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* Very brief summary of Wire + Arc Additive Manufacture
« WAAM non-ferrous materials

— Titanium 64

— Aluminium

— Refractory metals

— New and mixed materials
e Future prospects



Build rates 0.5 - 4 kg/hour — typical 1kg/hr titanium
Unlimited build volume

Fully dense materials with excellent mechanical properties
Minimum feature size 2 mm

No commercial systems available — yet

Machined part
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Each will result in different cooling rates - different microstructures -
different mechanical properties
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Ultimate tensile strength (MPa)
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Proof strength (MPa)

11004

1050

1000

950

900 [

850

800

A D>OOO

WAAM Single
WAAM Par.
WAAM Oscill.
SLM

EBM

HiDR

Blown powder

©

1

0.1

1
Build rate (kg/h)

10
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Ultimate tensile strength (MPa)
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Improved fatigue performance

Wrought
Ti64

heterogeneous bi-modal (duplex) microstructure
*Wrought material initiates at
primary a particle or casting
pores

*WWAAM material does not initiate
WAAM : : L

(in this test) or initiates at very

Isolated pores due to wire

contamination



da/dn (mm/cycle)

1x1074

1x107°

[EEN
X
=
S
(¢2]

[EEN
X
=
<
\‘

1x1078

1x107°

NASA
Control H1
Control H2
Control V1
Control V2
Rolled H1
Rolled H2
Rolled V1
Rolled V2

\
10

0K (MPa <m)

100



WAAM material

deposited layers
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WAAM material

building
direction
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WAAM material
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« WAAM material
has the slowest
growth rate and
IS Isotropic
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Wire + Powder

1 wire Al6%Cu— 100HV
2 wire (Al4.5%Cul.5%Mg) — 120HV

3 wire (AI8%Cul.5%Mg — 140HV)






Wires: 2319+5087; Substrate: 2219






Ultimate tensile strength (MPa)
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There is no
porosity of the
rolled + heat
treated
sample.

Heat treated Rolled + heat treated

As deposited STHAA ST4AA
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Yield 140 MPa, UTS 300 MPa,
elongation 12%, failure in bronze

. Copper on steel with WC ceramic
Steel/bronze (CuSi3%) parts 2dded



Commercial WAAM systems - both CNC and robotic

Control and toolpath planning software to drive them

Very large scale systems

Parallel process systems (multi deposition, on-line NDT/metrology)



WAAM is an excellent process for large scale additive manufacture of a
wide range of materials

Mechanical properties are excellent

With cold work mechanical properties cam exceed those of forged
materials



WAAMMat website WWW.waammat.com

THANK YOU FOR YOUR
ATTENTION - ANY
QUESTIONS ©

CONTACT: Prof Stewart Williams s.williams@-cranfield.ac.uk




