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Laser Ultrasonic for Metallurgy (LUMet)

Properties of ultrasonic waves
depend on microstructure
characteristics

Laser ultrasonics measurement
during thermo-mechanical
simulation



Description of the technique
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Method

Grain size measurement from ultrasonic attenuation

Reference Waveform

% Fine microstructure
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Calibration available for austenite in low alloy steel : S.E. Kruger et al., Iron Steel Technol, (2005), 2(10),25



Method

Determination of ultrasonic velocity
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Velocity measurements

* Velocity difference
between ferrite and

austenite

 Application of the lever-
rule method on ultrasonic

velocity
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Application to welding simulation

* Advance High Strength Steels
for pipeline construction

* Joining of pipes leads to HAZ
with weaker mechanical Alaska Pipeline Project

Vd(e'http://www.thealaskapiloelineDroiect.com

properties. i

 LUMet+Gleeble: Highly
accelerate the development
of microstructure modeling
tools



http://www.thealaskapipelineproject.com/

X-80 Linepipe Steel (as received)

Nb Ti Mo
0.012

0.034

Mn

0.005

0.24

1.65

0.06

Fine ferrite with martensite and austenite (MA) constituents



Precipitates in as received X-80
Steel
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Application of LUMet to X80
linepipe steel

Monitoring of the
microstructure evolution
during rapid thermal cycle

1) Austenite grain growth
and Nb precipitates
Interaction

2) Austenite decomposition
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Austenite Grain Growth

Grain growth affected by the

presence of precipitates Conventional metallography
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Austenite grain size measurement

Isothermal holding

* Isothermal holding between 950°C < T < 1250°C
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Grain growth and precipitates interaction

Continuous heating grain
growth tests in X80 steel

Below 1050 C, grain size stays
relatively small due to the
strong grain boundary pinning
associated with the presence
of NbC precipitates.

Above this temperature, NbC
precipitates dissolve: increase
of the grain growth
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Application to X80 during rapid heating

o A 1300°C,7s
* Simplified heat treatments

conditions that typically occur
in the HAZ of girth welds

* Austenite grain size increases
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Two pass simulation in Gleeble

Real time-temperature path
(Rapid heating steps at a
rate of 100 2C/s)

During the first pass, the
austenite grain growth rate
gradually increases upon
reaching the peak
temperature.

The measured growth rate
is constant during the
second pass.
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Effect of Nb on Austenite decomposition
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Up to 100 °C difference in transformation temperatures



Ferrite start temperature, °C
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Ferrite and Bainite growth model

e Evaluation of a Continuous cooling

normalized fraction transformation

transformed X o
0.8 - 7
1 s T,cC 2
X=1—exp(— m'[ﬂ( Nb)dTW ?E_)OB_ |
L d y T v (T ) J g
©
‘E d =5 pum,
S 04+ C,,=8 at.ppm 7
(@]
© d_/=26 um,
* Ferrite fraction: F=XF,, | S«o |
. CNI)ZZOS at.ppm
Model -\
e Bainite fraction: B=X(1-F 300 400 500 800 700

M/A) Temperature, °C



Austenite decomposition

* Laser ultrasound A 1300°C,7s
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Single pass simulation
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Prediction of transformation products

Experimental observations — Gleeble tests with different Tpeak

F=90%, B=0%, M/A=10% F=0%, B=92%, M/A=8% F=0% B=95%, M/A=5%

Tpeak=1000°C Tpeak=1200°C & # Tpeak=1350°C

T peak Ferrite bainite M/A
(°C) Fraction Fraction (%) Fraction
(%) (%)
1000 95 0 5
1200 0 38 12

1350 0 89 11
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Dual pass simulation

e Measure of dilation and Laser Ultrasonics during the
two passes.
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Austenite decomposition during two
pass simulation

e Application of the lever
rule method on the
velocity measurements.

 Excellent correlation with
dilatometer measurement

* Good method as long as
the transformation occurs
below 750°C
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Conclusions and Future work

LUMet is an attractive tool complementing more
traditional methods, i.e. metallography and dilatometry

Able to monitor austenite grain growth and austenite
decomposition kinetics during real HAZ thermal cycles

Many other applications for LUMet
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