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Absiract. The detennination of the clastic meduli of maltcrials by means of the measurcment of
the frequencies of the clastic modes has become a celcbrated weolmigoe (pulse excitation
technigue). e non-destructive characler and its case of nge in alinost all circumstances make jt
very altractive for rescarch as well as industrial environments, This work deseribes the state of
the art and reporis on the development of a non-contact 1ascr-based sensor 1o detect the elaslic
doformations of nipdorials oven at {cmperalures up to 1200°C,

1. Introduction

‘The knowledge of the clastic constants such as the Young's modulus, the shear modulus and Poisson’s ratio of
cngincering materials s indisponsable for desipn and constiuction purposes. The most common technigues to
deicrmine the elastic propertics arc

1. Static bending

2. Wltrasenic meihod

3, Resonance method

4. Impulse cxcilation techniyue

The wse of the lirst threc lechniquos at high 1ompomture introduces several fechmical and practical
complications. The impulse excilation technique, on the other hand, allows non-conlact measurement of clustic
waves in maderials cven at a remole disiance. In this study. it is shown that the polentialitics of this {cchnique
can be enlarged by optical deteclion of the glastic waves and this opens new opportanities for high temperature
nialcrinls charactorisation and quatity control.

2. Impulse excitation echnigue

A macroscopic b clastic distoriion in a malerial will propagate by means of clastic. waves. The typical
frequencies of these waves lic between 0.1 Hz at 100 k132, Once clastic waves arc ereated, they are subject lo
scveral damping mechanisms which depend strongly on matcrinls properties. Depending on the shape of the
specimens, however, some modes can persist longer as standing waves with frequencics which are related to (he
dimensions and maicrial propertics of the specimen. Phe standing wave mode with the lowest frequency, the
so-caticd imdamenial or ground mode. has the lJargest amplitude aid is consequently most suited for detection.

The wave equation of clastic waves in a material are solutions of a fontth-order differential cquation which
depend on the boundary conditions (i.c. the shape of the specimen) in a very complicated way. Therefore, the
dependence of the frequencies of the clastic modes on materials propertics such as the clastic moduli. density
elc.... has thcoretically becn delermincd for some spocific simple peommctries like rods and bars only.
Consequently, most of 1he test specimens have prefoeeably this particular shape, Although cvery clastic mode
containg plysical information aboul the material wnder investigation, the knowledge of the frequency of the



ground mode sulfices to defermine the clastic constants. The results of iheoretical calculations can be found in
Hterature | 1-6].

The transient (cchnigue by which clastic propertics are obtained frem clastic wave analysiz is known as the
Impulsc Lixcitation Technique or the Dynamic Resonance Mcthod. After a sainple is struck mechanically, the
matcrial vibrations arc capiured by a sensor and converied into an electrical signal which can be analysed.

A short time afler the impact, most of the (ransient and higher order clastic waves are dissipated snd the
ground mode is the remaining vibrational mode (sce figure 1), Since the technique is focuscd on detcrmining
the frequency of the ground mexic, spectral analysis as well as a time analysis of the vibrational modes are
appropriaic. The last technique is based on simply counting zero-pagsages of the remaining groond inodc and is
used in commercial instromcnis Tike she GrindoSonic, As soon as the frogquency is doduced, clastic moeduli can
be ealewlaled.
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Figure I

A brass bhar vibrating in s groard mode (LOF Secarndy affer excitation. The vibrations were
caprured by means of o Doppler interferometer, All vibrations except the ground wmode are
dissipated. The modulation of the exponential demping of the grownd mode s probabiy a result
of the motion of the centve of mass of the bor due To excifation.

All longitudinal and flexural ((rmsverse) vibrational wodes are related to Young's nwxhulvs, ‘The torsional
modes pive information abount shear modulus. In literatwre il is described in detail which procedures have to be
followed and how 1cst specimens have 1o be excited in order 10 aclivalc the dosired vibrational modes |7-131.
The powet of the impulse excitation technidue lics in the fact that the low-level stress which is applied io the
maierial docs not initiate non-linear or non-clastic phenomena. The stress itsclf is applied in a very shotf time
imlerval (a pulsey and makes Jong-lilue interaction with the specimen as in (raditional siatic tcchnigues
supctfivous, The excitation creales a broad spectsum of vibrations including the gronnd mode. but withowt
initialising inctastic distortions or molion of the contre of mwass, Nevertheless, the excitation may cause
practicat problems. cspecinily when the specimens arc small or light {motion of the contre of mass!) or placed
in a furnace bul it is astonishing how casily the ground mode can be activated by even the lightest strike or 1ap.

3. Detection of elastic waves

The most crucial part of the itnpulse cxcitation technique is the sensor by which the olastic waves arc capiured.
Preferably. detection should be performed without making contact to the sample. The most obvions non-contact



sensof, considering the frequency range, is a microphone. Although wselul in a very wide range, it is very
scasitive for disturbance and noise from the enviromnent, By using winve guides. the sound waves can be
channelled. This technigue is used 1o register the sound waves of a specimen at high {icmperature outside a.
furnace. The frequency of the pround mode of a bar of SiC as a function of tempcrature mcasured by this
techhique is shown in figure 2,
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Figure 2

The firequency of the transversal efastic ground mode of o SIC bar between 20 and 1120 C
meastred by means of a microphone at the end of a ceramic wave guide trough the walls of the .
Jirnace. The data were analvsed with a GrindoSeonic.

Piczo-clectric scnsors, on the other hand, make direct contact to the specimens and may distort the clastic
modes, aliering the frequencies, Bt cotmonty thiz offcet is negligible. For sufficiently miassicve spocimens
these 1ypes of scnsitive sensors have becomge {he standard sensor for several applications.

As a conclysion, afthough the available sonsors cover a very wide range of applications. moasurcments at high
amdl low temperatuwres, in hostile environmcnts, on small specimens, in vacuum, of¢...can not be performed
cagily. ‘I'hereforc. an optical sensor was developed,

4. Optical delection of elastic waves.

‘The detection of wave phenomena Hke altra sound by imcans of optical (cehniques 15 a well established
tcchnique in solid state physics and maiterials eescarch, This indieaics that optical sensors are very swited foo for
the detection of clastic disiorions in materials in the high and low temperalure rasge and in very small
specimens, Probably, it can replace ihe conventional sensors in some slandard applications.
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Principle of the detection of elastic waves in materials by means of an interferomctric
configiration (Michelson interferometer), The materials surface acts as a mibrror in ane of the
arms of the inferferomeier. Ivor detalls yee fexi.

Oplical techniques can be divided roughly into imterferometric and hon-islerferometric technigues {14]. The
practical problems which enc crcounicrs with amy optical 1echnique are vibrations of the setup, scaticring duc
10 rough surfaces, air turbulence in furnaces, interfering reflections on windows of furnaces and cryvosiats, etc...
Actually. there is no nniquce optical detection techpigque which covers all applications

The configuration of an ierferometric sotup is shown in figure 3. AWl intciferomctric sensors are based on the
principie that (commonly) a lascrbeam is reflected on the vibrating materials surface ( which acts as onc of the
mirrprg in g Michelgon interferometer) and interferes with the undisturbed lager beam, The clastic waves have
csscnlially two cffects on the roflecied light: a phase modulation and a frequency shift. The information
contained in this light is. afier detection, processed by slandard clectronics. A description of the used
fcchniques can be found briefly in reference 14, A dewiled desceripiion of the gensor will be published
clscwhere, '

As a result of calculations and experimenial evidence, we found that clastic waves with amplilndes of af Icast
100 ywm can easily be detected. The selup was tesied on several samples with rather smooth surface. The signal
was analysed by a GrindoSonic apparatus. The tesiing of the sensor on samples with rough surface and on
samples at high temperature (the aim is at least 1200° C) is still going on. The experimemtal configuration vsed
for the high tempermure measurcment is shown in figutre 4.
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