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Influence of WAAM Process Parameters on Micro Porosities of Additively
Manufactured 2219 Aluminum Alloy
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Abstract  Micro porosity is the main issue in wire arc additive manufacturing (WAAM) of 2219 aluminum

alloy. In this study, the effect of process parameters on the porosity characteristic of WAAM 2219 aluminum alloy
was quantitatively investigated. It is found that the porosity was influenced by the heat input. When the heat input is
low, the porosity increases with the increasing of heat input due to the nucleating and growing of pores. When the
heat input is high, the porosity decreases with the increasing of heat input due to the escaping of pores. The porosity
is below 0. 2% when the heat input is as low as 230. 5 J/mm or as high as 439. 5 J/mm.
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Tab.1 Chemical composition of the wire Indalco 2319 for
WAAM %o(w)

Si Fe Cu  Mn Cr Zn Ti Mg Zr v
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Tab.2 WAAM parameters of different EP/EN

¥ WFS TS GFR lse I U
r C | ~ . EpiEN T ¢
= /m+'min /mm-+s" /Lemin cylcles /A /N /]emm
1 9 7 25 0 10 108.3 149 230.5
2 9 7 25 1.2 13 110.8 15.1 239.0
3 9 7 25 2.4 17 1164 15.8 262.7
4 9 7 25 3.6 20 121.8 16.5 287.1
5 9 7 25 4.8 24 128.5 17.1 3139
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Fig. 1  Sketch graph of the WAAM sample and the position of

metallographic specimen
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Tab.3 WAAM parameters of different travel speeds
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5 /m+min~ /mm-s /L-min mm  /J-mm
21 9 5 25 4.8 2 5 439.5
22 9 7 25 4.8 2 5 313.9
23 9 9 25 4.8 2 5 244.2
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Tab.4 WAAM parameters of different wire feeding speeds

WFS TS GFR 1 U
z /memin”" /mm-s™" /Lemin™ EPIEN /A A% /J'lgm_l
31 6.0 7 25 3 100.5 17.6 252.7
32 7.5 7 25 3 1122 17.1 274.1
33 9.0 7 25 3 121.5  16.2 281.2
34 10.5 7 25 3 1334 173 329.7
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Fig.2 Transverse section of the WAAM samples using different
EP/EN
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Fig. 3 Porosity of the WAAM samples using different EP/EN
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Tab.5 Statistic results of pore dimension and counts of the
WAAM samples using different EP/EN

D/pm

EP/

EN 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~ 90~ 100~

20 30 40 50 60 70 8 90 100 110

0 70 24 7 4 0 0 0 0 0 0
1.2 22 51 28 16 17 4 1 0 1 0
24 17 9 10 10 4 5 2 0 0 0
36 21 28 15 4 6 6 1 4 1 0

48 44 57 67 28 14 9 6 2 5 2
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Fig. 4 Transverse section of the WAAM samples using different 7S
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Tab. 6 Statistic results of pore dimension and counts of the
WAAM samples using different 7'S
TS/ D/pm
mm- 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~ 90~ 100~ 110~
s' 20 30 40 50 60 70 80 90 100 110 120

5 25 10 5 7 4 1 2 0 0 0 0
7 58 46 13 3 6 2 2 0 1 0 2

9 100 62 28 9 7 2 1 2 0 0 1
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Fig. 6 Transverse section of the WAAM samples using different

WFS
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Fig. 7 Porosity of the WAAM samples using different WFS
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Tab. 7 Statistic results of pore dimension and counts of the
WAAM samples using different WFS
WFS/ Dipm
m- 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~ 90~ 100~ 110~ 120~
min' 20 30 40 50 60 70 80 90 100 110 120 130

60 8 38 27 19 11 7 5 3 0 0 O 1
75 8 55 32 29 18 14 4 2 1 o 0 0
90 73 41 37 36 15 19 4 5 1 o 0 4

105 74 24 26 22 12 4 6 30 0 0 1

FHIMEIT.Z  hitp://www.yhelgy.com 20224 %524



3 STt

et LR AR EP/EN 35 5 |06 2238 5 25 e
ST I3 A RO R R4 FL% IRl 8 s .
AT, AE R A K 230. 5 J/mm F11439. 5 J/mm B, 345,
PR 0. 2% VAT o XA AR, Ja 1 ik
SERE R, KFLLUEBR R 3 | i AL, B
¥ K RISFLIEAD . T Y3 AR S — e R, 1
MR S5 B B LA GR o8 | Bl A
i ) SFLE £ e i AL

TE WAAM JJE T RE 25 #4 B, SR AR g A S 4L
(WFS:6~7.5 m/min, EP/EN:0~2,7TS:7~9 mm/s) , A] {1l
L s E WAAM B EERELE R, SR FH g 44 A S5
(WFS:9~10. 5 m/min, TS :5~7 mm/s) , [ #H1 <AL .

k2 o = R[EEPIEN
1.04 o KRETS
o R[EWFS
< 0.8 &
b [e]
“’é 0.6 © .
r "
0.4 . o
024 . o

0.0 . : : . . . .
200 240 280 320 360 400 440 480
Huki AN /T-mm’!

I8 AN[mHAH AU R IR AL R G T4 R

Fig. 8 Porosity of the WAAM samples using different heat input
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