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DESCRI PTI ON ULTRASONI C | NSPECTI ON APPARATUS, - - -~ . .
ULTRASONI C PROBE APPARATUS USED FOR ULTRA
| NSPECTI ON APPARATUS,  AND, YL.TRASONI C | NSP%%@W/WWW
METHOD Technical Field [0001] The present
relates to an ultrasonic inspection technique™f%éy
i nspecting, in a non-destructive nmanner, an internal
structure, a flaw state or a state of a junction of an
obj ect to be inspect OECRIPTIQINtrasoni c waves, and
nore particularly, to an ultrasonic inspection
apparatus which visualizes a state of flaw, peel-off
or void, or an unstuck state- of a junction in an
" ULTRAS ONI O NBP B} BEO N A PRAIRBTELS e LARASONED PROBE
ul trasoni ¢ probe apparatus used in the ultrasonic :
APPARAEVISON QERraOR Whd RASHNICE INSINEES THINeARARARATUS,
met hod. Background Art OOO& Exanpl es representing
ANDhUSLTRPS ONIG dNSBRCTIASpMETIAOPechni que i ncl ude
ul trasoni c i nspection apparatuses disclosed in
Japanese Patent Laid-Cpen Nos. 2003-149213 (Patent

Documsni_,_li 2004- 53360 (Patent Docunent 2), 2006-3
Tecfmycal Fpgldnt Document 3) and 8-122309 (Patent
(00 (‘]ument 4). [0003] ~I10CO 110 VIll IIMI1IM 1101 ~~~~

The present Vinvention relates to an ultrasonic inspection
technique for inspecting, in a non-destructive manner, an
internal structure, a flaw state or a state of a junction of an
object to be inspected by using ultrasonic waves, and more
particularly, to an ultrasonic inspection apparatus which
visualizes a state of flaw, peel-off or void, or an unstuck state
of a junction in an interior of an object to be inspected, and to
an ultrasonic probe apparatus used in the ultrasonic
inspection apparatus and to an ultrasonic inspection method.
Background Art
[0002]

Examples representing this type of ultrasonic inspection
technique include ultrasonic inspection apparatuses disclosed
in Japanese Patent Laid-Open Nos. 2003-149213 (Patent
Document 1), 2004-53360 (Patent Document 2), 2006-317417
(Patent Document 3) and 8-122309 (Patent Document 4).

[0003]
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*000002* -2- Such ultrasonic inspection apparatus

i ncludes an ultrasonic transducer having nultiple

pi ezoel ectric transducer elenents (piezoelectric

vibrators) arranged in a plane in a matrix or an

array (linear shape), and the internal structure or a

state of flaw (defect), void, oxide film peel-off or

the like of an object to be inspected is visualized

by using ultrasonic waves transmtted from or

reechedlbyasbaiolitrgsention ta@padatcars iroclbde emn

i nspect the object w thout destructing the object.
ultfa3a0dic tEameycahtyr W aeimpimbdiplofpiczeelettasonrgansducer

i nspection apparatus and the ultrasonic transducer
eleraea tsofmzazlcatiiiougbratorgharwamgedofn & pdagehinfa

several neters. Wien an_object is inspected by using
matgighotlan oy (1insgrt P ehppardittlce 1nperBabsdrycture or

(i nspector) using the ultrasaonic¢_  inspecgtion apparatus
a sttt ohdiast hfichectl t YakbnP&idgsHd et Bﬁe?b?/‘ofcﬁEct Gdtige of

di spl . di spl it.includ ' h | i . -
an phigeEleoRaHaPRELEd thiah U EE oY i e M IGAY R &y
. i e £ the i : . L uhi
walls 1ORRETBL LT TP bt Shar b ghiled BP e efPeBe .  ©
tral SRS SE (RO RS R RET WL OB BN LRGeSl e
thep€§igégn_adjustnent, scanning and the like of the
ultrasoni c transducer requires due

[0004]

Generally, the main body of the ultrasonic inspection
apparatus and the ultrasonic transducer are connected
through a signal cable of a length of several meters. When an
object is inspected by using such ultrasonic inspection
apparatus, the operator (inspector) using the ultrasonic
inspection apparatus must perform the ultrasonic inspection
by checking a display of a display unit included in the
ultrasonic inspection apparatus, which is apart in location
from an inspection position of the inspection object, while
carrying out accurate alignment of the ultrasonic transducer
and proper scanning on the surface of the inspection object.
[0005]

The operation fdr accurate position adjustment, scanning
and the like of the ultrasonic transducer requires due
attention. In using the ultrasonic inspection apparatus, it is

very difficult for the operator (inspector) to manipulate the




attention. In using the ultrasonic inspection
apparatus, it is very difficult for the operator
(inspector) to mani pulate the 11 -3- ultrasonic
transducer whil e checking a3isplay of the display
unit included in the main body of the ultrasonic
i nspection apparatus placed apart fromthe inspection
obj ect (object to be inspected). Further, when the
display unit is placed close to the inspection
ultehpeetic tizen spercatrowHilaspketinguai dipplay ofl thasbrrlay
i nspection apparatus nust alternately watch the ]
unitl imakeded inarstvneinabddyhe{ditspiyraapniconspection
mani pul ate the wultrasonic transducer and_also to
appheskus pizptdyapart Heomidpt dpspfictioThadjert (Reyect to be
~difficult to solve the conplex and dithcuI[ in_basic
in sqpee tad JonsFarr theki when [thoosisphayinadt 48 plagednciare to
operator (i nspector using t he ultrasoni? i ns eq%{on
theapaémqréonnggé%% heopPEERtBy (TRSAFAICY) HSHRIELS ng
the ultrasonic transducer, it takes , nuch l
ulteaH prosBr chit metatesd sy Bel Yy Bael] Waten the
Accor di ngl the inspeectio [ the .ul.tr I
w1 rRERE B sl BB SO 3Ry BBat o PEghiputate the
ul 3% 5 (FRRLAUL NN & SAPkOW cbRER QNP1 A RIT Kinewn

“ul'trasonic I nspection apparatus in which a display
diét‘tﬂlg)aiﬁggit.a SHUShif QaSWIFERING 1dREATdiisel @yepliek and

ay unit are integrally arranged in an
dif$l AN RS PRi Ba BIORD &RPEbA IS r'Winidt ki gs .
[0006]

Particularly, when the -operator (inspector) using the
ultrasonic inspection apparatus inspects an object by
manually manipulating the ultrasonic transducer, it takes
much labor to obtain proper and accurate inspection results.
Accordingly, the inspection using the ultrasonic inspection
apparatus is not always easy.

[0007]

Then, as conventional technology, there has been known
an ultrasonic inspection apparatus in which a display unit and
a switch for switching images displayed in the display unit are
integrally arranged in an ultrasonic probe apparatus with an
ultrasonic transducer (for example, Patent Document 4).
[0008]

In a conventional ultrasonic inspection apparatus, there

is utilized an ultrasonic transducer which is constituted of a



ultrasoni c transducer (for exanple, Patent Docunent
4). [0008] In a conventional ultrasonic inspection
apparatus, there is utilized an ultrasonic transducer
which is constituted of a -4-- piezoelectric transducer
section including multiple piezoelectric transducer
el ements. When an inspection object is inspected
usi ng the conventional ultrasonic inspection
apparatus, the operator nust mani pulate the ultrasonic
plezoarsducertramdducheceatgoa dnsplidyngf nihktigilspl ay
unit included in the main body of the conventiona
plean¢leasont dranmspecer orlcappartat usWhe008h irepeettoml @hject
. with the conventional ultrasonic inspection _
is ipppacdeds usinentAn ¢aBpeattion alsuparfssrm 1By psedhdnng
the surface of an inspection object with the _
appr@ratasontRet9RREARBAM USthEaNiPHIBRE Ch ¢ anddasenisnd

he di spl ay..unit included.j h [ od b
ol TR PR LRSI R D ROSH It B
. I ' d | heck .a _displ f.th
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: t i.ng position of the ultrasonic
s rgﬁgdﬂc pégggﬂgplaced during the checking of the

[Oogbs}pl ay unit, or because of excessive attention paid
to'the ultrasonic transducer, the operator continues

t heoYWos X Atp M, TROHH (1 icd iige AR ARAPMRKa s@irfiRl AYsBEction
the display unit. That is, in the ultrasonic

appd¥sPRE | arhefi 418 Bis pEEtRIPNSCpEF ANSEIEGE DY @canning the

i nspecting an _
surface of an inspection object with the ultrasonic transducer,
the ultrasonic transducer and the display unit included in the
main body must be alternately watched with much labor to
manipulate the ultrasonic transducer and also check a display
of the display unit. As a result, there may cause a case where
the scannirig position of the ultrasonic tranSdﬁcer is displaced
during the checking of the display unit, or because of
excessive attention paid to the ultrasonic transducer, the
operator continues the working without noticing an abnormal
display of the display unit. That is, in the ultrasonic
inspection using an ultrasonic transducer for inspecting an
object, the operator usually must check a state displayed by
the display unit visualizing the internal structure or a state of
flaw, void, oxide film, peel-off or the like of the object to be

inspected, and perform the scanning by the ultrasonic

transducer while feeding back the checked state. However,



obj ect, the operator usually nmust check a state

di spl ayed by the display unit visualizing the

internal structure or a state of flaw, void, oxide

film peel-off or the |ike-gf-the object to be

I nspected, and performthe scanning by the ultrasonic

transducer while feeding back the checked state.

However, -5- such task or working was difficult for

t he conventional wultrasonic probe apparatus. [0010]
sucAcearsti ngl wo riktinigs wh § fdi¢filctult of 6 s hect oarv dritiemnnal

state of an inspection object efficiently and
ultrasonat ginolusiagperatus.t rasoni ¢ i nspecti on appar at us

ina field or manufacturing process site. [00 11]
[OOR@lt hernmore, in the conventional ultrasonic inspection

apparatus, a display unit and a swtch for sw tching

i n‘gﬁé@rddpgé}’ayédsl @i ﬁl%luétpﬁéylmﬁpﬁcér%nlm@gmll gtate of

arranged in uIt asoni roge appar at us provi ded
an e\PPRegﬁl?ﬂ“t? £ont € wsnéﬁso 3pCHAt el ol dthy

se the ultrasonic transdu er. to scan .

ule o fR IR dnteticll Sl trtsh The T P, R HTapfuring
@@% GRSE, however, in order to start or termnate
the 1 nspection mnth the ultrasonic probe apparatus
[Ooqquosed at a desired position, it is necessary for

the operator to input a command to start or term nate

anFiutgRRGHh 8Pe W ?hevé@f’l“v@gx th JRAGSu L 1 £ ¥ f ?{]E?r(]ectlon

unit. Furthernore, in order to make an | nspec
appdreais] a amsp[@gmﬁap@b{& DiswRICH for switching images

prog

displayed in a display unit are integrally arranged in an
ultrasonic probe apparatus provided with an ultrasonic
transducer, so that the operator can cause the ultrasonic
transducer to scan while checking images displayed on the
display unit. In this case, however, in order to start or
terminate the inspection with the ultrasonic probe apparatus
disposed at a desired position, it is necessary for the operator
to input a command to start or terminate an inspection while
viewing images in the display unit. Furthermore, in order to
make an inspection object to an image capable of being
properly inspected, it is necessary for the inspection
conditions of the ultrasonic inspection apparatus to be
properly changed or selected.

[0012]

Disclosure of the Invention



properly inspected, it is necessary for the inspection

conditions of the ultrasonic inspection apparatus to

be properly changed or selected. [0012] Disclosure

of the Invention -6- The présent invention was

concei ved in consideration of the circunstances

menti oned above and an object thereof is to provide

an ultrasonic inspection apparatus in which an

ul trasoni ¢ probe apparatus provided with an ultrasonic

t rEhsdpcesecaanireceasin ywasntcpulcatiedd macdneldlepstion of

manuf acturing process site so as to inspect an
theintrenmalsthinag s mesltiohtdonbmwia armd an ebgtackhereof is to

junction of an object to be inspected efficiently and
Proyidaranetitrasy piovng®eation prdomiatuprishev hgparanus

used in the ultrasonic inspection apparatus, and also
ultias Ry iR Re AP PREZSHISCPTRYpEET 3H thetRodltT@9aBC

tra B30T 200 e Phap e cRor SR BEa R kel sah o O
maﬁ&igé"ﬁ‘%ﬁ?{iﬁs"é‘f%‘ﬁgs%ﬁ??ea%ﬁia'siﬁ3 %égeécit??%iﬁhﬁﬂﬁamw,
' . d t t hat. _t t '
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ins PLLSBAOBLCILONS AHRATAUAGERER | Iy WAL WPSrasonic
probeNapIsd # £ 8PRSE AL U5 tRCAI9FAGoAct fifspection apparatus,
and also to provide an ultrasonic inspection method.

[0013]

Another object of the present invention is to provide an
ultrasonic inspection apparatus in which an ultrasonic probe
apparatus is separated from the main body of the ultrasonic
‘inspection apparatus and downsized or made compact so that
the ultrasonic inspection apparatus is portable and also
provide the ultrasonic probe apparatus used in the ultrasonic
inspection apparatus.

[0014]

An ultrasonic ‘inspection apparatus according to the
present invention comprises, in order to achieve the above
objects: an ultrasonic probe apparatus provided with an
ultrasonic transducer constituted of a plurality of piezoelectric
vibrators; a drive element selecting section that is connected

to the plurality of piezoelectric vibrators of the ultrasonic

transducer and is adopted to select a required piezoelectric



present invention conprises, in order to achieve the
above objects: an ultrasonic probe apparatus provided
with an wultrasonic transducer constituted of a
plurality of piezoelectric.7vibrators; a drive el enent
sel ecting section that is connected to the plurality
of piezoelectric vibrators of the ultrasonic
transducer and is adopted to select a required
pi ezoel ectric -7- vibrator based on a drive signal
vibrfatam basieghaln genliiatosigmal Srgnala depacli pgnerbeot! a
that causes an ultrasonic wave emtted fromthe
sigrph kdadleetingecrichridt thaselzeased Ay tberaksonéc abemendmitted
sel ecting section to be incident via an acoustic
frorpr Upagetdznelestdiumibradori sspectddbpolthectirane element
receives a reflected echo thereof to detect an
seleqtdpg pecsiqmdlo bspenasfendnyichan efdaestic peopRgarion
si gnal processing section that applies a parallel
megU LRt AR pREPESEIPH PRécabIREete ef @y iacreflgeded echo
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echbi i AR B0 AR, SR e TS higteaganc:
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| . ferni ; ; i
the & PERBEE dh §tAAH Brrpéintgc.fé% F:g%%%ﬁﬁ%ctte'rml ﬁ%raﬁee of

set inspection conditi ultrasonic

the dppgset tivn atgecdi ng to the present invention,
connected to a main body of an ultrasonic inspection

apphareatin, titonpltirsesonid pricles dwpachiayeid OR1ABIVE display
unit that displays an image based on the image data produced
by the signal processing section, and an input unit used to
input an operation command such as a command to start or
terminate an inspection, or to set inspection conditions.
[0015]

An ultrasonic probe apparatus, according to the present
invention, connected to a main body of an ultrasonic
inspection apparatus, comprises, in order to achieve the above
objects: a probe holder in a shape of a box; an ultrasonic
transducer including a plurality of piezoelectric vibrators
incorporated in the probe holder; a display unit incorporated
in the probe holder; and an input unit incorporated in the
probe holder,

wherein the ultrasonic transducer, the display unit and

the input unit are integrally assembled within the probe holder.




obj ects: a probe holder in a shape of a box; an

ultrasonic transducer including a plurality of

pi ezoel ectric vibrators incorporated in the probe

hol der; a display unit incogporated in the probe

hol der; and an input unit incorporated in the probe

hol der, wherein the ultrasonic transducer, the display

unit and the input unit are integrally assenbl ed

within the probe holder. -8- [0016] An ultrasonic
[0O18%pection method according to the present invention

conprises the steps of, in order to achi eve the above

obhactdtrgy@Epis ing prctibhr aserti 6di aAspecting eprvaipissent
including: an ultrasonic probe apparatus including
inve¢helan toamgniise st tlaassitees adonist otrdteadtofa ah pdwe ahid ybove
~of piezoelectric vibrators, a-display unit which :
objelt sl ays an i mage based on image data produced by a
- signal processin? section, and an input unit wused to
peP T OP AT HRE opR rat iTed Loiimne PSEdho Asad pedigtahel ingluding:
siart or.termnate an inspection or tq set.  an i
an pPLasentsh PrkdiaPBAragus Ineledengntheapigaisaqic
secgtion which.is, cqnngecte to..a plurality of . .
traSf st PRt bR o & Brvrhdi B delraciefizie ibantors,
el S L 8aUJ.r. iezoelectric vibrator. based
2 AR eI SRR SRR e & 08 i gRE data
[ I: it j S ul tr ni ve. . .
proffiEEd BY o SIERHY BrOLETSERLNFE AR o e b Bl Sulifhpic

usetdh%od}BEYForerbe,ﬁﬁnBP%‘%laQ%hngo Gl @ H01nPE s R G8hand to
via an acoustic propagation nmedi um on
start or terminate an inspection or to set an inspection
condition; a drive element selecting section which is connected
to a plurality of piezoelectric vibrators of the ultrasonic
transducer and selects a required piezoelectric vibrator based
on a drive signal from a signal generator; a signal detecting
circuit which causes an ultrasonic wave emitted from the
piezoelectric vibrator selected by the drive element selecting
section to be incident via an aéoustic propagation medium on
the inspection object and receives a reflected echo thereof to
detect an electric signal dependent on the reflected echo; and
a si.g-nal processing section which applies a parallel arithmetic
process to the detected electric signal dependent on the
reflected echo and produces data on an internal image of the
inspection object;

disposing the ultrasonic probe apparatus at a

predetermined inspection position of the inspection object;



the inspection object and receives a reflected echo
thereof to detect an electric signal dependent on the
reflected echo; and a-signal processing section which
applies a parallel arithmetiac- process to the detected
el ectric signal dependent on the reflected echo and
produces data on an internal inmage of the inspection
obj ect; disposing the ultrasonic probe apparatus at a
predet erm ned inspection position of the inspection

objeptittig & REuhirhBe d teosvRith e Stbr RePREItiOAs through
conditions through the input unit; repeating an
thearmpugemant; of the ultrasonic probe apparatus and an
I nput setting of the command to set the inspection
cohtipciadhg gt Anoaghangemepatolinhte witirdsanic probe
‘predeterm ned display is obtained in the display unit;
appapatupngngnaimsppitt sateng o icormeremheadlitot bet the .
. input unit after adjustnent of_ the display of the
InsPEHiaP GARCILIORS et Rght kB ej iRpadt wont gbpEdtaf or
f|] aws by causing. the ulfrasoni.c. prqbe apparatus .to
Pre egtr?rén}é?gaeaﬁﬁ}%dsr% jained Jc‘l[l’iet SR AInUSBEect ;
and _inputting _an inspection termnate cqommand thr h.
© hen bR Euny Tht PER R et BrinaiS ot digePnehe input
[yc P g t ] ecti Lect. [0017]
un B aoiPSmERPgr Shs A bRaBaEt k8] dRhEy e

Hki%g??:&ggngrﬂpé iW@GiB% B35e e d By §M B MU Gsing the
ultrasonic probe apparatus to scan a predetermined range of
the inspection object; and

inputting an inspection terminate command through the
input unit after completion of inspecting the predetermined
range of the inspection object.

[0017]

According to the ultrasonic inspection apparatus, the
ultrasonic probe apparatus used in the ultrasonic inspection
apparatus and the ultrasonic inspection method according to
the present invention, an internal flaw, peel-off or void, or an
unstuck junction of an inspection object can be inspected
efficiently and accurately by easily manipulating the ultrasonic
probe apparatus including the ultrasonic transducer in the
field or the manufacturing process site.

Brief Description of the Drawings

[0018]



- apparatus and the ultrasonic inspection nethod
according to the present invention, an internal flaw,
peel -off or void, or an unstuck junction of an
i nspection object can be ingpected efficiently and
accurately by easily mani pulating the ultrasonic
probe apparatus including the ultrasonic transducer in
the field or the manufacturing process site. Brief
Description of the Drawings [0018] -10- Fig. 1 is a
Vi Bigsahesed iviakt ycHdmsitiahl g il udebeingnd isghrodti on
of an ultrasonic inspection apparatus according to

cortfigupaasent of meentlitoasoFiig. i2spscaivn evp palrertets ealdording
illustrating the configuration of an exenplary probe
to ﬂmtdere$©nStiirtmnﬁg’rJan ul trasoni ¢ probe apparatus of
the ultrasonic inspection aratus accordi ng to the
pr Edgnt2 |1ﬁv%mlﬁ®h sqhﬁmﬂteﬁaﬂ:ﬁg illpstrating ghel an
view, Fig. 2 (B) is a front view and Fig Cga
configaingtaqn pf §n FXeMP %Wemplh:e hcé\ﬁesfh%ﬂﬁé utmg an
condition of an_ult rasonlfc ctl on_net hod us]
Wl REORET BEORe SPRAIE T Db B Bap s SRto  BRRG Go0fhe
i nvent..on

wech .l
apﬁﬁf@igﬁpﬁgcw%vﬁ"g\%&ﬁa breadht i fYE R R L R b e 2

UI| é;:ﬁ?&l nvent 7 Ontgl %S@%Z‘i ??ongfl%\?lnﬂ&ﬁ %hg (C) s
s,ld'enw@&'.on [0019]

"Fig. 3 is a schematic view showing a condition of an
ultrasonic inspection method using the ultrasonic inspection
apparatus according to the present invention.

Fig. 4 is a flowchart illustrating an example of ultrasonic
inspection method using the ultrasonic inspection apparatus
according to the present invention.

Best Mode for Carrying Out the Invention
[0019]

An ultrasonic inspection apparatus, an ultrasonic probe
apparatus used in the ultrasonic inspection apparatus and an
ultrasonic inspection method according to the present
invention will be described hereunder with reference‘to Figs. 1
to 4.

[0020]

Fig. 1 is a view schematically illustrating the whole

configuration of an ultrasonic inspection apparatus according

to the present invention.



An ultrasonic inspection apparatus, an ultrasonic
probe apparatus used in the ultrasonic inspection
apparatus and an ultrasonic inspection nethod
according to the present inygntion will be described
hereunder with reference to Figs.. 1 to 4. [0020]
Fig. 1 is a view schematically illustrating the whole
configuration of an ultrasonic inspection apparatus
according to the present invention. - 11 - [0021] An
[00@1t)rasoni c i nspection apparatus 10 includes an
apparatus body 11 and an ultrasoni c probe apparatus 12
CoAst ulttadondcam s pebeiqrordppheaand 00 snbandy st ¥pe.
The apparatus body 11 and the.ultrasonic probe
appppatasusody irdeanskpar atlelrg seirsipoped bend pgoareict £dl 2o
each other via a flexible signal cable 13. The
cConfuriied 69 Aspeth o rp emtsp ket and @hashandynyheon dhe
an ultrasoni c_canera which can finely i mge the
aPRatatnalPetvutlupebihe planescssnrpiebatapragatas 12 are

R N
BRI S e A i R BB s s o
RN 5 LA S AR
int@FAEE stk ture or a flawed configuration of an object to be
inspected (called inspection object or inspected object,
hereinafter) 14. |

[0022]

Weight and portability of the ultrasonic probe apparatus
12 will be described with an example. The ultrasonic probe
apparatus 12 is of a palm size and equal to or less than 1 kg,
more specifically, weighs several hundred grams. The
ultrasonic probe apparatus 12 has a size, shape and weight
which allow the operator (inspector) to grip the ultrasonic
probe apparatus 12 and perform manual scanning. |
[0023]

The apparatus body 11 constituting the ultrasonic
inspection apparatus 10 includes a signal generator 17, a
drive element selecting section 18, a signal detecting circuit 19,
a signal processing section 20, a first display unit 21, a
control circuit 22 and a first input unit 23.

[0024]



ultrasoni ¢ probe apparatus 12 has a size, shape and
wei ght which allow the operator (inspector) to grip
the ultrasonic probe apparatus 12 and perform nmanua
scanni ng. [0023] The appargpus body 11 constituting
the ultrasonic inspection apparatus 10 includes a
signal generator 17, a drive elenent selecting section
18, a signal detecting circuit 19, a signa
processing section 20, a first display unit 21, a
cohheosign & b igetn &2a taond 1&7 forresiucepus diivie 3$gna[1 GPR4¢h
-12- The signal generator 17 produces a drive signha
driwds ein diltvesoanicuttanasdnicet (abstuseni¢ Wdmasond
sensor) 25 included in the ultrasonic probe apparatus
inchedefon2she THe¢rdsowe cepenbet apglaing k2ction 18
selects a drive signal fromthe signal generator 17
[Oogﬁﬂ sel ectively drives a piezoelectric vibrator
zoel ectric transducer el enent) 26 of the
uI Tf’gsgﬁ}‘{:ﬁ‘ € Sﬁéﬁﬂée?el%tl{lgo%?tl%el 8 HfigIC teed ct¥ivigy
det ect as electric na
sigfg} %gepéitg%cmgp A6 aReF AL Pecl oRhe o HvaTgedrives a
h, the ultrasoni ne t ransducer 25
p1e£89 cP%rrlélsonl ép{‘fze‘?ﬁlteg SﬁQ%‘guﬁFtrr%lseéﬂl ?%6 of
netGARSURET. 25 hgdutepdsted b the region to be

i nspected (ca Tnspection region or inspected
[00Degi on, hereinafter) 28 of the inspection

The signal detecting circuit 19 detects, as an electric
signal, a reflected echo from an inspection region (target-
region) 28 through the ultrasonic transducer 25 when an
ultrasonic wave U emitted from the ultrasonic transducer 25 is
irradiated to the region to be inspected (called inspection

region or inspected region, hereinafter) 28.of the inspection

object 14.
[0027]

The signal processing section 20 applies a parallel
arithmetic processing to the electric signal dependent on
reflected echo detected by the signal detecting circuit 19 and
produces ultrasonic image data (image data). The signal
processing section 20 includes amplifiers 31a, 31b, ... 31i for
amplifying the electric signal dependent on reflected echo
detected by the signal detecting circuit 19, A/D converters 32a,
32b, ... 32i for converting the amplified electric signal

dependent on reflected echo from an analog signal to a digital



obj ect 14. [0027] The signal processing section 20
applies a parallel arithnetic processing to the

el ectric signal dependent on reflected echo detected
by the signal detecting cirggt 19 and produces
ultrasoni c image data (inmage data). The signa
processing section 20 includes anplifiers 31a, 3lb,

... 31i for anplifying the electric signal dependent
on reflected echo detected by the signal detecting

sig@ialcWardBel AV ED €O8YEFE 33a3Z3 b, 32331 foBPrddiicin
g P , g
converting the anplified electric signal dependent on

ultratbedteimeqdw datemoditaanaldodpysvgsalalizingg dhegi iraterndB
signal, parallel processors 33a, 33b, ... 33i for
compdodoni pd the tinago tonmadgedat b4 obaaedednbyhe electric
visualizing the internal condition of the inspection
sigotslede peh danédonthhaedl ectad ecld ghanvdepethdao the
~the reflected echo converted into the digital signal,
digipeyl sagn@tleadi oh Provedp mBpIose siyddd fgr producing
._.nte raieﬁ ultrasoni c i mage datg obt ai,ned Q{ .
thﬂF@gF HhET 2 sRPEs graageedasact PERIR GdoRY i1 i@ td B a
roduced by th aral l el processors 33a,, 33b, ...
muliiB GassEs ¢haulit RSP SHPAEL AR PTG S dibidne
' ' co ed of a display
paﬁ%@??%%f%g%gagf?ﬁig?rg£§§crrgﬁgﬁa nmenory section and
[O(%?@ i ke, and produce and display a required inmage
asLd on the ultrasonic imge data processed by the

Si gnet RFOLRSPIEySaLit P 20nd a second display unit 36 are
each composed of a display section, an arithmetic section, a
memory section and the like, and produce and display a
required image based on the ultrasonic image data processed
by the signal processing section 20.

[0029]

Further, the first display unit 21 and the second display
unit 36 perform comparison processing with preliminarily
input threshold values, respectively, and when an abnormal
value is detected, the abnormality is displayed.

[0030]

The control circuit 22 controls the operation of the signal
generator 17, the drive elerne.nt' selecting section 18, the signal
detecting circuit 19, the signal processing section 20, the first
display unit 21 and the second display unit 36, and controls
the sequential operations including emission, reception,

visualization and displaying of ultrasonic wave.



[0029] Further, the first display unit 21 and the
second display wunit 36 perform conpari son processing
with prelimnarily input threshold val ues,
respectively, and when an-abhermal value is detected,
the abnormality is displayed. [0030] The contro
circuit 22 controls the operation of the signa
generator 17, the drive el enent selecting section 18,
the signal detecting circuit 19, the signal
[00PAdcessing section 20, the first display unit 21 and
the second display unit 36, and controls the
sedpam irglcedpéraf ponsnispeiatdpngs bat s siognm aaceptoBn the
~visualization and displaying of ultrasonic wave. - 1%{
firstogmpt pBit RetetBe ©PnaRO] fdpebit o 1Lt 1R8ATRAES the
. fromthe first_input unit 23, .the control, circuit 22
signa] HERRERIARLS (RePTORGIRE SIEPALd! STV B Hice a
) signaL of dri%ing hgg rltr soni c_trans ucerd25.for t he
ultERP30de SR TRTHRET S A0 ARFaPMTRATS 24oRT CATRIGE dat a
. [ tio j f [ ' j;
inc§rd i RRRSHRT LEUEY didan (i MSBECH O] A 28 of

cne PSR A £ {hEy e Shalads ol g
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circuit 22 instructs the drive elenment selecting

supehkidofrdh thestl @tipde pi¥Ardelceeid ivibyhbhoat®e 26 to

- which the drive signal is to be supplied.
constituting the ultrasonic transducer 25, the control circuit
22 instructs the drive element selecting section 18 to select a
.piezoelectric vibrator 26 to which the drive signal is to be
supplied.
[0032]

After the piezoelectric vibrator 26 has been driven,
ultrasonic wave U is transmitted to the inspection region 28 of
the_ inspection object 14, and a reflected echo dependent on
the ultrasonic wave U is received by the piezoelectric vibrator
26 and converted into an electric signal. Although this
reflected echo is received simultaneousiy by the multiple
piezoelectric vibrators 26, since the control circuit 22 |
instructs the signal detecting circuit 19 to select a
piezoelectric vibrator 26, the reflected echo needed to produce

ultrasonic image data is selected.

[0033]



[0032] After the piezoelectric vibrator 26 has been
driven, ultrasonic wave Uis transmtted to the

i nspection region 28 of the inspection object 14, and
a reflected echo dependent jgn- the ultrasonic wave U
is received by the piezoelectric vibrator 26 and
converted into an electric signal. Although this

refl ected echo is received sinmultaneously by the
multiple piezoelectric vibrators 26, since the

catiFGhe€l kBle Eodd roil NSircudt 2 2 he sirgieds dhkesigmgl
circuit.19 to select a piezoelectric vibrator 26, the

protetkengeseetibn MEdedpeofprroducseridd ndspnocessrgeof
data is selected. [0033] - 15 Further, the control
amplifgimng, 232/Dnsbnwmmgeasdgnasuabrzongsamnglset:rtllcoal@@al
to performa series of processes of anplifying, A/ D
dep@(ﬂﬂ'@ﬁtl‘?@ raftevtedat ¢ prig @rdercterampelifndhe electric
endent on reflected echo in order to anplify the

s1gréagc,ct¢mnd§mgtnam sepesdest e6h o basad an déo ud&géa%lﬁc
ul tr 7& vvavelglJ to A/D convert the si naI atd
waye Uy 6ath) Phurirta thi SHEABhan s ritysTaats BTLGEr e
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t'he “vi sual

Furthermore, the control circuit 22 sends a control
command for displaying the visualized data on the first display
unit 21.

[0035]

A command to start or terminate an inspection or to
switch images, or a command to set inspection conditions is
input to the control circuit 22 through the first input unit 23,.
thereby performing the operation of the ultrasonic inspection
apparatus 10.

[0036]

The ultrasonic probe apparatus 12 constituting the
ultrasonic inspéction apparatus 10 incltdes: the ultrasonic
transducer 25 which sends or receives ultrasonic wave U; the
second display unit 36; and a second input unit 37 used to
input to the control circuit 22 included in the apparatus body
11, an operation input such as a command to start or

terminate an inspection or a command to set inspection



A command to start or termnate an inspection or to
swtch inmages, or a command to set inspection
conditions is input to the control circuit 22 through
the first input unit 23, -tihereby performng the
operation of the ultrasonic inspection apparatus 10.
[0036] The ultrasonic probe apparatus 12 constituting
the wultrasonic inspection apparatus 10 includes: the
ul trasonic transducer 25 which sends or receives
conditiasenic awmve dperhee tdecandraisspliry inspiecibonand a
second input unit 37 used to input to the contro
apparals 122, amd wihed aibp thermjpmapdt thse holdy asbhicaprobe
operation input such as a conmand to start or _
appagraiwaitle? @ard aspegraby errangathemithin sepriobspbetlder 38.
: -16- conditions so as to operate the ultrasonic
Funthgraeeren thepsarsirgd aiocwid2 ghin abadedubn tth o rparatus

v ul trasoni ¢ prob apparatusg.12 are integrally arrapged
body i FeDFobE HoF dHCORI dERPIABABIE SHhe CORLFOI
circuit .22 included in the apparatus , body 11 sends, _
corfgng LT iardnsinay i p T AL b m B SO ia SFoflata:
[Ooﬁigapl aying the integrated ultrasonic image dat a.
37] The ultrasonic transducer 25 includes a

pi epQelfeidi&nit r@@%@ﬁaggeﬁsi A0-A%akY ml@zq@%km@

pl1 ezoelectric vibrators acting as a plezoelectric

tra%“s@l@é’é‘ﬁ%&&h@ﬁegb ﬁﬁe\vﬁﬁéﬁn&?@lﬂi?)ileapf@dél el MBrators

y n columms), and the piezoelectric ~ transducer

26 2@&iheNas%h GARTH LS ARr#hlisAsOOF @1e@NEAk &% Arranged in
a matrix (m rows by n columns), and the piezoelectric
transducer section 39 constitutes an ultrasonic sensor as a
matrix sensor. - In the piezoelectric transducer section 39, the
piezoelectric vibrators 26 may be arranged not in a matrix but
in a shape of line or cross line (array-shaped) so that an array
sensor is constructed. The ultrasonic sensor constituting the

ultrasonic transducer 25 may be a matrix sensor or an array

sensor.
[0038]

A drive signal produced by the signal generator 17 is
selectively applied to each of the piezoelectric vibrators 26 of
the ultrasonic transducer 25 by the drive element selecting
section 18. Based on the selection made by the drive element
selecting section 18, the order of driving each of the
piezoelectric vibrators 26 is determined with respect to one

vibrator or multiple vibrators at a time, and each of the



matri x sensor. In the piezoelectric transducer section
39, the piezoelectric vibrators 26 nmay be arranged
not in amtrix but in a shape of Iine or cross |ine
(array-shaped) so that an.aryay sensor is
constructed. The ultrasonic sensor constituting the
ul trasoni c transducer 25 may be a matri x sensor or an
array sensor. [0038] A drive signal produced by the
signal generator 17 is selectively applied to each of
pietdelqutedoeydatdior svRlfy as aisivzi eft at hequlitedsdnive timing
transducer 25 by the drive elenent selecting section
to ttandBasechmmitrasatectwaone Made by the drive el ement
sel ecting section 18, the order of driving each of the
[00Bi9dzoel ectric vibrators 26 is determned with respect
to one vibrator or multiple vibrators at a tine, and
eatheofiltrpsoniq WpEgol esritite dvine & sestefithelr i ven
at arequired drive timng_ . to transmt an ultrasonic

piegagle AIrIF0pEYa tofe 4R EFERDM EC RVEE UnSRECILRN  Fogion 28 of
L ibﬁ%?s@%ﬁcb%%igl L5 iy
reflgdied Y hauRaR) o ayer i A Thd e B i TPalitsiongregion
o o L s e e A s o
thesﬁmﬁoiéen%'&%ﬂédﬁﬁér S5 (188 ONhea BARSQEn sb¥PAQU hich is the
ultrasonic sensor. -
[0040]

In the ultrasonic transducer 25, a shoe member 40 being
a liquid or solid acoustic propagation medium is brought into
close contact with a transmission (emission)/reception surface
as an ultrasonic sensor surface, more specifically, to the side
of the inspection object 14." A couplant 41 for achieving
acoustic matching of the ultrasonic wave U is arranged
"between the shoe member 40 and the inspection o.bject 14.
The couplant 41 is formed of gelled liquid having a low
volatility. In the case of the shoe member 40 as an acoustic
propagation medium being a liquid, there is no need for
locating the couplant 41. |
[0041]

| The shoe member 40 entirely has a box-shape having an

opening area of the shoe member 40 set according to the size -

of the inspection region 28 of the inspection object 14, and the



In the ultrasonic transducer 25, a shoe menber 40
being a liquid or solid acoustic propagation nedi um
is brought into close contact with a transm ssion
(em ssion)/reception surfac&8-as an ultrasonic sensor
surface, nore specifically, to the side of the
i nspection object 14.' A couplant 41 for achieving
acoustic matching of the ultrasonic wave U is arranged
-between the shoe nmenber 40 and the inspection object
height oThhaslpamenibes 40rashnfageliséc INRP LRI A
a low volatility. In the case of the shoe nenber 40
medsuam iscdeser minsmdpugdhicoe mission m&lgf 4sprgeddng angle)

there is no need for |locating the couplant, 41. %OOEM]
of tine wHaa seatiselv afle it PR RERd 4T X t@}%\@@eﬁ&\?. gt

openi ng area of the shoe nenber 40 set according to
vibrgdogi2@- of the inspection region 28 of the

Oor?gi]gectl on object 14, and the - 18 height of the shoe
[ er 40 as an acoustic propagation nediumis

detrgrym; ped, pyy e r?g‘lﬁlséal%‘cﬂ%gl fe %?859?? B¢ ﬁ{kg'iﬁ)spé’cftion

the "u trasonlc waves nsmtte rom

obJ%heczﬁ’al tsrdlg]ne(%'ek?f %Boglégq?oh%%gt]rucﬁhge &b 9f1<ﬁ{

e inspectl reglon t'he 1 nspection object 1

us1'n°‘$ S Qﬂttﬁgsbﬁlé%a@@@ﬁ%éﬁ%ﬁﬁ’ﬁe‘dﬁig@ﬁ{ itefe IQl)dtrasonlc
ng the ultrasonic wave U transmitted fromthe

nseeopranegtion, mne tvged ool rone ey o«
m1Stflekidig stiacoursos btalakd- by stacking two or more plate-
like structures, or may be a metal material or a plastic
material.

[004 3]

In the signal generator 17 which makes a drive signal act
on the ultrasonic transducer 25, a pulsed or continuous drive
signal is produced by applying an external voltage so as to
produce the ultrasonic waves by driving the piezoelectric
substance of the piezoelectric vibrator 26. When the
piezbelectric transducer section 39 is driven by the drive
‘element selecting section 18 and a piezoelectric vibrator 26 of
the i-th column and j-th row is selected, the drive signal is
applied at a required timing to the selected piezoelectric
vibrator 26 of the i-th column and j-th row. The drive element
selecting section 18 sequentially selects, at a required timing,

one or multiple piezoelectric vibrators 26 to be driven, and

when a drive signal from the signal generator 17 is applied to



i ke structures, or may be-a netal material or a
plastic material. [0043] 1In the signal generator 17
whi ch nakes a drive signal act on the ultrasonic
transducer 25, a pul sed or- ggnti nuous drive signal is
produced by applying an external voltage so as to
produce the ultrasonic waves by driving the

pi ezoel ectric substance of the piezoelectric vibrator
26. Wen the piezoelectric transducer section. 39 is

thedseVentddy gikeodlecericehvebratosel@ctthgudecisonidBrvaned U is
a piezoelectric vibrator 26 of the i-th colum and
trapstrhittew fsoselthet pdezbbéedtiicevehgnedr 26 cappl ithé abject
a required timng to the sel ected piezoel ectric
to bebmsspecpBdof4the i-th colum and j-th row. The drive
el enent selecting section 18 sequentially selects, at
[00#4kquired tining, one or nultiple piezoelectric
vibrators 26 to be driven, and when a drive_ si gnal
fr &Fh %rrea%¢ gﬁﬁlerﬁeh}é?a‘tlbtrraﬁpmsc apphissdicer -29-(maprix
sel rg)cb ( ezoel ect[l C Vi brz%{ or, 26, ~the .ult raTonl C
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matri x | ane % nS|o , and each of t %
to Ricezpel @Cﬁd|1C())Vﬁ§)rs¥<?u§n%§é11y(drrvén by the drive element
selecting section 18. When a drive signal is sequentially
applied to each of the piezoelectric vibrators 26, the ultrasonic
wave U is sequentially emitted from each of the piezoelectric
vibrators 26 at that timing. Reflected echoes of the ultrasonic
waves sequentially emitted from each of the piezoélectric
vibrators 26 are sequentially received by the ultrasonic
transducer 25, and the reflected .echo, that is, the received
signal is sent as an electric signal (electric echo signal) via the
signal cable 13 to the signal detecting circuit 19.
[0045]

The ultrasonic wave U sequentially transmitted from each

of the piezoelectric vibrators 26 of the ultrasonic transducer
25 passes through the shoe member 40 acting as an acoustic

propagation medium and then through the couplant 41, and is

incident on the inner side of the inspection region 28 of the



to 10, j =1 to 10) is sequentially driven by the

drive elenent selecting section 18. Wen a drive

signal is sequentially applied to each of the

pi ezoel ectric vibrators 26,2¢he ultrasonic wave Uis

sequentially emtted fromeach of the piezoelectric

vibrators 26 at that timng. Reflected echoes of the

ultrasonic waves sequentially emtted fromeach of

the piezoelectric vibrators 26 are sequentially
inspeceioedibje dthe ubtvdhseflec tdd arsdioeh abrhandotiredary

refl ected. echo, that is, the received signal is sent
layearss arf gheatrsmestigmlregebacliB.c echo signal) via the

signal cable 13 to the signal detecting circuit 19.
[0Of6Q45] The ultrasonic wave U sequentially transnmitted

fromeach of the piezoelectric vibrators 26 of the )

ul Thasoaiflectedneaboss (25linmtad hhthggHpwarghbeoken-line

menber 40 acting as an acoustic propagati on nmedi um
arraWe {Ref1g hlouh theutimtantc Mavsgaredectadi grgash of

the inner side of.the inspection region_.28 of ,the.-20-
the; REpSTI b 65t HATHE Berh BT O o CdLaRcof 4pnahe

boyndar l.ayers,of .t i nspection .regi 28. . [.0046]
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mefibéherd Nspaetd N celdiieGlectived Qvta efiffdient REMEGl BY each
(i nspected) object 14 and pass through the shoe

of the piezoelectric vibrators 26 of the ultrasonic transducer

25 and cause each of the piezoelectric vibrators 26 to vibrate,

whereby the reflected echo is converted into an electric signal

(electric echo signal). Subsequently, the electric echo signal

is received via the signal cable 13 by the signal detecting

circuit 19 and detected by each of the piezoelectric vibrators

26.
[0047]

The signal detecting circuit 19 is connected in parallel via
the signal cable 13 to each of the piezoeléctric vibrators 26 of
the ultrasonic transducer 25, and electric echo signals
produced by the piezoelectric vibrators 26 of the piezoelectric
transducer section 39 are guided via the signal cable 13 to the
signal detecting circuit 19. Furthermore, by using the signal
cable 13, drive signals from the signal generator 17 are guided

via the drive element selecting section 18 to the piezoelectric



menber 40, and are each received at a different timng
by each qof the piezoelectric vibrators 26 of the
ultrasonic transducer 25 and cause each of the

pi ezoel ectric vibrators 26 4p_vibrate, whereby the
refl ected echo is converted into an electric signa
(electric echo signal). Subsequently, the electric
echo signal is received via the signal cable 13 by
the signal detecting circuit 19 and detected by each

vibrftde 28 @208 € ikiz Mk BE A0t $andfiu ¢ @P4Mctidhe3i,gnal
detecting circuit 19 is connected in parallel via the

resgédfidlelgabl e 13 to each of the piezoelectric vibrators
26 of the ultrasonic transducer 25, and electric echo
[0048¢gnal s produced by the piezoelectric vibrators 26 of
the piezoelectric transducer section 39 are guided .
vilmn tthee ulgnaboua'tblielsnseﬂiqrhelp}sagﬁéusdépecwgﬁgl a drive
~circuit 19. Furthernore, by usin%)the signal _cable
signal igrapelisrial & Prore ¢ Ins Wilgnal P pdivdr g%onlt?’%FE'th
guided via the drjve elenept selecting section 18 to
col QB ARSOBL 6B FRE 1D £AGH b hithis PIRZOF 144 IC VIDFALorS 26

of tF%%iﬁ%f‘étﬁ%ii‘éé{aaé‘? e SFnsHet b Gir o EaT el (Bgktor 26 is
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t ransducer i ézoel ectric vibrator

emg.lrtgrbgﬁﬁﬁggﬁ)ﬂi@%agﬁ B pezosl 6 the SWhpLaRLen figion 28
of the object to be inspected through the shoe member 40 and
the couplant 41. The ultrasonic wave with which the
inspection region 28 of the inspection object 14 is scanned is
partly reflected on the density boundary layer of the inspection
region 28 and makes reflected echoes. The reflected echoes
pass through the couplant 41 and the shoe member 40, and
are returned to the ultrasonic transducer 25 (métrix Sensor)
and received at a different timing by the piezoelectric vibrators
26, respectively. The piezoelectric vibrator 26 applies
piezoelectric conversion to the reflected echo and produces an
electric signal (electric echo signal). The electric echo signal
is sent via the signal cable 13 to the signal detecting circuit 19
by which the electric echo signal is detected. The signal
detecting circuit 19 is a circuit for.detecting an electric signal
dependent on the reflected echo produced by the ultrasonic

transducer 25.



the ultrasonic wave and emts the ultrasonic wave U.

The emtted ultrasonic wave U irradi ates the

i nspection region 28 of the object to be inspected

t hrough t he shoe nenber 4Q d the couplant 41. The

ul trasonic wave with which the inspection region 28

of the inspection object 14 is scanned is partly

reflected on the density boundary |ayer of the

i nspection region 28 and nakes refl ected echoes. The
{oo4gqlected echoes pass through the couplant 41 and the

shoe nenber 40, and are returned to the ultrasonic

t rARnsHUELY t¥5 { BBE € X S8Ry )si%ﬁa(ﬂs_r@f?@h\éeglé'étﬁc echo
different timng by the piezoelectric vibrators 26,

sigmabpebd iecaleyl bihehpi ez@ehealé¢iactihlpr atofu?t 1@8pPbt ahe
pi ezoel ectric conversion to the reflected echo and
inspeotiizesamm gueldsad rticc thiegnaspéetaod mimpdefiersi gnal, )3 1b, ...
The electric echo signal 1is sent via the signal cable
3lil®netithetivigghhke sigmat ipmpoissinig skEtiby @f.ch the
el ectric echo signal is detected. The signal
[00a&ecting circuit 19 is a circuit for detecting an
el,g;étri C s'{,i%mal dependent on _the ref] ected echo

GeRIPBY TS Gk asbPc -t Pddsuielifpshe puidedadpctric

corfl BRREIL o SBHRI o F R TLARR R Bl s L,
contBhsL38a, SIRECL! RS BHL G HBs Leeheel LXEyion 20
ThPROCBSSbAY38EHs 282403580501 30; convert the amplified
electric echo signals from analog signals to digital signals and
guide them as the digital echo signals to the parallel
processors 33a, 33b, ... 331 of the signal processing section 20.
The parallel processors 33a, 33b, ... 33i process the digital
echo signals supplied from the A/D converters 32a, 32b, ... 32i
and thereby produce ultrasonic image data obtained by
visualizing the internal state of the inspection (inspected)
object 14. Multiple pieces of ultrasonic image data produced
by the parallel proéessors 33a, 33b, ... 331 are integrated by
the integration processor 34 to produce integrated ultrasonic
image data. The integrated ultrasonic image data is supplied
to the first display unit 21.
[0051]

In a case where a multiplexer (not illustrated) is mounted

on the signal detecting circuit 19 or the signal processing

section 20, there is no need for multiple parallel processors



The anplifiers 31a, 31b, ... 31i anplify the gui ded
el ectric echo signals and supply the resultant

signals to the A/, D converters 32a, 32b, ... 32i of
t he signal processing sectiop 20. The A/D converters
32a, -32b, ... 32i convert the anplified electric echo

.signals fromanal og signals to digital signals and

guide themas the digital echo signals to the parall el

processors 33a, 33b, ... 33i of the signal processing
33se@319n.2033iThadpahel irete pradess preo 330833, and a3single

process the digital echo signals supplied fromthe
pardDet guerd essr 32an Bbduce. tB2iintagrdtest edyrasotiiceimage

ul trasoni'c i nage data obtained by visualizing the
dataternal . state of the inspection (inspected) object

14. Multiple pieces of ultrasonic inmage data produced
[0GB21 he parallel processors 33a, 33b, ... 33i are

integrated by the integration processor 34 to pr%duce
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[.tipl t il rat i. d the 4.
on S HFa ARl bEEHAL S, 58 PR AL igpes
i e ' f | £1:pl l4.el, ;
anfP L0 B 3G a0 90 UL el 1o
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suBIEEEEIS Hou M AT bl i ronstayecin o
imy%%_i ntegrated ultrasonic i mage data, produced by

[0053]

On the other hand, in the ultrasonic probe apparatus 12,
the second display unit 36 is arranged integrally with the
ultrasonic transducer 25 within the probe holder 38. The
integrated ultrasonic image data, produced by processing the
digitized ultrasonic echo signal in the Signal processing
section 20, is also sent to the second display unit 36, in which
the integrated ultrasonic image data is subjected to
visualization processing and displayeci as an image.

[0054]

For the second display unit 36, a liquid crystal display,
an LED (Light Emitting Diode), an EL (Electro Luminescence),
a VFD (Vacuum Fluorescent Display), a PDP (Plasma Display
Panel) or the like may be used.

[0055]



processing the digitized reflected echo (digital echo
signal) in the signal processing section 20, is sent
to the first display wunit 21, in which the integrated
ultrasonic image data is sybpjected to visualization
processi ng and di spl ayed as an inage. [0053] On the .
other hand, in the ultrasonic probe apparatus 12, " the
second di'splay unit 36 is arranged integrally with the
ul trasoni c transducer 25 within the probe hol der 38.

e, DY Pl Snonic R ek eo o adiatopnic oo

processi asonit ¢ ecno si In

reck{fe %EQ&?'t Q¢ERS] ro§;§§§;il\lgg e tiloh B F0tBeNn e iR d

second display tGnit 36, In rch the integrated
ultxuéé6ﬁ$@ﬁkﬁag%ﬁﬁgaﬁbﬁod%c%&16ﬁ§é@ﬁdh@g t¢ sUebhZmtEod input
' processi ng and di spl ayed as an i mage. [0054] For the
froseehrdfidiss pirayutniAi8@3 @ thei Seconst ahpditspirdy,37arand
LED (Light Emtting D ode), an EL (Electro
canlLuhivesiepde)y, anauViR §Macelinn Egeoo bsaeme dDbgprisp)alizing
PDP (Pl asnma Displ a Panel) or the |like may be used.
the[ D0&5|nabstaTheof itﬁst in$ pprajomne bjat drfd bare d egorid
di splay unit 36 receive fromthe signal praocessing
- condgetli i@l gemeratdedratedhaucords el eircii§e? dat a
produced according to a command input fromthe first
[OOiWut unit 23 or the second input unit 37, and can

:/ri‘i'naﬂd:@i?%ggo%%uilnt'lgagséosnidcl:s{ﬁrgggdoprtl atihnee?irb% display unit
21 and the second display unit 36 are produced by at least one
image selected from: a reflected echo waveform image (A scope
or A scan) of ultrasonic wavelU in-the inspection region 28 of
the inspection object 14; a cross-sectional image (B scope or B
scan) in the inspection region 28 of the inspection object 14; a
two-dimensional image (C scope or C scan) of reflected echo
peak value of ultrasonic wave U in the inspection region 28 of
the inspection object 14; a two-dimensional image (D scope or
D scén) of reflected echo depth of ultrasonic wave U in the
inspection region 28 of the inspection object 14; and
information or data as the result of extracting and calculating
- reflected echo data (front surface, flaw, bottom surface) of
ultrasonic wave U in the inspection region 28 of the inspected
object 14.

[0057]
By checking the peak position of the reflected echo

waveform image (A scope or A scan) of ultrasonic wave U in the



the internal state of the inspection object 14 based
on a control signal generated fromthe contro

circuit 22. [0056] The ultrasonic inmages displayed in
the first display unit 21 3gd the second display unit
36 are produced by at | east one imge selected from
~a reflected echo waveform i mage (A scope or A scan)
of ultrasonic wave U in the inspection region 28 of -
the i nspection object 14; a cross-sectional inmage (B

ins! %%Q“i‘oﬂ!frﬁgiocgﬂ?@é dﬁpﬁgeir%%_egffdﬁrblﬁﬁﬁﬂtom42§i9%%:£§8d in

nspecti o ect 14; i mensi onal 1 nage

theS§ERB QY dGs$Aan) uefit 6! eeledr6aRGsuPRAke Al dle tAk internal
ultrasonic wave U in the inspection region 28 of the

flawngpeeti e WY ©eim 1 rfa ¢ $01 dbMESHN@h sbRGgo hDr Sgape 28
or D scan) of reflected echo depth of ultrasonic wave

of thé rindectiinspedijeen Yegian B8 ohethed nspdetisikle of the
object 14; and information or data as the result of

ulteaspadti pgobedapglandtats Af2. refl ected echo data (front

surface, flaw, bottomsurface) of ultrasonic wave U
[0Gi3B} he inspection region 28 of the inspected object

14, [0057] By checking the peak position of the

r eflwcther e O™ WAG 3100 $1% 1 TRIGE o s tHRE o BAssea®) oaf B

ultrasgnic wave Uin the -22- [ Ztglection regi on 28 o{ 14
SCyThk INnEpe dRE SYPEF 81O <F1 8@ § AN SPREIIRBOARICC

. diisplay.unjt 36, the fronf surfac 4a, the.internal
QiSRG By e b PO SO A0 e aRD 36 (e P Bsthged at
n 0 n
1;hé;1 gglf-lgeofgﬁgéa @Ef{g&ﬂ?@%‘d@@ BLEGh tHE §3N WS FREFKSH not
the ultrasonic transducer 25 properly faces an inspected
surface in the inspection region 28 of the inspection object 14,
or the front surface 14a, the internal flaw 42 or the bottom
~ surface 14b in the inspection region 28 of the inspection
object 14 can be checked at the side of the ultrasonic probe
apparatus 12.
[0059]
Furthermore, from the two-dimensional image (C scope or

C scan) of reflected echo peak value of ultrasonic wave U in
the inspection region 28 of the inspection object 14 displayed
in the second display unit 36, the two-dimensional image of
echo intensity in the inspection region 28 of the inspection
object 14 can be checked at the side of the ultrasonic probe

apparatus 12.
[0060]



ul trasoni ¢ probe apparatus 12. [0058] Further, from
the cross-sectional inmage (B scope or B- scan) in the
i nspection region 28 of the inspection object 14

di spl ayed in the second dispiay unit 36, it can be
checked at the side of the Ultrasonic probe appar at us
12 whether or not the ultrasonic transducer 25
properly faces an inspected surface in the inspection
region 28 of the inspection object 14, or the front

Sug%glg gl%}gxelr;rﬁt%ﬁhmﬁE)%l tHd qw&-%i%eh@o?f%lﬁ]gﬁ‘age (D

sur e’ i nspection region 28 of

scoitkaz%‘?Cbi_ QEanqbd')Pcnglée%t(‘le‘ CQ%&MQQ[C%TOLS%F%Q)Q% Afave U |

ul trasoni'c pro appar atus 12.

in fHELRRIPRE@onf el bhe2BVOf d:iki‘&ﬁlﬁ'bgré@tibﬂagbjé& slebpe

or C scan) of reflected echo peak val ue of ultrasonic
dispauged in tHdeddmpecdigpiaeqinit 38,0fh¢ havondireetrisional

object 14 displayed in the second display unit 36,
imdfe d¢fvdeditieinsfonalatioagen ofhe éalspdatiemsiregion 2BReof the
~ inspection region 28 of the inspection object 14 can
insipe atheckebjact tive cdrebofchtekaft ahddift sigeopé the

apparatus 12. [0060] -26- Still furthernore, fromthe
ultrasogiicensd bead PPAEFEL YD Istope or D. scan) of

reflected echo depth of ultrasonic wave U in the
[0G&kbection region 28 of the inspection object 14

?ﬁr&ﬁﬁi&%ﬁ tp?n%& 1Donr(1j odri %tziaya%n{flesxﬁésﬁpteof extracting
and calculating the reflected echo data (front surface 14a,
internal flaw 42, bottom surface 14b) of the ultrasonic wave U
in the inspection regidn 28 of the inspection object 14
displayed in the second display unit .36, various pieces of data
on the size, the position and the like of the flaw in the
inspection region 28 of the inspection object 14 can be
checked at the side of the ultrasonic probe apparatus 12.
[0062]

The second input unit 37 is conétituted of, for example, a
push button switch having a toggle function. In this case, the
inspection by the ultrasonic inspection apparatus 10 is
initiated by a first depression of the button, and the inspection
by the ultrasonic inspection apparatus 10 is terminated by a
second depression of the button and thereby the basic
operation of the ultrasonic inspection apparatus 10 can be
performed by manipulating the single push button. Further,

the second input unit 37 includes, for example, a selection



i mage of depth information in the inspection region 28
of the inspection object 14 can be checked at the
side of the wultrasonic probe apparatus 12. [0061]
Fromthe information or data as the result of
extracting and calculating the reflected echo data
(front surface 14a, internal flaw 42, bottom surface
14b) of the ultrasonic wave U "in the inspection
region 28 of the inspection object 14 displayed in

swi CE S06ME 1SRl SILECTR, uold Wn.iepes Bhae o1
: 8
oo O ESHCoe EHL, TSOS 0, O il

swiRPéd B ¥sudin M@?élezlﬁ?oﬁe&@'ﬂ@chnpuﬁ‘u'&"f‘h%r%?of@ the
constituted o for exanple, a push button swtch

‘secdayi mpatt@g@tesf Umcdliv@ies, fot xsa GasIR, 4 R®air of push
i nspection by the ul trasoni c i nspection apparatus 10

butieniswiictes dynatftutseld ddpsiasadaitodn tdweitnh taangd and
the inspection by the ultrasonic inspection apparatus
subttacsiareswrtathed by a second depression of the button
and thereby the basic operation of the ultrasonic
-i Aspekei prCapshiapikt Ynitak7bean persReaE@byondition
mani pul ati ng the si ngl.e push button Furt her, the
Set%ggoﬁapuﬁpm P@ﬁ" fproyed dhinpregh the paamsfepush button
el?ectl - SW tfch having a tog éfe function, and
switfkedso Eamab%g olgiRpPEFEtPRAC PR 1§1=R:%nsoet&i1§ﬁl lag/clude

galﬁ’mlettt?r?%ﬁa \R'Fx ?gﬁe{j‘%h?ﬁ %Iaélsv\ééﬁgré?% suestlt? OF the
number of samplings used in averaging digital echo signals
used to produce ultrasonic image data; and adjustment of
visualization start position in producing a cross-sectional
image (B scope or B scan) in the inspection region 28 of the
inspection object 14.

In the second input unit 37, setting values of the
inspection conditions are added or subtracted by using the
pair of push button switches, thereby performing the
inspection condition setting input.

[0063]

The ultrasonic probe apparatus 12 includes the second
display unit 36 and the second input unit 37, and accordingly,
in performing non-destructive inspection by the ultrasonic
inspection apparatus 10, the checking of ultrasonic images
and the manipulation of the ultrasonic inspection apparatus

10 can be continuously performed in the ultrasonic probe



second input unit 37 includes, for exanple, a pair of
push button switches constituted of an addition
switch and a subtraction switch. - In the second

i nput unit 37, an inspecti-opg8condition setting input
is performed through the pair of push button

sw tches. Exanpl es of inspection-condition setting
include: gain setting of the ultrasonic transducer
25; setting of the nunber of sanplings used in

ap pavied ags NP2 divgi it alh eallarasonsilcs transd uacepl&duc&he operator
ul trasoni c i nrage data; and adj ustnent of
(inyvpeoabilzatronnspadt plosiebpact 1 propdyEyvigg attention only
: cross-sectional image (B scope or B scan) in the
- to ihepedresenriegpsn bxg agipam@tupnsgect i on obj ect 14. In
the second input unit 37, setting values of the
[00Bfdpecti on conditions are added or subtracted by using

the. pair of push bytton sw tches, thereby performn
t hE1gj n%b%c%ivdﬁ“éoﬁﬁﬁ??W@@hf}f A H%&t}nﬁo‘gﬁﬁ] exﬁ*ﬁ%gle of
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apparatus 12 wth the ultrasonic transducer 25. The
vie@perator (inspector) can inspect the object 14 by

payi ng attention only
[0065]

’fhe probe holder 38 has, as illustrated in Figs. 2 (A), (B)
and (C), a box-shape, in which an ultrasonic sensor holder
éhamber 43 is formed which has an opening opened in a
direction of radiating the ultrasonic wave U on the inépection
object (object to be inspected) 14 (in a downward direction in
the probe holder 38 according to the present embodiment).
The ultrasonic transducer 25 is contained in the ultrasonic
sensor holder chamber 43 so that the ultrasonic sensor
surface of the ultrasonic transducer 25 faces a directioh of
radiating the ultrasonic wave U on the inspection object 14 (in
a downward direction in the probe holder 38 according to the
present embodiment). Further, the shoe member 40 is
arranged between the ultrasonic sensor surface of the

ultrasonic transducer 25 contained in the ultrasonic sensor

holder chamber 43 and the surface (lower surface) of the probe



to the ultrasonic probe apparatus 12. [0064] Fig. 2
is a view schematically illustrating one exanple of a
configuration of a probe holder constituting the
ultrasonic probe apparatus Qf the ultrasonic

i nspection apparat us according to the present
invention, in which Fig. 2 (A) is a plan view, Fig. 2
(B) is a fr-ont view, and Fig. 2 (C) is a side view
[0065] The probe holder 38 has, as illustrated in

holBegS3 820t fin td B0 2AL LA e@tg@grégg&ets 14 VD Hoe

ul trasoni ¢ sensor hol der cha forme

me%eﬁﬁ@ﬂ%”é?%ﬁ%‘é@%o‘ 8s8to ghrcﬁﬁid&’é‘ f Bn‘l ad A4 bRkt he

ultrasoni ¢ wave on the inspection ject (object to

surf@cienspatieedrobe Hidldedgwvand #neat 1108 whraldtthic probe
probe hol der 38 according to the present enbodi nent).

appdeathbr B30y enahapsduced @dberstitonhaipwatibn bhgect 14, the
ul trasonic sensor hol der chanber 43 so that the

shod thasobee $@nsome suntaceontathewith nthsohhepection object
transducer 25 faces a direction of radiating the
14 ganenthamdhe wen helrifaspe@f ithre pbpbet hpddeirn38a  The
downward direction in the obe hol der 38 according to
0petth@g mieseed Erdothaenmem rtﬁ@r 1s t9%d sheeraenigeto 4dne
ranged between the ultrasonic sensor. surface of
size fof tﬁPt‘r%%BﬁF&lQI? dLiFer &B cﬂh@awqmﬁh@mect 14,

end SIS EEE Yy LS EOBIT 0%, 0.t e
em! s {d1E a{rrl]gpee ts'p?@a%bjnegcgnlg e) ofelﬁprasomc waves emitted
from the piezoelectric vibrator 26. Thus, the opening area and
the height of the ultrasonic sensor holder chamber 43 are set
to a required value based on the opening area and the height
of the shoe member 40 and on the size of the ultrasonic
transducer 25.

[0066]

Further, the second display unit 36 is arranged on the
~upper surface of the probe holder 38. In manipulating the
ultrasonic probe appératus 12 over the inspection object 14,
the operator (inspector) of the ultrasonic probe apparatus 12
can easily manipulate the ultrasonic probe apparatus 12 while
checking an ultrasonic image obtained by visualizing the
internal state of the inspection object 14 by using the second
display unit 36.

[0067]



menber 40 is arranged so as to protrude fromthe | ower

surface of the probe holder 38, and when the

ultrasoni ¢ probe apparatus 12 is mani pul ated over the

I nspecti on object 14, the- 3bhee nenber 40 cones into

contact with the inspection object 14 earlier than

the | ower surface of the probe holder 38. The opening

area of the shoe nmenber 40 is set according to the

size of the inspection region 28 of the inspection

obFegthk4moaead thiee sheogid infpuheirsitod nesisradogéd on the

determ ned by the em ssion angle &spread[ng angl e) of
baalf snafasiec ofvdbes pnahe dibldeom& .he Ipi sravieutiating the

vi brator 26. Thus, the opening area and the height of
ultyeo i € rREQRF CARBAI S Wollde 0 VERahBEriTuSP aF bl ogeoPies tal 4,

thel QBGRALOS] LERD 08 rnBer HOUGRPBH tH 5 AP BRTERES 12
| t ' t d 25. [0066] .. Further, th .
carrapRi Uit S8 e AR st BAPERe S pBP e ik d R Bile
I , .38; | ' tq h . i
eIl e LB B AR B VBt
intggﬁa?tsq{at@ Bf%%t ohk pc i BA HBL%@@‘W« %}PHP&‘?—IJ%%% dk¥®nd
can easily mani p[?l ate the trasonic pro

disPPRY s 38 ! 81s S e ndNaubbhdsRh g dR4art or
obtai ned by visualizing'the internal state of the

ter isPerd g0 iakjpRUtidd bY A¥d@rhhe Seeosdt ifisyd iowmni t
36. [0067] -30- Furthernore, the second input unit 37

coriditavhangedoagt hthe second input unit 37.

[0068]

The probe holder 38 may be formed by optimizing, based
on the shape of the inspection object 14 and the direction of
an inspected surface of the inspection object 14 during
inspection when the probe holder 38 is used, the opening
direction of the ultrasonic sensor holder chamber 43 in the
probe holder 38 and the structure of the surfaces on which the
second display unit 36 and the second input unit 37 are
arranged. |
[0069]

Hereunder, an ultrasonic inspection method using the
ultrasonic inspection appar.atus 10 according to the present
embodiment will be described. |

[0070]



back surface of the probe holder 38. In manipul ating
the ultrasonic probe apparatus 12 over the inspection
object 14, the operator (inspector) of the ultrasonic
probe apparatus 12 can n@q%pulate the ultrasonic
I nspection apparatus 10 while checking an ultrasonic.
i mge obtained by visualizing the internal state of
the inspection object 14 by using the second display
unit 36 and also inputting a conmand to start or
t e qg nat Nl t | ; HORTRBds Ho Lhapect i on
cglag%'t ?oﬁss%t rsfr oug %tt?]gwé}gf:vo%d [ npug %ﬁli }ﬂglt%é?%ow]
insgg%t%ﬂ%é}@i@&rinsghgaﬂis@eo_f QhEedh 1Bya 88 81 iZ $19e c tiaged
n the shape of the inspection object 14 and the
appHreGis U @b rd g itesPREt fele SEhftaGev Oh tide. i nspection

obj ect 14 during inspection when the probe hol der 38
[oO79 Jused, the opening direction of the ultrasonic

sensor hol der chanber 43 in the probe holder 38 and

t hben spe ufctrumén gf ahhel s faess ios patdtchnt hé agdegpection

di splay unit 36 and the second input unit 37 are
objgct dedu¢ct] o0éY inpEeaiaddr 1 4aRyunsiagoie WHIBSAM 6n
. method using the wultrasonic inspectjon apparatus 10
inspecsi anng PRRAHA HrideAd ﬂéﬁﬁéaﬁgﬁﬁt”%ﬁﬁﬁ-bé»an operator
) describeiﬁfLOO7O -31- Fig..3 is a.schematic view ¢
(ingReGiAE A far et amcS HspaLinatP Tt ABFAGF HRE PP IFatUs

10tahreo1,l1J1|1tcirfa}§’8nilr§:sﬂ‘:gg ieoCI{ o rJlect 14 or places the inspection

object 14 in the vicinity of the ultrasonic inspection apparatus
10.
[0072]

Fig. 4 is a flowchart illustrating an example of ultrasonic
inspection method using the ultrasonic inspection apparatus
according to the present invention.

[0073]

First, in step S1, as shown in Fig. 4, the operator
(inspector) M places the ultrasonic probe apparatus 12
constituting the ultrasonic inspection apparatus 10 at a
desired inspection position of the inspection object 14. More
specifically, the operator M holds the probe holder 38 of the
ultrasonic probe apparatus 12 by the hands and places the
ultrasonic probe apparatus 12 at a desired inspection position
with the lower surface of the probe holder 38 oriented to the
inspection object 14.

[0074]



apparatus according to the present invention. [0071]
In performng an ultrasonic inspection of an

i nspection object (object to be inspected) 14 by
using the ultrasonic inspegcfion apparatus 10, as
illustrated in Fig. 3, an operator (inspector) M
first places the ultrasonic inspection apparatus 10
around the inspection object 14 or places the

i nspection object 14 in the vicinity of the

g'#ﬁg%g%?eﬁﬂ%pei is‘E@Pa%@ar ﬁ‘ltlgs%g%ga(t){npﬁ?%]rsge%tgr) A S

rt Irlfustrating dn exa soni c
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apparatus according to the present ~i nventi on.

of pudgBtbutfost&Rihedcshomtutedid af, aliligtRAETAVPIch and
(i nspector) M places the ultrasonic probe apparatus 12

a sEbosdttioll REvither Viftites Y dohasrephitonnap @y at WMok at
a desired inspection position of the inspection

s p e otfji eallyl 4w hbe eh o kjiecg ftihcaldnabé heo lkejar 300 M| ds
t he probe holder 38 of the wultrasonic probe apparatus
ultres gyia psoixnhépprataphack? biethelhaassni theoraperator M
apparatus 12 at a desired inspection position wth
manheulates ther pectointhwiprbbendotdersebtoareinredwotch of
the e b BSE B SEE  Ser 0Tt Son S BRI 3 e
ultrasonic transducer 25, the number of samplings used in
averaging digital echo signals used to produce ultrasonic
irn\age data, or adjusts the visualization start position in
producing a cross-sectional image (B scope or B scaﬁ) in the
inspection region 28 of the inspection object 14.
[0075]

Subsequently, in step S3, the operator (inspector) M views
the second display unit 36 and determines whether or not a |
desired display has been obtained and adjusts the inspection
conditions. When a desired display has been obtained, the
operation proceeds to step S4. Otherwise, the operation
returns to step S1, and steps S1 to S3 are repeated to adjust
the inspection conditions. In this case, the operator
(inspector) M manipulates the selection switch of the second
input unit 37 and sequentially switches ultrasonic images
displayed in the second display unit 36 and determines

whether or not a desired display has been obtained. This

determination of whether or not a desired display has been



perfornms an inspection condition setting input through

a pair of push button switches constituted of an

addition switch and a subtraction switch of the

second input unit 37. Mre 33pecifically, while

hol di ng the probe holder 38 of the wultrasonic probe

apparatus 12 by the hands, the operator M nani pul at es

the addition switch and the subtraction switch of the

second input unit 37 to set, for exanple, the gain of
obtaheeduld rasoned byadssipbeyirds, orhé¢heusbepnaf diamphiyngait

used in averaging digital echo signals used to .

36, pa athftec it d readoni waviedage danageofA adjapt 91 Rescan) of
visual i zation start position in producing a _ _
ultra®esigaravendl in fdye INBRROPE I EBIQRAAP Ph thigeinspection

. nspection region 28 of the inspection object, 14. .
objeeb7Et OKk@pSEgiEnEFyLiqma tlgbass,(% 5 Wpert & scan) in the

. i nspector). Mvjews. the second. display unit 36 and

ms%@?é ik %@ir‘)fol;hﬁo’tn%pea Qn éﬁ”&y‘gpﬂéy has been

[009%t ai ned and adjusts the inspection conditions. Wen
a o]esi red di splay has been obtained, the operation

pr r\M Lon;: et
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(i'hspector) M'mani pul ates the selection swtch of the
37 s8caguti ARUG 1 A do BTc ARG P8Rt sah Y coMhingA8s .
ultrasoni c i mages displayed in the second display
[oOomVi}t 36 and determ nes whether or not a desired
di spl ay has been obtained. This determ nation of

whethese guemly a idest e pdSai, st @y persa treefin 8Bector) M
moves the ultrasonic probe apparatus 12 in a desired range of
the inspection object 14 while viewing the second display unit
36 to thereby inspect and scan the inspection region 28.

More specifically, the operator M causes the ultrasonic probe
apparatus 12 to scan a surface 14a of the inspection object 14
in a desired range of the inspection object 14 while holding the
probe holder 38 of the ultrasonic probe apparatus 12 by the
hands, and checks on the presence or absence of an internal
flaw 42 while viewing the ultrasonic images displayed in the
second display unit 36.
[0078]

Subsequently, in step S6, after finishing the inspection of
the desired range of the inspection object 14, the operator

(inspector) M manipulates the push button switch of the



obtained is carried by displaying, on the second

display unit 36, a reflected echo waveformimage (A

~scope or A scan) of wultrasonic wave U in the

I nspection region 28 of thg,i nspection object 14 or a

cross-sectional inmage (B sCope or B scan) in the

inspection region 28 of the inspection object 14.

[0076] Still subsequently, in step S4, the operator

(i nspector) M mani pul ates the push button sw tch of
Secollyn(gpleﬁ [ gﬂlg?g%7 ggnir%ﬁg& %%Oyg?%%ﬁgég&ye tl y,leinn
‘tern§%9§ﬂ doemeRsfator (inspector) M noves the

ultrasoni ¢ probe apparatus 12 in a desired range of

[007dE inspection object 14 while view ng the second

display unit 36 to thereby inspect and scan the

| M¥peailiton sedicofn 8ecise speeirbitead 110 fursctpearsatsran

M causes the ultrasonic probe apparatus 12 to scan a
ultrasofreicech4ae od phevidsgewtilorthobjdd¢rasonicnsandesi r ed

range of the inspection object 14 while holding the
ultrpsebs chsiares faggnesf of re vignalathane andpd agsacaadsterps of

by the hands, and checks on the presence or absence
thowpamils mierafliectedagchpamiced \BevinfgarHa e ppadprsellected,

i mges displayed in the second ﬁis lay unit 36, .
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[ sgectjgp of . the desi%ed range,.of the ins ecéion th
parglel ATt A mERS QAITE 1of| HOpLatiGH P emaar Bufl BEefe the
intd A ?1%&04{123&&%% ?ﬁst})ré%tigé'object 14 (the state of

junction regions, or the presence/absence or the state of
welding flaws).
[0080]

Furthermore, in the ultrasonic inspection apparatus 10,
the internal structure of the inspection object 14 can be
quickly extracted and displayed as a two or three dimensional
highly-sensitive, high-resolution ultrasonic image, and a high-
speed inspection of one second to several tens of seconds per
image can thus be implemented.

[0081]

The ultrasonic inspection apparatus 10 and the
ultrasonic inspection method using the ultrasonic inspection
apparatus 10 can be applied to the inspection of the
maintenance state of welding parts or presence/absence of

welding flaws in the fields of automobile, airplane and railway,



second input unit 37 to input an ultrasonic inspection
term nating command. [0079] The ultrasonic inspection
apparatus 10 functions as an ultrasonic canera
provided with the ultrasonig=sensor, ultrasonic

- wavefornms of several thousands to several tens of
t housands of reflected echoes can be instantaneously
collected, and an inmage conbination process allows
i npl enentation of a parallel arithnetic process for

or t}éL%H%' htd A% odh 2 o e SRE’E. of Ko WHIRNiRR) Jfdrdw A2 of

e inspection ject 14 (the state of junction
ind(QArPAB fiddd d be }[praeﬁ@,nga/inbsﬁnaengr ahlie tBlealikeQf

wel ding flaws). [0080] urthernore, in the ultrasonic
[ooBgpection apparatus 10, the internal structure of

the inspection object 14 can be quickly extracted and

di bpltdyedilasasonie nispécemiapparanals 10 according to

hi ghl y-sensitive, high-resolution ultrasonic inmage, _
th eapde ae hitghm lspdéxh 6 mis pee i Wi refs onic Paedl apPaeytusl 12 1s

tens of seconds per inmage can thus be inEIenpnted. .
ele¢pogally Tannectadoin ¢hengpraratusappadit bd (0 #hdlexidle

~ultrasonic inspection method using the ultrasonic

signadeablon 3 apged dtush eoubigie RN HpRTQRE P PREAtUS 12, the

I nspection of .the I ntenance st.ate of weldin art
Lt SHRAG ehicu SB L TTe Dot T TR S04 LB Y g pythe
sec%lﬁgq%bﬁllf’ugitr %lf%%eaprgtgga}éﬁ@ycoh%g'ined within the probe
holder 38 of a palm size. As a result, the ultrasonic images
obtained by visualizing the internal state of the inspection
object 14 can be checked using the second display unit 36
while manually operating the ultrasonic probe apparatus 12 in
an easy and simple manner along the surface of the inspection
object 14. That is, the operator (inspector) M using the
ultrasonic inspection apparatus 10 can perform an ultrasonic
inspection by paying attention only to the ultrasonic
transducer 25 without watching another apparatus, thus
facilitating the inspection performance.
[0083]

Furthermore, since the ultrasonic transducer 235, the
second display unit 36 and the second input unit 37 are
integrally contained within the probe holder 38 included in the
ultrasonic probe apparatus 12, the variation or change of the

ultrasonic images obtained by causing the ultrasonic

transducer 25 to scan over the inspection object 14 and



or to the nonitoring of the state of the welding parts
in industrial fields of plant, shipbuilding and the
like. [0082] In the ultrasonic inspection apparatus
10 according to the prese enbodi nent, the

ul trasoni c probe apparatus™I2 is electrically
connected to the apparatus body 11 via a flexible
signal cable 13, and in the ultrasonic probe apparatus
12, the ultrasonic transducer 25 t he second di spl ay
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Still furthermore, since the ultrasonic transducer 25, the
second display unit 36 and the second input unit 37 are
integrally contained within the probe holder 38, by using the
ultrasonic images sent from the signal processing section 20
and displayed in the second display unit 36, the operator
(inspector) M can manipulate the ultrasonic inspection
apparatus 10 through the second input unit 37 while checking
in real-time variation or change of the ultrasonic images
obtained by causing the ultrasonic transducer 25 to scan over
the inspection object 14 and thereby visualizing the internal
state of the inspection object 14. Accordingly, the operator
(inspector) M using the ultrasonic inspection apparatus 10 can
instantaneously check the internal flaw 42 (peel-off, void or
the like) or the internal state such as an unstuck state of a

junction of the inspection object 14 without changing the



-36- visualizing the internal state of the inspection
object 14 can be checked in real-tinme by way of the
ultrasoni c i mages sent from the signal processing
section 20 and di spl ayed |Qy}he second display unit
.36. Accordingly, the operator (inspector) Musing the
ul trasoni c i nspection apparatus 10 can instantaneously
check the internal flaw 42 (peel-off, void or the .
“like) or the internal state such as an unstuck state

ope?%t@r!s“?ﬁ{ %rfogf;%ﬁ{' &%B%Cbgwaqmregénlél 29 %‘H1&)u1ate

angi ng the ht “an

the g?ftfr%rs@ﬁlr(‘:eu'lg B%QK&)Hn?%’gslr%tﬁ%qlmgobﬁEKfo;ﬁle thlat e

[trasoni c I nages 41 Still furthernore, since

ins%@@twﬁ NABROIY GebH2ABOIBERK RRe §fte DACANG LHSRI@NmALES.
and the second input unit 37 are integrally

[o086Ntai ned within the probe holder 38, by using the
ul trasoni c i mages sent fromthe signal processing
se8tilbiuz@h eamdo de s phay e ciom d ki spdegndrditspbay sunigt a
36, the operator (inspector) Mcan manipulate the
display awethed repeee poratappartdtapuopoheoufihchen spestdon of
input unit 37 while checking in real-tinme variation
theolrn%maﬁ@@rbfolm@tuﬂﬂnat&msf,hanﬁg@%th@bpap@@dhmlder 38, or

i ng the asonj c_ transducer 25 scan over the
thelhiﬂﬁe& |Rﬁ?"dg‘16é{»t apsl gafa Merdby (Hrsaisne. kﬁlﬁﬁetclﬁéon are

ern te of the ction o ect
collgiT Ml F‘P(@dopéi’a"tkb??%enléﬂéé’te 156 Gainbet he
t 1
sigfiE ARk ol PRTh R BN RAL R 1R Fraw 42 (peel -of 1,
[00% vy d or the Ilke) or the internal state such as an
unstuck state of a

According to the ultrasonic inspection apparatus 10, the
ultrasonic transducer 25 and the ultrasonic inspection method
using the ultrasonic inspection apparatus 10, the internal flaw
42 (peel-off, void or the like) or the interhal state such as an
unstuck state of a junction of the object to be inspected 14
can be inspected efficiently and accurately by easy

manipulation in the field or the manufacturing process site.



junction of the inspection object 14 w thout changi ng
the -37- operator's line of. sight, and the operator
can. al so mani pul ate the ultrasonic inspection
apparatus 10 to perform theyginspection while feeding
back the.state of ultrasonic i mages. [0085] Stil
furthernore, the second display unit 36 using a

di spl ay nethod appropriate for the purpose of the .
i nspection of the inspection object 14, the shape of
t he probe hol der 38, or hherfjke is provided, and
data useful for the inspection are collectively

di spl ayed, so. that the inspection can be
significantly sinplified and facilitated. [0086]

1. ACKQr diipga8ntibe ik beasiom %%}Bﬁ?ﬁ@hisoeowﬁafﬁhlgs 10,
the wultrasonic transducer and the ultrasonic

i ngpeall t &4s HREBOsro bEi Agphite tuld pasoriided rRejpécainon

apparatus 10, the internal flaw 42 (peel-off, void or
ulttheohikefrantstibeamtensditsted oS acplasadity ohgtieekelectric

state of a junction of the object to be inspected 14
vibcanobs; i nspected efficiently and accurately by easy

mani pul ation in the field or the manufacturing process

si pedriggeleme Nt Sclemtingt sashinin thapastGeymnected to the

apparatus conprjsing: .an ultras obe apparat us

Plugieditied MieFP &lf ctale radgaitorsy AR &1 EEBAGHIE e B ucer
ancgl ipsI gii%lpitteyd cho gie?ezcotelaexqécr;itﬁregi B{gégélse;ctric vibrator based
on a drive signal from a signal generator;

a signal detecting circuit that causes an ultrasonic wave
emitted from the piezoelectric vibrator selected by the drive
element selecting section to be incident via an acoustic
propagation medium on an inspection object and receives a
reflected echo thereof to detect an electric signal dependent on
the reflected echo; and |

a signal processing section that applies a parallel
arithmetic process to the detected electric signal dependent on
the reflected echo and produces data on.axlinternaiinnage of
the inspection object,

wherein the ultrasonic probe apparatus includes a display
unit that displays an image based on the image data produced
by the signal processing section, and an input unit used to
input an operation command such as a command to start or

terminate an inspection, or to set inspection conditions.



a drive elenment selecting section that is connected to
the plurality of piezoelectric vibrators of the
ultrasoni ¢ transducer and is adopted to select a
required piezoelectric vibragor based on a drive
signal froma signal generator; a signal detecting
circuit that causes an ultrasonic wave enitted from
t he piezoelectric vibrator selected by the drive
el enment sel ecting section to be incident via an
2. aCQ‘}%'ﬂ_trﬁ%%@ﬁ%afﬂggeﬁﬂiﬂrﬁ;gﬁaﬁﬁtmsa%%' NnPkEL1aim 1,
and receives a reflected echo thereof to dete an
wheke¢hrilfe Sndagk dePSnoend o thidhaispiaechad: ¢abouddan
a signal processing séection that applies a parallel
eclas iwhwetfoenpriacese dOthbergfieectadeehecird® sheNdhspection
dependent on the reflected echo and produces data on
objati.nternal inmage of - the inspection object, wherein
the ultrasoni c probe apparatus includes a display
unit that displays an image based on the i nage data
produced by the signal processing section, and an '
3. i ngdte unitragostict N SRpGLIGH dpPEdHterd eceoadingith akaim 1,
a command to start or term nate an inspection, or to
whggeinptpedimnagecompiaved. in ste disphay rpibdagludes a

I nspecti.on gpparat us_according to claim1l wherein

CrSRs S4RIE AR SR AFSAof Fhen G R9 BUAPISFhel udes an
echo. waveformi mage of the reflected echo fromthe
I nspection object. 3. The ultrasonic inspection

ap t di ' ei_n the.l nmage .
4. di sp gylggrlg;s%tq’&e %%B?&@%%E‘Pﬁé}g& 6% agcordmg ¢ claim 1,
wherein the image displayed in the display unit includes an
image produced by extracting an echo peak value in a depth

direction of the inspection object.

S. The ultrasonic inspection apparatus according to claim 1,
wherein the image displayed in the display unit includes an
image produced by extracting depth data of the reflected echo

from the inspection object.

6. The ultrasonic inspection apparatus according to claim 1,
wherein the image displayed in the display unit includes a
display of a result of ektracting data on the inspection object
from the reflected echo from the inspection object and then

performing an arithmetical operation on the data.



cross-sectional imge of the inspection object. 4. The
ul trasoni c i nspection apparatus according to claiml1,
wherein the i mage displayed in the display unit
includes an image producedshy extracting an echo peak
value in a depth. direction of the inspection object.
5. The ultrasonic inspection apparatus according to
claim1, wherein the imge displayed in the display
unit includes an inmmge produced by extracting depth

7. A?l Qlfltf:a@ ¢t ! 5d £ %raftﬁmb%%é@t?@cfcttd QMmain body
HhEe T EE

obj ect". asont € i nspection appar at us

of aa&car@a%ﬁl% thap @bhonwﬂﬁgﬁﬁatﬁﬁe LBRYSriispl.ayed in
the display unit”includes di spl’ay of a result of

exhrgeébedndeder an khehiasPeath asoebj ect fromthe
refl ected echo fromthe inspection object and t hen

peahoutingseniarnirameinicar opdhiatiron complufealdat af - 40-

7. An ultrasonic probe apparatus connected to a main
piebodyectficavitd treasonn coriprapeetd on Eppgradiie, holder;

conprising: a probe holder in a shape of a box; an

ul erdsspiay trarsducer pomeltadi iy té pipumcdi ¢ tholfer; and

pi ezoel ectric vibrators incorporated in the probe

hoR&etn PUg ampuaycqm@ram@rlpoﬁbﬁeﬁrphet helgesbe

hol and. an_input unit incorporat in the probe
hol ?rel\xhélﬂa HItHES ePE ¢ d36m Wgﬁsdg&élspﬁ@yduagra@nd

el Mt fishantoebary SSembian; raloRciy gbpbe holder.

apparatus according to claim7, mhereln an i mage
di splayed in the display unit includes an

8. The ultrasonic probe apparatus according to claim 7,
wherein an image displayed in the display unit includes an
echo waveform image of a reflected echo from an inspection

object.

9. The ultrasonic probe apparatus according to claim 7,
wherein the image displayed in the display unit includes a

cross-sectional image of the inspection object.

10. The ultrasonic probe apparatus according to claim 7,
wherein the image displayed in the display unit includes an
image produced by extracting an.echo peak value in a depth

direction of the inspection object.

11. The ultrasonic probe apparatus according to claim 7,

wherein the image displayed in the display unit includes an



echo waveformimage of a reflected echo from an
i nspection object. 9. The ultrasonic probe apparatus
according to claim7, wherein the inage displayed in
the display unit includes_ cross-sectional imge of"
the inspection object. 10. e ultrasonic probe
apparatus according to claim7, wherein the inmage
di splayed in the display unit includes an inage
produced by extracting an echo peak value in a depth
: j [ ' 21,10 e 11, [
I B o S e n P PRty o1 (I reTleqiganieeho
frornMele i Sptavied, igbjleke. display unit includes an -41-
I mage produced by éxtracting depth data of the
refl ected echo fromthe inspection object. 12. The
ul trasoni ¢ probe apparatus according to claim?7,
12 .wWhBhei ulties o mbg e rditsplagyedraoushaecdosdiag tmidlaim 7,
includes a display of a result of extracting data on
whetein nhpeoniage dipedayetlr om thhe disfdlayt adi¢chorelirdes a
~ the inspection object and then performng an )
display Hifeti cesubpef fxgrraganghdadat an e imspectiggomiject
i nspection nethod conprising the steps of: preparing
frO@ntgﬁtf@fsléﬁut@di ecpectian HppamReCHnd whisgt apd then
| trasoni c probe apparatus includin he ul trasonic
per{PERLAE &7 %ﬁ&%mfﬁﬁea?oqp%r%mramg ﬁtﬁ 4t &z oel ectric
vibrators, a display unit which displays an i nmage
based on i mage data produced by a signal processing

13.2;&% (()ﬂtrgggn§g iialnsoﬂt%:%tl{g)isnt glg\?ﬁgdt go?lgﬁfrpsrirﬂgthe steps of:

erat’i on conman conman

preparing an ultrasonic inspection apparatus including:
an ultrasonic probe apparatus including the ultrasonic
transducer constituted of a plurality of piezoelectric vibrators,
a display unit which displays an image based on image data
produced by a signal processing section, and an input unit
used to perform an operation command such as a command to
start or terminate an inspection or to set an inspection
condition; a drive element selecting section which is connected
to a plurality of piezoelectric vibrators of the ultrasonic
transducer and selects a required piezoelectric vibrator based
on a drive signal from a signal generator; a signal detecfing
circuit which causes an ultrasonic wave emitted from the
piezoelectric vibrator selected by the drive element éelecting
section to be incident via an acoustic propagation medium on
the inspection object and receives a reflected echo thereof to

detect an electric signal dependent on the reflected echo; and



start or termnate an inspection or to set an

i nspection condition; a drive elenent selecting
section which is connected to a plurality of

pi ezoel ectric vibrators of gfie ultrasonic transducer
and sel ects a required piezoelectric vibrator based
on a drive signal froma signal generator; a signa
detecting circuit which causes an ultrasonic wave
emtted fromthe piezoelectric vibrator selected by

a sﬂ\g}gag#r\b%eeé ﬁ@%e%ﬂ@ﬁt\kﬂgchs 8HPH198st® Peranel @Nthmetic

acoust propagati on nediumon the inspection

prog@js%cﬁo aik [Raeicved aldé&friecsgrth arhiepogreeft ba the

etect an electric signal dependent on the reflected

refleehed 8Blo 42rd 1P Nakspd Q€QSshNgnshttd aliitdige of the
applies a,parallel arithnmetic process to the detected
inspkecidhcotj@mgl dependent on the reflected echo and
produces data on an internal inmage of the inspection
obd exp o st g ptdse Nyl tirbe ouwlicr psobiec aprpbea tippatatus at a
predeterm ned i nspection position of the inspection
predgitecmin¢dputsp egtie rtaamittonoobdh e peppecitopn object;
conditions through the input unit; repeating an
ar ARYEHERE DR and 4echet ipsanctigppspadidiong through
i nput setting of the command to set the inspection
thecypBE BRIttt hr ough the input unit until a

det 1 ned_di spl ' i ned | he di spl it
T ERDE R B R PR SR SR Ard ! DNl TP Blo R,

' it, aft ' f I sl f
2 tus St A FhefLEPhIRH, o7 woEPrafRl b 496 the

insgeacvﬁoBVCSﬁlﬂﬁitf@nghﬁarough the input unit until a

predetermined display is obtained in the display unit;
inputting an inspection start command through the input
unit after adjustment of the display of the display unit;
inspecting the inspection object for flaws by causing the
ultrasonic probe apparatus to scan a predetermined range of
the inspection object; and
inputting an inspection terminate command through the
input unit after completion of inspecting the predetermined

range of the inspection object.

14. The ultrasonic inspection method according to claim 13,
wherein the inspection condition setting input through the |
input unit and the starting or terminating the command
through the input unit are performed with the ultrasonic probe

apparatus being held.



ul trasoni ¢ probe apparatus to scan a predeterm ned

range of the inspection object; and inputting an

i nspection term nate command through the input unit

after conpletion of inspectgmng the predeterm ned

‘range of the inspection object. 14. The ultrasonic

i nspection method according to claim 13, wherein the

i nspection condition setting input through the i nput

unit and the starting or term nating the conmmand

t hrough the input unit are perforned wth the

ul trasoni ¢ probe apparatus being held. -43- 15. The
15. ulthasahira d dwBRethispr otgd hoth edtoddaagotdingatanclaim 13,

wherein after displaying, in the display unit, the
wheaelio afeeefdsplayige, dh the despéey ednéghdbheroediche

i nspection object, or the cross-sectional inmage of
waveferimsipragicon! dbjeecefleatied eedprdt pon thenénspestion

setting input is performed through the input unit, .
object, or the cross-sectional image of the inspection object,

the inspection condition setting input is performed through

the input unit.



