John Campbell
University of Birmingham UK






Liquid Metal
















i~ ./’ "'.- ‘. . s / .'_,"9';' 4 “‘ _./ d Y
AT SN » 7 DYt SR o LS,
- ‘ p rl') # : o .’ » » =
P/ ol B IR an A Al B S
CMD-CAVS-MSU Signal A= SE2 EHT=1500kV Mag= 100X |‘°'°'"" ; WO = 115 mn

Prof John Berry MSU 2008



! \

= 1IN
20 ym
3

CMDCAVSMSU Signal A= SE2 EMT=15800kV Mag=~ 100KX

WD = 120 mn

Prof John Berry MSU 2008



| -













Mould Wall

Oxide skin of casting

Dendrite straightening
of entrained bifilm Sinusoidal cracks at
~ dendrite tips from
pushed heaps of bifilms
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Liqui Pb

mMB = Ratio of elastic modulus to bulk modulus
n = Poissons Ratio




2. Barenblatt A geometrical model.
A region of zero cohesion
surrounded by strong cohesion










40 tensile test piece
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Smngle Crystal
Fracture

Progressive Failure
Curve 2

Creep of Heat
Exchanger Stee

Brian Wilshire




3. Helicopter Main Drive Shatft
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Bearing steel fatigue failure
Martin Evans et al 2012
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Bearing steel fatigue failure
Martin Evans et al 2012












WD36.9mm 20.0kV x5



Initiation of a Corrosion Pit



Intersects
surface)

Image courtesy Metallurgical Associates Inc 2015
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Crack in VAR Ingot

observed after salt bath heat treatment.
Peet & Bhadeshia 2017






https://en.wikipedia.org/wiki/Helibras_HM-1_Pantera

Flight

Service flight
451

Service flight
165

Service flight

Service flight

Service flight

Service flight

Military test

Private use

Location

Norway
Norwegian Sea

Norway
North Sea

North Sea

North Sea

North Sea

Norway
coast
Korea

Leicester City
Stadium

Helicopter Type

Eurocopter
AS 332L1
Super Puma

Sikorsky
S61

Super Puma

Bond Super Puma
Eurocopter
EC255

Bond Super Puma
Eurocopter

EC255

Eurocopter

EC255

Marineon MUH1

AugustaWestland
AW169

Fatalities

13

5 fatalities
1 injured

5
(Owner plus
family/friends)

Fatigue crack in the spline
which ultimately caused the
power transmission shaft to
fail.

Rotor blade loosened
after fatigue to the knuckle
joint

Gearbox failure

Gearbox cracks due to
corrosion

Gearbox cracks due to
corrosion

Fatigue of rotor shaft and los
of rotor

Fatigue of rotor shaft

(plus faulty spares from
Airbus!)

Failure of shaft controlling th
tail rotor blade pitch




Liquid Slag

Solid Slag

Liquid Metal

Water cooled
mold
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Strength,
Rigidity of
Solids

Diffusion

Plasticity

Fracture










