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ABSTRACT

A 13 mJ NdYAG 1064 nm, 4 ns, laser pulse was employed to produce ultrasonic plate waves in 20 percent
porous SiC/SiC composite tensile specimens of three different architectures. An air coupled 0.5 MHz transducer was
used to detect and collect the waveforms which contained first antisymmetric plate wave pulses for determining the
shear wave velocity (VS). These results were compared to VS values determined on the same specimens with
0.5 MHz ultrasonic transducers with contact coupling. Averages of four noncontact determinations on each of 18
specimens were compared to averages of four contact values. The noncontact VS’s fall in the same range as the
contact. The standard deviations for the noncontact VS's averaged 2.8 percent. The standard deviations for the contact
measurements averaged 2.3 percent, indicating similar reproducibility.

Repeated laser pulsing at the same location always lead to deterioration of the ultrasonic signal. The signal
would recover in about 24 hr in air however, indicating that no permanent damage was produced.

INTRODUCTION

High temperature materials are of increasing importance in development of more efficient engines and
components for the aeronautics industry. In particular, ceramic matrix composite (CMC) and metal matrix
composite (MMC) structures are under active development for these applications [1].

The acousto-ultrasonic (AU) method has been shown to be useful for assessing mechanical properties in
composite structures [1-8]. In particular, plate wave analysis has been shown to be useful [1,9,10] for characterizing
composites in terms of the stiffness moduli. It is desirable to monitor changes in mechanical properties which occur
during thermomechanical testing. It is also desirable to monitor the health of components whose geometry or
position make them not readily assessable to conventional ultrasonic probes. For these and other similar applications
it would be useful to apply AU by means that do not require direct coupling to the surface of a subject to be
interrogated [11].

The use of a laser as a remote ultrasonic input source and also as an ultrasound detector have been under
investigation for a number of years [12-15]. The use of an ultrasonic transducer, coupled through an air gap has also
been under study [16-17].

It has so far been the experience in this laboratory that the use of a laser as an ultrasonic input medium has
been more successful than as an output device. On the other hand, we have been more successful using an air coupled
piezoelectric transducer as an output device than as input. For this reason we have studied the combination laser in -
air coupled transducer out. This work describes the use of the pulsed NdAYAG laser as the input ultrasonic source in
conjunction with an air coupled transducer as the detector.

EXPERIMENTAL

Figure 1 illustrates the experimental arrangement for doing laser in - air transducer out on SiC/SiC
composite tensile specimens. The NdYAG pulse is directed downward by a 90° infrared prism to the top, but at the
edge of one end of the specimen. The laser was single pulsed at approximately 13 mJ per pulse as measured by the
energy sensor before passing through the prism. The prism attenuated 15 percent of the energy of the beam. The



energy sensor also provided an output trigger for the waveform time delay synthesizer.

The air coupled piezoelectric transducer was broadband and centered nominally at 0.5 MHz. It was coupled to
the air through a buffer which was shaped to focus the ultrasound 2 in. beyond its surface. We have shown that, for
the case of CMC specimens of the present geometry the frequency range is very much dominated by the lowest anti-
symmetric plate mode [2,10]. This mode, in turn, is sensitive to shear and flexure moduli [2], and, in SiC/
Reaction bonded SN composite it has been shown sensitive to fiber/matrix interfacial shear strength [9].

Since the laser beam was directed at one end of the specimen the stimulated ultrasonic signal left the site in
only one direction, thus simplifying the identification of the subsequent reflections off the opposite ends by the
lowest antisymmetric plate wave pulse.

Figure 2 illustrates the experimental arrangement for doing conventional contact measurements on the
SiC/SiC composite tensile specimens. In this case, broadband piezoelectric transducers, with 0.5 MHz center
frequency, are coupled to the surface of the specimen through elastomer pads. The arrival time at the receiving
transducer of the lowest antisymmetric plate mode pulse is regressed against the transducer separation s, for several
values of s. The slope of the regression curve yields VS. This is discussed in detail elsewhere [10].

CMC MATERIAL USED

Six specimens of each of 3 layups, 0/90, +45, and [0/+45/90/-45];, of approximately 20 percent porous

SiC/SiC were studied. They had 40 percent fiber fraction. Each layup was in eight ply panels cut into 0.5" X 6.0"
rectangular bars with thickness 0.25 to 0.29 cm. After being cut into rectangular bars they were treated with a seal
coating.

. DETERMINATION OF SHEAR WAVE VELOCITY, VS

Figure 3 shows a typical laser - air waveform collected from a SiC/SiC tensile specimen with the time
synthesizer trigger delay set at zero. With no delay, a transient effect, possibly electronic sometimes dominates the
early part of the waveform. In the case of figure 3 this occurs within the first 25 ps of this 500 ps record. The first
of the antisymmetric plate wave pulses generated by the laser comes at about 154 ps. If we take the velocity of
sound in air as 340 m/s [18], then the time to cross the 2 in. from the specimen surface to the focussed transducer is
149 ps. Thus the air gap crossing accounts for most of the long delay.

Figure 4 is similar to figure 3 except that the digitizer trigger delay is set at 125 ps and the digitized record
is 200 ps. This waveform contains four prominent pulses which are the lowest antisymmetric plate wave after
consecutive reflections off of the ends of the specimen. Figure 5 shows the interpretation of the path history of these
pulses. The pulses a, b, ¢, and d in figure 4 correspond, respectively, to the times t, t, t;, and tg in figure 5 that the
lowest antisymmetric mode signal passes the place along the specimen where the air coupled transducer is focussed.

During the time intervals t. - t, and t4 - t, the lowest antisymmetric mode signal makes two crossings of

VS=2L/(t, —t,) =2L/tg -, ) o)

the length, L, of the specimen. The velocity, VS, can be calculated from:
So there are two values that can be compared for consistency.

The pulse times are determined in the same manner for contact measurements which are described elsewhere
[10]. The signal is frequency filtered for the pulses. The amplitude spectrum of the figure 4 signal is shown in fig-
ure 6. This shows that the 0.32 to 0.5 MHz portion, which is the sensitive range of the air coupled transducer, is



dominant. A bandpass filter of 0.4 to 0.5 MHz is chosen for the calculation. For the present specimen material and
configuration this is the important range for the pulses.

The specimen can be rotated end for end and also top for bottom for a total of four orientations with the
same geometry. This is done to obtain four values of VS from equation (1). Averages and standard deviations of VS
are reported from these four values.

Figures 7 and 8 show, respectively, the time domain and magnitude spectrum of a contact measurement
signal collected on the same specimen as shown in figures 4 and 6.

For the noncontact case discussed above all pulse arrivals t,, ty, t;, and tg4, for a given VS calculation were

taken from the same waveform record. The energy sensor trigger was not precise enough to reliably compare arrival
times from different records. However in the contact measurements a pulser trigger was used. This is sufficiently
precise that individual pulses could be collected in a record and compared with others for VS determination.

Any differences between the two measurements are within the range of validity of the VS values. The
noncontact VS is an average over the total length of the specimen. The contact VS is an average over the positions
of the receiving transducer during data collection. If the specimen VS is nonuniform these could be different.
However, in the present case, any nonuniformity was not detected.

RESULTS AND DISCUSSION

The noncontact average VS's are plotted against the contact average VSs in figure 9. The standard deviation
of the 18 sets of velocities were determined. The average for the non-contact data is 2.8 and for the contact it is
2.3 percent, indicating very similar reproducibility. Standard deviation bars are not plotted in figure 9soasto
increase visualization of the correlation between the contact and noncontact VS. The trend from low to high VS
would be less impressive with the standard deviations plotted. The correlation coefficient for linear regression of
these data pairs is R2 = 0.32. The important result is that this noncontact technique gives results for VS that are as
reliable as the conventional technique with contact coupled transducers.

It was observed that repeated laser pulsing at the same location always leads to deterioration of the
ultrasonic signal. However, the signal would recover in about 24 hr in air, indicating that no permanent damage was
produced. The mechanism of this deterioration is thought to be evaporation of a regenerating surface layer, possibly
water vapor, that is essential in transforming the laser energy to ultrasonic energy. Attempts were made to accelerate
the recovery of the signal by applying water. But this was unsuccessful.

CONCLUSIONS

The laser in - air coupled out system has been shown capable of providing data as accurate as with contact
coupled transducers in the case of determining the velocity associated with the lowest antisymmetric plate mode for
SiC/SiC ceramic matrix composites.

RECOMMENDATIONS

It would be useful to explore the nature of the mechanism which converts laser pulse energy to ultrasonic
energy in this system. With this information it may be possible to devise a technique for repeated laser pulsing
without ultrasonic signal deterioration.

It would also be useful to do laser - air experiments at significantly higher laser energies. Higher laser
energy will produce larger ultrasonic signals which will, in turn, allow accurate determination of other acousto-
ultrasonic parameters.

A further value of higher laser energies is to determine the damage threshold for typical CMC systems of
aeronautical interest.
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