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Non-Contact Ultrasound
Diagnostics for the
Ceramic Industry
A novel ultrasound sensor can help enable process and
quality control across the ceramic industry.
BY FABIAN LÜCKING, PH.D., SENIOR APPLICATION ENGINEER, XARION LASER ACOUSTICS GMBH

F

rom the aerospace
to semiconductor
industries, technical
ceramics are gaining
traction in many
areas of modern

manufacturing. Acoustic
emission process control holds
great potential for the ceramic
industry, but conventional
sensors face serious
challenges in the field. A noncontact ultrasound sensor
was recently introduced that
addresses these challenges.
Based on a purely optical
detection scheme, the sensor
combines true impulse
response and high sensitivity.
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Such high-bandwidth

sensors do not have to be

More often than not, this is a
disadvantage. As acoustic emission
from all over the workpiece and
the machine (and potentially those
located next to it) can reach the
detector, small signals are easily
overlooked. Shielding unwanted
acoustic signals is difficult, and
arduous computational postprocessing is often unavoidable.
Things become even more
complicated when the workpiece
cannot be contacted directly, whether
it is too small, too hot, too brittle,
moving fast, or part of a continuous
feed. In these cases, a non-contact
means of acoustic sensing is desired.
Until recently, this was not
achievable. Piezoelectric transducers
for airborne ultrasound suffer from

Figure 2

The experimental arrangement.
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provide a means of process
control. Imaging techniques
(including thermal
methods) may be employed,
but they quickly reach
their limits for parts with
complex geometry or small
parts in high volumes.
The advent of additive
manufacturing techniques
to the field of ceramics is
bound to aggravate these
problems.4
The situation is similar
for compound parts
incorporating ceramic
elements. A metal coating,
for example, may easily
mask structural defects to
optical detection, calling
for a 100% inspection using
time-consuming techniques
such as X-ray computer
Figure 3

3D spectrogram of the sound recorded emitted during the experiment. While the drill noise
falls off rapidly above 100 kHz, the fracture of the pencil lead near the 15 sec mark emits an
acoustic shock front that spans the entire measurement range.

tomography. Non-contact
ultrasound surveillance
provides an attractive
alternative. Instead of
examining the part off-line,
it identifies defects by their
acoustic fingerprint in the
line, right when they occur.
A simple demonstration of
the capabilities of the optical
microphone is shown in
Figure 2 (p. 23). A pencil lead
is fixed to a holder, while the
optical microphone is placed
10 cm away. An electronic
power drill is operated right
next to the holder to simulate
significant acoustic and
electromagnetic background
noise. The optical microphone
output is digitized and
displayed in the form of
a spectrogram (see Figure
3). Modern computers are

Figure 4

Detailed view of the fracture ultrasound emission taken from the same dataset.

capable of performing these
steps in real time.
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breaks, emitting a tiny

to perceive with the drill
running nearby. However, the
optical microphone allows us
to reach beyond the human
perception, and things look
different in the ultrasound.
The noise of the drill
(generated from its power
supply, the gearbox and
bearings) is loud, but does
not extend further than 100
kHz. The apparently tiny
pencil break, in contrast, is
revealed to be a continuum
of frequencies, exceeding 1

Figure 5

Two-dimensional cross-section of the sound field of a focused ultrasound transducer.

MHz. In time domain, this
corresponds to a rise time
of the sound pressure in the
sub-microsecond regime.
Figure 4 shows a detailed
view of the fracture event.

detectable by the optical
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merely scanning the sensor

In all such materials,

trivial; there is simply no

across the volume of interest

similar signals are obtained

broad-band sensor for

yields a true sound field

upon fracture. They can

airborne ultrasound.

measurement.
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Acoustic methods,

For more information, contact the
author at f.luecking@xarion.com or
visit www.xarion.com.
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