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Additive Manufacture for Fusion Power Plant Components

AFusion Power
AComponent Design for Fusion

AAdditive Manufacturing for Fusion 7

ATechniques Used and Results AN -;- k :
AHigh Heat Flux Testing

AFuture of AM for Fusion
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Fusion Power( iPutting t he

Small nuclei are combined to produce energy \
Abundant /4H 9
A Raw fuel available in seawater e+ e

n + 14 1 MeV

AfALi feti me s up pofwaterandsl lagtop baitéryh t u b s

Clean
A No carbon emissions
A No long term nuclear waste

Safe

A No chain reaction
A Small quantities of stored energy
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Progress to Fusion Power Plant

Operating Under Construction Being Designed

Feasibility Research Proof of principle Engineering demonstrator
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Component Design for Fusion Power Plants

ADEMO must demonstrate the commercial viability of fusion energy:

A Facility build time and cost
A Cost of electricity generation
A Reliability, maintainability, safety

APlasma facing components must:

A Survive high heat loads

A Maintain their structural integrity

A Offer resistance to neutron irradiation
A Provide minimal impurities to the fusion plasma.

ACCFE is seeking enhanced solutions that would facilitate:

A Prolonged lifetime between replacements to increase plant availability.

A Operation at elevated temperatures to increase plant thermodynamic efficiency.
A Offer in-situ reiair In order to mitigate in-service damage to the PFCs.
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Additive Manufacturing for Fusion

AAMAZE has exploited the latest developments in materials science and
manufacturing technology through Additive Manufacturing.

AAims:
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Mitigate property transitions

Apply novel materials/design

Optimise heat handling

In Situ Repair
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Design of Plasma Facing Component in AMAZE

A prototype Divertor has been Concept design requirements:
the focus of work in AMAZE: A To survive 5 MW/m?2 for ~6000

cycles
A Capable of operating with a
coolant temperature higher than
600AC
A Exploit intrinsic AM roughness
A Reduced material waste
_ A Enable use of novel geometries
AProtects the surrounding

walls from thermal and and fabrication .
neutronic loads. A Increased thermal efficiency

— A Enhanced integrit
AMAZ=N o

A Situated at the bottom of the
vacuum vessel

AExtracts heat and gasses
produced by the fusion
reaction

AMinimizes plasma
contamination,
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AM Technigques Used
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Powder Bed.: Wire-Arc Additive
Electron or Laser Beam Manufacturing (WAAM)
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Powder Bed Copper ——

angen-Niirnberg <%

A Increasingly complex copper Electron Beam Melted
structures were achievedy the University oErlangen

A A simple EBM block was brazeda conventional ,
tungsten tile and copper pipe to create a prototype for 4 &
0SaiAY3a YR O2YLI NRaAZ2Y ¢

Al & Y A fgéométly huliBldas then optimised and
brazed to a Powder Bed Laser tungsten armour tile f
further testing
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Powder Bed Tungsten and Molybdenum

ATungsten

ABuilds have been successfully achieved for armour use, though
iInsufficient integrity for cooled substructures

AArmour tiles have been built and attached to prototype divertors
AComponents for mechanical and thermal testing included in build

AMolybdenum

ASuppression of cracking in builds has not yet been possible, despite
extensive feedstock and parameter trials,

AThe effects of oxygen embrittlement and the processing conditions
appear very severe.

Alnvestigations are ongoing
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Wire Arc Additive Manufacture WAAM C“’

Aims:
AFeasibility of tungsten deposition using WAAM
AControlled geometry of the deposit

AThermo-mechanical tests for the
characterization

AProduction of HHF Tiles
AFunctionally graded structure Mo/W
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Cranfield
University

Wire Arc Additive Manufacture WAAM

ADifferent deposition strategies
Investigated

AAchieved large crack-free tungsten
builds

AFunctionally graded structure using W,
Mo, and Ta achieved over ~4mm

gradient

thick
ic nessmo i

AParameters are being tuned to reduce
this to 1mm
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Combining Materials

ABrazing process has been optimised to join
Powder and WAAM tungsten tiles onto
conventional and AM copper structures

AAllows comparison between:

A Conventional and Additively Manufactured structures
A Conventional, Powder bed and WAAM tiles
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H IVE Heating by Induction to Verify Extremes
A new facility specifically designed for testing advanced

high heat flux components:
A Heating:

A high power, high frequency induction heating
(minimum >5MW/m2 on 50x50mm sample)

A Cooling:

A high pressure, high temperature water system
(O20®, OY5bar

A Vacuum:

A vessel with supporting pumping systems
(~10-° mbar)

A Diagnostics and plant control logic: SRl i
A a bespoke and flexible data acquisition system iR H I V E
/\ M /\ Z — - | "": g Heat by Induction to Verify Extremes




High Heat Flux Testing

ADirect comparisons were
carried out between samples
using conventionally
produced and EBM copper.

AThe upper testing
temperature was limited to
100 °C in the copper,
corresponding to a heat flux
of ~3MW.m>2, set by stress
allowables and to avoid
boiling.
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