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Selective laser melting process

SLM DMLS LaserCusing Additive manufacturing powddyed process:
3D CAD data > Laser beam > Fuse metal powders > 3D metal parts
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Selective laser melting process

1. Loading powder 3. Build preparation

4. Remove air

2. Build plate loaded

Offline build preparation file is

RENISHAW e exported to the additive
manufacturing system.

Loading metal powder before

and during build.

Build chamber is prepared with
vacuum removal of air.

Build plate is loaded into the

system chamber and secured.

http:// www.renishaw.comen/our-technology-27362



5. Inert gas

Chamber is filled with argon ineri
gas - class leading low gas
consumption.

http:// www.renishaw.comen/our-technology-27362

Selective laser melting process

/. Laser melting

Layer of metal powder is

delivered.

Build plate moves down and next
layer is built up.
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Possibilities and challenges witALM

Possibilities

A Capabilityto producecomplexgeometries

A Lowvolumefabricationof expensivecomponents

A Individuallycustomizedoroducts

A Minimum waste of material > unmelt powder can be sieved and reused

Challenges
A Quality and repeatability dBLMmanufactured parts is not good enough
A Porosities (gas porosity, shrinkage porosity)
A Lack of fusion
A Cracks
A Residuaktresses
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Research objectives

ATo investigatethe effect of processparameterson microstructure and
defects,as well asto fundamentallyunderstandhow SLMmanufactured
Alloy 718 behavean welding

AWhattype of defectsare of prime concernin SLMmanufacturedpartsand how are
they affectedby specificprocesparameters?

AWhat is the influenceof post processheat treatmentson SLMmanufacturedAlloy
/18 microstructure?

AWhat is the influence of pre-weld heat treatments on the susceptibilitytowards
hot crackingn SLMmanufacturedAlloy 718?
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Heat affected zone cracking susceptibility 8 Mmanufactured Alloy 718
Total crack length measurements

Material condition Specification

SLMmanufactured and no heat treatment
Solutionheat treatment (SHY 954°C- 1hr
_ Aging SHT+AGED 760°C-5hrs + 64€C- 1hr
g | Mill-annealed (Wrought) | 982°C- 4.5min
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SLMAsDbuilt Alloy 718
Base metal
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SLMAsDuilt Alloy 718
Base metal

b 100 Nnm

TEM bright field image of Laves phase aliCcarbide mmterdendrltlcregtgns
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SLMSolution heat treated
Base metal

Solution heat treatment a®54°C- 1hr SR i



SLMSolution heat treated + Aged
Base metal

Mlcrostructure ofSHT+AGEondition showmg (1) delta phase (2) M@e carbide and (3) matrix with
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Solution heat treatmen954°C 1hr + Aging heat treatment60°C 5hrs+649°CJ 1
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SLMSolution heat treated + Aged
Base metal t-phase

100 nm

Delta phase pinning the grain boundary NbCcarbide,Q I Q®R Delta phase!Q Q@ ®




Mill-annealed aB82°C- 4.5min
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Average total crack length [um]

Heat affected zoneHAZ cracking susceptibility ocsLMmanufactured
Alloy 718
Total crack length measurements

Material condition Specification

2

SLMmanufactured and no heat treatment
Solutlon heat treatment (SH'lY 954°C- 1hr
w | Aging SHT+AGED | 76(PC- 5hrs + 64€C- 1hr
Mill annealed (Wrought) 982°C-4.5min
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HAZcracking in asouilt condition
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HAZcracking in solution heat treated condition
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HAZcracking in solution heat treated + aged condition

Liquation of carbides causing intergranular crackA¥of SHT+AGEEbndition




HAZcracking in wrought Alloy 718

Liquation of carbides creating crackHAZof wrought Alloy 718
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