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Abstract: Wire and arc additive manufacturing (WAAM) was investigated by tungsten inert gas arc
welding method(TIG), in which $1. 2mm filler wire of aluminum alloy 5A06 (Al-6Mg-Mn-Si) was se-
lected as deposition metal. The prototyping process was conducted by a TIG power source (working in
AC mode) manipulated by a four-axis linkage CNC machine. Backplate preheating temperature and arc
current on deposited morphologies of single layer and multi-layer were researched. The microstructure
was observed and the sample tensile strength was tested. For single layer, a criterion that describes
the correlation between backplate preheating temperature and arc peak current, of which both contrib-
ute to the smoothening of the deposited layer. The results show that the layer height drops sharply
from the first layer of 3. 4mm and keeps at 1. 7mm after the 8th layer. Fine dendrite grain and
equiaxed grain are found inside a layer and coarsest columnar dendrite structure at layer boundary
zone; whereas the microstructure of top region of the deposited sample changes from fine dendrite
grain to equiaxed grain that turns to be the finest structure. Mechanical property of the deposited
sample is isotropic, in which the tensile strength is approximately 295MPa with the elongation around
36 %.
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Table 1 Nominal chemical composition of 5A06 aluminum

wire and AA6061 substrate (mass fraction/ %)

Material Cu Mg Mn Si Fe Ti Zn Cr Al

5A06 0.10 6.30 0.65 0.40 0.40 0.06 0.20 0.00 Bal

AA6061 0.40 1.00 0.15 0.40 0.70 0.15 0.25 0.20 Bal
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Fig. 1 Diagram of tensile specimen
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Fig. 2 Morphologies of single layer deposited under different preheating times

(a)no preheat,20°C ; (b) preheat once,50°C ; (¢) preheat twice, 100°C
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preheating temperature and peak current
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Fig. 4 Height of each layer ranging from the lst to the 20th layer
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Fig. 6 Microstructure features in different locations of the deposited 5A06 aluminum alloy

(a)build-up of layers; (b)interior of layers and bonding zone; (¢), (), (e) higher magnification of region [, I[, [ll



70 MR TR

20174 3 A

JIN S G5 R T I K T U A /N A A A 6
A I X7 b B — 8 7 1 k. it TR 5 28
Al R BE AR FE /N L2 R AR R AE K TS T 1)
PEanE 6 /g I X s G Ab Ry aif— B R D . & 6
(D Hlh T, 0, I KHBRKEL . Al H R
B B AR (Mgs Al) 3573053 4 T o FEAK F 4 /N1 3L
BB A (Mg Al AR TR &Gk, K 6(Dh
B BAHE ALK, A5 B 8 A k. 2 R 45 A A 4
B AR R OO 2 41 40, T L e 4 /)

B 7 S BUB A TR LH SO A 8] . R] 0 TR A7 76 ]
LA T2 R CT X0 S 4 /N A s » 32 3 e
A T2 AR I IO 2 /0 7 45 il ot o 32 TRl 2 3t |
JEAR B S A S WA BT . 5 b RE R T
FURTAE] 02 th TR &0 I8 B RAE 408 21
AN BUE RS DTS — B KB 25— R 4R
G Bl S MR 22 AR TR P IE IR Z R B R 47 1Y
BELE A AFETEFLIR R Je J2 E kG .

2.3 SFEEsENK

X 5A06 B8 B 4 OE 13 5 RS- AT BOE O 1) 1Y ik

FEJE AT Sr i B2, 25 SR AR 2 R Rl B 45 T
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aluminum alloy specimen
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Table 2 Tensile properties of 5A06-O and specimen

Sample Yield strength/MPa Tensile strength/MPa Elongation/ %
5A06-O 160 340 20
Deposited specimen 117. 26 () 119. 25(2) 295.13(x) 293.37(2) 36.0(x) 35.0(2)
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