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Applied Acoustics Team

Cristian Pantea http.//www.lanl.gov/orgs/mpa/mpa11/AcousticsAndSensors Team

Team Leader o John Greenhall
Vamshi Chillara Research Scientist
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Our research - Applied Acoustics

Development of instrumentation, methods and sensors with a focus on difficult and

challenging conditions (high pressure, high temperature, corrosive media, radiation, etc.)
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Elastic Properties Determination

In-situ Materials Characterization (Elastic Properties) at Conditions of High Pressure and High
Temperature, Corrosive Media, etc.

* In-situ determination of elastic constants: = 0.46 GPa
» Bulk Modulus
» Shear Modulus

» Young Modulus

» Anisotropy

» Poisson ratio

» Acoustical Nonlinear Parameter
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» Time-domain measurements
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In situ Ultrasonic Monitoring of Additively Manufactured Structures

Blake T. Sturtevant, Cristian Pantea, Dipen N. Sinha
Materials Physics & Applications, Los Alamos National Laboratory

Structural Resonance Evolution During Build Rayleigh Waves

Background

= Stresses can arise during the AM build process % = Rayleigh waves (surface acoustic waves or
» Large and fast (103-10° K/s) local thermal » Ewvery solid object has a unique resonance c SAWSs) propagate on the surface of a
cycling spectrum g structure
+ Can lead to deformation of part after + Resonance peaks (right) correspond to w = Mostof their energy is confined to within a
release from build plate different structural vibration modes E few wavelengths of the surface {material
+ Can observe how individual resonance modes @ deformation shown below)
1 1 change frequency over the build procass w +  Provides extreme sensitivity to surface
- = Deviation from expected behavior o defects or residual stress on surface
indicates stress, defects, or damage § i GH
Additive Manufacturing magazine BAE Systems Advanced Technology E
= Residual stresses can lead to early and/for o : —
catastrophic part failure yend/ Finite Element Modeling Frequency Rayleigh wave propagating left wo right

Loca| material deformation of
2 Rayleigh wave

cC = ;l,f (speed is constant)

= By varying frequency, can change the depth
probed below the surface

= Tracked individual resonance peaks throughout the build process
= Build is of a 5 cm tall stainless steel hollow cylinder with an endcap
= At 3 cm, artificially changed elastic modulus of material (mimics residual stress)
* Observed resonance frequency shift from that of a “good” part (constant elastic modulus)
= Different resonance modes have different sensitivity to different changes in material properties

120 \\
/ R

» Defects (voids, microcracks, inhomogeneities)
can also arise as a result of the build procass

= Need technigues for monitoring for stresses and

defects, in sitw, during the build process, to

enable adjustment or termination of build

Why Ultrasonics? 1004 Ultrasonic Nonlinearity

80-.,\'

60+

= Defects produce nonlinear acoustic signals
= (microcracks, voids, inhomogeneities)
+ Higher harmonic {2*f, 3*f, etc) generation
= Strength of the harmonic signals (degree of

nonlinearity) provides a way to guantify
presence of defects

Inherently non-destructive
+ Can be performead non-invasively and even non-
contact
= High temperature capabilities (>1000 °C)
+ Ultrasonics probe the material properties that
are most affected by defects and stresses
= Mass density
= Elastic moduli
+ Elastic nonlinearity
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= Many complementary technigues can be - - - x — hes T Frequeney=f Y10 N\ Frequency=£
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= Bulk acoustic waves — traveling and Build Height {cm) e g Defect free material o
standing (bulk properties) ri
= Surface acoustic waves (surface strasses ] = ﬁ ﬁ Excitation Signal e Received Signal
and defects) SN w i ANAER . )
+ Nonlinearity studies (presence of defects) (dashed lines show how resonances change when elastic modulus changes @ 3cm) FL} 1.'\' .;'.913#{
+ Can probe the bulk of metals and other optically - - s TS ) A
opaque materials Can detect changes of <1% in elastic modulus e e PR
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Concentration of Particles in a Tube

Sound field is turned and OFF.
Piezoelectric Transducer @ 1.5 MHz
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Acoustic Flow Cytometer

Acoustic focusing cytometry

— Capillary
— 4l

600 um capillary, Flow™~ 200 uL/min
20 um polystyrene beads

Real Time Video

Biological cell analysis

Thermo Fisher Scientific



! Applications of Acoustic Techniques

3. Detect and quantify particulate matter, liquid droplets, and gas bubbles in flowing media
through Doppler Spectroscopy

20-50 micron sand particles
<= moving through mineral oil in
a vertical metal pipe

Ultrasonic Visualization of
sand in water

Doppler Spectroscopy

The spectrum contains information
about particle size and concentration

Detection Sensitivity: ~ 5 grains of sand

"3 Size range: 1 — 100 micron



Two parts adhesive curing monitoring with ultrasound
Summer project with FIU - Gonzalo Seisdedos

Compressional Sound Speed with Respect to Curing Time
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Quasar International (Albuquerque)

- Graphical lllustration -
Part Sorting Using Pattern Recognition
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Predicted Frequency - kHz

Measured & Predicted Resonant Frequencies for 200 Aluminum Master Cylinders
MTS = Mahalanobis Taguchi System

Quasar’s VIPR program computes MTS
Compensation Equations




Elastic Moduli vs. Density

o RUS - a nondestructive, very difficult to spoof, well-tested
measurement method.

Bulk Modulus (GPa)

240 B s @ o Good correlation between
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3DHEAT (3 dimensional high explosive acoustic

temperature)
Acoustics diagnosis of thermal damage in Pentolite

it L=

Center temp. [°C]
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Machine learning, CNN (convolutional neural network)

Training: 10 Nov 20 (~3750 samples)
Testing: 10 Nov 20
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Applications of Acoustic Techniques

Acoustic weld defect detection

» Weld detection in dense materials (Ta) Weld line
challenging for radiography ]

« Solution: scanning acoustic |
microscopy '

Subsurface defect

5mm

Optical microscopy of

Acoustic microscopy of Ta
Ta plate

Inclusions intentionally
introuced 180° apart
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*" " ACCObeam:

Acoustic Collimated Beam
Precise, inexpensive monitoring of fractured rock, concrete, and metal

Cristian Pantea,
Dipen Sinha, and
Vamshi Chillara

* Collimated, powerful beam
enhances image resolution

* | ow-frequency beam for
deep penetration

* [nexpensive and simple to
produce

* Applications range from
wellbore safety to biomedical
(N EN]

"« Los Alamos

—_—

»

Apply acoustic sensors
to measure moisture
content of feedstock
in real-time

Integrage sensors and |

“smart” chutes to
discard unacceptable
material
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tegrated

Minimize biorefinery
downtime and reduce
operating costs

Enhance the
commercial viability
of biorefineries
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