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Abstract

Recent developments of Laser metal 3D deposition with wire feeding are reviewed which provide an
alternative to powder feeding method. The wire feeding direction, angle and position as well as laser power,
wire feeding rate, and deposition speed are found to be key parameters to make quality deposition with
high throughput. When compared with the powder feed, the wire feed shows higher material efficiency,
higher deposition rate, and smoother surface. Large elongated columnar grains which have epitaxial growth
across deposit layers are observed in deposit cross sections. The growth direction is parallel to the thermal
gradient during the deposit process. Tensile properties are found to be dependent on the direction due to
the anisotropic deposit property. A real-time feedback control is demonstrated to be effective to improve the

deposition stability.
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Table 1 Summary of experimental setups for laser metal deposition with wire feeding

Processing Parameters Brandl et al”'" Syed et al.'*'® Mok et al."*'9 Hussein et al.'®
Deposition material Ti-6Al-4V STS 316L Ti-6Al-4V Waspaloy
Substrate material Ti-6Al-4V Mild steel Ti-6Al-4V Waspaloy
Substrate thickness, t [mm] 6.35 5 10 10
Laser type 3.5kW, Nd:YAG 1.5kW, Diode 2.5kW, Diode 2kW, Diode
Laser power, P [kW] 1.75~3.5 1.1 1.2~2.06 1
Beam size @melt pool, Db[mm)] ~4.10 2.5%3.5 2x7 2x6
Motion control 6-axis robot x-y CNC, manual z 4-axis CNC CNC
Metal wire diameter, D [mm] 1.2 0.8 1.2 1.2
Wire feeding direction Front Front Front Front
Wire feeding position Leading edge Leading edge Leading edge Leading edge
Feeding angle, a [°] 55 20, 50 45 45
Wire feeding speed, vw[mm/s] 15~160 26.5 16.6~33.3 25
Deposition speed, v [mm/s] 7.5~40 4 0.83~5 1.7
Shielding Gas Ar Ar Ar Ar

7FE3 @zt oy 3k oA EH I} AISEEd o8 0.2

Agee deoldEol asri 434t 18 el Ve Power

W o§F WS A% Akl 3k 4

U

o«
£
= op
o,
:L
é
o
>
o
nJ
ox. ¢
S

:I'L-/] _1_.;(4 2740 -U——J:_
& g§A0s sfolel 27 v
G 2 ol Solels) elolAge) A
e A W FemA solol 84E ygaa
Aet7) et wP FEACE A3 WA
A4 HGS PAGT A5 1w e
o}z dgle] gl HolAe nEE d9e @ F4L
443 2 9 BasA gov 23 Aoz} 4
o} Hma dolo] &5

23 duge] Hasur dBF
Aol siek.

oo o,

f
jg
9

il
to o fo &

r:i

(ot
=)

AN

22 2lolojsa 2EEE vl

Fig. 30l4¢} 2o] $3&Td] e
FHATE B Bugge] Asag
gl wke] efelojgES 100 %otk
HwgS W 34 27 w2 kel ¥l
ARoz Badgel 4% 70~90 m, <ololFTFe]

]

A% 40~60 mm F=IS g, EdEF A

1200V

& l'mfwov
o 0.12
s 1200“7/
—
= 0.1 1 -
o
= / 1000W
% 0.08
& 1100w / i 900V
8 006 =
ﬂooow /800\\
0.04 /
0.02 e

0 T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Delivery rate g/s
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ent laser powers for wire and powder feed deposi-
tion'?
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cross-section of the deposited single bead wall
and (c) the microstructure of band region and the
nominal region observed in the as deposited sam-

ple'®
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Fig. 6 Multi-layered single bead wall deposited with
automatic process control (The length of the
wall: 215mm)'®
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