17 FEB 2006 TI TLE OF THE | NVENTI ON AN APPARATUS FOR ULTRASONI C | NSPECTI ON
OF FLAWED MATERI ALS BACKGROUND OF THE | NVENTION (a) Field of the invention
The present invention relates to apparatus for ultrasonic inspection of
flawed materials, and in particular, an apparatus, which enpl oys tgr
irrigated sensor head to inspect fladed material or crack fornmatiomk ORFEB 2006
material, for instance, on the wings of an aircraft. (b) Description of the
Prior Art As the structures of an aircraft are nounted/coupl ed together by
a plurality of fastening neans, for instance, the fasteners, nuts and
bolts, and stress concentration occurs nost often around the fastener
holes, the potential of sndllLECPEEHE MPpREAIONg is high on the stressed
areas of the top and the bottom edges of the fastener holes. In the case

of count erANNAPPARARSS FORMPHRASONIE R@sﬁ&‘ﬂdﬂ"dﬁﬁpgﬁﬁb MATERINL st he
countersunk. The «crack that could occur usually radiates outward

perpendi cul arly or near perpendicularly to the circunference of the

fastener holes. Overti mMBACKERAUNDKSFWHEINMFRWIDRAr ger and ultimately
affect the safety of the aircraft. Based on current inspection standards of

the aircr u i 2.an, the cracks nust be detected when it is
no | arger?{]Lat IF%%r(ﬁgP%éﬁg%@hbﬁ. 25mMmin length and 1. 25mmin height. The

ul trasani ¢ i nspection.nakes use of very high frequency sound waves to
penet r at & PH& t'%Y?'&i'o?ée%’éeﬁg‘%SébQ%r .TUTH% YHesaniaiferestiosces when i FEB
2006 flawed materials, and in parficular, an apparatus, which employs water

imigated sensor head to inspect flawed material or crack formation on

material, for instance, on the wings of an aircrafi.

{b)  Description of the Prior Art

As the structures of an aircraft are mounted/coupled together by a
plurdlity of fastening means, for instance, the fasteners, nuts and bolts,
‘and stress concentration occurs most often around the fastener holes, the
potential of small cracks appearing is high on the siressed areas of the top
and the bottom edges of the fastener holes. In the case of countersunk
holes, cracks may also form in the neck area of the countersunk. The
crack that could occur usually radiates outward perpendicularly or near
perpendicularly fo the circumference of the fastener holes. Overtime, the

cracks will grow larger and ultimately affect the safety of the aircraft.

Based on current inspection standards of the aircraft under consideration,
the cracks must be detected when it is no larger that approximately

1.25mm in length and 1.25mm in height.

The ulirasonic inspection makes use of very high frequency sound waves

to penetrate the material io be inspected. The sound wave reflects when



2 it encounters an interface involving a change in material, which can be a
crack or defect in the material. An ultrasonic probe usually houses a

pi ezoel ectric crystal to performthe dual functions of transm’ttg,l?g‘_-.B 2006.
ultrasonic pulses and receiving the rgeflected pul ses from def ect’s. 'ﬁ]e
time-fo-flight data of the refracted signal can be used to determne the
defect location with reference to the probe, and the received signal

[ i f i f h
ot ect T ErR L R A e B B S ARG8T TR lar Rl WA} R 8% Cannot
easi |y penekt oatefest &Y i malidral hiaghuerusid pratbé eRUaNY PusHsh as  air.

Therefore, perfect coupling involving no air bubbles between the
ul t r as oRiezopledlicapy stadoredeiraltheuddalfenclicte sifriadmemitingl | times duri ng

t he ins tion, The difficulty o royidjn od _.coupling while inspecting
in. theBIﬁ Hg BBEPP e EEF\%%'P%‘%B‘%F ‘%(?‘Ft%?é’g’%e’m@fﬁ &cts-nie| aw bel ow

t he mat gy - i AR i or a given
flaw si ?Eétlghgrrge}?ﬁzc %gtﬁ?lét erb%\;%%gﬁar%%b I nst# L#Te%%t]tgn#sqé)ﬂqeécal i brated
bef or e @eatdrti lnspdicri withi neferedere to thegpette, cnd & enesivieal sghar cracks; the

accuracy of. the inspection depends on the calibration set and to rotate
‘the i nstPREYPeGHe &% Predigsyan cRpiexirele pasesmentref theomiastie afover age.

111 ouie GRret: 20l o ARORHSlent WM ask i PE sl I8P i Laa s o pat t on
et al hasnpobdpesidpandirdiel errcBaBbAER Myl RBIAC dR¥aLemERN=RAd Testing

of The Driﬁ['ess Bubbl er U trasonic Scanner". The system di scl oses a novel
appr oacHr.t hemgfor.deeiferct asiupliogupyohing eoneis budises betesar thesensors and

the w "Strasonic probe and the material surface is desirable at all times during
the inspection. - The difficulty of providing good coupling while inspecting
in the upward position should be highlighted.

The deeper the flaw below the material surface, the smaller the signal
amplitude will be for a given flaw size. Therefore, both the probe and the
instrument must be calibrated before each inspection in order to inspect
a fastener hole for cracks; the accuracy of the inspection depends on the
cdlibration set and to rotate the instrument concentrically around the
fastener for complete coverage. Manipulation of an ultrasonic instrument

to achieve this accuracy is difficult when performed manually.

US Patent No. 5,469,744 issued to ;| Patton et al has proposed a
| Dripless Bubbler system in "Developments and Testing of The Dripless

Bubbler Uifrasonic Scanner”. The system discloses a nove! approach to

provide reliable coupling between the ultrasonic sensors and the wing

surface in order to ensure good ultrasonic measurements.



surface in order to ensure good ultrasonic neasurenents. "'7 1= E E3 2006 3
US Patent No. 5,481,916 issued to Macecek et al discloses an apparatus
which is used for non-destructive testing for flaws in materials,r7
conprising a housing assenbly for passage over the surface of the Hﬁﬁ%?%@
assenbly; an ultrasonic probe for transmtting ultrasonic energy to the
material to be tested; an eddy current probe for the generation of eddy
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Accor di nglﬁgf the present invention has overcone these drawbacks and

i mi t atPOASITESORIC RAGRR) fel Wanenitting] YHeseniseereighsathasnatarisd toee devi ce

to proy a o ct i and _enpl oyi aut omat.ed, device to
oper at gt\éts &y Qrs]'tgl %&ggg:gj\gée&ef.%ee g‘%@ﬂﬁe‘?eﬁﬁﬁ&% 8? gfﬁljg/ Epgggﬁt'nﬂﬁ@enti on is
to pr _OVtind:ﬁeﬁGI;@Wbﬁbﬂl@ﬁﬁgfme‘dﬁsrf@%‘ﬂcﬁidd?ﬁ@%bwgg e Elrpedufaher i al ,
wherein the ultrasonic sensor is reliably coupled to the 'w ng surface of
an ai r deigfae B hesylerseaia prapdehistaomietreionar@piaratuswsihg he f ast ener
hol es t hereon. Another opject. of the present, invention intqQ provide an
appar at%§§y&urr% 'Fé‘?&ﬁ?@éplcﬁfs'ﬁe%‘?{‘?ﬁ?' SQWW%@?%TQC'%%F‘@W an i deal
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that were found in the same position.

SUMMARY OF THE INVENTION

- Accordingly the present invention has overcome these drawbacks and
imitations by allowing a water irrigated sensor head as a testing device to
provide an ulfrasonic inspection and employing an automated device to

operate the tesfing device.

Yet another object of the present invention is fo provide an apparatus for
ultrasonic inspection of flawed material, wherein the ultrasonic sensor is
reliably coupled to the wing surface of an aircraft to be inspected in order

to detect cracks around the fastener holes thereon.

Another object of the present invention is to provide an apparatus for
ultrasonic inspection of flowed material, wherein an ideadl flow-suction
- system is provided fo the apparatus so as to adequately contain the

coupling to prevent overflow.



coupling to prevent overflow. 7 FE B 2006 4 It is another object of the
present invention to provide an apparatus for ultrasonic inspection of
flawed material, wherein a robot controller nanipulates the appﬂfﬁigs &pd
an X-Y table enabling automated uItQPsonic i nspection of high accu c@. An
aspect of the present invention is to provide an apparatus for ultrasonic
I nspection of flawed materials, conprising: a housing assenbly having an

i nner chanber and an outer chanber; two conpression wave transducers being
angl ed to produce refracted ultrasonic shear wave beans; two coupling

TON! €O S00hbASUISRICY JTaHBOOKSERAL AR Y8 prolid BRAISaRERALS rom the

conpressi on wave transducers; a sensor attac ousi ng
assenbl ylirgsoaiginspaidtion of fipeiad matenial, iWbekinrd gitsot @aodiralisuct i on out | et
positioned.to r0\4' de a fl uii d filled inner chanber for accurate inspection
in the ’&WAPH‘OE% 66\&%@@' s 1nd ceCanigide mnaplingagvéamaieichel udi ng a

| uralig a fluid tight seal and to provide
!tohe appl#%rgrg{:)gﬁP#F%ircé%(’:rg?ﬂﬁ@mé?gﬁ)f&éﬁ'ri ng the process of wultrasonic

i nspection. A further aspect of the present invention is to provide an
apparatus for ultrasonic inspection of flawed nmaterials further conprises
a means\NESRMSH ot k@ Blesen dveenitenty sl Pevidadmapearatabfe whi ch enabl es

ar ound P Bl BB T R BRCk o A B g 1O Pk BB Bhe. cont ral
pr ocessieiviag GAMMELERGIRST AREMNI BRtE! ERERRNES thSPERIHESsiBH Balg- Pe-
transducers being angled to produce refracted ultrasonic shear wave
- beams; two coupling monitoring transducers being used to receive
- Ulfrasonic signals from the compression wave transducers: a sensor holder
attached to the housing assembly at a plurality of points; two fluid inlets
and a suction outiet positioned to provide a fluid filled inner chamber for
accurate inspection in the upward and downward direction and a brush
assembly including a plurality of annular brushes to ensure a fluid tight seal
and to provide the appropriate fluid column height during the process of

ultrasonic inspection.

A further aspect of the present invention is to provide an apparatus for
ulfrasonic inspection of flawed materials further comprises a means
manipulated by a robot controller and an X-Y table which enables the
accurate positioning of the sensors to perform complete flaw detection
‘around the fastener hole by clockwise rotation and is linked to the central
processor or computer fo perform the ulfrasonic inspection on a to-be-

tested material automaticailly.

Additional advantages and novel features of the invention will be set forth

in part in the description that follows, and in part will become apparent to



tested material automatically. Additional advantages and novel features of
the invention will be set forth in part in the description that foll ows,
and in part will become apparent to 5 7 F E B 2006 t hose skillemir?__ h?P@
art. The advantages of the-invention 5maly be realized and attaineé tﬁﬁ” Bns
of the draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows a top view
of the apparatus (water irrigated sensor head) for ultrasonic inspection

in-acco nce.wth the present .invention., Fig. 2 shows a sectional view of
t he appﬁfd}{éusi('”ﬁfé'f‘ef qPBi Q‘g‘ﬁeﬁdwﬁ@%eg ﬁ’ééla?q@‘é?”t.s‘ﬂ"i‘ rBY¥MeeHEZsstti on in
accor dagpgl ditbhddByrmeeiitof INEAidWihgst 0- 3 is a perspective view of an
apparatus for ultrasonic inspection of  the present invention, wherein the
brush assenbly has been renpved from the water irrigated sensor head of

the present invention. Fig. 4 is a perspective exploded view of the
apparatus (water irrigated sensor head) (WSH) brush assenbly in

accordance with the pﬁEﬁbEng{%ﬂgl\g?F ﬁTQk%WA\%§CR| PTI ON OF THE

PREFERRED EMBODI MENT Reterrin in particular, to Fig.
1, which is a cross sectional view of the Water Irrigated Sensor Head
(WSH) 100 for automated ultrasonic inspection of flawin material,

conpr i sE9- & spams %ffolédﬁ%W@fs’ﬁh@nGm@%aiwsaﬁs@twéﬁ‘@,dmﬁt seaGor heord)sor assenbl y

: ' f l.i ' i d . 30, .40, all bei h d
o o sarsPBhls BaptBR It CRBlcrire e R HES SR Pvent  on, < he W o
100 incl udes an

Fig. 2 shows a sectional view of the apparatus (water irrigated sensor

head) for ultrasonic inspection in accordance with the present invention.

Fig. 3is a perspective view of an apparatus for ulirasonic inspection of the
- present invention, wherein the brush assembly has been removed from

the water irrigated sensor head of the present invention.

Fig. 4is a perspective exploded view of the apparatus {water irigated
sensor head) (WISH) brush assembly in accordance with the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figs. 1 to 4, and in particular, to Fig. 1, which is a cross
“sectional view of the Water Iimigated Sensor Head (WISH) 100 for
automated ultrasonic inspection of flaw in material, comprises a pair of
compression wave transducers, 10, 20, a brush assembly 25, and a pair of
coupling monitoring fransducers 30, 40, all being housed in a sensor holder

90. In accordance with the present invention, the WISH 100 includes an



6 7 FEB 2006 inner chanber 92 and an outer chanber 94, the two conpression
wave transducers 10 and 20 are appropriately angled so as to produce
refracted ultrasonic shear wave beans which enable the detection gf_ fla
around cl osel y-spaced fasteners, and the sensor holder 50 is nachyﬂ@@Bt
provide a 35 and 70 degree angle for the conpression wave transducers 10
and 20. The sensor holder 50 is attached to the Wter. Irrigated Sensor

' ' ' f [ ) hown in Fig. 2,
cr oss. SBRE STRTHRE 20t ButednbrlnSer P Rieniy S5 or 80 st wetydbet veen
the sengahsQoLeey 18N (e %&%é@ﬁ@n@%& QO%fszSth%]rocﬁ‘Jéé urd fight seal.

A plurality of Orings and sgﬁant are ‘use et ween e transducers 10,

20, 30, refochet vhesoens shehomdere 5@ dros WMGRmméeuEQ@@edtfg%mbﬂ Ei i ?Et
seal ). rings 70, 80 are nounted between the W SH housing an e

 brush a4Q¥sKIrouUBs ¢lgselsirecadrpatianars.gwrd deaisenper lb@lgiﬂﬁfvngSenMy 25
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and a WaNebiraabdbekeero 461 DavTing sanbbfdlddrs0aé otfiansds 1anghe
circunferential edge thereof being screwed to the WSH housing 90. In the

pr esent Wster rigetied fisngortiead {WéSktonpusing S0oat aglurality Dima?fldhsceﬁs 30, 40
are use s receivers of. ul trasoni ignal s to chegk, .the presence
of “wat IR R RS R ttiods! Sfevt’r?é%mﬁéep¥66?b*¥h_@n érrﬁ}%gé %f both the
angl ed SRRAUAENEBATALRI ROl Rolddh SEBA R WISHPIGIR BT IS Uitld
transducers 30, 40 are processed by a centra processo being
i nst al |adud tighhseappAqpuidite of drinasexdadsealatdkire used between the
transducers 10, 20, 30, 40 and the sensor holder 50 for the same purpose
(fluid tight seai). O-rings 70, 80 are mounted between the WISH housing 90

and the brush assembly 25 to ensure a fluid tight seal. The brush assembly

g

25 includes a plurality of annular brushes 150 designed fo provide a 12
mm fluid column for good coupling and refraction of the ulirasonic signals
and a WISH brush holder 160 having a plurdlity of threads at the

circumferential edge thereof being screwed to the WISH housing 90.

In the present preferred embodiment, the coupling monitoring
transducers 30, 40 are used only as receivers of ultrasonic signals to check
for the presence of water in the inner chamber 92 of the WISH 100. The
signatls of both the angled shear wave transducers 10, 20, and the
coupling monitoring transducers 30, 40 are processed by 'a ceniral
processor 210 being installed with an appropriate software for crack

detection algorithm.

In accordance with the present invention, a water flow assembly
{referring to Fig. 3) is connected to the WISH 100. In this case, the coupling

“medium for the ultrasonic ihspec’rion is water, and water is supplied by o



detection algorithm In accordance with the present invention, a water flow
assenbly (referring to Fig. 3) is connected to the WSH 100. In this case,
the coupling mediumfor the ultrasonic inspection is water, and water_is
supplied by a 7 FEB 2006 water tank 211 and is punped to a pair of ikt 2006
points on the WSH housing 90 via a tube 212 and an el bow assenbly 213.
The fluid inlets; the tube 212, the el bow assenbly 213 and the fluid

outlet; elbow assenbly 214 are spaced furthest (1800) apart to ensure that
the traWSHgE&EPRk 20 ord isspurmymed e & peinsidnlet paintsrasr Heal WiSHhaowsipgovi de

nder " QLY SRLHF el HARRBNEIE, Hestiusitale Bleeri on A
suct i on2PRtihet cRfow BissERTIY 20BshAthé fﬂl_@i@%%i:%!@ﬁb%ﬁs%nb%ﬂ pypde a fluid

filled i nner chanber 92 for accurate |nsPect|on I n the upward and downwar d
di r ect | $RCEA THEbesHARE) WRe taensves dhet tretransddcennbdli 230, 40he f1 ui d

inlet and the cfi on outlet are apBro riately placed so that both the
nl ot aid CRETPBIENURTETgSS: ErehEibrieRaan g cevainahamesh ow o
fluid thd irbinsbD@ehdING! 20 ARANRRING T BbntBenaAYShAl: ASSIIRLY APV des 2

good ultrasonic coupling for inspectron’in e apparatu

posi t i oh&disupwhed mwdrd doveh davenwang citidrar ABUdsibesod et ggparate the W SH
100 into tge i nner chanber 92 and the outer chanber 94. The brush assenbly

25 pr ovPBEEORRE PhE® oUier ghanaper?4 3o mivvistecs fotdl difked frorercohphuoer
Ut asort O ohE G BRSRETELdeMBe B aiori Bl R on TeT
obt ai ned.

In accordance with the present preferred embodiment, the fluid inlet and

the suction outlet are appropriately placed so that both the inlet and the

outlet are positioned furthest apart to aliow the flow of fluid to fill the inner

chamber 92 of the housing assembly and provides a good ultrasonic

coupling for inspection in which the apparatus is positioned upward and

downward.

The annular brushes 150 separate the WISH 100 into the inner chamber 92
and the outer chamber 94. The brush assembly 25 provides the ideal
height of a 12 mm water column for complete immersion of the
transducers 10, 20, 30, 40 and thus reliable coupling for ultrasonic

inspection _in accordance with the present invention is obtained.

The construction of the brush assembly 25 along with the water flow
assembly provides coupling that fills the inner chamber 92 of the WISH 100
providing a convex water level. Water overflowing out of the inner
chamber 92 will be subseqguently sucked out from the outer chamber 94
thought the outlet point on the WISH housing 90 and drawn back info the

water tank through the tube and elbow assembly 213. The suction from



The construction of the brush assenbly 25 along with the water flow

assenbly provides coupling that fills the inner chanber 92 of the WSH 100

providing a convex water |evel. Water overflow ng out of the inne™¢¢Ranigy

92 will be subsequently sucked out fromthe outer chanber 94 thought the

outl et point on the WSH housing 90 #nd drawn back into the water tank

t hrough the tube and el bow assenbly 213. The suction from 7 FEB 2006 8 the
' ded usi,ng a.self-primng, subnersible punp, which

Z\?Lg[ e;ﬁ'gekwgiigg&rg\ék%@v@ﬁ 9 ResShaP NG bARESIRIB R gew . tichconput er
cont 1 ol LREMRIE Ui JHarRBer HdE i@ WaRAtaFRUAPLISLicsiAgs | {he W SH

100 in close proximty to € conponent under ore npl ete -

cont act computercoryoliddievcsies flaiv el cpaxsiomal Ribberehilerbaags by the
present, devi ce and surface tension effect enables elimnation of air gaps

or bubbih&sYekbidntHese erpditn tathr conegenanit unkier sesisoetoreand provi des
' L ng. ' .d.. 4, .th ' h rspectiye

expl oaeaP TS B8l L I ie ihe sufjrabeficoni R et B By dRd “been
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- the WSH housing 90 and covers the output of the transducer assenbly
(i.e., Yhgapapsdubbles hetween thacc@mimnertthendiet thst otV thes spnass ded wi t h

outlets at_shown) [for connection of signal wires fromthe transducer
assenbl?rg{]oorpﬁgg%seeﬁhpgﬁte Cﬁ‘“@@&’sor 210. A cylindrical tool holder 218 and a
Teflon identification plate 219 forminto a tool identification assenbly,
which is attached by the cylindrical holder 217. In accordance with the

pr esentRéferdmg itorfig a4, there is shown a perspective exploded view of the WISH
assembily, wherein the brush assembly has been removed. As shown in
the figure, a cylindrical holder 217 is attached fo the WISH housing 90 and
covers the output of the transducer assembly {i.e., the fransducers 10, 20,
30 & 40}. The holder 217 is provided with outlets (not shown) for
connection of signal wires from the transducer assembly to the central
processor 210. A cylindrical tool holder 218 and a Teflon identification
plate 219 form into a tool identification assembly, which is attached by
fhe cylindrical holder 217. In accordance with the present invention, a
robot controller 210 controlled by the central processor 210 manipulates
the WISH assembly.

In accordance with the present invention, in order to inspect the cracks or
flaws around a fastener hole of a to-be-tested component, an angled
shear-wave is produced using an appropriately orientated
transmit/receive immersion compression wave probe. The ultrasonic
beam to material surface entry point is positioned at an offset distance
from the center of the fastener hole. The probe system is rotated around
the hole by a robot controller to detect cracks or flaws that may occur

anywhere around the circumference of the fastener hole. The sound



robot controller 210 controlled by the central processor 210 mani pul ates
the WSH assenbly. In accordance with the present invention, in order to

i nspect the cracks or flaws around a fastener hole of a to-be-teSteden 208
conmponent, an angled shear-wave is produced using an appropriately
orientated transmt/receive i mrersich conpression wave probe. The
ultrasonic beamto material surface entry point is positioned at an of fset
distance fromthe center of the fastener hole. The probe s%/stem is rotated

around WHE RENetigies theupatermiiesoanialdodeecdicwnienescs of thaws that nay

occur ?\hﬁ{ if fastener, hol e, .The sound 7
FEB 200@8 'vvav%p?éﬁgﬁjgtﬂgep ﬁﬁ“ﬁ%@bﬁ@?’ﬁﬁﬁ%{i‘%ﬁ%ﬁ” rhlaoté YU er ence of
the holdth fRieetifiolh&dsasf tble Wiy Bleamsantl WsRBERzf 60Md htéast ener hol e
varies wth the thickness of the wing skin as well as the size of the

fastener. Wiile this invention has been described in terns of a specific

preferrgd. enbodinent, it is contenplated,that various_alterations and
nodi fi C\Z&”gnfpls_ PNERSED BPS beﬁé‘c ﬁ%c%gﬂ%iﬁf@%ogﬁgpg%fﬁ Pre®igfthe art. It
s t her ghfsedinhahenriddriainbitfeaRPER Yefloth UifEaliBfl %%Pn?&dﬁpéaﬁ ns
alterations and nodifications as tall wthin the true spirit and scope of
t he prel@reof iwilbetdiame dpFaRA0e6H B eGkMeMSnAhcappalids tsefedora!l t r asoni ¢
i nspect, on 8f f avﬁ?\ mat er i ?J S L )

infended that the appended claims included all such alterations and

modifications as fall within the true spirit and scope of the present

invention.



conprising: (a) a housing assenbly having an inner chanber and an outer
chanber; (b) two conpression wave transducers being angled to produce
refracted ultrasonic shear wave beans so as to inspect closely spgced
fasteners accurately; (c) two transducers being used to receive ref | @EEBHIE
conpressi on wave tao nonitor adequatel@ltrasonic coupling between said
transducers of (b) and the part to be tested; (d) a sensor hol der attached
to the housing assenbly at a plurality of points; and (e) a brush assenbly

i ncludi RgAdMBl urality of annular brushes to ensure a fluid tight seal and
provide a 12 mmwater colum level in the process of ultrasonic

i nspection. 2. The apparatus as set forth in claim1l, wherein further

conpr i ses rremg}gﬁ}?mg FarufBEohR: REOEETSN! I LEAPERLAGE! anal s

received by the ing nmonitoring transducers aws in the
part to-be-testminmpBisinghie apparatus as set forth in claim?2, wherein the
means includes . a central processor or a conputer. 4. The apparatus as set
forth in clai m@ &0PHHEE QERPIPYOENGARINNeaTIGhwmbes e5d anoowiesvi de a
coupl i ng medi um f%rh&rﬂﬁe'r"l trasonic inspection. 7 FEB 2906 11

(b) two compression wave fransducers being angled to
produce refracted ullrasonic shear wave beams so as to
inspect closely spaced fasteners accurately;

'(c] two transducers being used to receive reflected
compression wave to monitor adequate ultrasonic coupling
between said fransducers of {b) and the part to be tested;

{d) a sensor holder attached to the housing assembly at
plurality of points; and

(e} a brush assembly including a plurality of annular brushes to
ensure a fluid tight seal and provide a 12 mm water column

level in the process of ultrasonic inspection.

2. The apparatus as set forth in claim 1, wherein further comprises a
means to monitor and to process the ultrasonic signals received
by the coupling monitoring transducers to detect flaws in the

part to-be-tested.

3. The apparatus as set forth in claim 2, wherein the means includes

a ceniral processor or a computer.

4, The apparatus as set forth in claim 1, further comprises a water
flow assembly to provide a coupling medium for the ultrasonic

inspection.



The apparatus as set forth in claim4, wherein the water flow assenbly

i ncludes a water tank and a punp, The apparatus as set forth in claimb,
further conprises a self- primng, submersible punp to supply pres@qwﬁggqms :
fluid for wultrasonic inspection. 7. The apparatus as set forth in.-claim1l1,
wherein the brush assenbly providesla coupling with a 12nm water col umm
level to fill the inner chanber of said housing assenbly. 8. The apparatus
of claim1, wherein the brush assenbly consists of a fluid inlet and a
suction outlet appropriately placed so f hat the inlet and the outlet are

positioned. furthest apart to allow the flow of fluid to fill said inner
chanber of 't he: H&QPH&ragée%ﬁ@f f%éﬂ'd'”p(F'@'deeé’VQ\er&in“%W@%Jm% coupl i ng

for inspecti Ongﬁgwlmdb%sacp%f%W‘ani%n%oai ad;rﬁggd upward or downward. 9.

The appar at us I'n clarm wherern rnner chanber al so

consists of an inlet that provides suction to assist fluid in filling up
the i nner chanber when the apparatus is placed downward onto the part to
be tested. 10. The apparatus as clained in claim1l1l, wherein a tool changer

i d to d i bl vy, .7 B,2006 12 11. Th t
ci ai mod i f-cl ot RECPPETRELETRTALE Sorban SHRGhEa0RaEs B30 Tobot
control | er and maimifoY sUBRhSsRAS WiRhB 1Y sURRSY bh@RBritd\§ ioRRG S to enable

conpl ete coverage for flaw
ultrasonic inspection.

7. The apparatus as set forth in claim 1, wherein the brush assembly
provides a coupling with a 12mm water column level to fill the

inner chamber of said housing assembly.

8. The apparatus of claim 1, wherein the brush assembly consists of
.a fluid inlet and a suction outlet appropriately placed so that the
inlet and the outlet are positioned furthest apart 1o allow the
flow of fluid to fill said inner chamber of the housing assembly
and provides a good ultrasonic coupling for inspection in which

the apparatus is positioned upward or downward.

9. The apparatus as claimed in claim 1, wherein said inner
chamber also consists of an inlet that provides suction 1o assist
- fluid in filing up the inner chamber when the apparatus is

placed downward onto the part to be tested.

10.  The apparatus as claimed in claim 1, wherein a fool changer is

used to deploy the housing assembly.



detection and is linked to the central processor or conputer to perform
the ultrasonic inspection on a to-be-tested material automatically, 12. An
apparatus for.ultrasonic inspection of flawed material s, conpri3|ng?R552®ﬁ
housi ng assenbly having an inner chamber and an outer chanber; (b) two
conpressi on wave transducers being ahgled to produce refracted ultrasonic
shear wave beans so as to inspect closely spaced fasteners accurately; (c)
two transducers being used to receive reflected conpression wave to

moni t or addquati@eutippasohiscacoiniinientin deimeeriudaedconapdadiscenseahs (b) and
the part to be testeq sensor hol der attached to the housing

assenbly at a pl'@FdtY %’{ﬁé?}yp‘girﬁpg, Cf’ébfrqlﬁﬁgﬂ%ﬂﬁ A-fIfelode s adabt i on
outl et positi onedif PRV 1d EWG‘E)CIjé gcirﬁ@lé’rgr}%v n@a%)f&gfcg\&uaccur ate

i nspection in the upward and downwar 1'on; ~a sh assenbly

i ncl udi ng a pl weticidiprofindriniiesd ho tisbeseriteal wragwssorof tehtbifeghy seal and
provide a 12 mmwater colum |evel in the process of ultrasonic
i nspecti on. perform the ulfrasonic inspection on a to-be-tested material

automaticaliy.

12.  An apparatus for ultrasonic inspection of flawed materials,
comprising:

(a) a housing assembly having an inner chamber and an outer
chamber;

_( b) two compression wave transducers being angled to
produce refracted ultrasonic shear wave beams so as to
inspect closely spaced fasteners accurately;

{c) two transducers being used to receive reflected
compression wave to monitor adequate ultrasonic coupling
between said transducers of {b) and the part to be tested:

{d) a sensor holder aftached to the housing assembly at a
pluroli’ry of points;

{e) two fluid inlets and a suction outlet positioned to provide a
fluid filled inner chamber for accurate inspection in the
upward and downward direction; and

{f} a brush assembly including a plurality of annular brushes to
ensure a fluid tight seal and provide a 12 mm water column

levelin the process of ulirasonic inspection.




