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of invention. The present invention relates to a probe for use in 5 the
non- dest rwotewssdresti ng of materials, and, particul arly, PoEAURN0494
exclusively, to a probe for use in the non-destructive testing (NDT) of
structures and conposite materials. 1Q Background of the invention.
Non-destructive testing (NDT) is used to test a nunber of materials, in
particul ar conposite mat @ROPES FORS MON-dESHRUCTSO® tresmanef acture aircraft
and other itens. It is not feasible to test itens such as an aircraft for
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springs 25 zthpdBite aamkadhla.test sanple 27. Each probe assenbly 21 and
22 is equipped with a transducer 28, 29 such that one can act as a driver
and the other as a detector (the operation may be interchangeable). The 30
avai | abl@ dBer&ginosgderdy thendeviesitwode, typically 5 to 70 kHz. The drive
signal Is general kpnaasBehicraye Ue@tgngUQND&‘? fsCykes ol cabpugoi d at a
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the prOpaga&%OQSO%th%easible to test items such as an aircraft for

15 damage by disassembling the aircraft first. The testing

| needs to be non-destructive. Generally, but not
exclusively, acoustic and near ultrasonic frequencies are
used for NDT.

A typical NDT system is the pitch/catch system,

20 employing a pitch/catch probe. A schematic cross-section
through a typical pitch/catch probe showing the
fundamental elements of such a probe is illustrated in
figure 4. The pitch/catch probe 20 includes first 21 and
second 22 probe assemblies. The probe assemblies include

25 respective contact tips 23 and 24 which are spring loaded
by springs 25 and 26 to contact a test sample 27. Each
probe assembly 21 and 22 is equipped with a transducer 28,
29 such that one can act as a driver and the other as a
detector (the operation may be interchangeable). The

30 available drive frequency range is wide, typically 5 to 70
kHz. The drive signal is generally a short wave train, up
to 6 cycles of sinusoid at a user selected frequency
within the above range. The drive signal may
alternatively be impulse or step excitation. The detector

35 measures a response of the test sample 27 at its contact
point. The theory is that the propagation of the

disturbance from the drive to the detector is influenced
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15 from a plurality of points across the panel. Typical
pitch/catch probes are hand held and move from one place
to another over material being tested whilst viewing the
result on a graphical readout.

Often, a reference frame is required so that

20 positional information can be obtained from the probe. In
the prior art systems, this positional information is
acquired by attaching a part of a track or gantry to the
item being tested, to which the probe can be attached and
which provides a readout of the measuring position. The

25 attachment of such gantry apparatus to the surface of an
item such as an aircraft is difficult and time consuming.

It would be desirable to provide a probe for non-
destructive testing which can provide positional
information without requiring any separate frame of

30 reference to be implemented such as a gantry arrangement.

Summary of the invention.

In accordance with a first aspect of the present
invention, there is provided a probe for non-destructive
35 testing of items, the probe being movable over a surface
of a test item and including a receiver for receiving a

return signal from the non-destructive testing of the item



35 testing of itens, the probe being novable over a surface of a test item
and including a receiver for receiving a return signal fromthe
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15 Preferably, the sensor is similar to sensors provided
in computer “mice” for driving the computer graphical user
interface (GUI). Preferably, two sensors are provided to
enable provision of the orientation information. The
sensor may be any type of mouse sensor, but is preferably

20 an optical sensor (as used in so-called “optical mice”).

In a preferred embodiment, a pair of optical sensors
are utilised in the probe. The pair of optical sensors
are arranged to provide the orientation information.

A probe in accordance with the present invention

25 advantageously has no need of a separate gantry or
reference frame to enable the provision of positional
information to an NDT processing system.

In another preferred embodiment the probe comprises
non-destructive-testing (NDT) data acquisition, processing

30 and analysis electronics in one housing. The probe,
together with a computer for data storage and data
display, preferably forms a complete NDT system. The probe
preferably is operatively connectable with the computer
using a single universal serial bus (USB) cable. In this

35 case the USB cable may also be used to supply electrical
power. Alternatively, the probe may be operatively
connectable with the computer using a radio USB
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In an alternative embodiment of the present invention
a system is provided for processing the signals provided
by the probe. The system may be similar to the graphical
user interface systems which are provided for processing

20 positional information from computer mice.

In accordance with a second aspect of the present
invention, there is provided an apparatus for processing a
signal from a NDT probe as discussed above, to provide
data on the position of the probe as it moves over a test

25 surface.

The apparatus preferably includes a suitable
computing system programmed with suitable software to
implement the probe position processing.

From a third aspect, the present invention provides a

30 non-destructive testing system comprising a probe as
discussed above in combination with an apparatus for
processing the probe signal as discussed above.

From a fourth aspect, the present invention provides
a probe for non-destructive testing of items, the probe

35 comprising data acquisition, processing and analysis
electronics in one housing and the probe forming, in

combination with a typical standard computer, a useable
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Figure 3 is a schematic diagram of a probe in

accordance with an embodiment of the present invention,
15 and
Figure 4 is a cross-section through a prior art

pitch/catch probe for NDT testing.

Detailed description of preferred embodiment.

20 Referring to figure 1, there is illustrated a non-
destructive testing apparatus in accordance with an
embodiment of the present invention, generally designated
by reference numeral 1.

The apparatus includes a NDT probe 2 in accordance

25 with an embodiment of the present invention. The probe 2
ig arranged to be passed over a test sample 3 and to
provide an acoustic vibration signal of a drive frequency
within the range of 5 to 70 kHz to the sample 3 and
receive a return signal to be processed by the computing

30 system 8 to provide data on any faults in the test sample
3.

In operation, the test sample will usually be a part
of equipment being tested, such as an aeroplane, for
example.

35 Referring to figure 2, the probe 2 comprises a
pitch/catch arrangement 30. The pitch/catch arrangement
30 includes pitch/catch assemblies 31 and 32 which are



within the range of 5 to 70 kHz to the sanple 3 and receive a return
signal to be processed by the conputing 30 system 8 to provide data on any
faul ts i rwohe/ns@st sanple 3. In operation, the test sanplPeTuokousual |y be
a part of equipnent being tested, such as an aeroplane, for exanple. 35
Referring to figure 2, the probe 2 conprigses a pitch/catch arrangenent 30.
The pitch/catch arrangenent 30 includes pitch/catch assenblies 31 and 32
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15 in the image. The result of this is a number which
expresses how far the probe has moved between images. By
utilising two of the optical systems 33 and 34 a vector
for the movement of the probe 2 can be calculated. A
computer 4 (see later) calculates this vector from the
20 displacement signal provided by the optical systems.
Because there are two optical systems, orientation
information is provided enabling the vector to be
calculated.

Note that the probe provides displacement information

25 and that the processing to provide the positional
information takes place in computing system 3 (to be
described later).

The probe 2 also has “mouse buttons” 2A and 2B.
These are associated with sensors so that when the buttons

30 2A, 2B are actuated a signal is sent back to computing
system 8.

In use, a user of the probe 2 sets a “datum” on the
test sample 3 from which all dimensional information may
be mapped. The probe 2 can then be moved anywhere and the

35 NDT reading taken, or the readings can be taken
continuously as the probe is moved (these various options

can be implemented using the probe buttons). If the probe



25 and that the processing to provide the positional information takes
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15 As well as the probe 2 the system also includes a
computing system 8 including a computer 4, display 5,
keyboard 6 and mouse 7. Software is provided for the
computing system 8 to process the signals from the optical
sensors 33 and 34 and also the signals from the

20 pitch/catch probe arrangement 30.

The computing system 8 may process the signals from
the pitch/catch probe 30 in any conventional way known in
the prior art, to provide information on defects within
the test sample 3 as the probe 2 is passed over the test

25 sample. Preferably, however, the signals are processed in
accordance with the method of the invention described in
the applicants co-pending application entitled “Method and
Apparatus for Carrying Out Non-Destructive Testing of
Materials”, filed on the same day as the present

30 application, and the disclosure of which is incorporated
herein by reference.

Preferably, software is provided to control a
computing system 8 to process the displacement signals
from the optical systems 33 and 34 to provide position

35 information as discussed above. This position information
is preferably stored in the computer along with the result
of the processing of the pitch/catch signals, so that a
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15 In operation, the test sample will usually be a part
of equipment being tested, such as an aeroplane, for
example.

In the above description, the probe utilised
incorporates a pitch/catch arrangement. It will be

20 appreciated that the present invention is not limited to
use of a pitch/catch arrangement. Any NDT sensor
arrangement which can be incorporated in the probe may be
utilised (e.g. ultrasonic pulse echo, eddy current,
mechanical impedance).

25 The particular embodiment of the probe described
above utilises optical arrangements for providing
positional information. It will be appreciated that the
present invention is not limited to optical arrangements,
and any sensor arrangement which enables the provision of

30 positional information from motion of the probe may be
utilised.

The probe described above is particularly suitable
for use in non-destructive testing. The probe is not
limited to the NDT field, however. Any process or system

35 which requires the input of positional information from a
probe could utilise the probe of the present invention.

It will be appreciated by persons skilled in the art



incorporates a pitch/catch arrangenent. It will be 20 appreciated that the
present inventionis not limted to use of a pitch/catch arrangenent. Any
NDT sensowoO @ns@ngenent whi ch can be incorporated in the poabaimmysobe
utilised (e.g. ultrasonic pul se echo, eddy current, nechanical inpedance).
25 The particul ar enbodi ment of the probe described above utilises optical
arrangenents for providing positional information. It will be appreciated
that the prasenhumerenki Qariatiohs! aAtyed modeptcadloasr aagepeninade and
any sensor rrgﬁgenegt %hich enagles thetgrovisio?.of %g gsitional

i nf or mati on “Fr noti'6R “6F™ RE 5 ofof3 ﬁﬁy g SHEFF88dS™R 8?855 descri bed
above i s pawmtitbolar Bepsuittiagl érofiothasepimihoprdestpeacbifvéheesti ng. The
probe is not Lm:ted_t.o T <E owe ) ocess y m 35
B oh requ L BE o o PE PR Ao e o ey BeT
utilise % hebgr saudireghéopresascti fhenprehe e GAR|I CREPABELecTBEed by

per sons ski biedel halNBeabbeVQ:02L086424nBETAAUA2(,90494neO cohBat cRUNET OUS
vari ations and/or nodifications nay be nad to the &nven%%on ag shown in
the specifi 85¢R8odi FEALS URPt ﬁS&PeﬁébaPtiﬁgtFFBF}ﬁlN@ ¥pi FPE BFOSEoP&Yof the
i nventi on aalkpoadmprdescthbedompareexaspbey fiorcdbte sapragkeinequered to
connect the,_pr to.th r y_he hvel
connectableh%ﬁggﬁgheI%oﬁggggggggsanggn?gégggugg 8§nﬁ§§§%§%? §P%8Pﬁgfively,
the probe napy ahdy benpeidvéredefosnpater tmensfgrf ofhgapaobeomageail goone
housing. 1 NcbhibeicaSE AiANACEhANTRY 8B-RXhOLBAL1ELEPHDE s}AcERY only be
required for data transfer. The probe may also <conprise a display and may
forma conplete NDT system The present enbodinents are to be_considered in
all respectyeapresenst embpdémgpgsnarer est bpceppeidwped2inge4¥4
PCT/AUOZ/OO%%épeatéo

as illustrative and not restrictive.



THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A probe for
non-destructive testing of itens, the probe being novable over the surface
of a testwptoemsamtd 5 including a receiver for receiving &Cretueenosi gnal
fromthe non-destructive testing of the itemand including displacenent
nmeans for providing a displacenent signk? ~indicative of the spati al

di spl acenent of the grobe over the test itemas the 8robe is nmoved over

the test it&HF $BRBMSTREFENENE THECINVERAION 2REj AP 1FOIHEWEi n t he

di spl acenent neans includes a sensor nmounted to the probe and being
capabl e of providjng the displacenent _signal. 3..The probe as clained in
clains 1 orE wh gfﬂb?h O (P LPT AT %ﬁﬁﬁ?gh%%hge?gl%?s P at Y&¥hYed 9 provi de
|nfprnatlonpiébenbehegrmbaabbeabverlEhea$uoﬁaoé theaptebe. idemTaed pr obe as
C'a'”Edéin ¢heilginA O%1§ec$@9£?'ﬁ Eh?e%éf9§9 éSr§8H£X3£f§£a10f§§ﬁsors

provi ded in conpute | ai med 1n erein the
sensor is Eheob@ﬂcgﬁs§éﬁ§éivglﬁﬁﬁﬁingoofhbgé LEeM| aed inckedbbger 20

mce. 6. Thgippoheecmsnt! Aksrd f6r0b9b01élngnslaﬂs@ga@e@@mf 8fgnepti cal

sensors for, ﬁrOV|dlng rlegtatlog grna%lon robe as clainmed in
any one of tA8IHPEEEGI R FaPhd %6£p 18P %cﬁ%ﬁnﬁe% ¢ i RECPRsPYRE (NDT)
data 25 acqtuhsi tesn, 1pemcesstng pndbanﬁéymoseeleméronhesteﬂtoﬂEemhou5|ng

B e gty obg. as chaliEdob elalm fuherel o1 hie BT obge, o tooghber with a

conputer for data and orfrs’ a conpl et @ NDT system
30 9. The pd@b@la@emeatn@qanﬁ tD@lﬁﬁ?Smhe$%mﬁOrh@O@mb©@ te thpeproheel y

connect abl eaMit Be L hg egﬁyyisr098p98v9d§h@9tﬁe &BB £88Rend Os i JHE) Probe as
claimed in ¢claim8 wherein t robe is “operatively connectaple with the

conputer usPng a T}é%llBr%‘%eUB% ConHBed i bh. CHAIMThE PF obe W E ERPi n any
one of cl ai dbs@Placedént whearsnishel poober£0gpd i S€SpEONPik efnfefmiyider data

15 on the rotational orientation of the probe.
4, The probe as claimed in claims 2 or 3, wherein the
sensor is equivalent to sensors provided in computer mice.
5. The probe as claimed in claim 4, wherein the sensor
is an optical sensor similar to those utilised in computer

20 mice.
6. The probe as claimed in claim 5, including a pair of
optical sensors for providing orientation information.
7. The probe as claimed in any one of the preceding
claims comprising non-destructive testing (NDT) data

25 acquisition, processing and analysis electronics in one
housing. '
8. The probe as claimed in claim 7 wherein the probe,
together with a computer for data storage and data
display, forms a complete NDT system.

30 9. The probe as claimed in claim 7 wherein the probe is
operatively connectable with the computer using a single
USB cable.
10. The probe as claimed in claim 8 wherein the probe is
operatively connectable with the computer using a radio

35 USB connection.
11. The probe as claimed in any one of claims 7 to 10

wherein the probe comprises computer memory for data



WO 02/ 086474 PCT/ AU02/00494 - 11 storage in one housing. 12. The probe as
claimin claim1l wherein the probe conprises a display in one housing and
forms a cwopkes@74 NDT system 5 13. An apparatus for proc@®ETiAaty2a00igna
froma probe according to any one of clains 1 to 6 , to provide data on
the position of the probe as it noves ovkr—a test surface. 14. A
non-destructive testing systemconprising a probe as clainmed in any one of
the clains 3tPH28and gﬂelboaﬁbﬁgatus as claimed in claim13. 15. A probe
for providi bg.posThéopadbbe nkerabiimniof cldimpl aoelhentdinfthdeppsiode over an

item the pr bei ng vabl e over the surface of .the itemand jncluding a
displacenen?gggﬁéngn%a%gssg?yp%%v?a?ngogsﬁP%p?%geﬁ%ﬁTsl% g?%%gTé?ndicative
of the spatNBAT diyspkmcenent of the probe over the test item the

di spl aceyrent 3sensgy 9&@@%&%9&@%%@@6&1 éPgﬂ?%PV%P&niQf LOBL i on on
f the 16. A _probe for

the rotational oqrientation o pr obe. non-destructive

testing of PEEREILIPHet202PYoPREcOAPFI3IRY Hatd @cqubiPFRnidpréreasPhg and
anal ysis etmetpoBi€sohnNoONEhBopsbPE apdit heopPeobevésr &l pgsti ur£9881 nati on

wWth a typifg[ Stgnggﬁgdgggpgé€{0eatgggﬁgéesysqgnsgg%SEQngh é“%robe

as claimed in any one of the claims 1 to 6 and an

10 apparatus as claimed in claim 13.
15. A probe for providing positional information of
displacement of the probe over an item, the probe being
movable over the surface of the item and including a
displacement sensor means for providing a displacement

15 signal indicative of the spatial displacement of the probe
over the test item, the displacement sensor means also
being arranged to provide information on the rotational
orientation of the probe.
16. A probe for non-destructive testing of items, the

20 probe comprising data acquisition, processing and analysis
electronics in one housing and the probe forming, in
combination with a typical standard computer, a useable

NDT system.

25

30



