;e3eu; r6678R8: 6: T; KX CWD 02/ 31-187 PCTI US01/3153? ULTRASONI C AUSTENITI C
VLD SEAM | NSPECTI ON METHOD AND APPARATUS BACKGROUND OF THE | NVENTI ON T@,
i nventi oyp og31a¢es to the inspection of weld seans, and npce®/usewiisgul arly AAC

the 5 10 15 ultrasonic inspection of weld seans in structures.

I n
structur it is comon fo I 0 | ol ned b | ded
seans. T TMS@QM%EEW&Ee Vﬁé};ﬁl ghw WW@WP&%@ 2P %T%%but
also with netal that is high in nickel content. Ordinary ferritic steel
wel d nmeBACKSIRQEND DR THE m%ENTﬂ@Nati vely uniformstructure. Weld netal that
is high in nickel content, however, solidifies in a face-centered cubic
(aust eni ti c)Tlis ingtraionstiatesortheinspration §ioveld b¢amshens neore phrtingart et thelendri ti c)
grain structure. It has been previously known that ultrasoiuc testing (LJT)
can be wigegnicdnipapRcif weldkemas in futtuidsi C steel welds for defects. Arrays of
si ngl e-el ement transducers have been nmounted on rolling carts that travel

gl ong a fer nbisGusties it WebHmbs MPVRH YraPpIReS {oHR j6ihed By WahESIeamI NEnd watasducer s
are tied to conputerized data collection systéns that allow quick

i nspect| ﬁﬁm af.or t ; i tructure of
aust eni %#l(r:b e\%fleafdégarra e thgﬁma cﬁ: rr%rsgéegib%l ?@W?ﬁ Fg&?ﬁgﬁﬁ@%ﬁ%hﬁﬁlr asonic
testing, | at ed. qr ai ns, Qf EAICT: te tQ refract t

ultras o%?ngqu'i gﬁ%ﬂr&g’,’ %e(grﬁi{ le%tliele;l\évelg ?tégr%?@%/dé egé‘%ﬁ%?“s"g@ iur?%?ﬁnes%ug Pé'c?gel dat a.
Consequent |y, the use of UT i ection. of austenitic |.ds  has .heen

i+ ecinefal s g i) e eptaioninien SO 2 RORGTTRRHA (HIBANEY ansducer s
can be used to provide 20 25 useful inspection of austenitic welds.

Howev er STystal| streetuss; thay tapically hasan clengatsd (deaddtie) g fieBYa,  dual - el enent
transducers focus on a particular distance, and do not provide information
Hbout as br dhtassheemprenionsly kuwwer dat Wipasanisitestihe (T ene he uted 4mindpesée prdinary
Consequently, linear scanning of austenitic welds has been limted to

si t uat i femstiodteet ekl éorapfeciat Arraysofisitgbrdahead tiansdhcarsbsiva earnmoundtsd @n
particular part of a weld, such as the fusion |ine between the weld netal
and t herdiageeatrtethal tradlf6:6z 4 Reritptdebiveld (tdnhoilg ppsketiithweldsPeriei ng the ful |

volume of the weld, a "rastering” WO U2/ 31. 487 PCT/ USOL/ 31537 process is
convent ygRahdeys #S8Ek tolcBmplieAz dafaQeR8dtion kitendBiAlION qRIcRRRPediRh odafeect s
t hroughout the thickness of a weld by manual sliding a transducer towards

and theg%aﬁlgay fromthe weld. Mywving the transducer laterally with respect
to the weld is necessary to redirect the sound fromthe transducer through

jfferent sections. qf .the weld. tering i s a slow and ward process. 5
i hapenr s s R RUTne) sohEvd SR LeiEk Shidia f pRed R infk B bt B9%
transdua_ers on. carrjages for autonated UT(Lgr;s, ec tLon. However et er m ni ng

the tr afSBANIEP R5PTeh X UPRSAMIGgeqd if Elopeaiidierains of the stiucture tend td refract fhe

ultrasonic signals, creating a high level of noise in the collected data. Consequently, the use of
UT inspection of austenitic welds has been limited.
It has been found that dual-element, longitudinal-wave transducers can be used to provide

20 useful inspection of austenitic welds. However, unlike single-element, shear-wave transducers,

dual-element transducers focus on a particular distance, and do not provide information about as

broad an area as covered by a single-element transducer. Consequently, linear scanning of

austenitic welds has becn limited to situations where the operator is interested in focusing on only

a particular part of a weld, such as the fusion line between the weld metal and the basc metal.

25 Where the operator is interested in inspecting the full volume of the weld, a “rastering”

IR v TN
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results has been difficult. Consequently, where the full volume of an

austenitic weld nust be inspected, those skilled in the art have generally

chosen w® d2xesyo t he probl ens of ultrasonic inspection apdr/ueby31isy i nst ead

upon pdessds eqtvestiodasipastd. om. sudima lsfocksy; tHehpedtOr @oeesdbr defyag endrghbliithie ds

such as liquefied natural gas, for exanple, are field-constructed from

pl at eg,; h19) wsten bi §; ' j jon for
SidiHERSS dWeIB 85 il GidBd 4 lfidaderl e G e B9 kRS,

wel d ects. Suc 0 een convention y I nspected wt

phot ogr aphi¢c fil m exposed, by. dangerous | evels of radiatj.on. . Such

i o e autlietiiaRony ik Goi et Eignesiddo Sl tF RN ng
step that sonmetimes controls the erection schedule 15 of such tanks.
SUMvAtRe tegmsduger thipirdifirent sestiomseafitbelwelsk Rastrring iz albwoandi avdcvwardipeoess. ar r ay
of dual -el enent transducers for automated ultrasonic inspection of

aust eltiappearyhatissieaeforficizavedetn frietoRetnt diabeltishitkdnthicete@i dartigics for
ul trasonic inspection of austenitic weld seans, nmaking it an attractive

alter i t o] i.c 4 11 8n. usef ul
2t ay AApinRa T ERpEARMO QRN doRoRARM AR trhtadBLaBR T B ARIE (5%
section Rf tq% wglg tg be screened. Transducer positions and sound paths
are | KeHitshas bspn dfBcWEnenatic, and it is then divided into at |east two

i nspection _zones. Transducer housing size and sound paths are selected for
each i nspe€&pnepquenthe wherethe fiell Helumehan austestigiweidmpsidsintpeplgdHhaiest ances
fromthe transducer positions to the boundaries of the heat -2 SUBSTI TUTE
SHEET sKiRell fn tR6 art haVOgéhdrallly. dhdgerPio Tordgb/ine3pioBiénafdf alttazdniz dmspsctivheandrelyur ed.
Focal spot distances are selected that provi de adequate sensitivity at both

t he mni I;fm( “nl?@%:' > 8r

di st g\ﬂ(}:taégaa %?gagil{ﬁa ett ?dr%gés&%?éqgst a Pf@h%%agfgﬁ?%éeeﬁg? rr‘gstslugltl Qé‘?'g tefﬁgldat es
are then ysed . to determn ransducer. gai n settings and.;.o, conf| dequat e
W it RO B for eRARPIS. AFfoRRIGEPEtE i PSPt B efetenifc g Eeldsddised to
inspect a test weld seam It is particularly useful to select a creep wave
t r ans tRavde 108% inspeetion faravald defectso Stslowelds hayvebegalcanyrstignalhhiasprsted-with ect ed
zones, and to select two sets of gain and gate settings for another

t r ans ghetegraphio dilsadxpofedint dangagou evelklof aadiativg. Hudh aadidgraphigimdpeotion is a
reflections of sound fromthat transducer and the other set of settings for

obt ai gbt&ﬂtiﬁ%gf 4Fd 4l d t'?ﬁie—%%ﬁ&uxﬁiﬁ% gﬁ‘e?ﬁhé@ RSmefimb @nt DAL erelBoiinelis, the

processor is 10 progranmed to analy e signals fromthat transducer as
t hough thc%ﬁgr\é%re signals fromtwo separate transducers. Applying the
st and8f X "in the non-destructive test profession, these nethods and

appar at us. have been found to be capable of reliably detecting both nachi ned
f | ans SEMMARYOF THE INVENTION

A new method for easily configuring a useful array of dual-element transducers for
automated ultrasonic inspection of austenitic weld seams has been developed. The new arrays
facilitate ultrasonic inspection of austenitic weld seams, making it an attractive alternative to
radiographic inspection.

It has been found that a useful array of transducers can be readily configured by using a
schematic of a section of the weld to be screened. Transducer positions and sound paths are laid
out on the schematic, and it is then divided into at least two inspection zones. Transducer
housing size and sound paths are selected for each inspection zone, and the maximum and

minimum sound path distances from the transducer positions to the boundaries of the heat-

-
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produced by intentional welding errors in austenitic welds. -3 SUBSTI TUTE
SHEET ( RULE 26) WD 02/ 3187 PCT/ US01/ 31537 BRI EF DESCRI PTI ON OF THE
DRAW NGC®/d es1iusvent i on may be better understood by refer PCMySOB3 1SS

acconpamyted gorbs avd Messurdd) Mthlspot isGincek ar® scledidthatprowWde fadéquaty seagevity
th the present invention; 5 Fig. 2 is a

AfipsoliPoh dRElR%, VR AR iRy b eam

configured in accordance w

sect ol )

arged view

schematic used in ¢ ectjon wt
Fi s, SBtEARHNES aug cataboRes MO (e RRpmaH oy LeStPIBYRS Ate BB ISt

nmet h of. the prese

connection with the 10 present invention. DETAI LED DE
2 il tsmsducer gaie settingscinddo confimaadegnate agdthief-fidgldt Tharamsduedrs ewtthee| y used
for automated, ultrasonic inspection of an austenitic weld seam The

car naggonfeil onheSarli@g arid Useé td imksstt b st WoRISseam| TeRDadidulabiganeful © soeed s 14,

and a creep wave transducer

20, an 15 internedi ate-zo

I ment s
nt iE%entjon; and
SUECIIYE yse in
SCRI PTION Figs. | and

ne transducer 30, and

a | OWEéeﬁ]%ett{aﬁ%fEEHﬁ%rinsgﬁctz&xQ Rgﬁﬁmohtzlﬁ Jhé lv%ﬁﬁgéﬂ\%gﬁgi I&S%‘é?-ﬁffééﬁé‘d io%@gta'ﬁd"f a

wel d sea as seen I'n fi

ated,

16 mmthick, and ichude wel d netg; 50 that joins a

Each P StleFtiftwepeiae

BYNREG S2grsrbese
51 between the weld netal and the
20 As apdenalyzing digect3¢fledions ok epn

PBPtBeEASHUGCT, RS

am s great’er than

E@ég$ﬁ%ﬁ$g%t %@gﬁgline

lates to a boundary 56 within the plate.
thai trevsdneer 20 theothenset gfisettingsdoreni t a

sound al ong an upper sound path 22 to an upper portion 24 of the weld netal

50 andbhsiihg ahd Sedlphing DaasctIéfledtidng bEthid Jousd.r Tbed thigme privedsopfs t he
ransducer has a 40 x 40 nm housing, a 33 mMm

71 equanig el indlfhg O e SORTUEL AR, o 1y e MY

t he upggr Egrtkpn of the -4 SUBSTI TUTE SHEET (RULE 26) WO 02/ 31-487
FEPFIPSIUCHS| § et al

i nvention, the creep wave t

PCT/ US

and heat-affected zones,

erbSichl RS A and a

e u | nspect

but use of a creep

Wave transducer is preferred. The internedi ate-zone transducer 30 is
conf i gur ed Arphang thestandards vspdingthe non-detiruetivie teseprofssianghess metheds and
the weld netal 50 and heat-affected zones 54. In
apparatus have been found to be capable of reliably detecting both machined flaws and flaws

i nternmedi ate portion 34 of

produced by intentional welding errors in austenitic welds.

-3-
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the illustrated enbodi nent of the invention, the internedi ate-zone
transducer is a dual-elenment, 5 70 |ongitudinal wave (L-wave) transducer

t hat ha&O0a24048% 40 nm housi ng, a 44 mm st andoff di st anc®CIUIMBM3T he

cent SRIBFDBSCRIETION QR DHBORASAINEGSed, and a frequency of 2 to 4 MHz.

O her transducers could al so be used to inspect the internmedi ate portion.
The | over -BRNAvEJRASAMEES bdtir (lﬁdéfrsﬁ@&w référiﬁg'&f t&%@&nﬁ&yﬁ{g drawinzeufpd al ong
a lower sound path 42 to a | ower porti'on 44 of the weld netal 50 and

heat - af.f.ected zones 54. In the 10 illustrated enbodi nent of the invention,
the 10 l?'-zone transducer is a dual -elenent, 60 L-wave transducer that has
a 40 x 40 nm housing, a 40 mm standqgff distance 46 fromthe centerline of
the wel d tiBgpkisigplpekicstof aemriagercofgurd jn ecomapes witlythe presenb IVERES ducer s
could al so be used to inspect the |ower portion. As seen in fig. 1, the

i Il ustrat efigchisrd segiiomd] yiew ofthe dasiage pOBg.t1i iingeisedde inspécttalvadld seami;t or s 15
the position of the carnage as it travels along the l.ength of the weld

seam The f#ipagdiceiseelvien®r 8 40 are connected to a conputer 68 that is
progr anmed v%né?ﬂ one seF ofle‘g% r@?sensi tivity) and gate settings for

obt ai ni ng and alyzi.ng.direct reflectio of the sound transpjtted by the
{ransducerats 4y uRBieuE bl attgmaic u g dpunetiiof MBm bRt BEIRTREY and
anal yzing any indirect reflections of the sound transmtted by the

i nt erfEAtigReabne transducer 30 al ong the 20 internediate sound path 32.
(The path taken by such indirect reflections is discussed below.) In the

i Il ustrat efigertoodi Ifeare cofss-sédionalweews showitdesi pibies ferdisa ireecnmaetidn witls thec er
has gate settings for a 35 mmstart and 25 mm | ength for obtaining and

anal yzbog: fiveRgdn.r €f | ections of the sound fromthe internedi ate transducer,
and gate settings for a 56 nmstart and 20 nmlength for obtaining and
analyzing indirect reflections of that sound. 25 A carriage |like the one
seen in figures 1-3 can be configured by a relatively sinple, -5 SUBSTI TUTE
SHEET (RULE 26 V\DT&M/ 31. 187 innovative method. PCT/US01/ 31537 First,
the tI Eﬁ—ﬂe@@éﬁ’ﬁﬁw ©Ndetails of the weld sewn to be inspected axe

eval uated. A schematic of a section through the weld is then prepared. An
exanpl e ofFigsidharal Sidlustrateione embsdiarent of £ ¢ayriage. 10Tthet danlbestffeeti wdy ssedtfoon i s
perpendicular to the centerline axis of the weld. As 5 illustrated, the

schengfibfated Gl1#ER%iJ iBRFRESA bR ARtenfic WHE sk The Chrfiage bt BRbEREN the wel d
netal 50 and the plates 52, the boundaries 56 of the heat-affected zones 54

10, gL | 85 b e S Sk R PSS

approxi mations of the actual features found in the weld netal and plates to
be i ndjsERedigte-Inne tiapsqueen3Q ead a dopverrzone traasdysel 4k nat i ons be rel ativel y
accurate. 10 Transducer positions and potential transducer sound paths for
t he transdmase, thosarriagesides aver Hherdengih df aweldseamhes ssehamrfigi . Ak fllusirgted 5,
three separate copies of the schematic are used to show

the weld seam is greater than 16 mm thick, and includes weld metal 50 that joins a pair of plates

52. Each plate includes a heat-affected zone 54 that extends from a fusion line 51 between the

weld metal and the plates to a boundary 56 within the plate.

As seen in fig. 3, the creep wave transducer 20 is configured to emit a sound along an
upper sound path 22 to an upper portion 24 of the weld metal 50 and heat-affected zones 54. In
the illustrated embodiment of the invention, the creep wave transducer has a 40 x 40 mm

housing, a 33 mm standoff distance 26 from the centerline of the weld to be inspected, and a

frequency of 2 to 4 MHz. Other transducers could also be used to inspect the upper portion of the

4.
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transducer positions and sound paths for three different standard
transducers 70, 71, and 72 commonly available in the marketplace. For each
transduoe® 02/31445 sound path 75, a 60 sound path 76, a 7@CIasnd3psath 77,
and a vadlégfetalané heauifittcled zbnekSbw ee ohaveep Wavbepahsdubhieis pedteraet al 50 and
heat - af f ect ed zones 54 on the schematic are divided into at |east two

o the %Sﬂﬁ"lf‘n’%ﬁﬁﬁgn%#‘?%%%?e ?a‘%%ﬁﬁ‘f’f??ﬂéﬂi’%ﬁé“ﬁ%% %F&?L%q%ﬁ%"ﬁgfﬁfé?% =
mepecoi P AL oo LT RTHPR 4 Of Heet ML A hsat ofiiied Poeess. I

i nspection zone 84. Although preferred, the dividing |ines need not be
per f edbs ilugigated embgqh,mezr@oa%e annention.rthe Hiermedinte-zone trapsducen seddusbelemenbf
equal width. Wth transducers in commopn use today, it is preferred that
each Zohkngipdiaskewive @-Wwavd) ttansdukendhpt o ianie4(y mdn Adusiap, af44trhinckadss of the
actual weld netal and heat-affected zones, so for plates having a thickness

of | essthy gg@ﬂﬁgh%\r}l e%é Ené %ﬁf%ﬁ‘ﬂeCingwfectteﬁ,ean\ﬁeJ iﬁled@g%oi?i;fré) ‘g@z-éaf fected

zones nee I'nto two inspection zones, s havi ng

a thickness of nore bout, 32 mm_ the 25 schemat.ic woul d be divided
into ﬁtﬂf%%@vdv%cqﬁggﬁegﬁ Ysed g ipepect t egltﬁg@ﬂtﬁ@ PREET (RULE 26) WD
112/ 31.187 PCT/USU1/ 31537 Based on the schematic, a transducer is then
sel ect ed t dlHedeperronedeansiunspd@ (nad seeng teconfigursd|te emitrigsoand alongddower a
housi ng size and sound path angle are each specified. Review of fig. 6
coul d sbemdipath dP t€x dovpéreportien 4hef the metd metal 66 and Héht-affOtedBoRISESRAP -Tindive
transducer for the upper inspection zone 82, a 40 x 40 mm 70 L-wave

trans qHﬁﬁfaté(doémlgcﬂﬁnEﬁ'ttcﬁfﬁH@flilliv@ﬁtﬁ)ﬂ, ARAEREL-26hea RS AR eP R a ARH Rkt )Gl()ffﬂ-voﬁﬂe 60

L-wave transducer tor the lower 1nspection zone 84. It 1s generally
preferable to,.u a eep-wave t.ransgucer fo e u i nspection zope. As
Deen iipgge’ i Gosth 55 £ 9B mER S0t WAHRS, sanlogt Gt iR soPIRESrmaingSin
path angles , (3, and 'y so that they pass through the respective

i nspedhe weldtehesnspepted pasidra Sequeaeothie AWt @henksansduesrs eqnld plse beyped to
surface 61 of the plates define transducer positions 63, 64, and 65. It is
pr ef eringdct thelowatpotfloressenti al , that the drawn sound path for each zone
will cross the boundary 56 of each of the heat affected zones 54 within

that inspecid @nz® ﬁgé 1, thSi1RERNEd Saviage ASS thefirlet 9?o§ifi§n LRUREr 60'ERERohRBsZ0Ne

84 does not cross t boundary 56 fof the heat-affected zone wthin the

| ower i nspegtiop.zone. Ho er.,.the drawn i oi l.y represents the

cont erPF RESEH Bine Eiine® REHEvess elbhe dh S Wetish Tae v b iR ThF Hhdedeis 20.
actually covers a broader area, it is sufficient that the drawn |ines are
15 i n ¥ 8ad40arsgonneafed toragommnps thatds prpgeaned Bitl pRgsejof andseasBvitgbandy so
that the transducers will not cone into contact with the weld netal 50 as

t he wedatk seftingsSpeditaidingSatitanalyzing dsiecigefectioas ahihe sbambwdisnditat anthes 26, 36,
46 in this way obviates the need to snmooth the weld seam before inspection.
Next, tfank@cls, aROh setoht IACHT gatn AR R HRBEs oY olRAfiglahd RARMYSHRE antiddBeet @

mi ni num and 20 naxi mum soun pat h di stance is neasured fromthe transducer
posi t irgﬂécn%ﬁs o? the s@ﬂﬁid ggnsmﬁéfby the intermediate-zone transducer 30 along the

intermediate sound path 32. (The path taken by such indirect reflections is discussed below.) In

the illustrated embodiment of the invention, the intermediate-zone transducer has gate settings for

a 35 mm start and 25 mm length for obtaining and analyzing direct reflections of the sound from

the intermediate transducer, and gate settings for a 56 mm start and 20 mm length for obtaining

and analyzing indirect reflections of that sound.

A carriage like the one seen in figures 1-3 can be configured by a relatively simple,

-5-
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the sound paths intersect the top surface of the plates to inspection
limts 90 for each transducer's inspection zone. As illustrated, the

i nspectwon2i3ins87t s are | ocated where the sound path fromR@EUStI3assSducer
posi timaavativeauictket. s t he boundari es of the heat-affected zones 54.
Alternatively, the inspection limts mght be placed at the points where

th d paih
e sound pall th%'ﬂhﬁg@ IE!Iqujtrate s OF HeAEd seain bﬁfns?&%@%dr@%@ilﬁ@ aA‘; or

simlar point. enbodi ment o vent 1 on

SUBSTI JUTE . S ULE 2 3187 PCT/ USOL/ 31537 nlnr m and . maxi num
sound DERAGIPER S HEGHEN s AR BbgR Beppiein ARRLATPI L shifha Schematc i

i nt er nedi at e- zone transducer 30, and the | ower-zone transducer 40 are 16 mm
and 4seeniy figsd.nFheitusegedrsgction ds pBpendiciier ta thawenterkinasaracef theweld. Fd$  each
transducer, a focal spot distance is then selected that will provide
adequidlustratell, shesohbinatit yncRideb eépredehaationxo Menfisiamidngs 3t et haheweldndethhe

m ni mum sound path di stance for that transducer. Preferably, assuring

adequgy g @Bl dhd Suflfe% éﬁh@ﬁédt A9fefiel 96U s3I ipeHinkenGRDt 15 at

| east one- he maxi num soun ath di stance, o nore than tw ce

| e onp TR Serd e B ] 0.2 §urrt%r58?‘2§%!° R g%aﬁ@? Pl Ofne "

i nt ernedi at e-zone transducer, and the Iomer-zone transducer are between 24
M antepBReRAtiommmendroakyde ADpraRimatiens3y theacira feamrenfound sptervalémetal gedindof f
di stances for each transducer may be neasured directly fromthe schematic.
hi | Splateg to Be imspavneiy bt disprafesed R4 thagppranithationsereEaslynechriteom t he
centerline of the weld netal 50 to the transducer positions 63, 64, and 65.

Q her ref erpiegicet 5 é sfi’t'itﬁﬁscmﬁ%k&téﬁuﬁﬂ ﬁé}rsﬁﬁ‘ce&' $8ihd phik fof e %Mu@bﬁ;d&ﬂﬁf@ abedr

the illustrated cr ep wave transducer 20, the I nternedi ate-zone transducer

’ os polp o P i Anitcs O HEE St mise S?érefa ol of the Byl ausi el shayy

directly- reflected Si nals it is OOéﬁreferable to use the neasured m ni mum
soundtrpasdHcHiposisinneand sund paths for thregti derent standged trasducgesn/Q, /amgdi@er , and

to select length gate settings that are equal to the difference betvveen t he
meas ucammonlyi avaiiabde th thre xiarketpkaoe nEoratih transinesrc£45° soand pahi7b) 2160 Tseurd
enbodi nent, this results in start gate settings and |length gate settings

for dpﬁﬁ%' ¥70ehLRE baY 7B SRPh Srebp-WavE BSufd P78 hbWANsducer, the
i nt er nedi ate zone transducer, and the | ower-zone transducer of 16 mm and 31

35 5 Ga
o be ce ety fi ik Rt 5 e RR g e s éff%r‘fitﬁt stidodic arppSide iblgl5s ™
transducers In fig. 8 a "round-trip" sound path distance_ is determ ned
usi ng e@ﬁéwalle%p&ﬁwszqws t By 6, é@%zonéalfctw@tngr 1@@5 84 havedieen pddadrta R ucer

position 64 along the sound path 32 to a first
schematics of fig. 5 to divide the weld metal and heat-affected zones of the schematics into three

zones of equal width: an upper inspection zone 82, an intermediate inspection zone 83, and a
lower inspection zone 84. Although preferred, the dividing lines need not be perfectly horizontal,
or even straight, and the zones need not be of equal width. With transducers in common use
today, it is preferred that each zone represents a maximum of approximately 8-10 mm of
thickness of the actual weld metal and heat-affected zones, so for plates having a thickness of less
than about 16 mm, the schematic of the weld metal and heat-affected zones need only be divided
into two inspection zones, and for plates having a thickness of more than about 32 mm, the

schematic would be divided into at least four inspection zones.

-6-
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_g_ SUBSTI TUTE SHEET (RULE 26) WD 02/31-L87 , . PCT/US01/31537 reflecting

position 92 at the centerline of the weld netal SO, a second leg 93 from
the fireo masidsacting position to a node-converting posi tRCHUSM/30587t he | ower
surface of Based onfthé bsheplatit estradductn ik theh Béleded ®unéfscf ¢apmitdidpection zone. In

node- converting position back to the transducer position. In the

i Usééi&:rnh B trahiscky] 'a%u%ﬁ%sﬂ%@%n@?cﬁﬂxdqj’aﬁi"ﬁh ar@RactPaielFich Iﬁéﬁ%f%‘ el y 32

, because he | ustrate wave ‘'t ransaucer Is particu arIy sénsitive

to shear es _reac t tha Q her tran ducers .ar

senst b9t 1Y B SRl E s ot a 3D min ot VI EEASAFE AR B BB ar v
the legs at different angles for different transducers. Simlarly, the

fi r st inspgation Zpwy8d eity 4hmwe 100 Lowavectrangduast farthpuitevmsdigteongpectien 29nest | eg.
Preferably, however, it falls within the weld netal or at |east one of the
heat - 83 fandtactd )zamam, G0hErw RN dutgr fdiehd owed ifspeqionaonel 8palths gingialyce, the
O length of the third I eg should be nmultiplied by an appropriate nultiplier

G AR ik s@ﬁ@%?%?dsoggdm
9S 40 d 36 I h of th
05 R0, 20 M0 el PRSI b B BP0 1,57

The round-trip effective distance is halved to provide an effectlve di rect
di st athseughftheespetive inspeetionsrones Tlg paintsachess daapwnd pathy iatesiesfthe il e to set
the start gate setting for obtaining such indirectly-reflected signals by
r educsuréact 6l f timplsted défineatinedidey poditiisaidc 64, nd &5 p Toix ippeferetdy biOnotm ( or
approximately half the width of the weld nmetal and heat-affected zones) to

ef f eCEés&?ﬁeﬂ haviRé dlta% RBuARd ph HAddh Pz%ﬁe HAll clobSink 'bbﬂﬁdai'fgégf ERRQE Rt | N

the illustrated embodiment, this results in a start e setting of S6 0 nm
f t d d f t
cot | MGt e iG] Geofip bonst ThiHE s;%ﬂﬁﬁa?t 2Py BadfTd dnggcn

doubling the 10 mﬂdl stance. Consequently, in fig ,., the length gate

set t i P& doga npiapssdbe boundary é@f@glwsh@haffeqt@rbmrten@thm dpslaweeinspestion mm
Suitable gain settings for each transducer can be determ ned by using test
pl at esones Holweaar, theakews Hae only réprgsens the bentérdine ofthetseand@atht Batauss theseen in
fig. 9 are made frommaterials that are simlar to the materials in the

vel d QA dn BR BHEARBLEENT RAYR Lord8@BtdyYit i @liidisntShatith&dralva 1R8ared_
SUBSTI TUTE SHEET (RULE 26) WO 02/ 3187 PCT/ USOL/ 31537 geonetry of the weld

vt or P Ofe SERETRF by oRus dilf FBngBr B R G il P EELFR PG

metal 50', and have fusion lines 51' and boundaries_ 56" .of the heat- affect
zonesn@ipomeyaio eopiackWith thg Weld ragiak s the wekbisinspeeiad. Seitine honsingtiersandes in
the weld to be screened). It is also preferred that the test plates include
5 mac btiandoff dsfaaceste 36,654 indhis veayi abvidtes the agedwelschootinthe wgld @amtedforeef | ect or s
i nclude side-drilled holes 102, 103, and 104. A sanple of each selected
transgidpgdtions Pl aced at an appropriate distance

Next, a focal spot distance is determined for each transducer. First, a minimum and
maximum sound path distance is measured from the transducer positions 63, 64, and 65 where
the sound paths intersect the top surface of the plates to inspection limits 90 for each transducer’s
inspection zone. As illustrated, the inspection limits are located where the sound path from that
transducer position intersects the boundaries of the heat-affected zones 54. Alternatively, the
inspection limits might be placed at the points where the sound path enters the inspection zone,

or at some intermediate or similar point. In the illustrated embodiment of the invention, the

-
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20

fromthe test weld netal so that its sound path is directed toward the
side-drilled hole in its respective inspection zone. In fig. 9, the | ower
zone traauzes7 40 is positioned so that its sound path BeTSodiisect ed

t owar@idimanmsirdemaiindunesbundlpathldiskandes fdieht omep-vwave paasducer 2e: 44' . Wth an
10 appropriate gain setting, this transducer should detect not only the

si de-dri j

St do A ERRAE o éf““@f 5‘?2"14.* ﬁt@?w%ﬂ?%??tﬁ%@??a%w@ BBl
there is |ess than g&ﬁ?‘ln res nse bet ween the signal fromthe

si de-TF #dd WH}émfi Drﬁg)eg Yhe side-drilled hole in the

i nternedi ate zone. Th| s drop criteria has been found to provide adequate
wi dt h- of fFed each trensdunsr, afpsial snat distance frtheresclgsted thetiwhl prozids ddeguategai n 15
setting is set so that the signal that is obtained on the conputer 68

r eac hemasifiofty af bdthehd mbximume s@@d path djsthndeaindahé miinianss seeid pat distancefor sane
gain setting mnus 6dB can be generally used for the gain setting for

i ndi rgefdr sﬁﬁéelref’}ﬁﬁet 2huing 44 g&itg {hvf}@;tlg [Salels )hge\{gcng Qfo&3taht! i shed for

al | transducers r| age se 1 can e asse Ied t he

carri e sel ected ucers._ 20 30 ane 40 are unted_.at  thei.r
espelBiber B ab e BT BB man st e gisudh And RO Mogt 15h g8 e o
seen in that figure, it is preferable to i ncl ude mat chi ng transducers 20
30", mimman! squp pe&ndtsttancaméudmellustmdcmnbtgilmﬁamfdh@ewgnmm they fopal ispefs for
rmunted on the opposite side of the carriage, to inprove the reliablity of
t he stheeedtbhgaveaansiitcer, ARDmCPmedibi- ARt hivasduces aféthelpwepzar! tramsducenmal yze,
and display data received fromthe transducers as a weld is inspected. In

setti pdwieh ibﬁxﬁﬁﬁ&%‘@mﬁn 30 minSand SR in, bt %m%’%@?ﬁ @R Gefectitilg Of the
transducers on nultiple channels, one’ channe gain and gate -10

SUBSTI TUT RULE 12/ 31- /3 settings for
obtai ni ngEﬁﬁaggﬁgwaﬁsg%a%?c&ctwﬁtcgt F@xﬁa&leﬂaﬁﬁ? F#Bfr#?fﬁé T
the other charpel with gain and gate settings for obtaining and anal yzing

i ndi r B8t 7, ptandeif distangess o 3@sand 4nire measyrad Saur ke centgrling ot itheweldangtd 048 i ty
of the carriage and the set-up of the software, it is useful to test the
carr i thgaransdirsr pekiidris@3ab4,taad 65 Wabilleseforenceudidtaines thhdd aive beased.i The i 9. 10.
Again, the test weld seam should be nade frommaterials that are simlar to
the n&aﬁddfeaétahaestmﬁth\é@h&ttaear&é \P@V&%@&R‘%gzo ARG iRk NR PanS@RBET 'Y

that 1s S|m ar to the geometryegf the weld seamto be screened. It should

al so f| ci_al dri | I hol es 105 DM not ches
1070 30 Rt lobistizBhe e MR 5B 35 . o PR GeerkPvay h S
exceedl ng a t hreshol d | evel shoul d be eval uat ed agal nst est abl Iag]

accept anc e Gals setes arcthen srleqied fop gagh fransdiasy. Rerrdiiactlyasilects #f%rabl y,

the threshold is set at 60% of the full screen hei ght of the di splay. -11
SUBSThiEfErEbISHEES thRblegs1@6]J minimum sound path distances for the start gate settings for each

J

transducer, and to select length gate settings that are equal to the difference between the
measured minimum and maximum sound path distances. In the illustrated embodiment, this
results in start gate settings and length gate settings for directly-reflected signals from the creep-
wave transducer, the intermediate-zone transducer, and the lower-zone transducer of 16 mm and
31 mm; 35 mm and 25 mm; and 36 mm and 24 mm, respectively.

Gate settings may also be set for indirectly-reflected signals from one or more of the
transducers. In fig. 8, a “round-trip” sound path distance is determined using the distances of
three legs: a first leg 91 from the transducer position 64 along the sound path 32 to a first

8-
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WO U2/3187 , , PCT/USII1/31537 What is clained is: 1. A nethod for
configuring an array of transducers in an ultrasonic test apparatus for
screeni wg 624871 aws in the volunme of a weld seamthat i sPERHUBMGISHUSteniticC
mat er sefibctiiptbdittiond20Aitlie @dntdrlind efitht iwrkbmatal $0)iaccdnddegOB drofethalfirgtoi ns to a
pair of plates, the nethod conprising the steps of: (a) creating a

sche %Fk&ir%f ag(&.itﬁﬁl% iaﬁgoc&%{%?gﬁiﬁ‘g%siﬁﬁh 94 H3he lioi?rveg GirBRBYr GHE BF the 3512&&952,

centerli ne i s of € schematic I ncluding representations of the

fusion Jinpes,_b daries of heat .affected zones i,n the plat.es ur.face
or of + Pk B 10 85 8R! e Eugde-aRiteBp PSR IS e oo o Tl o, ()
| ayi ng-out on the schematic transducer positions and at |east one potenti al
t r anstlusisation thedhivd dag; has bpertidsaivaiat gn engle ot tnpreximately 32 hbeeaubelthe Allustrated| east
two inspection zones; (d) selecting a transducer size and a sound path

angl e7¢°ar-waae frahsdap&ds paiicdiar§ ser(sitjvelts slsdar ivadesreadingid &t hatmikiqa0thetli st ance
and a m ni rum sound path di stance from each transducer position to

| nSPebifiodrt Helrod QinstifiRlto 5H@RHMESI ek GIABE B} rhAPREHEFARATE Bfiw ()

selecting a focal spot distance for ea sducer t'hat” provi des adequate

sensifivity.at both the xi mum sound pat.h di stance and. t he nini sound
patn it ptdieBtent Sieten pE tHRiorh s B, St t, He S e it i atbop U,
transducer; (h) deternmining gate settings for each transducer; (i)

pr ovi &it ayothespoipts alang thefest lage Prefgrablys bewveverdf fadls vithia thegvedld speiglioget t o t he
materials in the weld seamto be screened, have a geonetry that is simlar

t 0 t hkagemewl the loht-ffectedkiahes. e Whehandasuriigy the rathd tep dolnalathrdiztinos dhe
reference reflectors in the weld netal; (j) using the test plates to

det er mng@ & thé ﬁfﬁ%qe%a{oum@nﬁmfea@yfaﬁ%Plgraghate RRTHEIGT 96 acdoih #6340 the test

pl at es confirm adequate w -of “fie ar each transducer; (1) nounting

the t d t dof f di st ' bl f [
e A EEBERER sk b RA s U5GE80s Be Th 30C sP R AP Rl 00,
seam PCT/USQOL/31a37 (m providing test weld seans that are. made frqom
mat er PEths legs A1, 83 and eaf&’ ), £HETREANd 304n%, Teapactizelye Mulbphing the frnsth of

screened, have a geonetry that is simlar to the geonetry of the weld seam
t @ bethedhied teprhy BB @rdvides aztotai founddtip Bffestive distahcé of 135hmy Theramd+tiipge to
i nspect the test weld seans. 2 The nethod of claim1 in which the

| NSpegfib@ive AR 34 RaIPdd BPHEVidNhE EffectiFe AltectRdi4iRd 0266 Thift 167 thdirfetiybi ch the
pl-ates are at |east . about 16 mmthick, and an
reflected signals.

It is preferable to set the start gate setting for obtaining such indirectly-reflected signals by
reducing this round-trip effective distance by approximately 10 mm (or approximately half the
width of the weld metal and heat-affected zones) to effectively cover the area of interest for the
illustrated embodiment. In the illustrated embodiment, this results in a start gate setting of 56
mm for an indirectly-reflected sound from the transducer. The length gate setting for the
indirectly-reflected signal is preferably derived by doubling the 10 mm distance. Consequently,
in fig. 8, the length gate setting for an indirectly-reflected signal from the transducer is 20 mm.

Suitable gain settings for each transducer can be determined by using test plates, such as
those seen in fig. 9. The test plates 52' that are seen in fig. 9 are made from materials that are
similar to the materials in the weld seam to be screened and have a geometry that is similar to the

9.
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20

25

i ntennedi ate inspection zone is laid out on the schematic of the weld. 4
The nmethod of claiml, in which the gate settings are for receiving
di rect| wo efidiagt ed sound, and additional gate settings aperdsbesmsned for

r ecei yiongetiynalithewtidysenaith ®6 seidemcmicht W, tHe t0n@lds drbsintilp e ickeess anihe
met hod of claim11, in which the transducer gain settings are for receiving

dI T eChalerfaflo (B btk IR WlvedNd b8 %Gl hARMUmBA!Hk SRA4 1idfhy 56, S8 RIVE RS T OF
receiving indirectly-reflected sound Wwth one of the transducers. e

met hod of_.¢lajm1l, in which the transducer, used f.or.inspecting,.the upper
hspelnfici sBhEb et e i hEREones o 3 e a it FOEPTiA:8F e sioRher ef n
at least one of the transducers is a |ongitudinal wave transducer that has
a fr eljpesreyl bopnguaries imthewelg to be sergwedr| Ttuy Blsspretarrqdrbitthe g5t plaigiginds187 |

, PCT/USOL/ 31537 8. A nethod for configuring an array of transducers in an

ul tr agRohiged AféremRRafledtors ih Gle tdatvadd. Dofig.|awR reflectdts amtdidrHidd-eriNed blegam
that has heat-affected zones where weld netal joins a pair of plates, the

g e R S R e e e L

sel ecting.a, second transducer to.i nspegt ower . portjon.of the weld netal
and hoaipSERER MRS BRGR upe R dieded BVGr B pideattibe ol or (he
second transducer, one set for indirectly reflected sound and the other set
f or arespecsiye inspeefongoned isBgrf the lover Benestransducent@ thppsitionediyo that Besdung t wo
transducer gain settings for the second transducer, one gain setting for

t he i path4Rds Hiredtef foaaitd® thesidendri ligachdid £0pinthe logweer inspedtion@nt a4, tWiEth an
directly-reflected sound; (e) nounting the transducers on a carri age

capabl, g, 8P YAl Yeing s tg%sshﬁég %nlﬁlﬂ(fl aéib& n‘%hﬂﬁl‘?@ﬁ@e—ﬁﬁhe@ﬁ&g it @g}'rgﬂlfeﬁo o

processor to anal yze~ sign e second tfansducer as sign

t .s. 9. Th thod of .clai. ' i ch.th in.setti f h
e R R
for the indirectly-reflected sound. 10. The nethod of claim8, wherein at

| east Penferablly, theee is jesh o act 4B idsomin respgnseiertvasn the vignak fHem dieude-drilled hels a

frequency of 2 to 4 WHz. 11. An apparatus for detecting flaws in an
aust ei thi dowerl zne epdnticlside-dréiiediodé innthé anémmctdinnameVThiedrop ketltemathak bpai ns a
pair of plates, the apparatus conprising: (a) a carriage capable of noving
aI' ong hda tb RALGE REqhdle withb R Tor many applications. Preferably, each transducer gain
setting is set so that the signal that is obtained on the computer 68 reaches 80% of the full- screen
height for all transducer paths. The same gain setting minus 6dB can be generally used for the
gain setting for indirectly-reflected signals.
After gain settings have been established for all transducers, the carriage seen in fig. 1 can
be assembled. On the carriage, the selected transducers 20, 30, and 40 are mounted at their
respective standoff distances 26, 36, and 46, as seen in fig. 1. As also seen in that figure, 1t is
preferable to include matching transducers 20', 30", and 40' for each transducer. Matching
transducers are preferably mounted on the opposite side of the carriage, to improve the reliablity
of the screening results. Appropriate software is set up to collect, analyze, and display data

received from the transducers as a weld is inspected. In setting up the software, it is useful to

connect one or more of the transducers on multiple channels, one channel with gain and gate

-10-
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-14 SUBSTI TUTE SHEET ( RULE 26) WO 02/ 3187 PCT/ 11SU1/ 31537 (b) a
creep-wave transducer on the carriage configured to transmt a first sound
to an uppen2pasti on of the weld netal and heat-affected romaspi/§rsp7 a second

t r ansghbegs forotithigirpedndi :agRziaeniiieatly-esldedisoandsntém sherantdcees anththelother | ower
portion of the weld netal and heat-affected zones; (d) a processor

gﬁgg;ﬁ%ﬁﬁﬁ% \)ﬁféﬁ galﬁ Qb8 gite SF%)?IFS frlob mﬁg lafld 3y 4 ﬁ%ﬁ]dﬁ%&ﬁ)’ PR cte@ Sorfialk o N

irect “ref Ions o e seco ound a second set of
gain g@%ﬁ@ﬁéﬁﬁsettlngs for obtaining and anal yzi ng |nd|rect reflections of
the s 12. The apparatus of claim 11, in which at |east one of
the transducers_is a |ongitudi nal -wave transducer that has_a, firequency of
2 to A MHZo cegfimThe rabﬁgmpﬁﬂle@mﬂgmaml the sgivtp pﬁﬂxerseftwmﬁrm uiefiy te test
position-encoder. 14. The apparatus of claim 11, in which each transducer
has atherfafitgs Ontahadddidasi testontd echngRutlngs thppas sden i ifige1®f Agdam, drrtedtagad 15.
A net hod of screening for flaws in austenitic weld seam conprising the use

of an%%%[rl &dél?oelxﬁﬁ désg%lrgﬂegﬁ'ls ?ﬁﬁ glé? %1‘]11131‘ t%ﬁh§ﬂ§§ﬁa;§%%1§wgﬁgea(ﬁ%§e 26) WO

02/ 31 1 or detecting flaws 1 n an austenltlc

wel d seam t.hat eat-affecte one er Ans, @ Lr

pl at eScTosnsd, ‘?PéltsHB@ldB@Nﬁﬁgg?rﬂ ﬂﬁ%éstsétﬁg% tﬁ%se%%mﬁeg{” d@ﬁ?‘ﬂé‘gg haV| ng a
creep-wave transducer and a second transducer; (b) connecting the carriage
to a peensdsdrshonldialag Have artifinial flansosnehga sideadnidled doles 486+ ERNbndtehes A2,
second transducer; (c) transmtting a first sound fromthe creep-wave
transduwerdet-mampummeﬂaxp@mgi,on of the weld netal and heat-affected zones,
and a second sound fromthe second transducer to a | ower portion of the

vel d netal papd fefbngf eg eﬁﬂ;%ﬁhr @hd(@)zellég?ﬁla bE@%alEht%&ra%ﬁﬁblt e&ﬁblgs%'seguﬁ”d

gate settings to obtal rect ections of the secon
For 1 oM aIRCETRETG 8 ST <L ORI oY PR IRE T ;g eSagldf st "ot

60% of the full screen height of the display.

-11-

SUBSTITUTE SHEET (RULE 26)



.An. AL A AL. AH&y. Asy. Ae. A9. A9. A. A.A.. A A A Ah \xb",Blj 7,

W } xsnhc”Y] ca] ca] caU] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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N ogaRkiWRdhistclathalh 6 Y] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =Vl Z*y| | CR3&E;

et o

fipat s oL i ST R b
Sr|( +Zr):pa1r ddfusivn lihes At30I0I00 thenadd vt hdiéiccapainpLplptea] the et askdooykisinpdhd ca] ca]
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2E3344 5@6 7k777&388L99 :n:r: . S;
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aJ ca ca
Y C2168] 2R SRl B A Sl RN e vl et npsRricn)es SPEETUEa) co
a] cal] ca al ca ca a] ca] ca] ca] ca] cal ca ca ca a] ca] ca] c
a Ca]@éeéée&ﬁ] BT 01 RE R AT B O R A 10Gh PRUMEEE B B ] €
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2 B M ot ) SR e SRR

cal ca] ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca] ca] ca] ca
4g9CggtPPRRPARNI i j sjjj, k=kkkd r 1| mvn] mvimy mmmmsnnn
o{ upkfa\ W ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cafcta] cdivedihg tesaharadtraifdhd waldjivta! at deastiwayipgpection zones;
gi qqgqqgqqrcrrs(ssstwtttu{u{upkfa\ W ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]ca]ca
] ca];@]g c/ %L @@é&ﬁh@&h@ﬁ&ﬂ&ﬁh@@bﬂ&@%&@h%ﬁ%@@ﬁo@ dhdrihspdctol eatles a

Xl 0

qL0%; % Y7 10%G:
(-@ %@L’]”%{%ﬁ %&‘/ @T’{ Q"i‘?a&&(@%@@?@ 16 &&‘%@Ef&%ﬁ T‘Jém Bl K-
7A|) &07/@4 é@#%l)c%xo p/% & 10 s () 10 4 Grg&t%;gr s(qepgectlv%?népectl(o)n z%ge/@ 0]
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. $1096£%" () sqlmm&bealsgotlcbsr@n&e(m cRl mmJ&el(t)latm@ld@@@qwe@@itW}%t
AJEJE7Y10%@ S) 10% &' () - $10% & () - 10%8& ()-f 10%& ()- & 10%& ()-' 10%& ()- %
@Rk d Bkt R YHOM@RInY i 36038 ath dikthA0@&id(the minimum sound path distance;
t$1002& () - #10% & () V5109 & () - @#109%& () - k| SdEdE?YlOO/@ 25$10%& ()-LO! 1

0% & SdhdYNC7Y10%@ 107 10

107 s>@focyz a%{gL ao%%%%é%@%é%@% fore ea cyz& &)45: 10%&’ () - dEYNC%YlOOZ/@
1 10%

L$10%< X&‘%’@}ﬁ‘g(gat%ﬁei‘ﬁﬁ%@lmﬁ“&8@@“&?t =VAEYNC7Y10%@® " 10%G& () -y

109 () - f#lOCV@L ) - f$10%a () - &$10%@L ) - #10%@&' () - VI Zryz{dE: / 10@

10@@ ) 1094 v{ding kst plafggtia are muldo 2t gre Fnidm@the maeiny hy - { |

luv7/ 10@&G 10%& ()-L&LOY%& ()-F 10%& ()-1f10%& ()-F& 109&' ()-!<l"10%& ()-
weld seam to be screened, have a geometry that is similar to the geometry of the weld seam to be

screened, and have machined reference reflectors in the weld metal;
) using the test plates to determine a transducer gain setting for each transducer;
(k) using the test plates to confirm adequate width-of-field for each transducer;

)] mounting the transducers at the standoff distances on a carriage capable of moving along
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intermediate inspection zone is laid out on the schematic of the weld.

4 The method of claim 1, in which the gate settings are for receiving directly-reflected
sound, and additional gate settings are determined for receiving indirectly-reflected sound with

one of the transducers.

5 The method of claim 1, in which the transducer gain settings are for receiving directly-
reflected sound, and an additional gain setting is determined for receiving indirectly-reflected

sound with one of the transducers.

6 The method of claim 1, in which the transducer used for inspecting the upper inspection

Zone is a creep-wave transducer.

7 The method of claim 1 wherein at least one of the transducers is a longitudinal wave

transducer that has a frequency of 2 to 4 MHz.
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(e) mountmg the transducers on a carriage capable of moving along the length of the weld
seam;

(f) programing a processor to analyze signals from the second transducer as signals from

two transducers.

9. The method of claim 8, in which the gain setting for the directly-reflected sound is at least

twice as sensitive as the gain setting for the indirectly-reflected sound.

10. The method of claim 8, wherein at least one of the transducers is a longitudinal wave

transducer that has a frequency of 2 to 4 MHz.

11. An apparatus for detecting flaws in an austenitic weld seam that has heat-affected zones
where weld metal joins a pair of plates, the apparatus comprising:
(a) a carriage capable of moving along the length of the weld seam;
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transducer that has a frequency of 2 to 4 MHz.

13. The apparatus of claim 11 and further comprising a position-encoder.

14. The apparatus of claim 11, in which each transducer has a matching transducer mounted on

the opposite side of the carriage.

15. A method of screening for flaws in austenitic weld seam comprising the use of an apparatus

as recited in claim 11.
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of the weld metal and heat-affected zones; and

(d)  using the first set of gain and gate settings to obtain and analyze direct reflections of the
second sound, and using the second gain and gate settings to obtain and analyze indirect

reflections of the second sound.
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