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Outline

MoD drivers – what do defence forces need

Where Ti helps, also where it does not!

Novel application for the future
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Defence needs
• Instant availability

– High reliability

• Extreme environments

• Mobility

– Lightweight

– Minimum support

• Affordability

– Acquisition + support for 40 years

• Performance

• Sustainability
– Very long life (but often intermittent usage)

So why titanium?

Strong, low density, environmental 
resistance.  Expensive?
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A severe environment…
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Extreme environments
Erosion  (helicopter engines)

Sand erosion reduced life 
to <100h

Apply thin, multilayered 
PVD coating

Based on TiN
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Extreme environments
Marine corrosion – sea water systems

• Titanium alloys have  
excellent resistance to 
salt water but….

– Accelerated fouling

– Galvanic interaction 
with steel and Cu alloys

Titanium after 15 months.

Macrofouling, i.e tubeworm + algae at edges. 

Initial fouling occurs within first two weeks
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Extreme environments
High strain rate events

• Ti has good resistance to 
ballistic events

• Expensive but 20% better high 
strength steel

• Steel is volumetrically more 
efficient and provides similar 
protection in ‘system’

Demonstration FSW Ti structure
Edison Welding Institute. AM&P, March 2009

Mass efficiency of Ti alloys
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An extreme environment…
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Extreme environments
F-35B Nozzle bay doors

• High temperature

• Acoustic fatigue

• What is required of the structure

– Adequate temperature capability

– High stiffness, low weight

– Life (fatigue)

– Ease of maintenance or maintenance free
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The solution – SPFDB titanium cellular structure

Titanium 6/4

• High strength to weight ratio

• Dissolves its own oxide
– diffusion bond at ~900°C

• � /� superplastic when small grain size (~5µm)
– very high uniform strains, >200%, 

– SPF at ~900°C, slow strain rate, 10 -3 s-1
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Typhoon Foreplane

Titanium 6/4 SPFDB X-Core structure

4 sheets

– diffusion bond

– single stage expansion by SPF
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Cellular Ti SPF-DB process

• 4 Sheets:

– Assemble pack

– 2 stage expansion by SPF

• SPF face sheets
• SPF/DB core to faces, and 

themselves

‘Moving’ core sheets form 
vertical webs

• Process modelling.
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Spandrel Fatigue Test

Bonding Defects -
spandrel, inherent feature of process
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Mobility - Heavy Artillery
Current 155mm howitzer (M198)

Weight    - 7200kg

Barrel     - 6.096m

Vel.         - 820m/s

Shell       - 43kg

Rate       - 4rds/min

Range    - 30,000m
Sales - 1760 to 12 countries 

Tow 6X6, 72km/h
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High mobility needs airlift

An artillery piece weighs 7-9 tonnes

Aircraft

• Hercules C130 20,000kg

• A400M 32,000kg

(need airstrip)

Helicopter

• Chinook 11,800kg 

• Puma 3200kg

• Black Hawk 3600kg

• Merlin (EH101) 5400kg

Chinook is too big and too expensive
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Ultra-lightweight Field Howitzer, BAES M777

Ti structure + novel design, >4000kg

Extruded Ti alloy fabrications

recoil and structure, 900kg

carriage, Ti-6Al-4V, 1331kg

trails and stabilisers, 400kg

muzzle brake, 

500 delivered
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Titanium Content of the Aeroengine
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Development of High Temperature Ti alloys in UK

High temperature alloys developed by 
IMI Titanium/Rolls-Royce/MOD 
collaboration initiated in 1940’s.

• Why does it all stop in 1984?
– Performance drive

– Technical barriers

– Economics
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Eurojet EJ200 engine
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Alloy  Content

Nickel
40%

All Others
5%

Steel
25%

Titanium
30%

Affordability – Materials utilisation

Complex materials systems:
Structural alloys, non-
metallics coatings, fluids, etc.

Materials processes, 
manufacturing technology 
and lifing methods.

21.5t of metal to make 6t 
engine!

Images courtesy of Rolls-Royce plc

6 t of Titanium 

9 t of Nickel

6.5 t of Steel
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Performance – the fan blisc

• No mechanical joint, no 
blade root to fret

– Large weight reduction

• DB SPF hollow Ti blades

• Linear friction weld to the 
disc

• Challenges
– Cost

– Repair

– HCF

Images courtesy of Rolls-Royce plc
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Sustainability
Foreign Object Damage

New fan designs have sharper leading 
edges

FOD notches leading edge, repair?

– use metal addition process – laser 
deposition

FOD damage to Ti leading edge
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Blisk repair

1 Martin Hedges &. Neil Calder. Near Net Shape Rapid Manufacture & Repair by LENS, AVT-139  Report, 2006 

GE T700 compressor rotor 
with leading edge repairs

Laser deposition system



© Dstl 2009

Novel Ti materials
Titanium metal matrix composites

• Good fibre distribution & 
composite shape control 

• Excellent properties
• Net shape process
• Affordable? 

Prototype component design 
& manufacturing capability 
achieved

Full scale rotor demonstrated

TiMMC Bling

Images courtesy of Rolls-Royce plc
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Novel Ti materials
GUM metal

• Ti-36Nb-2Ta-3Zr-0.3O
• Unique alloy

– High strength, high ductility, low 
modulus

• Reversible stress induced a ''
martensite

• Not well understood
– e.g. role of w phase in nucleating a ''

• Applications?
– Reinforcements in actuator/morphing 

structures

– Efficient energy absorption?
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Conclusions
• Materials R&D is crucial to the performance and 

durability of our military equipment
– Now, tomorrow and in the long term

• Metals continue to surprise us…
– Evolutionary improvements through greater understanding of 

processing � microstructure � properties

– New techniques open new windows of opportunity

• Processing, characterization, etc
– Revolutionary improvements – new materials

Titanium alloys can do all this, but it must pay it s way


