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Listen to the grains! 

The contactless technique Laser Ultrasound can be applied to analyze 
the microstructure evolution in metals during thermal cycles. We provide 
non-destructive evaluation and in-situ monitoring of grain growth in small
samples based on its effect on the attenuation of ultrasonic waves. 
To enable real-time grain size estimation, a mathematical attenuation
model is fitted for a specific material based on standard laboratory 
analytics like micrograph evaluations.

In-situ analysis of metal micro-
structure with Laser Ultrasound

Facts/Key-Values/
Features & Benefits
� In-situ characterization of micro-

structure (e.g., austenitic grain size)
� Thermal treatment cycles on 

samples
� Broadband Laser-Ultrasound (LUS)

signals

Potential Users &
Fields of Application
� Steel industry
� Metallurgy
� Heat treatment
� Material research institutes

Status – what do we offer?
� Characterization services in thermal

simulator
� Analysis in the RECENDT-labs
� Development of attenuation models

for specific metals
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For steel production, the austenitic grain size
is an important parameter, because it has a
strong impact on the resulting microstructure
and the mechanical properties of the prod -
ucts. To develop conventional grain growth
models, typically a lot of samples are heat
treated and quenched to freeze the micro-
structure at desired temperatures or different
isothermal holding times. Afterwards, the
samples must be prepared for the micro-
structure analysis, which in total is very time-
consuming. 

Non-destructive laser ultrasound enables an
in-situ measurement. The method uses a
laser pulse to excite a broadband ultrasonic
wave in the material – which is detected by a
second laser of a vibrometer. One big advan-
tage of laser ultrasound is that no coupling
agent is needed (like in piezo ultrasonic 
testing), which makes the method suitable to
easily measure on hot, even glowing, sam-
ples. We realized such a laser ultrasonic sys-
tem for in-situ grain size monitoring in a ther-
mal simulator, which is based on a dilatome-
ter (Linseis L78/RITA) combined with a laser 
ultrasonic system [1].

Figure 1: Adapted dilatometer (Linseis L78/RITA) with
windows for in-situ monitoring of metal samples during
inductive heat treatment by a laser ultrasonic system.
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Laser ultrasound enables an in-situ analysis
of the grain growth based on an evaluation of
the frequency-dependent ultrasound attenua-
tion, which is mainly caused by the scattering
at the grain boundaries. The frequency-
dependent attenuation is modeled using the
following power-law:
α(f) = a + bf n

The attenuation coefficient α(f) is composed
of an absorption coefficient a, a scattering
coefficient b, the frequency f and the expo-
nent n, where the absorption coefficient 
describes the internal friction losses and the
scattering coefficient is the interesting grain
size parameter (proportional to the mean
grain size). The exponent n results from the
ratio of the acoustic wavelength to the mean
grain size, where three types of scattering 
can be distinguished, Rayleigh (n = 4), 
Stochastic (n = 2), and geometric scattering
(n = 0) [2]. 

The relationship between the scattering 
coefficient and the grain size of interest D
is modeled as follows:
α(f) = a + C (D – D0 ) n – 1 f n

The scattering coefficient b is the product of
the material-dependent parameter C and 
the relative change in the mean grain size
D – D0 (D0 - grain size of the initial state). 
A calibration of the model using mean grain
size values from micrographs at certain 
temperature conditions provides the para -
meter C [2,3]. 

Laser ultrasound measurements and data
analysis using this attenuation model provide
real-time insight (in-situ) into the grain
growth of a material during thermal cycles.
Figure 2 shows an impressive comparison 
of these laser ultrasound real-time results
(points) with several time-consuming micro-
graph analyzes (colored X markings). 

Figure 2: Comparison of the real-time laser ultrasound grain size calculations (points) with a micrograph analysis of
quenched samples (colored X markings) of plain carbon steel AISI 1045
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