosed.
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Table 1 Mainchemical compositions of ER5087, ER4043 and 6061-T6 %
Mkl pl (grem?) Si Fe Cu Zr Mg Cr Zn Ti
ER4043 2.69 5 <038 <03 < 0.05 — < 0.05 — < 0.10 < 0.20
ER5087 2.66 0.05 0.1 — 0.737 0.12 5.05 0.11 0.0015 0.114
6061 2.7 0.4 0.7 0.4 0.15 — 1.0 0.2 0.1 0.13
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El1l HPVP-GTAWHEH Rk
Fig.1 HPVP-GTAW D-WAAM system
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Fig.2 Thin wall specimen of AI-Mg-Si alloy
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Table2 Process parameters for double-wire+arc additive manufacturing
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4043 | 5087 Mg = Si
4 | 13 1120 135 1.8 300 285 | 2.18
B | L7 | 120] 135 24 300 322 | 1.84
c | 21 {120 105 24 300 344 | 1.63
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Table 3 Heat treatment process parameters for WAAM components
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c 2.1 565 2 170 6
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Fig.3 Schematic diagram of sample and parameters of tensile specimen
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Fig.4 Typical microstructure of as-deposited thin wall specimens

4% FEAT AT IR B A
22 NEFRE

X 3 AR A Mg/Si Fe il Al-Mg—Si W RER 2F 1 7
PLARPE BRI, MR AR RS T B A #5 Ha) 4 g
PERE, 5 RN 5 Fion. Bl Mg/Si HAE B3N, JEAAHR
A BULL PR BT 500 A8 A AN, Jett A 3 2 R
W b Th g R B R R K 1R AR
) A LA A], 2 R IR IR 22 I R, RTIA A A2
LIS A ] 5 140 B A TR BE R AR 45l [ . 0BT IAH
Mg/Si HRZ M 412 i AL AR BB R A3 A1, B Mg JC &R

TR, L7 Si (Y ELAR iz WS SR R TG 2
S SRR A, 22T Mg 1 B X A —
ERTHER AR

25 PR PSR AL S W RE ALY R A SR AR R T R 3
PETE, VA O ) ik B R ¥ 57, P B S i (B ik 2
340MPa (A P iR, KBS G &H &
80% LA I, (HAEf R g 25 F [, UTALUAS I 13% T %
% 3.5% ; B. C WP S (P Zamé AT N 1%, i 11%
TREZE 8%, C BN R AT B A iHE, A
it T Mg JCF BT T — s (H 2 PR R

20194F 5625550 - DA TIERA 83



2N
Hf%rex RESEARCH

(a) ik 4 JURRSLIH (b)) IAE 4 AL THZSZH S

jmy
ot
Sy
nS
ml

7
K

H

P2

b

N\

2

(c)ikHE BULE

(e) itk C TSR | (£)iHE C AU L
BE5  HRAERRIRERREAR

Fig.5 Microstructure of as-deposited thin wall specimens before and after heat treatment
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Fig.6 SEM graph of as-deposited specimen B and EDS mapping graph
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25000
® > ; ey = g ¥
. u B3R Si, o [ 8 F 0t AR TR 7
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£ Table 4 EDS results of the second phases
5000 M
i JLE A4 B4l Cc4
ok R . J 2
L L 1 L L L L L ) Al 84.97 95.55 89.37
10 20 30 40 50 60 70 80 90 100
20/ () Mg 1.48 121 1.05
7 FEIRRTEIREEB XRDATHTEE
B7 FEiaRERE LTS EE . (G55 s 550
Fig.7 XRD patterns of as-deposited specimen B
£S5 AEMg/SIEERBIMIEHAI-Mg-Si& &R MR ER
Table S Tensile properties of WAAM Al-Mg-Si component with different Mg/Si ratios
i s 2/ MPa PUP 3R /MPa FEAHA/%
ha=2 Mg/Si ratio
K1) T 7 [7) KFTr 1) e H 7 1] S| i 7 7]
1 1.3 71.5 78.43 176.8 178.3 13.6 12
2 1.7 76.6 84 176.8 187.5 13.3 12.8
3 2.1 83.16 89.8 190.8 200.3 11.5 11.4
4 1.3HT 294.19 297.13 332.36 339.20 33 3.5
5 1.7HT 251.81 267.94 321.43 322.60 8.1 7.4
6 2.1HT 222.15 223.57 285.53 291.30 8.1 9.7
58 - —a— Mg/Si=1.3
150 —e— Mg/Si=1.7
—a— Mg/Si=2.1
> L
£ 57+ 135
A >
g = M
1] -
< =
=] <
S S 105
= 55l - S
=
il \(‘WW
54+ -
. A , 751
13 17 21 0 4 6 8 10 12 14 16
Mg/Si ratio Distance to bottom/mm
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Fig.8 Microhardness of as-deposited and heat treatment specimens
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Fig.9 Fracture morphology of as-deposited and heat treatment specimen 4
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Fig.10 Microstructure around fracture of specimen 4
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