. ULTRASONI C TRANSDUCER ARRANGEMENT Fi el d and Background of. | nventi on----- i
[[0001] The invention is generally related to the inspection of welds and,

more particularly, to the ultrasonic inspection of pipe-to-fit‘mmmmmm EWWW‘
Vihere there is Iimted clearance. [0002] In the offshore dril

for producing oil and natural gas, production, delivery, .and variomgorsex
processes on the offshore rigs and platfornms require the use of a varrety
of pipes and fittings that nust be wel ded together. Safety require

require that the welds be inspected for the detection and repal‘mmwﬁ @lm I
defects. [0003] Previously, radiography was the primry nethod of

for process piping welds with limted clearance for |nspecf+ﬁﬁ——The”“MM*
non-destructive inspection of carbon steel pipe-to-fitting joints using the
alternative nethod of ultrasonic inspection is preferred. [0004] A 7
limtation of ultrasonic inspection is that ultrasonic transducers nust be
able to be positioned on the parent material adjacent to the weld so as to
satisfactorily inspect the full volune of the weld. As seen in Fig. 1.

usi ng phased array ultrasonic transducers 40 to inspect the weld 42 between
straight sections of pipe 44 or curved sections of pipe presents no issues
as long as the radius of the curvature at a pipe bend is not so small as to
prevent proper positioning of the transducers. Typically, about 110 nm of
scanni ng access is
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Field and Background of Invention

[0001] The invention is generally related to the inspection of welds and, more particularly, to
the ultrasonic inspection of pipe-to-fitting welds where there is limited clearance.

[0002] In the offshore drilling industry for producing oil and natural gas, production,
delivery, and various processes on the offshore rigs and platforms require the use of a variety
of pipes and fittings that must be welded together. Safety requirements require that the welds
be inspected for the detection and repair of weld defects.

[0003] Previously, radiography was the primary method of inspection for process piping
welds with limited clearance for inspection. The non-destructive inspection of carbon steel
pipe-to-fitting joints using the alternative method of ultrasonic inspection is preferred.

[0004] A limitation of ultrasonic inspection is that ultrasonic transducers must be able to be
positioned on the parent material adjacent to the weld so as to satisfactorily inspect the full
volume of the weld. As seen in Fig. 1, using phased array ultrasonic transducers 40 to
inspect the weld 42 between straight sections of pipe 44 or curved sections of pipe presents

no issues as long as the radius of the curvature at a pipe bend is not so small as to prevent



required on both sides of the weld for an adequate inspection of the ful
wel d volume. [0005] As seen in Fig. 2 and 3, production and process piping
requires that fittings 43 for valves, controls, gauges, manifolds, or
curved pipes, etc. be included in the pipes 44. Utrasonic inspection of

pi pe-to-fi.tting welds 42 can present a challenge due to the smaller radius
of curvature at the fitting and restricted scanning access on the fitting
side of the weld. An exanple is indicated as area 46 in Fig. 2, which can
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t hat i ndi crequiged an toihysides ofrthy wesld for anpslequate inspectianrod gherinld weldagbnecer s are not

capabl bei n it full 0f.the
CaPaPlB o Dooats BEATER 20 bRIGSh ks SOSSHHAR IR WL g Ol
wel ds f r onvalves, porpeolsigdesess nlahléolwelqn quyysil cribdsy edods in@'tdedeiheﬂ)t: pipssetdt s on

the fitting,sids ok %p[cnﬁ ége -10- ﬁttlﬁ % 43 ec%' Iegé?lltna eﬁ? OM& MRl rilm%; eis a

need for an 1 nprove nic cer rangenen I nspecting the
fitting sicdivebf girpaureat the ﬁttlnlggnd\msmtsted Seanmag pcaess dnrttxeﬁttmg pidf 000BF }N‘Ehie

present .| “Xﬁ’%&!u&%l fmﬁ[cé‘t\éﬁ' awgﬁegg6 ‘{ﬁrﬁgg@o%féh cEfI"HﬁQéJﬁetﬂ @Elt %P mdl&‘?ﬁf;le e

i nspecting pipe- . i hvention gener
phased arr mypectcthc \ﬁéuvcxmdgef tbewdlﬁh’etimrveoqsrtainshtgzr@rrammnted Aonsualt i t}ane a

time of fl t ract| I’IICS ra sduce
adj acent otr’llgnrgi et Jé Thé i talrre c%tﬁ%mg# g F’hleta ere {h aﬁcfuc hm”H cﬁésratre from
t he phas edmarcalayletqf ansglpoeer)y mnhoacd'ﬁ(i}:llasmbmrrgahoﬁﬂlcama@tf d1e\ma1d 42ansducer

nmount an the and spaced ear a ned, W t he
TORD. SEHAT: r anddbelr AT HERAE handPRERLY g R fdng WA 2O, Pe Rl | onea
at an angl eeid hy:mcantmdcdsne&t tihect dafeas ﬂmthel‘fﬂlﬁthlﬁdeOff thtamelat Iticeén Bd seef &rofil the .

[ 0008] The varl q_ﬁ§ f eat ures f novel t%itﬂh i ch. characterize the.invention are
poi nt ed oufPONF { B’ﬁ?etlis&ﬂe%tdr oF g0 THPTPKE WTRORE TARHILSEE AT EREe N b SRS inart of
t hi s di scl ms tiktihg stdelof pippd-figing welder st andi ng of the present invention, and
the operating advantages attained by its use, reference is made to the
acconpanyi ng drawi ngs and descriptive matter, formng a part of this

di scl osur eSurmambvirFhventipn ef erred enbodi nent of the invention is
illustrated. Brief Description of the Drawn %2009 ]In the acconganyl ng
dr awi R80T f or ni g PRSPy vepton if feva s an ’f"t‘r&%)ﬂcdfgim & AANSHAICRHOF 6

numer al s spigav-fitfing h&-ldtr avThd gieklRal @hekRy lcbikpriRE aC agﬁshmdlcﬂ@ed)afet@

t hr oughout the sane: 0001 o FIG illustrates t e ior _art for
i nspect i ngseR /quﬁée ltrans'gp(‘reé mpaptgd on a frame, a time of flight dif} ractlon (TOFD) ultrasomc

send transducer mounted adjacent one end of the frame and spaced linearly and radially apart
from the phased array transducer, and a TOFD ultrasonic receive transducer mounted on the
frame and spaced linearly apart from and aligned with the TOFD send transducer. The send
and receive transducers are each positioned at an angle that matches the external radius of
curvature of the pipe.

[0008] The various features of novelty which characterize the invention are pointed out with
particularity in the claims annexed to and forming part of this disclosure. For a better
understanding of the present invention, and the operating advantages attained by its use,
reference is made to the accompanying drawings and descriptive matter, forming a part of

this disclosure, in which a preferred embodiment of the invention is illustrated.



[Ooon] FIG 2 is an elevation view that indicates the area of limted access
f'or inspecting a pipe to fitting weld. [00012]FIG 3 is a section viewthat
illustrates the pipe and fitting wall, the weld between them and the
typical blind area that ultrasonic inspection cannot inspect when presented
wWith restricted access. [00013]FIG 4 is a schematic view of the invention
that illustrates the relative positioning of the transducers. [00014]FIG 5
illustrates the path of the ultrasonic pulse fromthe TOFD send transducer.
[ 00015] FI G, 6 il | ust.r at he .path of the ultrasonic pulse fromthe phased
array trangﬂ’ﬁééfs.c"f’é‘(fb“fgf‘i:?ﬂm%si s a perspective view of the invention.
Descritpbosgn of Inhthe Re@mgranydg Bravdchsrémtmeng] D001 6] Ads speeificationFagy in7 whiche
ul trasoni c _transducer arrangenent 10 | eneral ly conpri.sed of .a franme 12,
2 phased aFTHEME FUACHIRP AN g dcanpes JeaREHe LEr e e pal it huehst
t ransducer thk8am$:00018] The franme 12 is nade fromany suitable material such
as al um num or lglgagl. and it% Br.ovi %ed. W tth V\/neelts 13 f?({) noving the frane
and t f8f%Qdcers NG TERRIR PRY AP RCRY & HEPS REFET DN process. The
wheel sodd iy bEIGdgsei elevdton vitet thangdiches e aeatlf Yiroted tbvesyiop énsfekting he
frame 12 ma% be tﬁ‘rovi ed with neans for adjusting the spacing between
t ransducer BPC L AHma¥ehannel s 20 for receiving the transducer mounts 22.
[00012] FIG. 3 is a section view that illustrates the pipe and fitting wall, the weld between

them, and the typical blind area that ultrasonic inspection cannot inspect when presented with
restricted access.

[00013] FIG. 4 is a schematic view of the invention that illustrates the relative positioning of

the transducers.

[00014] FIG. 5 illustrates the path of the ultrasonic puise from the TOFD send transducer.
[00015] FIG. 6 illustrates the path of the ultrasonic pulse from the phased array transducer.
[00016] FIG. 7 1s a perspective view of the invention.

Description of the Preferred Embodiments

[00017] As seen in Fig. 7, the ultrasonic transducer arrangement 10 is generally comprised of
a frame 12, a phased array transducer 14, a send transducer 16, and a receive transducer 18.

[00018] The frame 12 is made from any suitable material such as aluminum or steel and is
provided with wheels 13 for moving the frame and transducers around the pipe 44 during the
inspection process. The wheels 13 may be magnetic for holding the assembly on the pipe 44.
The frame 12 may be provided with means for adjusting the spacing between transducers,
such as channels 20 for receiving the transducer mounts 22.

[00019] The phased array transducer 14 is preferably a curved wedge send/receive transducer.
A cable 15 is attached between the transducer 14 and an electronic sending/receiving unit
(not shown) that provides the electrical current to generate the ultrasonic pulse and then
receives and records the reflected pulse (signal) sensed by the phased array transducer 14.
The phased array transducer 14 is positioned to insure that the face of the transducer that

sends and receives the ultrasonic pulses is at the proper angle for sending the ultrasonic pulse
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[00019] The phased array transducer 14 is preferably a curved wedge
send/receive transducer. A cable 15 is attached between the transducer 14
and an el ectronic sending/receiving unit (not shown) that provides the
electrical current to generate the ultrasonic pulse and then receives and
records the reflected pulse (signal) sensed by the phased array transducer
14. The phased array transducer 14 is positioned to insure that the face of
t he transducer that sends and receives the ultrasonic pulses is at the
proper angl or sending,.the ultrasonic  pul se into the weld. .42.
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i nt er foepece, &onesseodntuciiivte amgtadditiahal tehaipmeaeimonat inathé ésdustheudhesdi ng or
receiving of t oni ¢ Eulses uch as a polystyrene plastic, my be
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operations in the vicinity of the weld being inspected. The electrical fields generated by such
nearby welding operations may cause interference with the transducers during their
operation. To eliminate this interference, a non-conductive material that does not affect the

sending or receiving of the ultrasonic pulses, such as a polystyrene plastic. may be used to



[00025]In operation, as seen in Fig. 4 and 7, the frame 12 is placed on a
pi pe 44 such that the phased array transducer 14 is positioned adjacent the
wel d 42 on the pipe side of the weld 42, the send transducer 16 is

posi tioned adjacent the weld 42 on the fitting side of the weld 42, and the
receive transducer 18 is positioned adjacent the weld 42 on the pipe side
of the weld 42 and aligned with the send transducer 16. For ease of
illustration and explanation, the path of the ultrasonic pulses fromthe

eparat e dPRATDE Capegers U gnPanae fyaie [OBRHE Fnit B BEree 14 and

16 are cauPesidspingener ate an uItrasonlc pulse into the weld 42, fitting 43,
and pipe 44. Fi 6 i.llustrat e, of t trasoni.c ul se from the
ohasbdDaFEy | r Sieeatinh SR HE Bgh e U8 (BT P A RIbe ok BEE et O o
be -seen t hghastharrayltiahaimodtile ippdsBiendd aljaebr thervastd tmen haagrdidalor &y vidldgpsducer
14 into th flect.s

ff.the . inn t he 44 t war d
and t hroug etsﬁ‘gdemsgiucﬁrz (gﬁd’(’flﬂﬁn B@F@FCI\}VQM W‘g‘? 4 ﬁ% ﬂfei ’{‘tfli‘%@d'g%ﬂgﬁ 2F| tting
si de gf t hendvBk ebcdiRe tlﬁlﬁhdlédehﬂ?&lsrﬁbﬁlk@ﬁ‘ddsadha&k tHeOMad a2 bﬂﬂﬂlerﬂﬂﬁ%ﬂ@h | AltKetyeld |
transducer S r ra cer ecel.ves the ultra oni c pul se
SRR CR A g h S e o A B e e e A e
i s then rebf geuRehsBAC kulkds Gond the TIORDEsen lilabsdater d6Ta0€ tife phasclderap ragadeear r ay

transducer 14. [00027] As s en in Flg go the ultrasonic pul se fromthe TOFD
send trans&h@gshovg s TFHF‘(SEI ad BEsBECUYEY 1 of the fitti ng 43 and the

wel d 43oxed releQQEa‘ﬁsdhfcérslth]d/\m dre @dusddn6 gPieRfe dfuldhsohidPuilifb iheteld ace. The
TOFD r ecei ve transducer 18 receives the ultrasonic pul se fromthe TOFD send

t r ansducer 1458 *Hadnd Pigg &f-s Figh odligiraten hapathy oy the éﬁlfﬁasﬁ‘ilb 8ulge, frompthe phasgd r oni ¢

equi pent  psRduhRdsRPd4tRRueh Rt pibE AalShENALR htelifle 1tr ARSKIUERE Shadhand 16
for generatlng the ultrasonic pul ses al so receives and records the

refl ect ed PUR®BY nubsdarElpiom te nhpssd aarcEansdurcar Hnigtotthe piphwp:geflectsioff the
resul ts as;koow fhd fige ww«%}(r Mld'tﬁro?dﬁfgmeldsﬁeﬁdaﬁe agér%uyof%émlhg@sﬂ

bel ow. [00028] The frane and trans are rot
around t heopihpditiéng -‘ilmfdbﬂ eeldidy. andeharogBeces back eweprd therphased atray rasgesst t he

entire ol I EUNTGE GOl NPttt A2 ALQUNTh! IR Rh R4 fﬁE'tdtr%Jefst 0 8- The

sending and receiving of “ul trasoni ¢ pul ses, recor ing of the results,
i s conti nueehsdger e throgghe thevehd? tanfémm@lu@reﬂ@ métheru@ﬂe%tcdjbem feome theopipe ed

around t he @T&ng ct‘stStHégh &fa?%gtru’é{?%ugefrlﬁhe entire circunference of the

wel d. [000‘5 war e an nown in the industry, connected to the
transdeaers vi aAcedohes Figs 5, ttig, ultasdnit Pulse Jroms g TQFIR gkidetansdgenil @ traweisl r ead

e oot R et AT BBt ARG DS ROT APRSe 1
dept h of astyhededlé ottgfact atheTEYFID eecpive garstiuden! teeeiveslthk ultrasonic pulse from the
TOFD send transducer 16 that travels through the weld 42 and pipe 44. The electronic
equipment used to send the electrical signals to the transducers 14 and 16 for generaiting the
ultrasonic pulses also receives and records the reflected pulses sensed by the transducers 14
and 18. Analysis of the results as known in the industry is accomplished as briefly described
below.
[00028] The frame 12 and transducers 14, 16, and 18 are rotated around the pipe as indicated

by the double arrows in Fig. 4 to inspect the entire circumference of the weld 42 around the

pipe 44 and fitting 43. The sending and receiving of ultrasonic pulses, and recording of the



[.00030] It is seen that the inventive concept achi eves inspection of the
full volume of the weld 42 by using the phased array transducer 14 to send
an ultrasonic pulse fromthe pipe side of the weld 42 and i nspect the pipe
side of the weld 42 and the | ower bevel area on the fitting side of the
wel d 42. The TOFD transducers 16 and 18 are essentially focused to inspect
the fitting side of the weld (the blind area 48 shown in Fig. 3 where
defects on the bevel are nissed by the phased array probe). This elim nates

the blind area 48 ind ed. k0 FI t phased array transducer
cannot |n55ec dSCOtmu% aégeres rlc gg%g%gﬁﬂﬁﬁlqg (1ﬂ?mer° eéfx?%égheld 42

at the por tpipeno m‘smthnspéqtlbhloﬁ@eblhtae cmmffeldmceaftlanvekhgl e to t he pipe 44 and
causes the restyicted ac This i dlff rent f h art i ch
e ri88 phas BT Aes DR BBty bl R e Sl Tl £ o

i nspect thasful, knd/t9, Med)io tdllectyadre, anleéHBl&Ii& tebtingi resnéi (tinging pf @vit dlessoakever al
advantages &E$032 é& 1@ scann ess .is re |redlon the flttlng
side of th&" C‘Bis%ﬂoé cted tFPé"’E‘i(B G‘F‘F’EH" the ¢ é‘“—“ﬁ?l gatigp.; an
[00033]Themanthmﬁwk&dmaMkamyhapﬁaduaﬁm¢aemresent during the use of

radi ogr.a Th ro ndln .activiti are not affected. and r k in t he
oo SPGBt AR et ash RS Rt oL Vrudte ol et

[ 00034] UI t 4399 nm;mg iteSghacdi aoay trpdaeer 1Y td @fdiah @Bragoniy/puldterdn ﬂfefplﬁefbﬁﬁetdfne of
radi ographic 1 n ection praovides imedi ate

resul ts mhéW%%%gpz%%%ggﬁﬁLage%%%%%%%%E§Q%EﬁégsgﬂaﬂgwﬁdFVdFﬂﬁﬁgﬁ??ﬁEE@ct|on
data can bgldabcme\»(&ﬂh 9N TRPAED tidhSlkicdd 1 @arttiarsthréledsuially @RAZdlidhdspas i C
| nspection ﬁrtt?n%usll e of tﬂe we?drI (thengltljndeasrea 48 shown in Fig. 3 where defects on the bevel are
missed by the phased array probe). This eliminates the blind area 48 indicated in Fig. 3 that a
single phased array transducer cannot inspect due to space restrictions on the fitting side of
the weld 42 at the portion of the fitting that extends at an angle to the pipe 44 and causes the
restricted access. This is different from the prior art which required a phased array
transducer on both sides of the weld in order to inspect the full volume of the weld.
[00031] The invention provides several advantages.
[00032] Only 12 mm of scanning access is required on the fitting side of the weld as opposed
to the 110 mm required in the prior art.
[00033] There is no radiation hazard as is present during the use of radiography. Thus,
surrounding activities are not affected and work in the vicinity of the weld being inspected

may be continued without down time.

[00034] Ultrasonic inspection typically requires only one fifth the time of radiographic
nspection.
[00035] Ultrasonic inspection provides immediate results whereas radiographic inspection

results are not.

[00036] Inspection data can be archived on compact disk or a hard drive.
[00037] Ultrasonic inspection requires no consumables.
[00038] The inspection is more sensitive than previously used methods for pipe-to-fitting

welds and is capable of detecting all types of defects.
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[.L00038] The inspection is nore sensitive than previously used nethods for

pi pe-to-fitting welds and is capable of detecting all types of defects.

[ 00039] The height, w dth, and depth of defects can be measured. [00040] The
éentire circunference of the weld can be inspected using the invention,
including the area of restricted access at a fitting. [00041] Wil e specific
enbodi nents and/or details of the invention have been shown and descri bed
above to illustrate the application of the principles of the invention, it

i s under st ood { this inv nbodi ed, as nore fully descrlbed
in th€°%t%i ns,lrgeraheé LoV %s‘%p'%r%a%g%?cat“ﬁ’tﬁgbea%ﬁ Y1ed in the art (including
any apdoal]l eqUheeitentisumisserice @l thedegdditdn begndpeaed digdthplinvesidal BSludingl ai ns
What is clained _as invention i 1. An ultrasonic transducer arrangenent
for inspedtsarg o rpisiedassess atc?cfs}‘f?ﬁgl sing: a. a frame;

[00041] While specific embodiments and/or details of the invention have been shown and
described above to illustrate the application of the principles of the invention, it is understood
that this invention may be embodied as more fully described in the claims, or as otherwise
known by those skilled in the art (including any and all equivalents), without departing from

such principles.



b. a phased array curved wedge ultrasonic, send/receive transducer nounted
on the frame; <c¢. an ultrasonic, send transducer nounted adjacent one end
of the frane and spaced linearly and radially apart fromthe phased array
wedge transducer; d. an ultrasonic, receive transducer nmounted on the
frame spaced linearly apart fromand aligned with the send transducer; and
e. the send and receive transducers each being positioned at an angl e that
mat ches the external radius of curvature of the pipe. 2. The transducer
arrangenent of claim1, wherein the sgparate send and receive transducers
are time of flight diffraction transducers. 3. The transducer arrangenent
of cl ai m 1Whaherleinredtahevsgpansat e send and recei ve transducers are wedge

narr ow f oot pg]j [ S. T cer. arrangenment of claiml,
wherein th¥e' .[\p%gérg%f)n%& ?agg“q%of&éﬁ %erm aeﬁgtg%%%é]e%ﬁ}g%aép%ﬁre@‘e AEE% hat mat ches
t he externalafomeyature of the pipe. 5. An ultrasonic transducer arrangenent

for inspecting a,pipe weld, conprising. ., a.aframe: b, ased array
cur ved vedye res BeBfsadicdl MR oo BB G el Sr R ER R S e
t r ansducerc. hawuitragorc, Geridvethsdi@erembinidd adfcerh @te tfbofaké Gamaland spavat liegrlyf t he

pi pe; c. a . narrew e yltrasonic, time of flight diffraction, send
t ransducerw%ﬁﬁ%lgvaap\éﬁg%ﬁlég? ?héirsreéi aé'rﬁégvgg"eltfaﬁ%%lrc ry and radially apart fromthe
phased ar rdyantulgusstiocersive tansduaeanfoomedvedgbe trhme agaad dinedriynapanffrdnt aght

diffraction, receiye transducer unted on the frane spaced linearly apart
from and az}q'igﬂ?ijg‘ﬁl%%\]\ﬁfﬁer’tdﬁ‘?n?éwow dge ultrasonic, time of flight
di ffracti on tbeBehdt sranfdeice iransdBekrs each being positioned at an angle that maiches the

external radius of curvature of the pipe.

2. The transducer arrangement of claim 1, wherein the separate send and receive transducers

are time of flight diffraction transducers.

3. The transducer arrangement of claim 1, wherein the separate send and receive transducers

are wedge narrow footprint transducers.

4. The transducer arrangement of claim 1, wherein the phased array wedge transducer has a

curved face that matches the external curvature of the pipe.

5. An ultrasonic transducer arrangement for inspecting a pipe weld, comprising:

a. a frame;

b. a phased array curved wedge ultrasonic, send/receive transducer mounted on the frame, the

transducer having a curved face that matches the external curvature of the pipe;

c. a narrow wedge ultrasonic, time of flight diffraction, send transducer mounted on the
" frame spaced linearly and radially apart from the phased array transducer;

d. a narrow wedge ultrasonic, time of flight diffraction, receive transducer mounted on the

frame spaced linearly apart from and aligned with the narrow wedge ultrasonic, time of flight

diffraction send transducer; and



e. the send and receive transducers each being positioned at an angl e that
mat ches the external radius of curvature of the pipe. 6. A method for

i nspecting the fitting side of a pipe-to-fitting weld, conprising the
Steps: a. positioning a phased array curved wedge ultrasonic, send/receive
transducer adjacent the weld on the pipe side of the weld; b. positioning
a narrow wedge ultrasonic, send transducer on the fitting side of the weld
and radially spaced apart fromthe phased array transducer; posi tioni ng

a narrow wedge ul onic. rec |ve t ransducer. .on wel d
and al i gned %1tﬁm%ﬁ@ JEMt etFmﬁg Fdlb&ngdﬁ?meﬁFlﬁgmkﬂgﬁbﬁﬁggﬁn’?%QV
transducere&ﬁdeﬁdﬂsbf@M@ﬂueeﬁhéﬂpsend an ultrasonic pulse into the pipe
and weld material; e. receiving the reflected ultrasonic signal sent by

t he phased array transducer with the phased array transducer and the

reflected 6l 4 asbed for fispRihg HefittingideREa PREAO NG GGRI. ngdlswgaﬁbsmer Wi th
t he narrow wedge receive transduc f. storing processi ng t he
refl ected @ PETOBED gAY FEVEL PR HEeseH: i?P%é“é?Fn‘Ef% tragugep edpsBhthst

def ect's i nwehieonvat lipe fide dhle Weldhod of claim 6, wherein the separate narrow
wedge send _and.receive transducers are time of flight diffraction

t ransducer 9: PHIUORRE 3RIFAB VYR Birasonics Se“ﬂﬁ‘é?%‘i“ﬁ” ©R éh Héi%teﬂd%t?ﬁ't&?/ veldardducer

has a curveﬂi,d’ugcggacwaﬁanr}pdncb@@hﬁsg@aﬁggtt%aﬁllcercurvature of the pipe. 9. The
met hod of claim6, wherein the separate _send and receive tine of flight

di ffractiof R%&ﬁ%‘&%éé‘?@o‘&%d%@a‘éﬁ“ﬁ@é1 rertretmatucePrdhgpiee tifae! thawwelesdt he
external raginds woh tkddeN@irais@ucef, the pi pe.

d. activating the phased array transducer and send transducer to send an ultrasonic pulse into
the pipe and weld material;

e. receiving the reflected ultrasonic signal sent by the phased array transducer with the
phased array transducer and the reflected ultrasonic signal sent by the narrow wedge send
transducer with the narrow wedge receive transducer; and

f. storing and processing the reflected ultrasonic signals to determine the presence and

location of defects in the weld.

7. The method of claim 6, wherein the separate narrow wedge send and receive transducers

are time of flight diffraction transducers.

8. The method of claim 6, wherein the phased array transducer has a curved face that

matches the external curvature of the pipe.

9. The method of claim 6, wherein the separate send and receive time of flight diffraction
transducers are each positioned at an angle that matches the external radius of curvature of

the pipe.



