WO 02/ 086484 PCT/ AU02/ 00501 - 1 METHOD AND APPARATUS FOR CARRYI NG OQUT
NON- DESTRUCTI VE TESTI NG OF MATERI ALS. Field of Invention 5 The present

i nventi onwoakas@&s4to a nethod and apparatus for the non- deTtAICHIIOE
testing of materials and, particularly, but not exclusively, to a nmethod
and apparatus for non-destructive testing of conposite materials. 10
Background of the Invention Non-destructive testing (NDT) may be used to
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ability to test these materials in situis very inportant.
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" 30 usually be an undefected conposite of the sane

type asldhe test material, but nay al so be a conposite having reference
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test materi al
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reference composite materials, such as aeroplane panels, for

mechanical defects. Defects can be caused by stress on

15 materials or mechanical damage from the impact of objects

on panels or defective manufacture.

The ability to test these materials in situ is very

important. Regular testing is obviously required for

safety, particularly in the aeroplane industry,

and it 1is

20 impractical to disassemble aircraft or parts of aircraft

to carry out testing.

One preferred method of NDT is to utilise a probe to

excite the test material or structure with radiation

(generally, but not exclusively, acoustic and near

25 acoustic frequencies are used for NDT) and detect a

response. The response can be indicative of whether the

test sample is faulty or not “defected”. Usually the

response is compared with a response from similar excited

radiation of a reference material or structure,

which will

30 usually be an undefected composite of the same type as the

test material, but may also be a composite having

reference defects.

Determination of whether there is a defect in the

test material usually involves merely the comparison of

35 the output waveform provided by the detection electronics

with the response signal waveform of the reference

material (which may in some cases, for example,

be an



material (which may in sone cases, for exanple, be an WO 02/086484

PCT/ AU02/ 00501 2 wundefected area of the sane aircraft - where it is an

ai rcraft werelssaki ch is being tested). Acoustic or U traseomdtoeeepoenci es
used to excite the materials are typically in the range of 5 to 70 kHz. 5
One of the nost popul ar known NDT systens -utilises the pitch/catch inpulse
test. A typical pitch/catch probe conprises 2 spring-|loaded (or otherw se
resilientlyundegated) egahact thpssagk appeextaatelieiOnicapar knwhich are

held in contact wiith the.test sanple..These are, 10 equi pped with 2
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frequency, rive frequency is chosen so as to optimsé the difference
i n recei ved tsegRaheBePhe ¥R 18N dgFeftsakbrPer86PaRESan tRGefEdVEdS4gRBLe. The
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det ect or elecyronici... |t ha Qeeq t_ug?_th%h tae RE forgance gf
presently &VAUFRLFE NBTPE§§Fe§8 of Pﬁgg ype '§ AGE 5%85. BFTERSPt
15 the response of the test sample at its contact point. The
propagation of the disturbance from the driver to the
detector is influenced by the nature of the intervening
structure and in particular, by any damage or anomaly in
this region. It is therefore (in theory) possible to
20 obtain information concerning mechanical defects in a non-
destructive manner. With composite materials in
particular defects may also include failure of adhesion
i.e. a disbond or delamination. NDT is used to detect any
defect, including disbonds and delaminations and other
25 damages of the material itself or of rivets and joints
etc.

To initially calibrate the apparatus and select drive
frequency, the drive frequency is chosen so as to optimise
the difference in received signal between a faulty sample

30 and an undefected sample. The frequency is usually
selected to provide the maximum output from the detector
electronics.

It has been found that the performance of presently
available NDT systems of this type is not good. Often it

35 is difficult to determine with accuracy whether a defect
exists or not in a test sample. Further, the present

systems comprise complex and expensive hardware. They



35 is difficult to determne with accuracy whether a defect exists or not
in a test sanple. Further, the present systens conprise conplex and
expensi vewbanads@se€. They WO 02/ 086484 PCT/ AU02/ 00501 - 3pcalmmioeyui re a
relatively high level of skill to be able to operate them and interpret
the results. It would be desirable to be able to provide a nethod and
apparatus which provides a nore reliable detection of 5 defects in test
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25 contbet Supsaaydofh&hkodsivegtisone ot her types of prior art probes may
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15 return signal from the material sample and analysing the

return signal to determine whether the material sample is
defective, and wherein the steps of receiving a return
signal and analysing it include the step of selecting a
frequency range to reduce the effect of potentially

20 interfering signals.

The applicants have discovered by experiment with
prior art NDT systems that the available pitch/catch
probes have internal structural resonances associated with
the dimensions of the driver and receive transducers, the

25 contact tips and the housing (some other types of prior
art probes may also have similar problems). These
resonances occur throughout the range 15 to 60 kHz.

In other prior art probes, however, it is possible
that resonances may occur at other frequencies.

30 Resonances may also occur below 3 kHz in present probes.

Further, the applicants have undertaken experiments
which show that for most composite panels used as test
samples there is a strong local vibration response over a
defect in the range of 5 to 50 kHz. Typical materials are

35 carbon or glass fibre reinforced plastics in a sandwich
construction with skins of these materials and a core of

Nomex or foam. Skin thicknesses can be in the range from



defect in the range of 5 to 50 kHz. Typical materials are 35 carbon or
glass fibre reinforced plastics in a sandwich construction wth skins of

t hese matwoicaloge4and a core of Nomex or foam Skin thicknesyesgiocaosobe in
the range from WD 02/ 086484 PCT/ AU02/ 00501 4 fractions of mllimetres to
several mllinmetres and core thicknessgs in the range of 5 to 50mm or
even thicker. In the prior art, therefore, the frequency range of defected
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probe resonances of the frequencies utilised in prior art
systems lead to difficulty in determining from signals
whether defects actually do or do not exist in the
samples.

20 The present invention includes the novel step of
selecting a frequency range which at least reduces the
effect of these potentially interfering signals on the
return signal. The prior art methods appear to have been
unaware of these potentially interfering signals.

25 A frequency range of between 1 and 20 kHz preferably
is selected and, more preferably, between 1 and 22 kHz.
For a typical composite material, most preferably a range
of between 3 and 15 kHz is selected. Note that other
ranges may be selected, however, where interfering signals

30 occur in other frequency ranges than in typical probes. In
general, there appears to be the tendency that materials
that are of lower density have a higher frequency range
within which interfering signals are substantially
reduced. For example, for aluminium it has been observed

35 that within a frequency range of 18 to 22kHz interfering
signals are substantially reduced and for this material

this frequency range therefore most preferably is



that are of |lower density have a higher frequency range w
interfering signals are substantially reduced. For exanple,
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interfering signals are substantially reduced and for this material this
frequency range therefore nost preferablsy 4s WO 02/ 086484 PCT/ AUO2/ 00501 -
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15 approximately 2 cycles at approximately 10 kHz.

gopggor art is

This is a

fairly broadband excitation which ensures that plenty of

energy 1s supplied within the most preferred frequency

ranges.

In order to select the preferred range of return

20 signal processing, the return signal is preferably

bandpass filtered between 3 and 15 kHz or between 18 and

22 kHz with a very high Q filter (8 pole). This

preferably eliminates both low frequency noise from

environmental structural sources and all probe resonances

25 above the upper limit of the frequency range. It leaves a

range where there is a minimum overlap of defect and probe

response (note that this range may be varied depending

upon where the interfering frequencies are occurring).

One of the other problems of the prior art is

30 presentation of the information once the signal has been

processed.

Preferably, in the present invention the method

comprises the further step of taking a reference signal

which has been obtained from a non-defective sample and

35 subtracting the reference signal from the return signal,

to give a difference result.

Preferably, the difference result is displayed.



30 presentation of the information once the signal has been processed.
Preferably, in the present invention the nmethod conprises the further step
of taki ngwe mesasence signal which has been obtai ned fromca/Atonoe®iecti ve
sanpl e and 35 subtracting the reference signal fromthe return signal, to
give a difference result. Preferably, the difference result is displayed.
WO 02/ 086484 PCT/ AU02/ 00501 6 This step has the advantage that a user is
easily able to dehesnsiepl ha@ the dﬁbﬁﬁtegeeth@subtubbatia debetty exists,

and also is _pr era abl.e t det ethe relativ ent of def ect
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conputing systemsuch 29.2Re" PR GomRuler 26, 2RY R 20885 By any

15 the return signal versus reference signal. This yields a
single number for each sample position on the test piece,
which is known here as the “damage index”. An electronic
library of saved response signals may be used to
facilitate identification of a defect.

20 Preferably, utilising the damage index, a map across
the test piece is presented on a display for viewing by
the user.

Preferably, the method of the present invention is
implemented by software utilising a computing system.

25 Input to the system is from a pitch/catch probe. The
computing system may be a standard computing system such
as a personal computer or laptop, adapted by any
additional signal processing hardware that may be
required. This is may be cheaper and more convenient than

30 the complex and expensive hardware required for prior art
systems.

In accordance with a second aspect of the present
invention there is provided a method of testing a material
sample for defects comprising the steps of applying a test

35 signal to the material sample, receiving a return signal
from the material sample, taking a reference signal

obtained from a non-defective sample and subtracting the



addi ti onal signal processing hardware that may be required. This is may be
cheaper and nore convenient than 30 the conpl ex and expensi ve hardware
requi red Woro2p8d48¢ art systenms. In accordance with a secoad/sAanpeenlof the
present invention there is provided a nethod of testing a material sanple
for defects conprising the steps of applying a test 35 signal to the
materi al sanple, receiving a return signal fromthe material sanple,

t aki ng a refrefereace gighalobtramnedef rr@ﬁuannemgdaﬂecbi weveaapl e and

subtracting .t WD 02/ 086484 PCT/ Al ereng |gnal fromthe
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with a third aspesl, gbcbhaRreseitn 5 LAYEA!LeBectherechs provded an

apparatus for testing nmaterial sanple ects, conprising neans for
appl yi ng>a tieyensiignal tb@rtehéSrrﬁﬂ-’@mléledsaﬁpﬁéparéééﬁvifﬁg EREAABIS or
recei ving thetkelidnn ssimgnals Eb@”ﬂb'ﬁ@cﬁ&tebb&brlgdﬁ@ feanrd fapal ysi s means

for anal ysing e return signal eterm ne t he mat I I
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frequency ramgastdomedace1whegethecteohrpob&ghaalEyomlmherﬁatbmgaiignals.

Preferably, the select %gﬁgggn% h%a%rr§ggegngg ?ghgckhe1§e?u§hegggﬂéﬁt_ The
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3 and 15 k@%r%ﬁe¥81%@@u%%n@Héelgﬁ%E%haQEant@%rS%EQQE%QR geans includes a
bandpass filter, preferably having a very 20 Q Preferably, the

anal ysi s neéﬁ@qPﬁ€Fﬁd€§n§en§Qn§ed&P€aﬁ6§deﬁéeﬁékéfappéﬁéFéﬁééY5|gnal
obt ai ned frQﬁk@&feQﬂﬁgf@Q@@Ql@&terla| sanple and to subtract the reference

signal fromthe r turn s give a difference 25 resul.t Pre ergbly,
the difference re EFF rg SVOV|88dS ection medns 1§ arranged to selec
15 a frequency within the range 1 to 20 kHz and more

preferably between 1 and 22 kHz. The selection means most

preferably is arranged to select a frequency between 3 and

15 kHz or 18 and 22 kHz. Preferably, the selection

means includes a bandpass filter, preferably having a very
20 high Q.

Preferably, the analysis means includes a means
arranged to take a reference signal obtained from an
undefected material sample and to subtract the reference
signal from the return signal, to give a difference

25 result. Preferably, the difference result is provided
to a display for viewing by a user.

Preferably, the analysis means is arranged to
digitise the reference signal and the return signal and
subtract the return signal from the reference signal to

30 give a difference quantity. It is preferably arranged to
provide difference quantities for a plurality of areas
across the test sample. These difference quantities, known
as “damage index” are preferably utilised to produce a map
on the display of the damage index across the area of the

35 test sample. The analysis means may-also be arranged to
filter the return signal.

The analysis means preferably is arranged to process



to a display for viewng by a user. Preferably, the analysis neans is
arranged to digitise the reference signal and the return signal and
subtract wbe2si4ss n signal fromthe reference signal to 3@CFiAI®2/a0501
difference quantity. It is preferably arranged to provide difference
quantities for a plurality of areas acrpss the test sanple. These
difference quantities, known as "damage index" are preferably utilised to
produce a mapgn@Rst hegdicaphgy of the damage index across the area of the 35
test sanple. %he anal ysis means may. al sg be arranged to filter the return
signal . The anal y3P§ RBAAYSPFelERABI FTFSCaRrPANgEE FEYPPBEESY WD 682/ 086484
PCT/ AU02/ 00%Q%ctroBicsildmalasydiodi tralsbynsEheignallgsi s neans preferably is
equi pped with an _electronic library_of. response signal I n_accardance
with & fourth aspbbt S6FCTRETFelaht 5 PREBA: FoRoCEhere 'S BFocrdsd an
appar at Us f anveastiong ahemet esi giroyadplde ahorpgefrattis, foonpeissiing aeans f or
appl ying - a,Lesl;Shoualhe (e malkettd, $8FBlesifq’ REGhY RO MERRTy: har
receiving a return slgngl fromthe material “sanp g, an ‘anafys freans for
taki ng a rePeteftesipggRal tobthicne@ tPrédml162APAEN- deF BEELVANgaRBPESand
subtracti ng rihe reeberence a Fe@nah khiegmutiherbat UnB ahEBaLall @agble,aan

di fference %ng|t’ whereby the di.fference result is igdigﬁtive of.__whet her

the materi aPREaNsiE ME3MEr &0 VK118 Br FELSHEECFI FEPBALoPLERETG ani RYSs.
Feat ur es0 and advadedges iok tshapieeaedt subveattanogwthke rbéeamacapparent from
the foll ow ng descripti 0 e i_.rent _t hereof, exanpl e

only, with Fg@g%anéekk%gfhéegggghggﬁgﬁgg g?a&?%&s% 92¥£§?%H?E20 Figure 1
is a schematriesuditagwaerebyanbgpgatdegsnice rasvdrdancendichtaneenibodi ment of
the present jRyeati @Re mEtQYi812shhpde’ BF B8€BERG AN Of a broadband
response (intensity versus frequency) of a typical NDT signal associated
wth a defect area of a test sanple;

15 Brief description of the drawings.

Features and advantages of the present invention will
become apparent from the following description of an
embodiment thereof, by way of example only, with reference
to the accompanying drawings, in which;

20 Figure 1 is a schematic diagram of an apparatus in
accordance with an embodiment of the present invention;

Figure 2 is a representation of a broadband response
(intensity versus frequency) of a typical NDT signal
associated with a defect area of a test sample;

25 Figure 3 is a representation of a broadband response
(intensity versus frequency) of a typical NDT signal
associated with an undefected sample (a reference signal) ;

Figure 4 is a representation of a broadband response
(intensity versus frequency) of a typical defect signal

30 after frequency filtering using a bandpass filter with a
transmission of approximately 3 kHz to 15 kHz;

Figure 5 is a representation of a broadband response
(intensity versus frequency) of a typical reference signal
after frequency filtering using a bandpass filter with a

35 transmission of approximately 3 kHz to 15 kHz;

Figure 6 is a representation of a frequency filtered

defect signal (voltage versus time) ;



25 Figure 3 is a representation of a broadband response (intensity versus
frequency) of a typical NDT signal associated with an undefected sanple (a
ref erenceweiognsd4y4 Figure 4 is a representation of a broasbandoeesponse
(intensity versus frequency) of a typical defect signal 30 after frequency
filtering using a bandpass filter with & _transm ssion of approxinmately 3
kHz to 15 kHz; Figure 5 is a representation of a broadband response

(intensity versusFEQegeeecyh Qfrép&é@éﬁ@ét56596€n89f§é§ﬁéhcyafl@Eeié&quency
filtering using a bandpass_filter with a 35 tran§n133|on of “approximately 3

kHz to 15 kﬂffeﬁﬁﬁﬁﬁeségpél V@ﬁF@génYSF?Hﬁ 5img ) fr@fRfency filtered defect
signal (voltage veﬁgusetsnet aVEEﬁZéQ8ﬁé8€1BﬁTbAUQZh@ﬁSQéprQSeEtgﬁge 7is a

repr esent at a fre enc tered._reference sign I tage versus
tine), and EB&U%@ ggF§p¥¥§5n?aF 6H6F 3rﬁﬁpo§epg3§eﬁ% Ryt "the danage
i ndex over a surface area of test sanple. 5 Detailed descrlptlon of
preferred e i rent [Wa " Akatus in accordance
with an enbggggégga ?e?%2§bﬁgggn%@|%vgn%?g%dugab?PFuélrated The appar at us,
general |y deS|gna86§eﬁylme Eef igHEe AuneRaPPR2TrabHpr iBedCEORBARSE2 for

applying a w&eataaleﬁebd&aeatceﬁpeaet9r5eéhtsaﬁpbatsonamd for receiving a
return signal _fromth le 3. In this E gdlnent hg nmeans 2 nmay
thy %

tes
conprise a &&ﬁV@ﬁFPGﬁgl E%?cﬁp QF@ﬁuﬁroggnﬁaé fE19pPER aded cont act
tips 151¢et raffewtent@mmapant Qnotombmmnﬁsmhlmbansnzoﬁeraappmylagea held in
cont act mnth the L,pi&c .. tLh o 5t a as a frequency
driver, and “F§ aﬁﬁ§%g%d ? g & g?%@%% &F?ﬁ 82&@?% s(g%g ?%§the acoustic to
Iow1_uItrasGRC©1Wn93uenc?tuangelgmﬁé érhwr thentast BsmplraRgedInOthss
receive theapgluh ﬁeﬁkgn%he AkLaL bhaagleea rhas QaééﬁdenEQBBHQh the test

sanple 3. Any conventional pitch/catch probe naX be utilised as
pitch/catch probe having two spring loaded contact tips

15 set about 10mm apart (not shown) which, in operation, are
held in contact with the test piece. One of these contact
tips acts as a frequency driver, and is arranged to be
driven with a test signal in the acoustic to low
ultrasonic frequency range. The other contact is arranged

20 to receive the return signal, after the signal has passed
through the test sample 3.

Any conventional pitch/catch probe may be utilised as
the probe 2. One probe which may be utilised is a probe
developed by the present inventors and which is the

25 subject of a co-pending patent application entitled “Probe
For Non-Destructive Testing” filed on the same date as the
present application, and the disclosure of which is
incorporated herein by reference.

The probe 2 is connected to a means for driving the

30 probe 2 and receiving and processing the return signal,
which, in this embodiment is a computing apparatus 3 (in
this case being a conventional PC programmed
appropriately). The computing apparatus 3 includes a
computer 4, display 5, and keyboard 6 for data entry. It

35 also includes a mouse 7 for driving a graphical user
interface (GUI).

A lead from the probe goes at least to a PCMCIA card



the probe 2. One probe which may be utilised is a probe devel oped by the
present inventors and which is the 25 subject of a co-pendi ng patent

appl i cat iwp 0e08d484 ed "Probe For Non-Destructive Testi ng" PCirlAa®2/00501 he sane
date as the present application, and the disclosure of which is

i ncorporated herein by reference. The_pigbe 2 is connected to a neans for
driving the 30 probe 2 and receiving and processing the return signal,

which, in thqb%n%@aow/@seabnw%r@o%om@ru agoe«apafa&uaoav(ekem@htaecase bei ng a

conventi onal PC opri ate T t 3
ool ches n rebsh alogalg teprbr e bERhEl ) haara ot b laata B v 1t 35

al so incIud@&rah@muse arﬁﬁe dibvbigia guaphkcatiausbe Ai/Dt echaeete@UEp. A

| ead fromt gro%%ﬁg%es Ieast to a PCMCI A card WD 02/ 086484

PCT/ AUO2/ 00 SG5t &4 A/ D conver t or (not shown) for converting the
return shgnal frohlthenprévely to hadigit Ahesfyghuk. sigopthepntpratdiron

signal is ougpul, '%ohb%r%éD Ceﬁgebkgbetaayd&h¥§uaeece&eggt%5 Tor

Al ternatively to having drive Signal output from converter,
t he probe neEgreAerdds élﬁ@HﬁFﬁyWﬁ8ﬁ whéRBr §PPAGLAUS§Tare SHEPRIRAI BRTE
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done where bil.it rovi.de an _a te_frequency .drive 10 signa
fromthe PCt ﬁda§F 153y58rP§PVl§en8P ﬁng g ge Frﬁﬁﬂﬁnﬁgyg65V80|ated t hat
sanpl e B0 shewgnad EmgmrehelpﬁaynﬁeAwartonﬁeatbargernoteavaudhb&s an

airoralt e.g -a pangl,of an gLLeraliaohect bato1Br acthonhl v paggls for

items such as aircraft are insrtu 5 appar atus of “figure 1
nust be tradspeit &5l pars bé ablergsr b&emss8choasesh pRecireém Brndquést i on.

A PC, for eg@%heof h$ %@%'clﬂéf‘i:r angBeet ahke, a?@a@§ll’:9m9yaspbh@l'seﬁgrB to
the probe | ong_enough it i s easy to tss itens in ské with this

appar at us. 26eMm§ §B€Br6§n€érﬁFﬁﬁttﬁéepF§§Eﬁ LhvEAtHon SOt

15 apparatus of figure 1 must be transportable to be able to
be used to test the item in question. A PC, for example,
is easily transportable and as long as the lead 8 to the
probe 2 is long enough it is easy to test items in situ
with this apparatus.

20 In accordance with the present invention, the
computing apparatus 3 is arranged to cause the probe 2 to
output a drive signal which is preferably selected to be
approximately 2 cycles at approximately 10 kHz. This is a
fairly broadband excitation which ensures that plenty of

25 energy 1is supplied to the composite test piece in the 3 to
15 kHz range. This range is chosen, as discussed above,
in order to avoid the problems that have occurred in the
prior art, in particular with interference from resonances
due to the probe 2. However, it will be appreciated that

30 for other materials the frequency range may be different.
For example, for aluminium it has been observed that the
frequency range within interfering signals are
substantially reduced is within 18 to 22 kHz.

In this embodiment the received signal is bandpass

35 filtered between in the order of 3 and 15 kHz with a very
high Q filter (8 pole). 1In the preferred embodiment,
computing apparatus 3 implements the filter by means of



conputing apparatus 3 is arranged to cause the probe 2 to output a drive
signal which is preferably selected to be approximately 2 cycles at
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to 15 kHz range. This range is chosen, 1as-di scussed above, in order to
avoid the problens that have occurred in the prior art, in particular with
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referemce sanpl panmdpabe region.

A reference signal is provided by sampling an area of
undefected sample. In operation, where aircraft panels
are being tested, for example, the reference sample may be
taken from an area of aircraft panel which is known to be

20 undefected. A similar waveform is digitised from the
region of “good” panel and stored by the computing
apparatus 3. In accordance with the present invention,
the reference signal is subtracted from the return signal,
to give a difference result which is indicative of whether

25 there are any defects in the test sample 3.

In this embodiment, the fast Fourier transform is
computed for both the return signal waveform and the
reference signal waveform. The integrated difference
between the two waveforms, in either time or frequency

30 space, is calculated by summing the absolute value of the
point by point difference over the whole or sum user
selected part of the waveform. This yields a single
number for each sample position on the test piece,
referred to here as the “damage index”.

35 In operation, a plurality of return signals are taken
by passing the probe 2 over the test sample 3 at a
plurality of points on the test sample 3. The damage



taken froman area of aircraft panel which is known to be 20 undefected. A
simlar waveformis digitised fromthe region of "good" panel and stored
by the cowpukioggs4 apparatus 3. I n accordance with the preeemtAtowesti on,
the reference signal is subtracted fromthe return signal, to give a
difference result which is indicative-ofiawhether 25 there are any defects
inthe test sanple 3. In this enbodinent, the fast Fourier transformis
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15 Areas of damage are indicated by reference numerals 50.

Figure 1 is a representation of a broadband response
of a typical signal associated with a defect area of a
test sample and figure 2 is a representation of a
broadband response of a typical signal associated with a

20 reference area (or reference sample). As can be seen both
signals have relatively high intensities between
approximately 13 and 45 kHz. These large signals are
believe mainly to relate to resonance responses arising
from non-defective areas in the probe housing.

25 In accordance with the present invention, utilising
the high Q (8 pole) frequency filter with a transmission
of approximately 3 kHz to 15 kHz results, for a typical
composite sample, in defect and reference signals as shown
in the examples of figures 3 and 4. As can be seen from

30 these figures, the defects signal in figure 3 has
significantly higher relative intensity compared with the
reference signal of figure 5. Figures 6 and 7 show the
corresponding frequency filtered NDT defective reference
signals, respectively, in the time domain.

35 The restriction of NDT signal processing to the
frequency range 3 kHz to 15 kHz for typical composite

materials therefore, preferably addresses problems



of a typical signal associated with a defect area of a test sanple and
figure 2 is a representation of a broadband response of a typical signa
associ at esowRdrasd 20 ref erence area (or reference sanpl e) PCAAW2N0I0E Seen
both signals have relatively high intensities between approximtely 13
and 45 kHz. These large signals are behgeve mainly to relate to resonance
responses arising fromnon-defective areas in the probe housing. 25 In
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15 The present invention is not limited to the use of a
pitch/catch probe. Other types of probes may be utilised,
such as ultrasonic pulse echo probes, eddy current probes,
and others.

In the above embodiment, the filtering which is

20 applied to select the return signal is done by way of
computer software. It will be appreciated that a hardware
filter may implement filtering, and the present invention
is not limited to filtering by software.

The apparatus of the present invention is implemented

25 utilising a conventional PC. It will be appreciated that
it may be implemented utilising any computing system or
even hardware, and is not limited to being implemented

using a PC.
It will be appreciated by persons skilled in the art

30 that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the
invention as broadly described. The present embodiments
are, therefore, to be considered in all respects as

35 illustrative and not restrictive.



15 The present invention is not limted to the use of a pitch/catch probe.
O her types of probes may be utilised, such as ultrasonic pul se echo
probes, eaow208448e£nt probes, and others. In the above enpodiat®a09501 he
filtering which is 20 applied to select the return signal is done by way
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15 3. A method in accordance with claim 1 or claim 2,
wherein the frequency range selected is between 1 and 22
kHz.

4, A method in accordance with claim 3, wherein the
frequency range selected is between 3 and 15 kHz.

20 5. A method in accordance with claim 3, wherein the
frequency range selected is between 18 and 22 kHz.

6. A method in accordance with any one of the preceding
claims wherein the step of selecting a frequency is
implemented by filtering the return signal.

25 7. A method in accordance with any one of the preceding
claims, comprising the further step of taking a reference
signal which has been obtained from a non-defective
sample, subtracting the reference signal from the return
signal, to give a difference result.

30 8. A method in accordance with claim 7, wherein the
difference result is provided as a difference number which
is calculated by summing the absolute value of the point
by point difference over the whole or some user selected
part of the return signal versus the reference signal.

35 9. A method in accordance with claim 8, comprising the
further step of utilising the difference result to produce

a display of the difference result in relation to position



wherein the frequency range selected is between 1 and 22 kHz. 4. A nethod
in accordance with claim3, wherein the frequency range selected is

bet ween 3weandoddskHz. 20 5. A nethod in accordance w th clrairmmz/oedoer ei n
the frequency range selected is between 18 and 22 kHz. 6. A nethod in
accordance wth any one of the precedings cl ainms wherein the step of
selecting a frequency is inplenented by filtering the return signal. 25 7.
A nmethod i noacedkdaree wahiplany one of the preceding clains, conprising
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15 frequency of between 1 and 22 kHz.
13. An apparatus in accordance with claim 12, wherein the
selection means is arranged to select a frequency of
between 3 and 15 kHz.
14. An apparatus in accordance with claim 12, wherein the
20 selection means is arranged to select a frequency of
between 18 and 22 kHz.
15. An apparatus in accordance with any one of claims 10
to 14, wherein the analysis means includes a means
arranged to take a reference signal obtained from an
25 undefected material sample and to subtract the reference
signal from the return signal, to give a difference
result.
16. An apparatus in accordance with accordance with any
one of claims 10 to 15, further comprising a display means
30 for displaying the difference result.
17. A method of testing material sample for defects,
comprising the steps of applying a test signal to the
material sample, receiving a return signal from the
material sample, taking a reference signal obtained from a
35 non-defective sample and subtracting the reference signal
from the return signal, to give a difference result,

whereby the difference result is indicative of whether the



wherein the selection neans is arranged to select a 15 frequency of between
1 and 22 kHz. 13. An apparatus in accordance with claim 12, wherein the
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14. An apparatus in accordance with claim 12, wherein the 20 selection
means is arranged to select a frequency,gf_ between 18 and 22 kHz. 15. An
apparatus in accordance with any one of clains 10 to 14, wherein the
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