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Reinforcement learning

Evaluate neural network

Large uncertainty? (>0.01)

F (γ ,γ ' )(nni ,nAl , nCr ,nCo ,nMo ,nTi)

Evaluate DFT

Regenerate neural network
every 20 DFT points

YESNO
F (γ ,γ ' )(nni ,nAl , nCr ,nCo ,nMo ,nTi)
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Designing a new material – what is required ?

Cost

Density

Fatigue life
Creep

Oxidation
resistance

Corrosion
resistance

Processibility

Fracture
toughness Yield strength

Required
properties
for a new
material



Cr Co Mo W Ta Nb Al

Ti Fe Mn Si C B Zr

Cu N P V Hf Mg Ni

Heat 
treatment

Multidimensional design space



Ni combustor liner
Rolls-Royce invention 
NC13006 (2013) 

Mo-Hf forging alloy
Patent GB1307533.8 (2013)

Mo-Nb forging alloy
Patent GB1307535.3 (2013) 

RR1000 grain growth
Acta Materialia, 61, 
3378 (2013)

Concurrent materials design

Ni disc alloy
Rolls-Royce invention 
NC12261 (2012) 

Discovery algorithm
Patent GB1302743.8 (2013)



Electron micrograph – Ni disc alloy

γ γ'

Ni disc alloy
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