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Titanium Components in the Service Environment

Main properties affecting performance

Discs:
LCF, CCF, cold dwell,

Fatigue crack growth, creep

LCF, HCF, CCF, notch fatigue

< —— Untwist, bird-strike, trailing blade
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Role of microtexture

Historically, the main tools which have been used to control
mechanical properties in titanium alloys have been chemistry and
microstructure.

However, in the gas turbine environment under demanding
operating conditions, a third factor, the microtexture may also be
important in determining mechanical response.

Important to understand/predict:
Evolution of microtexture through the processing route
Resultant mechanical behaviour
) optimise performance + reliability
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Titanium Components in the Service Environment
BAR

Timetal 834, LCF, 20 °C, 2 minute dwell

DISC

Fatigue data courtesy of MR Bache et al, Int. J. Fa  tigue, vol. 19, supp.
No. 1, 1997

EBSD data courtesy of L Germain and M R Bache work u  nder
contract to Rolls-Royce pilc.

ROLLS

European Conference on Titanium 2009 June 24t 2009

Rolls-Royce

ROYCE




Titanium Components in the Service Environment

» Potentially large reductions in life
(> 1 order of magnitude) due to
dwell on load at temperatures
<200C

Cold dwell behaviour

* Probability of failure must be very
well understood (<<1 in 108 cycles)

stress

. e Probabilistic in nature

« Component rig tests are essential
to determine real component
behaviour

v

No. cycle to failures

 Threshold stress to failure highly
dependent on microtexture of
component
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Facet formation in cold dwell
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« A key parameter is Effective Structural Unit (ESU) size - the
region in which the deformation mechanism of interest ignores
optical boundaries

Courtesy of D Rugg, M Dixon, and F PE Dunne J Strai n Analysis vol. 42, 2007
1
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In materials with optically-aligned colony microstructure (e.g.
Ti65s & Ti829) then it appears that a macrozone (area of common
crystallographic orientation) is equal to a colony size but common
slip planes may exist over >1 colony

Courtesy of R Whittaker, K Fox and A Walker presen ted at EBSD users meeting June 2009
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® In Ti834 and other duplex structures, macrozones arise from
thermomechanical processing steps, and can encompass primary
and secondary alpha.

® Itis not clear that there is any correlation between macrozone size

and microstructure.
DISC

Data courtesy of L Germain and M R Bache

Typical grain size ~ 0.1mm _
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SRAS EBSD
2 hours 12-14 hours
SRAS EBSD
Relatively quick Relatively long scan
Large areas times for high resolution
) maps
Moderate resolution .
o Small areas relative to
Minimum surface macrozone size

reparation . :
prep High resolution

Special specimen
preparation required

Courtesy of S D Sharples, M Clark, M Somekh, E E Sac kett, L Germain and M R Bache, presented at the Inte rnational
Congress on Ultrasonics, Vienna, (2007).
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Areas of key importance (1)

Crystal Plasticity FE Modelling work on mechanical behaviour
under cold deformation such as that at Oxford University and at
Ohio State University has given a much greater insight into key
parameters in cold deformation modes

Understanding the translation between failure stresses in
laboratory samples and rig tests is still critically important.

Standardisation of EBSD — frames of reference, understanding
sources of variability

Macrozone size/mechanical behaviour quantification
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Areas of key importance (2)

How texture evolves during material processing and the role of
variant selection

Influence of microtexture (and structure) on other properties such
as HCF/LCF strength, notched range-mean behaviour and
possibly crack propagation

Interaction between deformation modes and temperature/effect of

recovery/loading cycle/strain rate under thermo-mechanical
operating conditions
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Conclusions

It is clear that understanding the role of microtexture in
conjunction with microstructure and chemistry in titanium alloys is
Important in terms of optimising their cost effectiveness in the
service environment

This understanding needs to address 2 areas:

1. Prediction of the microtexture evolution during processing
including the role of variant selection

2. The effect of microtexture on mechanical behaviour in different
regimes of interest — cold dwell, HCF, notched range mean
strength
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