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@ 1.1 Wire-based Additive Manufacturing l TIPRO
TR

c Electron Beam Gun
() o

|Tungsten electrode |

S
Gas tungsten arc welding, GTAW Plasma arc welding, PAW Electron Beam Additive Manufacturing (EBAM)
. . Laser head
WAAM has the potential to fabricate structurally U ] :
‘. f s Wire feeder ¢
sound titanium-based near net shaped aircraft i é&‘b Wire feeding /[_,.-v«_%%
: . .. ! ¥ A direction ~_ = ¢
components with higher deposition rates compared Wire feeder e / ‘ \\ @

based direct energy deposition techniques. It Scanning direction Wire

_—

Wire feeding
direction

reduces printingand post-machining time Dby

40-60% and 15-20%, respectively.

with other powder-based fusion and metal powder- : iz ,

(a) Side shaft feeding (b) Coaxial wire feeding

EXEMEERTEMHRER — RmPhz

Global Additive Intelligent Titanium Alloy Material Expert-Tipro



@ 1.1 Wire-based Additive Manufacturing l TIPRO
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The application of arc fuse additive manufacturing relies on high-quality metal wires.
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@ 1.2 Different Types of Wire-based Add/itive Manufacturing I TIPRO
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Item Electron Beam Additive Manufacturing Wire Arc Additive Wire Laser Additive
(EBAM) Manufacturing (WAAM) Manufacturing (WLAM)
Energy Source High-energy electron beam Electric arc (TIG, MIG, PAW) High-power laser beam
Material Form Metal wire Metal wire Metal powder/wire
Energy Efficiency Low (=20%) High (up to 90%) low
Deposition Rate Medium High Relatively low
L , L , o Nickel-based superalloys, titanium
. Titanium alloys, aluminum alloys, niobium- Steels, aluminum alloys, titanium , ,
Materials } ) alloys, stainless steels, cobalt-chromium
tantalum, and other reactive refractory metals alloys, nickel-based alloys, etc.
alloys, etc.
Pollution-free vacuum environment, excellent | Lower cost, extremely high deposition | High precision, dense microstructure
The Advantages performance for reactive metals, high rate, simple equipment, capability for with superior mechanical properties,
deposition efficiency large-scale components ideal for complex structure repair
o High equipment cost, vacuum chamber required, | Poor dimensional accuracy, machining o .
Main Limitations o ) , limited deposition rate
limited component size required, large thermal stress
Applicai High-performance titanium alloy structural Large-scale cabin structures, marine Aero-engine blade repair, high-
ications
PP components for aerospace propellers, architectural sculptures performance rocket engine components
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@ 1.3 Material issues may lead to various printing problems I TIPRO
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@ 2.2 Straightness of the wires in spool l TIPRO

® In WAAM, the heat source and wire tip must be precisely aligned. Bent wire deviates from the focus,

unstable feeding speed and production stop. .
disrupting stable arc melting and droplet transfer. '
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@ 2.2 Straightness of the wires in spool
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® The different straight wires in the printing:

Good quality wires Regular quality wires Poor quality wires
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Good wire straightness keeps the tip at the heat source center, ensuring stable deposition and high-quality forming.

Poor wire straightness causes deviation from the heat source center, leading to inaccurate deposition, profile deviation, and even geometric

distortion.
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@ 2.2 Straightness of the wires in spool I TIPRO

® Different straightness wires in printing:
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'® Th ition layer is unif . . .
' ¢ depagition laycris ugiform Obvious depressions form between adjacent

o | | | : Poor wire straightness directly leads to
! Stable moltcrigoo 1 weld beads, resulting in poor surface flatness. printing failure.

i ® Smooth printing surface
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@ 2.3 Surface Contamination

TIPRO
I S B el ¥s2

® Effect of Raw Wire Surface Contamination on Forming Quality :

The oxide film remains on the surface of the deposition layer as solid inclusions or is entrained into the molten pool. Ultimately, these
inclusions may act as stress concentration sources.
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@ 2.4 Surface crack TIPRO
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® Effect of Surface Defects on the Forming Process:
Surface defects affect the stability of the printing process, leading to irregular droplet transfer and increased spatter. Moisture or grease

adsorbed in surface defects vaporizes at high temperatures, resulting in the formation of pores.

TTS-RS-21007 Rev.2

Spec.

No scratches, cracks or oxidation; pit depth < 8 um
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