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Development Needs of Design Rules for Fusion
Structural Materials
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Introduction

In DEMO and future fusion power plants structural materials of the highly loaded in-vessel components, blanket and divertor will be subjected to
complex thermo-mechanical loadings and high irradiation doses. Therefore new structural materials, e.g. the reduced activation ferritic martensitic
(RAFM) steels and tungsten / tungsten alloys have been selected and developed which can withstand the harsh fusion specific loading conditions.
For the assessment and qualification of in-vessel components built from these materials structural design criteria are required which allow reliable
consideration of the failure modes to be expected due to loading conditions and material limits.

Design rules for RAFM steels

Structural materials for DEMO breeding blanket Cyclic softening Creep-fatigue design rules (FM steels)
T » Creep-fatigue rules of conventional
design codes are eilher not sufficiently
conservaltive or too conservative

High irradiation dose

» Rules for progressive deformation
{up to 20 dpa/fpy)

(ratcheling) are also of concern
dus to cyclic softening.

» Development of new design rules for
i creep-faligue and conceivably for
L biil il if "\‘.';.. ralcheling is crucial and requires a
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- i » Reduced cyclic softening under thermo-
= mechanical and multiaxlal faligue

loadings yields much shorler lifetimes in

comparison lo equivalent uniaxial

|

loadings.
— Oul-of-phase TMF o Th mechanlcal loading i Damage relevant tensile stresses are underestimaled X X X -
mem"w b critcal(?) —» Predicied ffelime higher than experimentally obsesved > Con\.le.nllonal féllgue design rul.es'rall in
e providing sufficient safety margin in case
Isothermal multiaxial fatigue tesls: two types of thermo-mechanical loading and might

be even non-conservative in case of
multiaxial loading.
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i » Modification of the rules requires proper
i B conslilulive modeling for the correct
inlerpretation and assessment of
A = observed phenomena and bridging lhe
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Cycir: pull-push a susal Brd Grcurmlerental deectons Cyclic put-push and aemaling lorson — it - gaps between lhe different tesl types.
- fiaed direchons of prewpal sireases and sans (FPSS) - rotaling directions of prnopal sireasea o Mt hoacing s rticat Gne e > Reduced cydic softening In comparison
e e it and strans (APS3) 10 be further investigated 1o uniaial loading
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Armour and slructural materials for DEMO divertor Brittleness of tungsten Rules for design against brittle fracture

3

> Brittleness of W/ W alloys is a bottle

E
§ e neck for their use as armour and
| ¥y " I struclural materials in DEMO diverior.
e :’L‘:‘ g 0 .‘ > Design against brittle fracture is
o o Hilluin coolad divartos: sl mandatory for slructural tungsten
Failure of slructural WL10 i e w L . components and requires reliable nol
et ] | musl be prevented ' o Tom Ty Q) excessively conservative rules.
He e -» Strong anisctropy -» Narmow design space » Consideration of anisolropy, loading rate

A oA o Erg Out 2012 Influence of loading rate Probabilislic design rules dependence and probabilistic nature of
the brittle fracture behavior of iungsten
in the dasign rules would allow to

enlarge the design space particularly in

the lower lemperature range.

Water cooled divertor:
Failure of armour W shall
not yield failure of
structural parl

» Influence of Irradiation on the allowable
design space is expected and needs to
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