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Deformation mechanisms

The University of Manchester
I [ I I [ I I I I
-15 -12 -9 -6 -3
10 10 10 10 t/s 10
~ Martensitic Phase
K 5, transformati Adiabatic
4 ) ’ rv shear 0 2
g o) * ; g = i, :—_L ¢ F
: ;‘;”?(i
Dislocation Compressed Uncompressed
q h -
Twinning ;z:}:: interaction P o
LA
LXA
i .
Spallation
-3 0
10 x/m 10

MRSECEN A complete hutch

The University of Manchester

Loading
Platforms

San Andreas Warner Bfos.




Stress state —

Eanililhrvinim

MANCHESTER

The University of Manchester

IVA

LIA

5GLS

* Photons
« Electron
« Xray

« Protons

e Naitrnne

The Unive nanchester

« Labs in Turing building; Manchester, Diamond synchrotron

Facilities and techniques including...
= e — .

Non-destructive 3D grain mapping in lab

+ Enables time dependent crystallographic
evolution mapping
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Colour Tomography

Cermnik et al. see X-rays in colour (x-

ray wavelengths)

* Morphology and chemical structure

« Identify structures 3D via X-ray
fingerprint

The Univer

Roéntgen 1895

Non-invasive, label-free diffraction, imaging & spectroscopy

Digital holographic microscopy
Imaging; tomography & high-speed
radiography

Ptychography

X ray absorption and emission
spectroscopy
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* Fast and slow processes
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* Rock blasting
17 434 662 951 tonnes (2014)
5407 448 M$
Medical physics
+ Space engineering
5250 M€
+ Protection
« Catalysis
* Energy

Fusion and fission

Batteries
Active and Irradiated materials
* Advanced materials
Composites
Graphenes, silicene
* Advanced manufacturing

shock waves




Strength as a function of scale
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Strength has a direct correlation with volume element sampled
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understanding lithium battery railiure

Fracturing at positive
electrode after 10 cycles

, Dendritic Lithium
growth at negative
electrode
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Failure at different scales
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Cleavage Ductile fracture  Brittle fracture Cracking
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Slip Twin Texture Sliding
Martensitic PT
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« Defects significant at length scale of interaction ca. tenth of
RVE for structure in compression; at largest defect in tension

« Populations and statistics of defects and damage



Applications

- Defects
Stacking defects
Chemical defects
Microcracks
Second phases
Joints
* Accident investigation and safe regulation
Critical defects?
Code V&YV for design
Regulation
Qualification
Risk drives dynamic mechanics
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alloys or keviar Nickel based superalloys (single/polycrystal) Further details here... eC a n |Ca
Ambient or low temperatures Max. temperatures ca. 1100°C & EX't re m eS
Blade containment blade containment and creep

' Fundamentals and Applications
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Titanium alloys — nickel superalloys
Ambient temperature to >500°C
FOD at the front, blade containment deeper

Ti64 or equivalent
Ambient temperature to ca. -60°C






