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V The grain structure is ___
optimized prior to AR
the forging process.

V Initial microstructure
composed of 20 um
polygonal grain

V+ 21to 3 % of delta
ohase precipitates

ocated at the grain VV Composition (Key elementg.fraction)
poundary 0.52Ni, 0.19Cr, 0.19Fe, Mdb, Ta, Ti, Al, Co




V' Forging at high temperature

V' High strain and high
temperature lead to dynamic
recrystallization

V' Delta precipitates must fully
dissolve prior to forging +
homogeneous grain size
material

«ss Beaubois et al, 2004
== Thomaset al. 2006
== Niang et al. 2010

V' Goal: Identify optimum
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Generation and
detection laser pulses
(Diameter 2 mm)

/I Dilation measurement
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Evaluation of ultrasonic attenuatiom

\VV Measure of arultrasonics
waveform in a reference
state (Grain size is known).
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V' Cleaning the signal by
filtering and select an echo

Current grain size
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Evaluation of ultrasonic attenuatitm

V' Evaluate the amplitude of
the FFT for each echo

V' Ratio of the amplitude
spectrum gives the
ultrasonic attenuation

_ 20 94
a(f) = =3410910 (S72T)

V' Curvature of the spectrum is
related to theaverage grain
size
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V Isothermal holding at 105C for various time
V Laser ultrasound measurement of average grain
V Validation with metallography and modeling
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V' Averagegrain sizeancreases by factor of4 during the
15mn annealing

VV 900 s: Delta phase is almost fully dissolved
V 900 s:Formation of annealing twins




