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Temperature (°F)

±1 Gpaat 650°C

Motivation

VInconel 718 used in 
aviation industry 

VHigh strength 
material obtained 
by forging process

VControl the 
microstructure 
evolution during 
forging
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Initial structure prior to forging

VThe grain structure is 
optimized prior to 
the forging process. 

VInitial microstructure 
composed of 20 µm 
polygonal grain

V+ 2 to 3 % of delta 
phase precipitates 
located at the grain 
boundary
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VComposition (Key elements wt.fraction)
0.52Ni, 0.19Cr, 0.19Fe, Mo, Nb, Ta, Ti, Al, Co
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Optimizing forging process

VForging at high temperature

VHigh strain and high 
temperature lead to dynamic 
recrystallization

VDelta precipitates must fully 
dissolve prior to forging + 
homogeneous grain size 
material

VGoal: Identify optimum 
soaking time prior to forging.

VIN-SITU Grain size 
measurement

pɻhase stability
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Gleeblemachine with LUMet
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Laser ultrasonicsin Gleeble
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Evaluation of ultrasonic attenuation
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VMeasure of an ultrasonics
waveform in a reference 
state (Grain size is known)
REFERENCE WAVEFORM

VMeasure of an ultrasonics
waveform during a 
temperature treatement
CURRENT WAVEFORM

VCleaning the signal by 
filtering and select an echo
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Evaluation of ultrasonic attenuation
Amplitude spectrum

Attenuation spectrum
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Curvature 
Prop. Grain size

VEvaluate the amplitude of 
the FFT for each echo

VRatio of the amplitude 
spectrum gives the 
ultrasonic attenuation

VCurvature of the spectrum is 
related to the average grain 
size

8/23



Experiments 

VIsothermal holding at 1050°C for various time

VLaser ultrasound measurement of average grain size

VValidation with metallography and modeling

LUMetmeasurement 
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Initial and final stage

VAverage grain size increases by a factor of 4 during the 
15 mn annealing 

V900 s: Delta phase is almost fully dissolved

V900 s: Formation of annealing twins
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