WO 02/ 31487 PCT/ US01/ 31537 ULTRASONI C AUSTENI TI C WELD SEAM | NSPECTI ON
METHOD AND APPARATUS BACKGROUND OF THE | NVENTION This invention relates to
t he i nspavoopsi4ef wel d seans, and nore particularly to thecT/wkewasonic

i nspection of weld seans in structures. 5 In structures, it is conmon for

structura t o] 1.0 I d C e not
onl y i th SRR AV S R E e S v o METHP Sy R AR ARBE

ni ckel t. Odinary ferritic steel weld material solidifies in a

rel ative%%%m@gamepBI metal that is high in nickel content,
however, solidifies in a face-centered cubic (austenitic) crystal
structure t hathis {yeeiimirolategty theinspasheneioveld sramgr dndinggre gartipylarbt tedlat ure. 10
It has been previously known that ultrasonic testing (UT) can be used to

i nspect oltdsanay pspeftmraftwedd shmein swebdsesf or def ects. Arrays of

si ngl e-el ement transducers have been nounted on rolling carts that travel

along a ferrihiseusteslit Webtimos dormoadiyrapplpes iorte jeinéd by welieisgeamd MEhe welds
transducers are tied to conputerized data collection systens that allow

qui ck i ngaesetrha1e nef ordlPRith SREKBy felticddide bitNA Wity meAPHBME high i gicEgndri ti c
structure of austenitic welds nmake them much nore difficult to i nspect by
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the wultrasonic S|gna:s creating a eve ise in e collected

d : ; 1 h f ' ' f it | ds \h b
ata. COBREANSIL by it NECSE O ndll NSAERIA O, Bl BUSLERbLCUEL g has been

limted. oun errent, Tongitudi na ! Cr)ansducers
can be used t I OVj .2@ seful inspection of . aystenitic welds. However,
unlike s ng‘ﬁles-%‘@?%ﬁéhg?ypé% 4 9%/\7&\)3(1:0%?':5& g%ﬂ@%tfcg ,gran}j%’é‘ﬁ“éq' enent transducers
focus on a particul ar djstance, and _do not provide infornmation abqut as
btbad an ar ealt 58 RegyaicauHy kaova) thel wiraspaindssing (i sar beysed tnmsrsgt RAmpYy,
| i near scanning of austenitic welds has been [imted to situations where
t he oper &uilic steel walda fargletedtsi Arpprefsingle-demen iipnsdpcepdlrave beananoystadionof a
wel d, such as the fusion line between the weld netal and the base netal.
rolling carts that travel along a ferritic steel weld (commonly pipeline girth welds). The
transducers are tied to computerized data collection systems that allow quick inspection of the
seams.

15 Unfortunately, however, the dendritic structure of austenitic welds make them much more
difficult to inspect by ultrasonic testing. The elongated grains of the structure tend to refract the
ulirasonic 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 been 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 base metal.

25 Where the operator is interested in inspecting the full volume of the weld, a “rastering”
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25 Where the operator is interested in inspecting the full volume of the
weld, a "rastering" -1- SUBSTITUTE SHEET (RULE 26) WO 02/ 31487
PCT/ USO1M3Q887148pr ocess i s conventionally used. In such arQras&sHs37t he

oper at @fodesibesnientiotdfyants. hsuet dhppsdesd, it ofchitokrebs: fof defesieitflolphotihual
sliding a transducer towards and then away fromthe weld. Mving the

tr amd‘ﬂﬁ%ﬁnés@hﬁé el dyb Elllﬂlali tﬂaﬁs@?é‘r Behflislafd BRASHS rﬁé() f?le vf‘eg& rect the

sound from e tran cer t erent sections o

Rast 5.1t t hat ff t
o oL iving 1 Py Sicanfaeg r&ﬁé%aﬁ@??ﬁmﬂ%ﬁ Qearsar?c}aaai €pgnd from”

automat ed UT inspection. However, determ ning the transducer arrays that
provi déhe Easduges throwgh difkrans sechieanofthe wields| Rastarmggea slomt and awkiveardprosesss ul |
vol une of an austenitic weld nust be inspected, those skilled in the art

have gdngpabis yhat komeeffons hovredgen idude ps ololigiuabbleteht Bt as@etides forand
rely 10 instead upon radi ographic inspection. Tanks for the storage of

cr yoge%roxﬁdtm@gnijeatb@sﬂtwmffd ﬁéillél rgﬁ‘é Hre%tansaﬁm 1Pys mgma@de Rfi%

field-constructe romplates joli y austenitic that require

100% i ns d defects. Such wel ds have been conventionally
%‘fmﬁbeel}%{ﬁgﬁ et ect .

i nspectrg aphic filmexposed by dangerous |evels of radiation.
Such radi ographic inspection is a potential safety hazard and a

t i me- consuniGrisequeptly, yehere theebll vebmegrtan gpstenitie V@r«ﬁmpw ig¥selgdy those15 of
such tanks. SUMVARY OF THE | NVENTI ON A new nethod for easily configuring a
usef ul shilledyn tife atiidve gerareliy chiosemtdiocsgo shd problemstod nttazdnio lingpactiomi and rely

i nspection of austenitic weld seans has been devel oped. The new arrays

16 201 | | iadi@ndilpoh $506i:Gphid HRBELICRD 19k HIRNNiblago BBl &ARMquidRKER S figuckq

attractive alternative to 20 radi ographic |nspect| on. It has been found

that & U3efitls 36F Banfie, dERSHLERLRRRA S piAaTblaba $9 AL EHEE SRR 2

require 100% inspection for weld defects. Such welds have been conventionally inspected with

photographic film exposed by dangerous levels of radiation. Such radiographic inspection is a

potential safety hazard and a time-consuming step that sometimes controls the erection schedule
15 of such tanks.

SUMMARY OF 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

20 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

25 minimum sound path distances from the transducer positions to the boundaries of the heat-
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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
| east twwonzpesti on zones. Transducer housing size and BOWEIpHEITS are
sel ect edfeted zeashre nepReéd. Focabipet didrbcdshee saCtdLIMMEIITTVidD adqubidlishaingd
path di stances fromthe transducer positions to the boundaries of the heat-
-2- SU : 7 : s
are moatoeade pavere i e e e har e S LA
sensitivity, .at bot .he mnimum and th i mum sound t h di st ances.

Tr ansd L%ltei’ Q/eg{n;;ﬁ 4ot ergpa(}.? ﬁlgi?eﬁoég rﬁgenﬁﬁerﬁﬁtfce EE%F@?% gr eatﬁﬁn B%‘@EB p?@’ﬁ@&ef romthe
schematic. Test plates are then used to determ ne transducer gain settings
and t o EEsdycengxp seftingscand tecpnizem pdegrate Widk-ofrfigld dibe fransdpecrs wrertheaq nount ed
on a carriage and used to inspect a test weld seam It is particularly

iisef ul rhowsel @cé cariags meiused weinkparn s HC @Eldiseainn $(ie phrtichiarly ppeil toeeketian of
the weld netal and heat-affected zones, and to select tw sets of gain and

gate sektdngsveltinsdRet ShsietAME AHEE por@EofIRE wefd mehi &ﬂ&ﬂn%gf—%ec@é&t %ﬁa‘% A

and analyzing direct reflections of 'sound fromthat transducer an

ot her set .of .settings for . obtaining and. analyzing indirect reflecijons of
Chat saniaterlBst DY Bantpq £ BBet B e ensfube an et Sk bE Shlriine
signals fromthat transducer as though they were si gnal s fromtw separate
t r ansdu@dragalyzigg dirpeigetiendions ah geimgdsiroms éhnt iransdveerrod Taroathen ret pRasttings for

prof essi on, these nethods and apparatus have been found to be capabl e of

r el i abloptadeingatd mgplpobdindirettiraettibhavdthatrsduhd.als do phis,dhe prbcksgor ist ent i onal
wel ding errors in austenitic welds. -3- SUBSTI TUTE SHEET (RULE 26) WO

102/ 31480 RerhitddWd aRAP27the Bighik foEOER @ ebhs tHiGgPRAWWESsignals from two

separate transducers.
Applying the standards used in the non-destructive test profession, these methods and
apparatus have been found to be capable of reliably detecting both machined flaws and flaws

produced by intentional welding errors in austenitic welds.
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The invention nmaybe better understood by referring to the acconpanying
drawings, in which: Fig. 1 is a plan view of a carriage configured in
accordanoeowe/stast he present invention; 5 Fig. 2 is a seceCDuad/3asxw of the
carri a@RIBF DESCRIPTIONNQF IEHIDRAWDSEECct a weld seam Fig. 3 is an

enl arged view of fig. 2. Figs. 4-8 are enbodiments of a schematic used in

connecti on %E%J&Elﬂﬂﬁqaﬁrfbetﬂé&eﬁrﬁéﬁ%d r}x&mﬂg% th@&% gon findsirf! ©

cross-sectional views ow ng test plat for Juse In co nect h 't he
10 pr e?@r‘\th'l nventi on. DETAI LED DESCRI PTI O\I Figs. 1 and 2 illustrate one
enbodi of a carriage 10 that can be effectively used for autonated,
ultrasonic inspection of an austenitic weld seam The carriage that has
been il ustistlds aipkg vige9ta cpitigge catfigumsddnaccardeitesatith the presert ipvestiesp wave
transducer 20, an 15 internedi ate-zone transducer 30, and a | ower-zone

& ransducer &g 2lis aysejorhhecwarftheageridgedd $igoV deingneed wrigipecod waldvwehdl; seam

as seen in fig. 2. As illustrated, the weld seamis greater than 16 mm

thick, and ime I3qg§ﬁeﬂﬁ}$@dr{gé@bf§ P Ahat joins a pair of plates 52. Each
pl ate includes a heat fect ed z6ne 54 that extends froma fusion |ine 51

26 Eeé‘efeﬂe.’ﬂag“s’?@ HECAbaENiorle ] SufurRic Redimermad i el

sound along upper sound path 22 to an upper portion 24 of the weld
nmetal 5O¢H @Flr?élét affected zones 54. In the illustrated enbodi nent of the
i nvention, the creep wave transducer has a 40 x 40 nm housing, a 33 mMm

st andof f di $igsn@end 60 frocmisheciara eichvis sRowingttés platdsdot vsehia comspon vdth thend a
frequency of 2 to 4 MHz. Ot her transducers could al so be used to inspect

1¢ he uppedseRahid@ionof the -4- SUBSTI TUTE SHEET (RULE 26)

DETAILED DESCRIPTION
Figs. 1 and 2 illustrate one embodiment of a carriage 10 that can be effectively used for
automated, ultrasonic inspection of an austenitic weld seam. The carriage that has been
illustrated includes a frame 12, magnetic wheels 14, and a creep wave transducer 20, an
15 intermediate-zone transducer 30, and a lower-zone transducer 40.
In use, the carriage rides over the length of a weld seam, as seen in fig. 2. As illustrated,
the weld seam i1s 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.
20 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
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WO 02/ 31487 PCT/ US01/ 31537 weld netal and heat-affected zones, but use of
a creep wave transducer is preferred. The internedi ate-zone transducer 30
is configuoezi3ue7 emt a sound along an internedi ate sounBCpasé/ad23nto an

i nt er nedbldhetgpand hei-adftciell zbhs, vilde 0Eh afcep Yand trah@iaterad petdred. zones 54. In

the illustrated enbodi nent of the invention, the internedi ate-zone
transducer i4e3n@HAldiSb SR ransdudd 3095 8bd i eh £ c(dna"é(?a{-%) Lihid SEr
that has a 40ex 40 rn}r?thousi@rlrgl,1 g 44 mm st andof f ewg?/s%ance 3 aflrlomﬂflﬁ(g

centerl.ine, of wel d to .be inspecte and.a freque of..2, to 4 .
Gner ePRLEIR &P Lo ot erie e pATRE & of e s o258 hurArifie Patosord 1B,
The | ower-zone transducer 40 (not seen) is configured to emt a sound al ong
a | onerthe Bygiteted ambodimenbobthp svisptipn the mteragdiste-zame tigasdncaiis aldugbelgment,
heat - af fected zones 54. In the 10 illustrated enbodi nent of the invention,
% he | ower longitedihilansaUTewaved transtinadr-tehtchae atd) x640 mBoiRing! 4 dhsdie@nddffiat has
a 40 x 40 mm housing, a 40 mm standoff distance 46 fromthe centerline of

the velgkihRehs Bfegée%ﬂimtﬂe %ﬁﬁ%@qﬂspeae& aAn@ adrdfiencydDap 4yrapsducers

coul d al so be use I nspect the lower portion. As seen in fig. 1, the

il ' i ncl it der. 60 th [ 15
the' podbroreaphecouty rabs vt PonPed Uit bhaRsfhi R otng: h of the wel d

seam The transducers 20, 30, and 40 are cqonnected to a conputer 68 that
i s progr amedbgilewenrmnedensgicegd) ot sesms isGopfigyied s emit groand alopg adaveror
obtai ning and analyzing direct reflections of the sound transmtted by the
t r ansdusoeudpath il taa decandriset 4961 thaweldmeta s endlkdat-nffgted poneg b almiheg and
anal yzing any indirect reflections of the sound transmtted by the

10 Nt er Mygh @Rz dirh st ieehvafiodl ARlok &zt thaRidicerd ia%@l-&@t}ﬁ@ﬁt, Bt wdde

(The path taken by such indirect reflections is discussed below.) In the

illustr i en f Lnvent i t i i ate- e nsduycer
has gathg‘gngéeqicfes ?ﬁ‘éﬁhi{%% %4(31.53&?711%10@ n%]ta an %%ﬁfcggﬁgg%% 4% Offor% aﬁegﬁfe%lgl “and
anal yzing djrect reflections of the sound from _the internedjate
t r ans ddeewelddndedaipscisd andigiequarcyrigsomisiza (therfermsdnasis qouialsp bopsed to
obtaining and analyzing indirect reflections of that sound.

inspect the lower portion. :

As seen in fig. 1, the illustrated carriage also includes a position encoder 60 that monitors

15 the position of the carriage as it travels along the length of the weld seam. The transducers 20,
30, and 40 are connected to a computer 68 that is programed with one set of gain (sensitivity) and
gate settings for obtaining and analyzing direct reflections of the sound transmitted by the
transducers, and a second set of gain and gate settings for obtaining and analyzing any indirect
reflections of the sound transmitted by the intermediate-zone transducer 30 along the

20 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
a3s 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.

25 A carriage like the one seen in figures 1-3 can be configured by a relatively simple,
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25 A carriage like the one seen in figures 1-3 can be configured by a
relatively sinple, -5- SUBSTITUTE SHEET (RULE 26) WO 02/ 31487

PCT/ USO1M30 5871487 nnovati ve nethod. First, the thickness ardrjusemtisitet ail s
of the imsdvdtisenmiettiod. be i nspected are evaluated. A schematic of a section
through the weld is then prepared. An exanple of such a schematic is seen

infig. 4. Tihgtithd ﬂh%lda@sts%d%ﬁlﬁ% 4Q81d & tH@()v@ﬁf's‘ibﬁ% %E idsPedtétfart QPAIRALA N] aXI S

of the weld. As ilTustrate the schematic I ncludes representatlons of

the fusipn Lin 0,.and t

boundar PAEnES 3?*15?%%%@5 HE8 il hsRetdhmed df RamipiEe futh S IS
profiles 58 of the weld netal 50, and upper and | ower surfaces 61, 62 of
the pl deesingig. 4THde ilussatedanetian is perpTadigulenioythe ecrigrhno arisaf themeldf As he
actual features found in the weld netal and plates to be inspected, but it
5 s pr efibusteakd thetschdieatmpipclodésrapieossativns éthetfiisien Ynascd et een tﬁ@wﬂcﬂns@mer
positions and potential transducer sound paths for the transducer positions

are  t upiahdpiatt 59 nm& BEwREREEBS bEthe HRatldffbcted: zohbY EnIRPSLAL, Ssuﬂ%&i es of

the schematic are use to show transducer p05|t| ons and sound paths for

t hree d|f ucers 7 o able in
the mar ’t% ggfﬁ]ﬁ F‘iatlt5 ?aﬂ%&@@gﬁ'andglbﬁ'grg% 16% g%ga%%@s/at}??d pat h
76, a 70 sound, path 77 and a creep-wave sound ath 78 are shown. 15 Next,
the wielTEPTRRIEAOBETeEdPTihe SnaTeEREHNS ok b axal dprtkss s dpdho vela mistalnod ded
into at |east two inspection zones. In fig. 6, horizontal dividing |lines
80 havelifesio tlmdospdcted, Hutét is podfemat thetsthe hprogimaiohobelteldtivelytdoenrmiel d net al
and heat-affected zones of the schematics into three zones of equal,

1M dt h:  an uppRgksdubsPRStbAY arkPtRertil traﬁhdwér%fﬁﬂgp@ﬁ@fok fRARMEMREr AforB3re and
a |ower |nspect| onI%?onle 84. Al though preferred, the dividing Ill%r%es neéed

b d b
of  cqual b bp IR PG el S KSR A s HRGhoHfuf RERRTF P, o

each zone [ epres ts a_maximum of appr mately 8-10 nmm of
éucer pos?t?ons and sound paths for thrr)ge glﬂlerent sta1¥dard transducers 70, 71, and 72

commonly available in the marketplace. For each transducer, a 45° sound path 75, a 60° sound
path 76, a 70° sound path 77, and a creep-wave sound path 78 are shown.

15 Next, the weld metal 50 and heat-affected zones 54 on the schematic are divided into at
least two inspection zones. In fig. 6, horizontal dividing lines 80 have been added to the
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,

20 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

25 schematic would be divided into at least four inspection zones.
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t hi ckness of the actual weld nmetal and heat-affected zones, so for plates
havi ng a thickness of less than about 16 nm the schematic of the weld
net al andvbexsnst f ect ed zones need only be divided into P@DUSEISEIT i ON
zones, and fBusepbmthescherviticga aatdducdirie dfontlct®d € inbputt edvbuhspdctidiiont hn 25
schematic woul d be divided into at |east four inspection zones. -6-

SUBST! T{TGingHEEdnsaiide B 12fkindRiR2h3 1481 %@%ﬁ#’?@ edher g ecﬁ?ea? Re9Rw! é}ehgz. S o

schematic, a transducer i s tthen selecte nspect each 1 nspection

d h [ [ d d h I h
cpect f 1M e R BRP; § g SRR AR DY o BN e i B R e BofSy or

40 x 40 mm creep-wave transducer for the upper inspection zone 82, a 40 x
40 nm ispegticnernae B ohdQt 48 mmof0° thway eiirenseBesr dercthe gamediabningpastios z@8  and
a 40 x 40 mm 60 L-wave transducer for the |lower inspection zone 84. It is
Sener alf3yandoa 40 rAd@bire, 605 Luvavatranisdeder Waviie Iovadt Sibpeétionf he Bhe Ttuppaterally

i nspection zone. As seen in fig. 7, sound paths 22, 32, and 42 are drawn

at transduGsle 18 L84 cRed-VadBghifiuceror th@'ﬁ&ﬁé’r iﬁ%e&@@{z MREYA RSP 1704t he

respective inspection zones. The points ere the sound paths intefsect the

|71 s BPURER, 2 B gt O Padh SEulBR RS SR SR T bt S B ek e e

zone will craoss the boundary 56 of each of the heat- affected zones 54
wi t hi n thieagh theapwestiveringsaldon aanss.d T heRoissureprp tersound pahs ifrssechbife top

i nspection zone 84 does not cross the boundary 56 for the heat-affected
zone wistitface Glhef thopletes deSpeirdrisducer posidond-&Byexcand a5hdt drpaebarred, bet wotl y
represents the centerline of the sound path. Because the sound fromthe

10 1 ans dus&iti A tHatdheXirSRY Qufid Paldl PAERN RBhENill blost theDolhdt| 8561 B Ar-awn
lines are 15 in close proximty. Preferably, transducer” housing sizes are

- | ' ith the.weld
ot ol 2breBg Pk st ol AR ANEREBn Tout, RRrRATE K] YECRTOERG Shinindfed

di st ance . 36, 46 in this wa bviates the need to snpoth the weld seam
blefs ore zo?mh gﬁg degsinoh g:1rossI the boundary ¥6 ?or the heat-affected zone within the lower inspection

zone. However, the drawn line only represents the centerline of the sound path. Because the
sound from the transducer actually covers a broader area, it is sufficient that the drawn lines are
15 in close proximity. Preferably, transducer housing sizes are selected so that the transducers will
not come into contact with the weld metal 50 as the weld is inspected. Setting housing sizes and
standoff distances 26, 36, 46 in this way obviates the need to smooth the weld seam before
inspection.
Next, a focal spot distance is determined for each transducer. First, a minimum and
20 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,

25 or at some intermediate or similar point. In the illustrated embodiment of the invention, the
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Next, a focal spot distance is determ ned for each transducer. First, a

m ni mum and 20 maxi mum sound path di stance is neasured fromthe transducer
posi ti onswfé,?m/ﬁfm and 65 where the sound pat hs intersect gdigydopBisyr face
of the spection
Zone. - ABeain ol s SRR B bl oo 20 b cound
path fromthat transducer S 0 |ntersects t he bou ari es t he

hont - ariPEEEGe a8 Dastuar Dy R B9 Syt 2one TepupBcAT BH 1o ead A7 ghib He
placed at the points where the sound path enters the inspection zone, 25 or
at someninrandrofedinaned 36 men aid 60 mpoirespectivielit he il ustrated enbodi ment of the
invention, the -7- SUBSTITUTE SHEET (RULE 26) WD 02/ 31487 PCT/ US01/ 31537
i ni mum and Fexhéhirnsdudd, Pivchl sgotsdisagess tien stiketea e vilpyevids aRgoateer 20,
the internediate-zone transducer 30, and the | ower-zone transducer 40 are

46 mm as@ﬂmgglt boﬁ?}ho pas T:3RHmeR ath ra%ta%@e %gﬁ @Qmﬂm oPﬁ& Pﬁﬁ td?s‘(ﬁllcé( forFOr

each transducer spot I stance 1S ecte provi de

adequa Siti t both t Xi mum soun stan e and the

i ROt 1 S e AEaHATE oS Cuore By arler B S el | ng
adequate sensitivity is done by selecting a focal spot dlstance that is at
| east chefanpgithatds atlnest paschatfaf o meripamisound path déstansacendanonmete thanewicaibee
the mninmm sound path distance. In the illustrated enbodi nent of the

i nvent i mihimtunesohind phth<lixvdief Of the ilhstrategd @mbodingert batirdueaition] the focal spots for
internediate zone transducer, and the | ower-zone transducer are 10 between
24 mm g Hhve %gnmﬁb&nﬁlez&efm&dlﬁg‘%o%mw e&%tﬁ@lov&&%ﬁ@frhﬂsﬁh&’w are

St andoff d| s%ances for each transducer nay be rreasured directly fromthe

chemat,ic, | . agdoff d anc sured from
Fhe cariyeiios hPind328hh Mo abd 36 BBE B 20 miriod TRp o bR s os.
and 65. OQther reference distances coul d al so be used. The standoff.

di stances f ovtapdast distapessifar eagh dirpslyceiane be maasyirdedireptly fioppthe schematic. In

i nt er nedi at e-zone transducer 15 30, and the | ower-zone transducer 40 are 33

mm 44 fign7, standofOdistmnceseXipd6,tand db yre measured from the centerline of the weld metal 50 to

the transducer positions 63, 64, and 65. Other reference distances could also be used. The
standoff distances for the illustrated creep-wave transducer 20, the intermediate-zone transducer
L5 30, and the lower-zone transducer 40 are 33 mm, 44 mm, and 40 mm, respectively.

Gate settings are then selected for each transducer. For directly-reflected signals, it is
preferable to use the measured minimum sound path distances for the start gate settings for each
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 embodimeﬁt, this

20 results in start gate settings and length gate settings for directly-refiected 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
25 three legs: a first leg 91 from the transducer position 64 along the sound path 32 to a first
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Gate settings are then selected for each transducer. For directly-reflected
signals,. it is preferable to use the neasured m ni mum sound path

di st ancesyifipe start gate settings for each transducerpcrandsissel ect

I engt h &ﬁEﬁir%&Hs{tﬁQ%ztajﬁ a{cf &%ﬁﬁg;@mwemﬁ?tgﬁt 856068 Slg%eg%ﬂggﬂle%gaﬂ measur ed

m ni mum an XI mum sound pat I stances. I ment,

this > 0. results.in start. gate settings d lL.ength gate setti for

di oot T APGREROF ST 6 P Sk eonran 8 o idSrPefiche of one labe plates 52,

i nt ermedi at e-zone transducer, and the |ower-zone transducer of 16 nm and

31 mm. 38 wikirddes 2% fram the mwdsEonvaripgipgattionhack o fhedransdiogr paition. sbxthe ngs

may al so be set for indirectly-reflected signals fromone or nore of the

t r ansduitlesisationntheithird &g has beaudrawh at @ argdeiolthppas:imaieBt INCleechsedid Blugirated

using the distances of ?5 three legs: a first leg 91 fromthe transducer
ositi -4 : I =S 1) E RULE

26) o o 3?%%%&%5? g 31%‘%@‘??% n{é'gtt‘?sn%%vgé‘fets FeacH 4 okanstd- @}rl§ri ne of

t he wel d tal 50, a second. | 93 fromthe first reflectin sifion to a

o de- coNPBRICH I FNTOR 1 F e HaY Sib PG PISkSe st G T HBLD oY (o

and a third | eg 95 fromthe node-converting position back to the transducer

posi t i ol§es atrflifferent anglegJer differsnt transduedss. r Yinilaglyrhe fiss aeflagtingmositiomeowdd e e of

approximately 32 , because the illustrated 5 70 L-wave transducer is

parti cudetnl gthagrsitt hloag tie Sivelep. Reafeablyclasisveg it fall@ivithitathe sl @etaCohar

transducers are nost sensitive to shear waves at other angles, and it may

be prefRadi@de bPi@nRW-iMRied £48s. avheh [HeSasRE 1HQLRS trgpéouﬁii Fpgﬁ’{)cgﬁﬁnce the

transducers. Simlarly, the first reflecting position cou set at

t her ints.calo he.first leg. ..Preferably. . howeyer., jt fall ithin the
er'a noehpth s ettt sclfpoliofbe smiipncd By 6 Sty il S iRl et g < no
round trip sound path distance, the O |ength of the third | eg shoul d -be
mul ti pl qhétgreﬁgzsp;ﬁd abprvsh of theaneds-ganyreited sheg-wavedaa 05+ Br fig He thefchyad distpnces
speed of travel of the node-converted shear-wave leg 95. In fig. 8, the

act ual ofith¢ bges 8%, 930dndt Meark 64 318,126 B, andi 30 na rrespérivaty. RRaltiptying tick [3fgthnof
respectively. Miultiplying the | ength of

the third leg by 1.8 provides a total round-trip effective distance of 131 mm. The round-trip

effective distance is halved to provide an effective direct distance of 66 mm for indirectly-
5 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 tﬁe
illustrated embodiment. In the illustrated embodiment, this results in a start gate setting of 56
0 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
5 similar to the materials in the weld seam to be screened and have a geometry that is similar to the
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the third leg by 1.8 provides a total round-trip effective distance of 131
mm The round-trip effective distance is halved to provide an effective
di rect digtoanogsmf 66 mMmfor indirectly 5 reflected signalgr/ddolsss37

pr ef er afdometrd oS e W18 s&drtd bRk @nSE (thiE, thetesONIbRE MeREnBAGH thickness and
indirectly-reflected signals by reducing this round-trip effective

di st an ' i rOXL:| e W of the
wel o merar el AR TR vt LU §enBR B RbE |l WA mdtg. Hhd i tustch
interest faqr, t illustrated enbodinment. In the illustrated enbodi nent,
this r e]é‘t?FS% ?’H%ng‘%aéﬁeﬁ S§Atdbgheate th?Pn%g‘GﬂWWFé}m 1 fORiPRICP e Fisimect ed
sound fromthe transducer. The length gate setting for the

i ndi r eclinep anébdwiages isitheraleld to hersefeened)| Vit $erlsovnwefetygd thatithieitesy plabes idCuden

di stance. Consequently, in fig. 8, the length gate setting for an

$ ndi r ecihohifiedifreRedne reficgidad inf theeast weld! MamigdolGRe refiSctdf illudSsidé-abilied Haled
settings for each transducer can be determ ned by using test plates, such

as tho j i q. T o I: i are
made frg(%’ ?}gf’g? PEPE g’hsgﬁl pé?%@%?%ﬁ%&%%dtéﬁ% lsInQ?éeerd iadg‘figﬁﬁnarg?%ee \&/Lesﬁaélcgeam to
be scregned and haye a.gegmetry that is sinmlar tqQ . the, -9- SUBSTI TUTE
SHEET (%EEE%’%% WiH gisted Fa gt ﬁé??‘@éﬁia/ﬂlé&%gfﬁcte@é‘b%a the %‘ﬁe'flﬂl%ecfm BiEm t o be
screened (that is, the test plates are simlar in thickness and naterial

t o t he Jgbpectve ingpackien genad Indign 8, e leweragne ransduedr #0lispositeetedwe bt pe seimds 0" |
and have fusion lines 51' and boundaries 56' of the heat-affect zones 54’

t hat argatls#2rid difecied (©wMidabie sitte-diitied holei10a in theneserdnshebivingaiciss Withtahe wel d
to be screened). It is also preferred that the test plates include 5

chi ne. EHGE 1 19d.. naf: ors
LR Seibpf Rl Bt %%sz‘f,“eel%%,sulgﬁ%&fg%tq’ﬁlﬁstgﬁéﬁhg’dé@egiég 1ogih 8 O
transducer is pl.aced at an appropri distance, fromthe test weld t al
so 1 hat OresiRetHES Gane bpEled PR APl T SresalAPaindnsar st Fooe a
respective inspection zone. In fig. 9, the |ower zone transducer 40 is
posi t i offetprabdytihexe is less theum @ dBydron imrespensg belavee thersiguat Gomke siderdlidledd hplsd
hole 104 in the |l ower inspection zone 44'. Wth an

in the lower zone and the side-drilled hole in the intermediate zone. This drop criteria has been

found to provide adequate width-of field for many applications. Preferably, each transducer gain
15 setting is set so that the sigﬁal 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
20 respective standoff distances 26, 36, and 46, as seen in fig. 1. As also seen in that figure, it 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

25 connect one or more of the transducers on multiple channels, one channel with gain and gate
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10 appropriate gain setting, this transducer should detect not only the
side-drilled hole 104 in the |ower inspection zone, but also the
side-dril\eh2akss 103 in the internediate inspection zone g4 uso1Biaferably,

there igitings forldddiniAg Sndl By AR difedii§SIBARIE] RRLNERBMIHE rehA08dr ahdl BB Jthé
side-drilléd hole in the lower zoné and the side-drilled hole in the

internedi ate zeone. This. dr crd teria. has . I te
w dt - oA ST A SiOmE bt Shbind e a8k R P I RS A I, £
setting is set so that the signal that is obtained on the conputer 68
reachesh8B999HCYhe ful |- screen height for all transducer paths. The sane
gain setting mnus 6dB can be generally used for the gain setting for
i ndi rect | y- rBf ¢endirmdhs iejiahlity. of Mid exrrigeei andsied seit-ng of izesofivees itds nsdftlite est!  or
all transducers, the carriage seen in fig. 1 can be assenbled. On the

sarri agfe carfi8e Sl ACARE SR RSONERsSard SsucR s tiRhe 48ePinGigdIRONt Rehidtihd 136 weld O
respective standoff distances 26, 36, and 46, as seen In fig. 1. As also

see | b Hholl S Ehuacionk o PRI RLAHL Sl I UECHRL SMOG I @RRdyBer o 20

30", an or each ‘transducer. ransducers are preferably

nmounted on the opposite side of the carrjage, to inpro the reliablity of
t he scr%@pﬁg ap@é&ﬂ@ihavweemﬁhaﬁ%a@ﬁm the gg@?%bog'ﬁe W&fq gap to gﬁm yze,
and di splay data received fromthe transducers as a weld is inspected. In
set t i nepergenedhelt siofuldwelse havet artificiabBaws, such @Sidsodmidast hodesel 055 ERDE votoliest 10,
transducers on nultiple channels, one channel with gain and gate -10-
SUBSTI TdJWel&ieEdnigRle& 1126 190 02/ 31487 PCT/ US01/ 31537 settings for

obtai ning and anal yzing directly-reflected sounds fromthe transducer and

phe, oLher  oRsRasbth B Byl 854 f-5Fkd A0 AL 0%.d SRS
o, 1 SELALERE Rl e Rel Rl 150361 L kBt ol

Again, the test weld seam should be made frommaterials that are simlar

t o t he 6fi of thelfsll sereerniecighdlod thaedispley be
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screened, and should have a geonetry that is simlar to the geonetry of the
weld seamto be screened. It should also have artificial flaws, such as

si de-dri | wexh2isadsas 105, EDM notches 107, or wel der-mani puc@atediSiawns 109.
10 I'n tW@afik elaginedist Signals exceeding a threshold | evel should be

eval uat ed agai nst established acceptance criteria, or further eval uated by

manual Sscreeqi ) i - 609 ul |
screen l\rsiei gh"'%2 ’%f%‘%‘ﬁé’?g‘?‘i%q’%? aﬁ?%f& %ﬁ%@?ﬁoﬂ&%ﬁf@%u%@gé /31487
PCT/ US01/ 31537, \Wat,is clained is: 1. A nethod for conf.iguring an array of
t r ans dueEEng forfiays inthe Bﬂhu@etqggtweé%mﬁ%lsmde %@P%té‘ﬁ?lﬁénaf‘%ﬁ?ﬁ %n the
volunme of a weld seamthat is made of austenitic material and has a pair
of f usimir dfifnsien Hneswtivdict the wedd thetabjoahs foci padr dfplates dha mothop kanpissing the

met hod conprising the steps of. (a) creating a schematic of a section
throughydemwel d that is perpendicular to the centerline axis of the weld,
the schenatic including representations of the fusion |ines, boundaries of

Crper SR ORI Publel O ARl B ) Seah e N il o

transducer positions and at | east one potential transducer  sound path; (c)
di vi di riis plehe wisldhts chepatiiaciiding repressniptiong gkthedygon Hasse beundarisssdsat- ( )
selecting a transducer size and a sound path angle for each inspection
zone; (afJectedasues inghaplatx] ofwsmofites pdthe weld namaleambhwbrer andiowenswsfgedofpat h
di stance from each transducer position to inspection limts for that
transd%@Pia&sg espective inspection zone; (f) selecting a focal spot

di stance for each transducer that provides adequate sensitivity at

(b) - laying-out on the schematic transducer positions and at least one potential transducer
sound path;

(© dividing the schematic of the weld into at least two inspection zones;

(d) selecting a transducer size and a sound path angle for each inspection zone;

(e) measuring a maximum sound path distance and a minimum sound path distance from
each transducer position to inspection limits for that transducer’s respective inspection zone;
63) selecting a focal spot distance for each transducer that provides adequate sensitivity at
both the maximum sound path distance and the minimum sound path distance;

(2 determining a transducer standoff distance for each transducer;

(h) determining gate settings for each transducer;

(1) providing test plates that are made from materials that are similar to the materials in the
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;

1)) mounting the transducers at the standoff distances on a carriage capable of moving along
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bot h the maxi mum sound path di stance and the m ni num sound path di stance;
(g) determning a transducer standoff distance for each transducer; (h)
determ ni wo @aiegrsettings for each transducer; (i) provi dipeg/itesisihat es
that arige neade JMRwWBRLRhmal S that are similar to the materials in the weld
seamto be screened, have a geonetry that is simlar to the geonetry of the
wel d s t . chi [ rs.q :

wel d et + P SiaikE L s BRI B AR T U AEGE Sy TR GalelabE
setting for each transducer: (k) using the test plates to conpfirm adequate
wi dt h- obe Pield sgamdp b@é&%ﬂl@%h@&&%@@trﬁhwwﬁbtqth% BequasiSeRldey ekt sepmdo
standoff di stances on a carriage capable of noving along -12- SUBSTI TUTE
SHEET (tRUckeléd, awbhaay Stifigial Ty, @e8d1/ 31537 the length of the weld seam
(m providing test weld seans that are nade frommaterials that are simlar
to the @Rt erisalgSthi BarrfabetoBbgbesBamst GeliseamEcened, have a geometry that is
simlar to the geonetry of the weld seamto be screened, and have
artificial flaws; and (n) using the carriage to inspect the test weld
seans. 2 The nethod of claim1 in which the inspection zones are of equal
width. 3 The_nethod of claiml in which the plates are at. |east about 16 nm
thick, and ah® PRbed peeiaup & 11 Wb by BisPesting Zpaes aky BPWFW}#tlﬂ'he schemati c of
the weld. 4 The nmethod of claiml, in which the gate settings are for
receiving directly-reflected sound, and additional gate settings are
determ ned for receiving indirectly-reflected sound with one of the

transduzer s. Tige mb@odof gt ¢fin ¢/hédhrthd plated avditdéast fvut 1 @AGAUGEr, agdbn Settings
are for receiving directly- reflected sound, and an additional gain setting

i's det §Lfu-RAEM afeQhsgebE& 2drdSs latPbt ©hthy schBhh&S bEMe 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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sound with one of the transducers. 6 The nethod of claim1l, in which the
transducer used for inspecting the upper inspection zone is a creep-wave
t ransducewo o531 nethod of claim 1l wherein at |east one dictytsiiggnsducers

IS a | agitiethfdkorans ﬁgaﬁﬁé}kbg%nhﬁﬁﬁcé}@%ﬁaﬁﬁﬁ%ﬁ@&m atatisOoft défbling 13-
SUBSTI TUTE SHEET (RULE 26) WO 02/ 31487 PCT/US01/31537 8. A method for

configu] [ ay S rs .| I Soni { r
dor ect 1ol B Hd SRR AEL hep R RSO B AP LI o
wher e | d netal joins a pair of | at es, the nethod conprising the steps
of : (aﬁﬁgﬁ$é@%ﬁﬁﬁm§CEW@Eﬁ“&&WE“ﬂP sducer to inspect an upper portion of
the weld netal and heat- affected zones; (b) selecting a second transducer
t 0 i nspecta)astlosting puedp waveotansthecents iisprest ail upped pbtian-of did weltl enktalomd dieatf ¢)
selecting two sets of gate settings for the second transducer, one set for
i ndi r ecdffetedrzBhésgct ed sound and the other set for a directly-reflected
sound fromthe sane transducer; (d) selecting two transducer gain settings

for the sggo S ' [ far,. i ndi -nefl ected
sound andtpnec st B SUGHl wufffod® BobEL Lidir pBhid Waps BECAERL RN
nnuntina the transducers on a carriage capable of noving along the length
of the tpd Z298%M (f) programing a processor to analyze signals fromthe
second transducer as signals from two transducers. 9. The method of claim
8, in whith stlectywitwosetstafiggtefseitinghtor dhe sscond transflieertand ssofonthdirscty- | east
twi ce as sensitive as the gain setting for the indirectly-reflected sound.
reflected sound and the other set for a directly-reflected sound from the same transducer;
(d) selecting two transducer gain settings for the second transducer, one gain setting for the
indirectly-reflected sound and the other gain setting for the directly-reflected sound;
(e) mounting the transducers on a carriage capable of moving along the length of the weld
seam;

() - 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) acarriage capable of moving along the length of the weld seam;
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10. The nmethod of claim8, wherein at |east one of the transducers is a
| ongi tudi nal wave transducer that has a frequency of 2 to 4 MHz. 11. An
appar at uswigapn/zdggzecting flaws in an austenitic weld seam tpgatiydsasiss7

heat - af (bCi deF-Oa08 traddiRES IMEthE ciBiagd chifighfedao PAhmivh RLAbEAI toldhipRBPAr at us
conprising: (a) a carriage capable of noving along the I ength of the weld

(S:(rag.?p_ V%c{]/rfe}él% %g'gJeT&{B%ta%Eﬁgeag—%gteg%ne\éo 02/ 31487 PCT/ USO1/ 31537 (b) a

ransducer on arrrage cohfigured to transmt a first sound
to an upper portion of the weld net and heat-affected zopes; (c) a.
second @5) ah&sgaed fragsquesondhs FaEgEe %%J‘lgflﬁﬁg\rt% dapgny ?é‘i’?é’ﬁstso‘&l@@@dﬂﬁfe%mant 0
a lower portion of the weld netal and heat-affected zones; (d) a processor
pr ogr anefste wieldmetot andsheiai-affectgbtonss; gai n and gate settings for obtaining’
and analyzing direct reflections of the second sound, and a second set of

gai n an@) gapcefbi progfaniAed wahbatid Akt s Gf asialayd bie skifighks RELblagfihesid ons of
the second sound. 12. The apparatus of claim 11, in which at |east one of

the tra r &l i i - r 3 y of
2 to 4 RO ek freRel e Abid e, HANSEGREL SRl HAP.: LRENI0E
posi ti on-encoder, .. The aratus of claim./11, an whi ch each transducer

.14 .ap
has a t%‘ﬂﬁ“ﬁé‘”f‘?ﬁégﬂﬂ%&m‘i‘?ﬁ echoms of theseemdssiee si de of the carriage.
15. A method of screening for flaws in austenitic weld seam conprising the
use of an apparatus as recited in claim11l. -15- SUBSTI TUTE SHEET ( RULE
26) WO 02/ 31487 PCT/ US01/ 31537

12. The apparatus of claim 11, in which at least one of the transducers is a longitudinal-wave

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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16. A method for detecting flaws in an austenitic weld seamthat has
heat - af fected zones where weld netal joins a pair of plates, the nethod
conpri si ngdB18greps of : (a) providing a carriage having aaaneppsyaye

t ransdugerA aRethod 5EERRTink BREIH a8 histédllic GRNNREHItAS Hal BeRAFCLRE S0k where
processor having first and second gain and gate settings for the second

transd X . m k14 fi . reep-wave transducer
to an u%b%érme[@)ﬁoﬁ?ll}%%g%yoghig mﬁaﬁ%t%%%%§*§§%£§?éct ed zones, and a
second sound fr.gmthe second transducer to | owe ortion of the weld
metal dAl haupvidPedEe g 2LHEEDC WEY LEINGIACH B0G # PSPRS BENYHCHai n and gat e
settings to obtain and anal yze direct reflections of the second sound, and
usi ng t(hg sevonettiggitie camdagged @ petasiardeving fiutitaad sccand gainalogt zateisaidings fir
reflections of the second sound. -16- SUBSTI TUTE SHEET ( RULE 26)
the second transducer;

(c) transmitting a first sound from the creep-wave transducer to an upper portion of the weld
‘metal and heat-affected zones, and a second sound from the second transducer to a lower portion
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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