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Field of the Invention 5 The invention relates in general to
non-destructive testing of pipe, and in particular to a test unit that is
conveyed internally through pipe for ultrasonically inspecting the pipe
wal | thickness and wel ds. Background of the Invention Non-destructive
testing of pipe has been done for many years utilizing 10 ultrasonic
transducers, eddy curr esNTERNAL RESHRINSPEGIIONDENHIE t echni ques.
Qperators using pul se echo techniques with ultrasonic transducers can
determ ne wall thickness, which is a neasure of any corrosion that has

occurred. For wel ds era ors_have use ract 5T

t echni ques with?T h@ﬁ?&@@ﬁpﬁcaFP%ﬁféﬁ%@?gnaﬂfgmgﬂ'HQﬁPEdg&Qﬁo&ﬁﬁgs pu se echo
shear Mves%}%ﬁ ?/3*79&124 BRGHH ekl TSEDnbpetisaDeeice/feasur ement s t o

i nspect portions ‘of the weld that are mssed by the TOFD transducer. One
type of pipe that requires periodic inspectionis adrilling riser.

Drilling ri Serﬁleld‘mﬁﬁlﬁwm‘lﬁﬂ lized for offshore drilling, extend fromthe
drilling rigt preventer and |lower marine riser package, which
connect to a subsea 20 well head. Drilling risers are made up of sections
bol ted qé oget her Tg!e t'ﬁén'ﬂ@ﬂ%ﬁteseiﬂcébneﬁ?% | fR-ReiridiveyRbiaa by Pﬁfepﬁhﬁﬁn90 f eet
in length. Each™drilling riser section has a central riser pipe .that is
normal |y apgtituliBi@4 festcies that isl |ca1m®Lye¢ intgeally dhrosgh pipeafay ul psemically o
nounted to the exterior aﬁéfl cen riser pipe, the auxiliary lines
bei ng  use#nspesting thepiRg W tﬂ Wﬂgﬁllc boost purposes. The auxiliary
lines are smaller in 25 dlaneter and nounted parallel and offset to the

axis of the central riser pjipe. Normal |y there will be at |east one weld
within each ri swﬂ&i’—ﬁ-&—ﬂgﬁc f'the,Inveptipn 5 center 1 WO 03/ 087733
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Non-destructive testing of pipe has been done for many years utilizing

10 ultrasonic transducers, eddy current measurements, x-ray and other techniques.
Operators using pulse echo techniques with ultrasonic transducers can determine wall
thickness, which is a measure of any corrosion that has occurred. For welds,
operators have used flight diffraction ("TOFD") techniques with ultrasonic
transducers. Also, a method known as pulse echo shear wave has been combined with

15 TOFD transducer measurements to inspect portions of the weld that are missed by the

TOFD transducer.

One type of pipe that requires periodic inspection is a drilling riser. Drilling
risers, which are utilized for offshore drilling, extend from the drilling rig to a
blowout preventer and lower marine riser package, which connect to a subsea
20  wellhead. Drilling risers are made up of sections bolted together with flanges, each
section being typically from 60-90 feet in length. Each drilling riser section has a
central riser pipe that is normally about 18-24 inches in diameter. Several auxiliary
lines are mounted to the exterior of the central riser pipe, the auxiliary lines being

used for a choke, kill and hydraulic boost purposes. The auxiliary lines are smaller n
25  diameter and mounted parallel and offset to the axis of the central riser pipe.

Normally there will be at least one weld within each riser section, this being a center



wel d that connects two tubul ar pipes together to formthe riser section.
Also, normally the flange connectors are nounted to the ends of the riser
sections W owstdsng. Many risers al so have buoyant jacketrcusestiexdsto the
exterior. Adrilling vessel may have several thousand feet of riser pipe,
depending on 5 the depth to which it is rated. During use, drill pipe with
drill bits on the end, casing, and other well tools are |owered through
the riser. Drilling mud returns up the riser. The auxiliary lines are
pressuri zegelfiofhat/ abines pus pames pipesntogethertto farmmetheTreer spetipni nglsei ser is
re-used after each well. Consequently it .is pecessary.to.perj.odi y

i nspect t meormalethe dlapgg SOBRGCETS 1758 lgqunﬁ?gston@lev@g; n%fg@gsn{)eﬁa%e&g@g?é resul t
in | eakage, 10 | : ' Best: j BRRALE R thetixtdiii | Y by
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i nspection services. The facility renoves the buoyancy . jackets,. and
auxi liary |inesAfdritingsedselsmay have sevhesl thosegnd fealcof B985 Pil% JEPLWHE L Iind

i nspected fromthe exterior w variqus..ultr b € I Sicinof t he
riser ids c@étdéﬁfth\ﬁﬁ’t L ltéspliﬁ‘}f%yl; ﬁqﬂ%‘?ﬁ’ %%l%%ﬁn%@gpdaﬁ% bfé%@ﬂﬁ%’e‘h ?h‘zas_lengfi on
site. Aft e{Hd DEASGLI Bibls hidQowbBahSeagk ienear Prilleassedbttechsampdhs hispped back

to the drilling vessel. The transport of the riser sect. onts ho a ﬁgsti ng
facility ofihé anxiliny bngsesrsi pressurizgds &r varioug DUFRASST Gi08H # g™ 8™ anport |
clean, disassenble, .inspect e@gﬂ il 1sSREe 38! loORgiodily Ng this
time, unl eggﬁlggﬂ)sglll'g rgfllg‘fbﬁ?iaﬁgprg?cgﬂg‘r@agan qu&ggtﬁ}éilngd, %hgﬁftzoo%brﬁi 1 n’é rig
woul d not henalptie riser RRasiat @ue Mot it hiswp wegnemeethabequld ostltyn Isakagedai | y
basis. It has been proposed to inspect the drilling risers at the drilling

vessel. Many drilling vessels have the ability_.fo,stac ri . .Ssections

hori zoHt al | y onlnspestipsiefhe Rt Ihléasn]a‘?eni fongs nméﬂt%ygrt?aqﬁﬁé&glga{glgegse?\unber

of probl errgeciﬁgla;d% '&Q@%ﬁﬁy -Uﬁegh&ttﬁéti PhrforRk thBanéPettion BgvideserThes fanflitgn not
and may with d

very cl ean, e coate ried drilling mud. 25 The central riser
pi pe i s of t@mowestthefbuopanty jankei®rand caveilialh ding |fepay eaple Sgctym. ¢ HAIC 1WHht r al

pi pe may be m saligned slightl.y. o] h ' r |y, 0 MUERoRBECESS
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15  inspection site. After inspection, the riser sections are reassembled and shipped back

to the drilling vessel.

The transport of the riser sections to a testing facility on land is expensive.
Also, it is time consuming to transport, clean, disassemble, inspect and reassemble the
riser sections. During this time, unless a spare drilling riser can be obtained, the

20  drilling rig would not be able to operate. Drilling rigs are very costly on a daily basis.

Tt has been proposed to inspect the drilling risers at the drilling vessel. Many
drilling vessels have the ability to stack the riser sections horizontally on the vessel
while not in use. However, there are a number of problems in doing so. The interior
of the drilling riser is often not very clean, and may be coated with dried drilling mud.

25  The central riser pipe is often out of round in portions. The welded areas of the
central pipe may be misaligned slightly. Also, there is normally not much access
room on the drilling rig at the ends of each riser section for staging the equipment

necessary to do the inspection.



PCT/ US03/ 10345 1In this invention, tools are provided for inspecting riser
pi pe sections fromthe interior. A first ultrasonic transducer is nounted
to an i nspexdasiosrr3sinit for determning wall thickness of aqiyss3/iead second
and third ultrasonic transducers are nmounted to 5 the inspection unit for

i nspecting weld volune defects. The inspection unit is inserted into the
pi pe and conveyed along the pipe. Periodically, the first ultrasonic emts
an acoustical signal into the pipe perpendicular to the pipe axis and
detects a return acousti cSUMNMARY OF THEINVENFEONo det er m ne wal

t hi ckness, which is an indication of corrosion. 10 For inspecting welds,
the unit is placed in a position that positions the second and third

ul trasoni ¢ tranpdHighvenftn aBERSkd ﬁo$id@@$‘oﬂhsﬁeb‘&ng/\ﬁkdﬂ plﬁszcsmsoﬁlmntthansducer
is caused to emt an acousti cal si gnal |nto t he wel F ;f% ecti.on of
whi ch is detegiot.ed ﬁmyultra@mwwqueawga%ﬁ? EO&DdE%@P‘Fﬁ%m for QetFERIHEE of ¢ he

veld has any gelieets s PhalkehfPlotond iy HIRPERLIAK #ldiubas afoMblitcans fi7th

ul trasoni |nspec I'ng a root of a weld, which is an
area that §he)peaRMcin r inspdoting nteldrssinine defectanStia mmpsctmnstmlt iFieseftedir t h and

fifth transducers are placed gn o poslte sides. of .t eously
with the sistothd mmmndqudemdma% CPRG aﬁ%‘ﬁ‘?%‘@%@ thﬁgﬁﬁt 'ﬁﬁaﬁoﬁéc gnult% gﬂa pul se

echo shear wave I tculh BoME gtie anel dtdcveatretdrine pi pe
axis. Each® Ctof’l%hca!‘i %ﬁpgﬁﬁ?tﬂé& Pﬁégﬁlﬁtcﬁat refl ?(I:Ifd; fromthe exterior

surface of adohgical pign@AGrdrache pipeo deteimive grallshickarss.orhichds peindicapn of

passi ng through the root, the reflected signal reflects back outwardly. If
t here are #BI%EPect s, t he pul se echo shear wave transducers do not receive
any reflected signals. If a defect is present, the reflected signal is

diffragfed and pgCg Hnﬁ’yveld@ethléuinﬁeis plided shepssitaythat pesiseisdbe sechhd
|nspec Ion unit rotates while inspecting the welds, P eferatgo%%ﬁg coupl i ng
25 i quid, ammndaétrmn@rtrans@op@dartm@ﬁ@qﬁléeﬂq frie Velds Thesepqr B each

transducer. and tng fglvf%} g Pgst c1aF51 zﬁ?nto L §/8R ﬁl@@é’ﬂjécﬁsﬂ o8 whithWh delebRd

i nspect i oniSfAPEe han one turn while performng the wall
thi ckness {paRasiri eassduddiao idsepeikiibnvaelnint of the weldbasanyedeiedss.col | ect dat a

of the wall” thickness at selected azimuth increnents during the rotation.
3 WO 037087733 Preferably, the inspection unit has fourth and fifth ultrasonic transducers for
15 inspecting a root of a weld, which is an area that the second and third ultrasonic
transducers miss. The fourth and fifth transducers are placed on opposite sides of the
weld simultaneously with the second and third ultrasonic transducers. Each of these
is a pulse echo shear wave transducer oriented at an acute angle relative to the pipe
axis. Each transducer emits a signal that reflects from the exterior surface of the pipe
20  back inward through a root of the weld. After passing through the root, the reflected
signal reflects back outwardly. If there are no defects, the pulse echo shear wave

transducers do not receive any reflected signals. If a defect is present, the reflected

signal is diffracted and received by the pulse echo shear wave transducer.

The inspection unit rotates while inspecting the welds. Preferably, a coupling

25 liquid, such as water, is fed through a line to a cavity between each transducer and the
wall of the pipe. In the embodiments shown, the inspection unit also rotates less than

one turn while performing the wall thickness inspections. The inspection unit is
programmed to collect data of the wall thickness at selected azimuth increments

during the rotation.



PCT/ US03/ 10345 Each of the transducers for the central pipe inspection
device is nounted to a separate independently novabl e shoe. The inspection
devi ce prefoensalt3utilizes pneunmatic cylinders to urge tIPRETEURIE40340t O
contact with the inner dianeter of the large dianeter pipe. The operator
can selectively nove the transducers fromretracted to 5 extended
positions. To save on shoe wear, the pul se echo transducers can be
retracted while performng the weld inspections with the TOFD transducers
and pul se echo pghednhovexedican ssihe cantrabipipelinspegtion deviqRosmountethdducer s

and pul se echo shear wave transducers_can be retracted ile p m ng
the wal | tsep@Ricesulepenssady iTBﬂYab%O rsﬁ%eT%wmne&t}%}l |d|e}ﬁ‘8%,Pr\§ﬁ£arl?i¥ |“§¥1{Z§% anet er

unit is utiliz i | JQ i dohRbew il BRSnAG_liaRBEOYREe 1hyé nor e

t han one tqng%lglgu%g lﬂlr(ritggﬁéﬁ %ﬁtsreld tlo each shoe. The shoe is spring biased
rat her t hafianié@e@ipey The ppetabatdan selecting s moBROE R ADFECRISPAT PN Rty

DRAW NGS Figure 1 is a cross-sectional yview of .an i i LON
devi ce Sl ocateded PRENARS. 40C8HR ?réghoﬁi PEo 68‘\91!5? g%o?&%rﬁé&{eﬁsg%%cl{&ﬁ%ﬁrﬁﬁg& ce

bei ng CO”S\Lﬁj‘llé;PQHLofrﬂln GROGARN GRpectonWiviith Hei BOFDViedisiiwoers bndjpunie 2chs a
cross-sectional view of the inspection device of Figure 1, taken along the
line 2-2 ofhehi wavetrdnsdiegur Singlarky, thepe@ER diensdpecrsiaad/PeIse SRR Bicar R@Ve
transducer assenblieg of, the, inspect] i I 1+ 20 Figure 4 is
an enl ar ge#PISHHEEs %aéliﬁf ﬁ%clte‘wlhﬁf g?r%)%ng g@’?%aﬁlgh%gn%hgﬁ? r@(gglggducer
assenblies of the inspection devise of Figure 1. Figure 5 is a schematic

i Ilustration of Hopan®faukiieryviaed, sa efalidrediamsipeamitois uiléaeidc e Iofthisi wuik e 1,

and showi ng an encoder. Figure 6 is a_schematic illustration, of, the, various
conporiént smottipléshdes spreenplaped. byt gogs then pne gragyfuger may %f%%?ﬁ’gh

PCT/ US03/ 1 3§r5 (;Fh? Sgcge[]ig \ﬁgrr%gsbiﬁse(&rrﬁ&éf &%Pﬁﬂg@c[‘@iz aYh&mhic F1ia@&t i on of the

riser in Ff an ultrasoni ¢ transducer neasuring wall
t hi ckness utilizing a pul se echo net hod.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of an internal inspection device located

inside a central pipe of a riser, the inspection device being constructed in accordance

15  with this invention.

Figure 2 is a cross-sectional view of the inspection device of Figure 1, taken

along the line 2-2 of Figure 1.

Figure 3 is a perspective view of one of the transducer assemblies of the

inspection device of Figure 1.

20 'Figure 4 is an enlarged cross-sectional view of part of one of the transducer

assemblies of the inspection devise of Figure 1.

Figure 5 is a schematic illustration of two of the wheels of the inspection

device of Figure 1, and showing an encoder.

Figure 6 is a schematic illustration of the various components of the inspection

25  device of Figure 1.



Figure 8 is a cross-sectional view of a weld of the riser of Figure 1,
showi ng TOFD transducers inspecting for defects in the volune of the weld.
5 Figure wa®/@78shemati c cross-sectional view of the wel caafudesgesss 8,
showi ng pul se echo shear wave transducers inspecting for defects in the
root of the weld. Figures 10-18 are schematic sequential illustrations of
the rotational novenent that the pul se echo transducers undergo at each

i nspection area along the riser pipe. 10 Figure 19 is a perspective view
of an inspecti oRigdayT e drossawctomanm of 4 portioreof thaviset indhigwer, KBSt i ng

auxiliary lines of a drilling riser. Fiqures 20a 0] [S€e a
partially @b%]ﬂﬁa&?é‘dtrﬁtﬁéu%e%ﬁ%&g&f‘gﬁ’M%&“‘Fﬁeﬁﬁ?ﬂl@%gg{l%o%hgg\[;gla%dﬁ of Figure
19. Figure 21 is an enlarged sectional view of the inspection unit of the
inspection 15 F@{&&gi&é FsgNERioAR viEWBrewdd dfsheriseofifigat lyslewiog t he
i nspection unit Figure 21, taken along the |line 22-22 of Figure 21.
Descri pti ofOFD trimsdirees mspastingicieiastrin thvolyme peteisid-devi ce of Figure 1
has a self-propelled drive unit 11, which is 20 shown within a central

pipe 13 of ari ?%qu%\g:i\'s}: i%(s)é}ien%iic\é?osg-@ieétioﬁgdl \51@\? df W WEIAVSE MBREISS shdwpingnd two

support5 wheel s are spaced axi a romdrive wheels 15. Drive
unit 11 i speeebel shest wae trmxpldesdnspictngiar defetty imthoirootaifithyweld. | i nes 17
that extend out the end of pipe 13. The operator has controls for causing

drive unit 11 to nove  faorward and hackward. by.providi ngcsign : ough
some of the |in&igues Bslérmge, ‘g’_reﬁjtaHF ﬁ‘f?qéISmF?gs ﬂg"r?%%%%?’ Lr h%l g%ﬁ%%/&ghat
di spl ays ap,,BlcfalhOheqfuidNRho hiaReRkediustians at bhal infideien uniataldiig ihs

| ocated froma zero point at the end of riser section 13. Encoder 18

(Figure 5)rissfpipdh i s nounted to the axle of support wheels 16, 5 WO
03/ 087733 PCT/ US03/10345 provides this information. Encoder 18 is

f bl t i gnal it..that - i: : : h h
B Far of number  SHEBpeYto BESHGHE Goph S okt AR dBauRERRE T 010

Support whegleiid® for pRtirte ARERIS id& draairiliig dscrven, rather they

Figures 20a and 20b comprise a partially sectioned and exploded view of the

inspection device of Figure 19.

Figure 21 is an enlarged sectional view of the inspection unit of the inspection

15  device of Figure 19.

Figure 22 is a sectional view of the inspection unit of Figure 21, taken along

the line 22-22 of Figure 21.

Description of the Preferred Embodiment

The inspection device of Figure 1 has a self-propelled drive unit 11, which is

20  shown within a central pipe 13 of a riser section. Drive unit 11 has two drive wheels
15 and two support wheels 16, which are spaced axially from drive wheels 15. Drive

unit 11 is controlled and supplied with water by a plurality of lines17 that extend out

the end of pipe 13. The operator has controls for causing drive unit 11 to move

forward and backward by providing signals through some of the lines 17.

25 The operator also has an odometer display that displays an indication of the
linear distance that drive unit 11 is located from a zero point at the end of riser section

13. Encoder 18 (Figure 5), which is mounted to the axle of support wheels 16,

5



freewheel . Consequently, any slippage that m ght occur in drive wheels 15
does not 5 erroneously affect the odoneter information provided to the
oper at or . wWirosws7ait 11 has a linear nmotor 20 (Fig. 6) andca/vsesacissonal
notor 21. Linear notor 20 causes rotation of drive wheels 15. Rotational
nmotor 21 rotates a drive shaft 23 that extends parallel to the

| ongi tudinal axis of drive unit 11. Rotational notor 21 has a |inkage that
causes it to rotate drive shaft 23 an increnent that js | ess than one 10
revol utio rohhemtmmmmamonbdﬁmdael&nshmfembmetqoawnmnalo%t thgh#pesehcoder

25 (Fig. rovi des an th indic rq; Qf recise
angl e of rltﬁhé[lgpfém tat P&?ﬁe%g‘xg% ¢ layge ﬁ?aﬁ’l t#&r&@? O%Hl%ﬁgﬁgcﬁlé%bﬁﬁél]ﬁf({) 19 is
nount ed t f d1d.vesuppbl weelN16irare @ot $1Ima'ém 2% ahey ot at i on
therew t hOro ﬁﬁgh‘?@\% O&P?;Velﬁtas i nspe%bPl on Ul’?lt 19 is located 1 f%wrd of

both sets fofewitve! €orsSquengly, ahuslinpess thepaviahs @ceus ia sve vdirels 1oadess
drive unit 11. |ns |on uni t .1 isc 27 that is
mount ed t oETEATEQWSLY ﬁ@?cg h%donga%dgt?)pn f‘gtg%llsﬁ §g1d9d Oetﬁ rlgtr%gr earward di sc 27

forwardly. Support rods 29 are parallel to each ot her and parallel to the
axis of drive spalt uri811Aaé alinedrdnetios 20 Gligi ) anldcacmwnbnaltmoﬂqeﬂorlﬂmﬂ‘d ends

f t rods 29 Ilel to d
Vi deo’ Camemair8 cpweh eqtay o R BiHCRRE B MO TG RPa R 21805 Pl i 4l oo
31. A pl “rﬁ {11%8,9[“ Iécgp%?ﬁfé:'f'&?{he 408 Blio6KaridBulifi 0. R3jationa mewnzed to

the suppo ansducer unting bl ocks 33 are nmpunted at
sel ecti ve pgi Niiskagaltiengatdes il engtats dofe safpran m@tﬁsnezgthawﬁ leps BB SRS

t hrough holes within them h 25 sducer rlses a
o eongth o tsypIubab than doBfecit GG 4 oibr AREHSE LTSNS RRK 23 TTROT
out viar d bepNeefls bit bk thaBdof 1d ﬁl@%@raﬂﬁ@flﬂeﬁp’t&mse%ngﬂé afn&wﬂmaroﬂdhaee 37 is

mounted to"the outer ends of pneumatic cylinder rods 35 for carrying a
t ransducer sigifizs 82ll tisaesh transducer shoe 39 has an outer face that curves
in a convex formfor ting with the inner dianeter of the riser section 13

bl acii ¢ mat er i aRPARPEGRR B P QLaPy P ARy SECERAY ot pP BT AR 4F o o o
riser pipegld: 23 for rotation therewith. In this embodiment, inspection unit 19 is located
15  forward of both sets of wheels 15, 16, thus is supported in cantilever fashion by drive
unit 11. Inspection unit 19 includes a rearward disc 27 that is mounted to drive shaft
23. Support rods 29 extend from rearward disc 27 forwardly. Support rods 29 are
parallel to each other and parallel to the axis of drive shaft 23. A forward disc 31 is
located at the forward ends of support rods 29 parallel to disc 27. Although, not

20  shown, a pair of video cameras is preferably mounted on the forward face of forward

disc 31.

A plurality of transducer mounting blocks 33 (Fig. 3) are mounted to the
support rods 29. Transducer mounting blocks 33 are mounted at selective points
along the lengths of support rods 29, which extend through holes within them. Fach

25  transducer mounting block 33 comprises a pneumatic cylinder and piston for moving
rods 35 radially inward and outward between retracted and extended positions. A
transducer plate 37 is mounted to the outer ends of pneumatic cylinder rods 35 for
carrying a transducer shoe 39. Each transducer shoe 39 has an outer face that curves

in a convex form for mating with the inner diameter of the riser section 13 (Fig. 1).



A spacer block 41 supports each transducer shoe 39, each spacer block 41
bei ng nmounted to transducer plate 37 and a pair of braces 43. Braces 43
extend 5 ewtosasd’3br om dri ve shaft 23, but are angl ed rel athoreUsos/16335axi s
passi ng through either of the pneumatic cylinder rods 35. Braces 43 are
secured to spacer block 41 by fasteners 45. Referring to Figure 4, a
recess or cavity 49 extends fromthe outer face of each transducer shoe 39
i nward t hrough transducer shoe 39 and upper spacer block 47. A.10 'small
wat er passpgesdaferaskbefiss 4 hardyddstiopraseriad pad ean by wefiln repiacqd o EfeteBhsducer
shoe 39, where it joins c yity 49. A small flexible tube 52 joins water
passage 50dipggters II’{S%E“PEZ water to cavity 49. A transducer 53 is nounted
to the inward side of upper spacer block 47 at the base of cavity 49.
Transducer 53 i§ @606 iPRapporRi @chetadsducke siev3% ecath apacer Iblockndt  and/ or
recei ve acoustical signals. In this 15 enbodi r}]ant, gﬁhrﬁrans%ucyﬁr hoe 39
has only Opeing nemstidcier rasdussr mdate 37 ndad PAB Oft PapRSdtt e PBESt D SUSPT y

el ectrical ener t o, cau S ; ' idd ehrot g@ticers 53
used for p?}’rt‘é’érdg%% %Sssﬁg%%%h@g%g%%%ﬁreg%ggg? ?fglglﬁsﬁ%?sl%%t ed gshia‘dﬁnal S

recei ved | gt fheohRainatic dylitderoys 36hi Blacess43 manseruredetd spacoublockfe BY the
wires 51. Referring to Figures 1 and 2, inspection unit 19 preferably has
two transdfasteners4d. pairs 55 for neasuring weld vol une by the TOFD net hod.
The TOFD transducers 55 within each pair are spaced axially apart a

sel ected di st a“ﬁg%glmgtﬂa fg%lﬁ‘eb@id A& SRR avityP49\etEndaf frérh eheosihar facdafdacipai 1 of
TOFD transducers s degrees fromthe other pair of %L)aﬂsgucers 55.
The f or war ghaisdacs dheeB9 Gvird temugh paisduges sher 29 apd PPP IFBAHROCKALJidl pl ane

as the forward transducer_ 55 in the ofher paj Ll harl w,: yard 25
t ransditer SlBﬁ?Wteéé@ﬁsaﬁﬁi%D fde rEi8(:t REL t“ﬁéers r%éerat%bg% 42(??%1?{826%{{53?%

i nspect i ongaidy $Bered jdifiEcdvirguoardshilanesdbeaubos?2 jdies waier phssage ¥Hfo1 80
degrees away. [hspection unit 19 also has two transducer a?(zl rs 57 (Fig. 2)
for measur teliyeang modtr totavityd: oA BEAngiceled i P Ui e PV iR of kT

~ al so

referred to herein,as-shear v ir APSRUGLTS c8rfvenBonal
posi t i onedSRAE i’?ﬁ?g gg]u %I ?hl 1S an?tfa (gdg&?h%&f o?%fg?%l{ 70 03/087733

PCT/ US03/ 13345clectidl d@asaNanst Wl Demitansdioc areeis. acbagivat rignsdiucky B i s

spacedlsa S?:rlnggéign%ngxelaglll transducer shoe 39 has only one transducer 53. Wires 51 lead to
transducer 53 to supply electrical energy to cause a sound pulse to be emitted. The
transducers 53 used for pulse echo measurements convert acoustical reflected signals

received into electrical energy, which is transmitted through one of the wires 51.

Referring to Figures 1 and 2, inspection unit 19 preferably has two transducer

20  pairs 55 for measuring weld volume by the TOFD method. The TOFD transducers 55
within each pair are spaced axially apart a selected distance, with one being more
forward of the other. BEach pair of TOFD transducers 55 is 180 degrees from the other

pair of transducers 55. The forward transducer 55 in each pair is located in the same
radial plane as the forward transducer 55 in the other pair. Similarly, the rearward

25  transducer 55 in each pair is located the same axial position along inspection unit 19

as the rearward transducer of the pair located 180 degrees away.

Inspection unit 19 also has two transducer pairs 57 (Fig. 2) for measuring a
root of a weld by pulse echo shear wave techniques, also referred to herein as shear

wave. Each pair of transducers 57 is positioned the same axial distance as the forward



di stance fromthe other transducer 57 of the pair. The pairs of shear wave
transducers 57 are |ocated 180 degrees apart from each other. Figure 2
shows a pwioro3eB77BOFD transducers 55 | ocated at the zero degressspessti on
and another pair at the 180 degree 5 positions, while shear wave
transducers 57 are |located at the 90 degree and 270 degree positions. In
this enbodi nent, inspection device 19 also has four transducers 59 that
measure wall thickness, particularly utilizing pulse echo technjques. Pul se
echo transdusaterdTOHE thoshted 5t Fih zasduets s, spadae seleded 388l degr ee,

d 270 d 10 positjons. Pul tr ansd in th
e 1 ad afetmcarn i Ch GRS 44 BRRAFA OF T bas ey B BRI T, 1 Ne

this exe ' Qitet.e FeRire RPUIHOOH it pARSFIter s
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the other fdnehaetcsd Bebid abhe Red degren gosidorrprghiprotleer pairca ih 285 is
| ocat ed exterior i

. t] 13 f | | ]
i nspec®i ori’Q?EiPPée‘?’LHﬁy(? %Tr{ Y%g%etr%duf%ﬁg ?o?l%glf’ E%%P:aﬁé eugggﬁ %%SO%ZZ%SM y, a

conputer, c\?;%?&ﬁio%ﬂ{fons.a keyboard, and a joystick. Controller 65 al so
controls t prieumati c val ves 67, 69. Valve 67 is connected to a supply of

air pressure and will selectively cause th i sfon.w thin nmountd bl ock
33 of each pul ske thécpmbedigiest yagecson 6"1%\@ aE‘@b@eﬁ)ué tlfagfc}u&?]fsegdd E}gagi tion

and a radially out e ﬁkgﬁ;ﬂ fidih 1s¥adche Réhfiguses Phike debor pul se
echo trans‘ﬁ‘ﬁ?:%i:es {hgc%%sé%a i a}yﬁgﬁ%%t%a@ds i nC uni son@!ébr% to retract in
uni son. ValyedfRrd Helerchdend by theonta digsee, ORalegennl §) depree; and duk degrect hese

being TOFD transd 55 h : ansd | &

Che T olr TR mearbitee SERaan Rt SFolreh gL YL Rl Yfichds 70°eS

move bet ween Lhe L 8S L ARIAN SXLANGPt BRSLIh@NEyIdmpsdisan. N tndependent
ucers .

of pul se ei§*t rans Referring to Figure 7, each Eul se echo
t r ansducer dRrdns nafber of/penstiinars them ferricpsld bedilizad &ryadse cphe IAAKLCHS (Fi g.

3) that holds each transducer 59 is ed in contact wth the inner
di aneter of9A ¥ a%E‘Egﬁ%ﬂtﬂ%ﬁ%ﬂsgﬁce&%ﬁzuI se echo transducer 59 pointing
radially outward, nornmal to the inner dianeter of riser section 13. Water

I'S daelivere td Wi i @ntréllert@s iplavatedeexterlor @firidercsetpdn hgforEac
is deli d 30RLR . &, Rl @ntré)lertds iplavatedeexterior glirid forEach
transducer 59 transmits an 8 WO 03/087733 . olud
15  remotely controlling the inspection device through lines17. Controller 65 includes a
power supply, a computer, a monitor, a keyboard, and a joystick. Controller 65 also
controls two pneumatic valves 67, 69. Valve 67 is connected to a supply of air
pressure and will selectively cause the piston within mounting block 33 of each pulse
echo trans'ducer 59 to move between a retracted position and a radially outward
20  extended position. Valve 67 causes the four pulse echo transducers 59 to move
radially outward in unison or to retract in unison. Valve 69 independently controls
the remaining transducers, these being TOFD transducers 55 and shear wave
transducers 57. Valve 69 causes the four TOFD transducers 55 and the four shear

wave transducers 57 to move between the retracted and extended positions in unison

25  independent of pulse echo transducers 59.

Referring to Figure 7, each pulse echo transducer 59 is of a type that transmits
and receives. The shoe 39 (Fig. 3) that holds each transducer 59 is placed in contact
with the inner diameter of riser section 13 with each pulse echo transducer 59 pointing
radially outward, normal to the inner diameter of riser section 13. Water is delivered

30 to cavity 49 (Fig. 4) to provide a liquid coupling. Each transducer 59 transmits an



PCT/ US03/ 10345 acoustic signal through the water, which comunicates to
riser section 13. The signal travels to the outer dianeter of riser
section 190 @nd7i33 refl ected back to the inner dianeter dfcwvismenois, where
it is received by transducer 59. The reflected signal reverberates back
and forth between the inner and outer dianmeters of riser section 13. 5 The
sound received by transducers 59 is converted into electrical signals,
which are transmtted to controller 65 (Fig. 6). Controller 65 analyses
themin a gQ@nMRIHisoNarougtaiheevaterTiwkich kbmkmesstesfto risgeectiactd. orhesgnas

determ ned by neasuring the ti that i.t akes .forq t i I turn to
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met hod, whjch i | KROWetd itt RA6reddited WV tifahiducdPd seachhg adffectednégrad t he
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i I Wld 71 has a 15 tri ross-s«%cti&)1 W th
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outer diangter he .axial _di PR td16isiFeRidd ensducers 55 in each
pair is gr @%Pseﬁorﬁf?aﬂgﬁllgo{/ﬁ%%@%%qﬁhcap of weld 71. The TOFD transducers
55 are angled toward each other, so that the signal fromthe transnmtter
TOFD transduceFidube palisstsites o TGRDthethod [ Whidh isralsreknoyerin thp art:3 Viithig

sel ected angle, such as 2 bout . 60 rees _and r t ei ver
TOFD  fanodimbaissne phOseRF Do S A aray SbIE i iut BRhERS
(Fig. 1) whi - ) b Bettr-ARnte editheh of fihd forsatdreidepot thes
t hr ough t\ﬁgﬁl\%\g?céegggg%%fh?ﬁ%%ﬁﬂ}ég&%i gs 49. Thé Si gnal_s pass thr. ugqr% t he
vol une of welrelardlsidenef thefrhesmitter. CHOF dransfuesrs g awepesitiozed 0%31081 $4°5%Y t he

recei ver TOFD transducer. 55. |f d . 45
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55 in each pair is greater than the width of the cap of weld 71. The TOFD transducers

55 are angled toward each other, so that the signal from the transmitter TOFD

transducer 55 passes through the wall of riser section 13 at a selected angle, such as

20  about 60 degrees and reflects to the receiver TOFD transducer 55.

Inspection unit 19 is rotated about drive shaft 23 (Fig. 1) while the transmitter

TOFD transducer 55 emits sound pulses through the water coupling in cavities 49.

The signals pass through the volume of weld 71 and reflect from the outer diameter of

weld 71 to the receiver TOFD transducer 55. If weld 71 has a flaw 73, some of the

25  signals will be diffracted at the tips of flaw 73. The diffracted signals are also
received by the receiver TOFD transducer 55, as illustrated. The time that it takes for

the sound waves to reach receiver TOFD transducer 55 is different for the diffracted
pattern versus the non-diffracted pattern, and this difference is analyzed in a known

manner to provide an indication of flaw 73.



WD 03/ 087733 PCT/ US03/ 10345 The TOED net hod neasures the vol une of the
weld, which is all of the weld except for the root portion in the vicinity
of the innero3dszaset er. The pul se echo shear wave techni quET/gSoemp4oyed, as
illustrated in Figure 9, to inspect for any flaws in the root portion of
weld 71. Each shear wave transducer 57 is of a pulse echo type, 5 having
both a receiver and a transmtter. Each transducer 57 is angled toward the
other in a manner simlar to TOFD transducers 55 ﬁFi .. 8). _Shear e
transducers 57Ty EOEDsmethoil ahdagurspihe oo lamnet the gre ‘ﬂ)d@ghﬂ?h smithef A “}Afg%osi te

sides of weld 7 t approximately.t.he I a ers 55.
Each shear® or ﬁﬂﬁéﬁggﬁ‘ggfm g?&\ﬁvg%]?lﬁ' %@@ pa?rﬂﬁg%r’s 5[5{5 0:;1g ; E%%@g but at
a slightlygdid fenfhte fsi ip1dRd hoMubi@edin Fiputer Qs tspest forariynflawseindhere pai r

so as to avoid intérference with each other. Shear. ve t ansgu ers 57 are
ori ented swot pattionhef weldhdl -wdesh sheas waveckansducer fais Rk H@UECERO LYRfe of
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are select oun Se W IT contact the outer dianeter of
riser 13 gmgr inef heahehamkiat tor 0OGD ttdneducent S50(Figed)d Stbar Wave rensdoearsi s free

of any defects, the 15 reflected sjgnal. contacts the inner Piagp%gguof
ri ser sect §brare 3lspetxiallh spared rapREVieT PPFIEHATRE Bt SPROFIG AP BELs ' bk

outward. Becau t 9&9?4 bR NG OFOFPE MR Ers 55.2NTHHE @hSarS haveone of
t he shear mgg%ﬁ F%% J@gers %baﬁ#§ ?eceive gﬁy reflected signals if the
root is fregsdficdedentthin tohepair emitf a gofindapnlse, wricdantlighty difderenty BB on

w Il occur and one or both of _the transducers 57 in.ea | i ecei ve
a retuth 2608 @ﬁeﬂth‘irﬁé%nsé‘f‘f:&ﬁég éB%Fer S BT 8 HE otay%gslafljegfeelﬁ)eﬂgé]%éﬁf rol | er
65 anal yze8thEPeSfure$r%aWe SArdi@erd 57 arekdRMEdNRMALY the GoRiid Wiatles a8 direcbedat i on
to the operator. In operation, the operator can inspect the |1 thickness

p
and wel ds Wil oBYr sidd of iissssed®nddrmenybermot tygngh the; Wllﬁa%glfaWﬁWolﬂgh ri ser

section 13, The .i nspection devise d . : i ser
Section 13TherngenaR el shitd I soipf Bupolif Fifla tnoCyBbbihEpiel SO BOT
59 and i nspeghi Re1dPbackehbugRfiRciodt vl Wéld TOF D theaosdis deesofBBy defedtssthear wave

transducers 57. In a preferred techni que, the operator insgects all the
wel ds T4 f reflsctedtsignel icanipeistthe fisier dispetsi Oriserigaipar 13 betveen: shaay e

reversed. & Ssi%’ugelc'{]; rS(Zda% | Lfdes A& %?ﬁt %ec%ﬁ%él dGif B DBEEbnRg RPhELRVRE i Ser

section 13" st on an Inspect the welds 71 as they are encountered.
transducers 57, none of the shear wave transducers 57 will receive any reflected

signals if the root is free of defects. However, if a flaw is encountered, diffraction
will occur and one or both of the transducers 57 in each pair will receive a return
20 signal that emanated from the other transducer 57. Controller 65 analyzes the return

signal in a known manner to provide an indication to the operator.

In operation, the operator can inspect the wall thickness and welds 71 (Fig. 8)

of riser 13 during one round trip pass through riser section 13. The inspection devise .
does not need to be pulled from riser section 13 between inspecting for corrosion with
25  pulse echo transducers 59 and inspecting for weld defects with TOFD transducers 55
and shear wave transducers 57. In a preferred technique, the operator inspects all the
welds 71 first, then inspects for corrosion. However, this could be reversed. Also, if
desired, the operator could inspect a portion of riser section 13 for corrosion and

inspect the welds 71 as they are encountered.

30 In the preferred technique, however, the operator first retracts all of the
transducers 55, 57, 59 by controlling valves 67, 69 (Fig. 6). The operator inserts the
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30 In the preferred technique, however, the operator first retracts all of
the transducers 55, 57, 59 by controlling valves 67, 69 (Fig. 6). The
oper at or wasBross73she 10 WO 03/ 087733 PCT/ US03/ 10345 devi aeT/wsos/1aae end of
the riser section 13, which nay be either the box end or the pin end. Once
inserted, the operator advances drive unit 11 to a point that positions
TOFD transducers 55 and shear wave transducers 57 on opposite sides of the
first weld 71 (Figs. 8 and 9). The operator stops the |inear venment of
unit 11 aﬂgv@ennueaesﬂ@eﬁﬂﬁ@mmammmnnthgﬂﬁdaﬁ@mb@@ﬁbﬂH%@bﬁﬁmgﬁngﬁ?ﬁékd by
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degr ees, Us covering all 360 degrees, of d 71 during the. 180 gree
rotation. rSiativhalringtor @dcl 1ekte ingpe 1H%é‘|mtl¥9'mﬁl?‘é eflélﬁn@ﬁlff&g?% Uy ]1\% Y 13sweep

180 degr eesta&%t},gjgll%r ilﬁ% Oai%e_ggﬂ?ﬁ&ug%@&t@d fHérgﬁletMi&us 18QsdRaiesss 37 ahdie

devi ce hag® ransducers and two pair of shear. wave
transducergedived bf théigespastpectrinsducdevs Eeshadhomipgraorsicagiie Panals domrorD

transducers 55 and shear wave transduycers 5 t hen, i sary to -
rot at €0 i digsed(7i &l Wnihe mannshdeserpy ?L‘hé\)’& ﬂ’ﬁ&?ﬁs “ﬁg% Zg itﬁﬁg‘éﬁoﬁ?@%ttﬁg%ﬁ%ne
revolutioqkjgtaot 20 needed and would twist lines leading to inspection
unit 19 nDrgci‘an desired. Once the inspection of the first weld 71 is
conpl eted, the operator optionally retracts transducers, 55, Z :EIO ave
wear on shoes 3Prefmablycingedcion bitih % rotaiss ORIY2IS0 dperess #hrrch Wfﬂég cti?6h unit

19 to the next 71. The er.at i N j gim of the
position ofdlf ﬂ%%\ﬁﬁ} tf@@ﬂﬂ“fﬁ@é%@é%%‘# g{r%grr%{t]tﬁle g?\@gre S?édé%dsauﬁgéﬁl% 25
odonet er reafdldgedd EWrdled1hiriepeedeso ddrédiottion) Siniledy, dablepaik @éshesamer as

rovide a visual aid for the operator to oper | osition, trans ers 55
gnd 5715n wppoypnwlugéddd will sweeg 180 degrees. pIrheBa 18 rX) Rotd 1o 'rSfate’ Tl %ldﬁ

180 degrees if the device has two pairs of TOFD transducers 55 and two pair of shear
wave transducers 57. If the inspection device had only a single pair of TOFD
transducers 55 and shear wave transducers 57, then it would be necessary to rotate
inspection unit 19 one full revolution. Rotation more than one revolution is not

20 needed and would twist lines leading to inspection unit 19 more than desired.

Once the inspection of the first weld 71 is completed, the operator optionally
retracts transducers 55, 57 to save wear on shoes 39 and actuates linear motor 20 to
advance inspection unit 19 to the next weld 71. The operator will have a general
indication of the position of the next weld 71 based on information provided and the

25  odometer reading provided by encoder 18 (Fig. 5). Also, the video cameras provide a
visual aid for the operator to properly position transducers 55 and 57 on opposite sides
of the next weld 71. The operator optionally may leave inspection unit 19 in the 180
degree rotated position that existed at the conclusion of inspecting the first weld 71.
At the next weld 71, the operator can inspect by rotating inspection unit 19 the

30  opposite direction for 180 degrees. Once the operator reaches the opposite end, all of

11



of the next weld 71. The operator optionally may | eave inspection unit 19
in the 180 degree rotated position that existed at the concl usion of

i nspecti nga@@sfizsst weld 71. At the next weld 71, the opsEITAISHB/1CEAN

i nspect by rotating inspection unit 19 the 30 opposite direction for 180
degrees. Once the operator reaches the opposite end, all of E 11 WD
03/087733 PCT/US03/ 10345 the welds 71, normally three, will have been
inspected, with the data recorded in a nenory storage unit of the

cont rol | eryB5eldsi T, mdrmalfhereperititimve bhem inspgcted keitnaie daihrecRrieddntdest
with the pul se echo transducers 59 ther than bringing drive unit 11
back to th@erb@yisiﬂiﬁgfgu@hﬂftg?c?l?@é]ﬁﬁ%@%‘g@l on 13, it is nore efficient to

operate drive unit 11 in reverse and start naking pul se echo neasurenents
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to be mademnsdices, 59. hRathpethan dringing (drige upkld bk oy therhssHgine iWShect i on

sites are to be _made aroupd.the ci ence 1of: ] b@Mndign@t each
i nspecti orfeeita 1 Hrit JHHLre fgfg%’ftg? Ppélré{ét 0 |{gh%?e12 1&61-3?6%6 grgg%}hrrlg for ggxarrpl e

that the ABb nheshrem@Rlsaronp teSar @rlh allienspeexton wilkbeagivemppioedtionn aar eas
one foot apart along the length of riser 13. sqQ, the operator be

i nst r uct edotvchah finealancremepscer lawegm%aré%ﬁegﬁﬁ ‘H@f\lggé?@%ssms%ﬁ%g?ﬂ?oar? Flore@g
circunference at_eagh in 41801 ; td Bbw rAROdsFRAbn sitdieretabe only
four pul s@%%h?lf?’gﬁga %%@g%gﬁég%%ﬁg%hgegr ees apar t@r omthe of her .

Consequent h)de &5uhd@c@peimfaendsiof Hsgrsecticiel 3 aisachimspeshion psa@dAGl | er 65
(Fig. 6) to collect data when rotational encoder 25 indicates that

i t it 19 is in_th d t at i ‘ 5 '
dogr el of at 1 orBFiepHS 1 BISESG- (et Asanp B et BRAPUBeh (BB o 1
thus col | eghedodainbRRnen Ayt @Su bianeton: 4frdgnedr lapa bf riser The

exanpl e of " Figures synbol 75 indicates the zerq point %%“r‘ 20
rotation oAlsonsixeopérator umast beSngtmictpd t0) havag an [sPEGtiost siien&sBL (9 HPEEFSa, t he

operator actuates valve 67 to extend . UGEIE: ARl iNEe G bmyr et ract
transducer%fOBB‘i theLIrCuiprenee %ﬁ’&@“ ]ﬁgR/eg{léI?rQ(Z%d;ﬁgﬁgg%%}bgt ract’ed. The o%erat or
takes the fjfSiisARaRY kaARMbers 5D dh IPrdegtecd Gpirs fom thhetimer Codeyrently,
position, providing data for inspection si tgles 6%t . h
15 the operator will provide instructions to controller (Fig. 6) to collect data when
rotational encoder 25 indicates that inspection unit 19 is in the zero degree rotational
position, the 45 degree rotational position, and the 90 degree rotational position. Data

is thus collected for inspection sites that are 45 degrees apart.

In the example of Figures 10-18, symbol 75 indicates the zero point for

20 rotation of inspection unit 19 (Fig. 1). At the first inspection area, the operator
actuates valve 67 to extend transducers 59 and valve 69 to retract transducers 55, 57,
unless they have already been retracted. The operator takes the first measurement
while symbol 75 is in the zero degree position, providing data for inspection sites at

the zero degree, 90 degree, 180 degree, and 270 degree positions. The operator

75  actuates rotational motor 21 (Fig. 1), which causes inspection unit 19 to rotate.
Controller 65 causes signals to be recorded and computed when inspection unit 19
reaches the next inspection site at the first inspection area, which is the 45 degree
rotational position illustrated in Figure 11. Rotational encoder 25 provides the
azimuth information to controller 65, which automatically causes the reading to occur

30  at the 45 degree inspection site. At this point, all desired inspection sites at the first
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the zero degree, 90 degree, 180 degree, and 270 degree positions. The
operator 25 actuates rotational notor 21 (Fig. 1), which causes inspection
unit 19 twowotats3 Controller 65 causes signals to be recumdeshsacsds
conput ed when inspection unit 19 reaches the next inspection site at the
first inspection area, which is the 45 degree rotational position
illustrated in Figure 11. Rotational encoder 25 provides the azinmuth
information to controller 65, which automatically causes the reading to
occur 30 at inshertits agegwdbhivedser miader 8ithis embodiohdng, ipsrieation wnit 19 dees

i nspection sites, at the first WO 03/087.733 .PCT/ US03/10345 .. i nspecti on
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continuaj | Yof g}éﬁ(ﬁ%{eﬁ?ﬁeﬁﬁr‘%&e%%ﬁ %Vd%gg@é‘%%{‘r‘ [ %u’ﬁaie?;ﬁéé @gt 1 d6rdbl! dna 90

degree rota y are not recorded an conpu controller 65.
Readi ngs coudepited radeortoliericli. sReadings codldtheomabe at mouchnehtrier retatibnads 5

degrees, with the anmount of data storage of controller 65 bein he
i mi tation. MEIFRGET fBFlas p degees Mol ¢ himoRe ol aspRSr of SdngRes E@&sees,
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during the tirst grees of rotation, regardl ess of the nunber o
ci r cunf er entlesitellybigpritetbur hrspdotdroh9, readiess welld be dakentonbadiringribe 8ot i96n

zone. e the rotatign of inspection unjt NS .eted at,the first
opect | bn Sriees o oty s RiReof i atBhe, o sr i SREl ihaeid,ingbection
i nspection giids@eledri Ghedch ifidpR¥IbN AdneFi gures 13-15, with the shoes for
transducers 59 optionally retracted. The operator 15 does not need to

rotate inspection unit 19 back to the zero degree position of Figure 10
prior to reachi n@nchéhestotabing of ispectiongmitahfels complated at thg frs gispeation t&n t ake

readi ngs si pyl eush v, [ 3H§i [ ] a0 . 19t Q i 41n the
reverse di rggﬁ%ﬁ& ﬂyc?)%tt%l gll% %1?1‘:0% |§Qg(r) g%?g&n%f&s%{é % a%%teG’ %élté% lrslé%ggﬁ IP he

desired azi Figubes 181 8mehih she shoes fig tidivd@idrd 69 bptonatlyarsactedt The operafitr t he
concl usion of the 90 degree rotation at ﬁqut)tgetéone foot interval, .shown in

Figure b5, dees epiaiead & Tojale dawpedion ik }ld 0 z¢19 degrpeposiopitd gy
PP O e R Eshung ek e e ns o sublen pcesais |
oper at or i ssimultaneously while causing inspection unit 19 to rotate in the reverse direction.
Controller 65 is programmed to take readings at the desired azimuth increments
during the 90 degree reverse rotation. At the conclusion of the 90 degree rotation at
20  the one foot interval, shown in Figure 15, the operator actuates linear motor 20 to
move to the third inspection site, shown in Figure 16-18. The process is then repeated
until the full length of riser section 13 has been inspected. At any time, the operator is
free to reverse linear motor 20 and retake readings at any particular inspection area. If
more pulse echo transducers 59 are utilized than four, it may not be necessary to

25  rotate inspection unit 19 because adequate coverage could be obtained without

rotation.

Figures 19-21 disclose a small diameter unit 77 for inspecting the auxiliary

lines (not shown) of riser section 13 (Fig. 1). The auxiliary lines of riser section 13

may remain in place mounted to the exterior of the riser section 13 during this

30 inspection. As in the inspection of the central pipe sectionl3 (Fig. 1), this is

preferably done while riser section13 is horizontal and located at the offshore drilling

13



free to reverse linear notor 20 and retake readings at any particul ar

i nspection area. |If nore pulse echo transducers 59 are utilized than four,
it may nowdoB/osegssary to 25 rotate inspection unit 19 bawauswsacaguat e
coverage could be obtained without rotation. Figures 19-21 disclose a
smal | diameter unit 77 for inspecting the auxiliary |ines (not shown) of
riser section 13 (Fig. 1). The auxiliary lines of riser section 13 may

remain in place nounted to the exterior of the riser section 13 during this
30 i nspect i%@. Unét Thhasan elergséas: ubnlaphoysing ¢ menpartegppe RlsRtifsond wheds 9. 1) |

this, is pgeferahl I i i TS I ng~l:ocat ed
at the of  Shorl B ek RES o ShedS Sl Hil sl e pabet yit e e
an el ongat eghilfed titovgh the aintiaryPpipel ppar table. orhraingpastiah iubit 83 iswhewitsd t81. | n
this exenplary, enbodi nent, wheels 81 are nat self-propelled, rather unit 77
is pul | ed hovisimggfd betweanits pirdsy yInspegHom ynis 83 45 Preforablyimaunicd PeemTo 83 | s
nmounted & 0 S| en j; td It 5188l ferably
nount ed 5bet(\)/\gfehlr‘ié %e@m% Og%li%g{s@'se\{lgéoo? Q@E%e*iﬁsggs d{/?(?%%{ygaﬁleg%d%%g?? 2 ig)g are

| ocat ed i n prouslinggvig@al horess for evidtorngmeiasifalFim@043s for a vi deo canera 86
(Fig. 20A). Small dianmeter unit 77 al so has an odoneter or encoder 87
nmounted to the r .of housj 9.. Encoder 87 is driv by a ar,train
89, which in turwwqgnmt)ggr%%oal?aisoaﬁla?&%%%rn%rn?nsco%?re%ng%gptegﬁfg 0ets of
wheel s 81. ﬁarhebﬁhbm%]mm@ﬁﬁod@rlm & dkBrch ®5at £r trlinf B Sihidh i %uinOis dF@t@t i ng a
shaft 93 (Fig. 20b), ich is parallel to the |ongitudal axis of snall

di anet er unby ratFtiomshatavemsnis af cmgsofj the ete i ayleaetsnd 1. v wptatipnal anoter 85 ipf

i nspectj.on unit . 83. - Lhst enmbadi : or+.931 nr y..L ot at es
| nepectiton Mk 45 neingcre BE Soldpl £RAFOT e IR ohpih BIELABUAED 2
for inspeclongiudi axsldf sinhil Chdmess. uri7 Az haft h3 exendicintd agaghiowt)wifi avi des
an indication 15 of the particul ar anPuI ar_orientation of | nsbggcti on unit

1

83 at al | t#H@8> OAMSBEIRA WK SR difrid thafirshemogment Mmoo FAMR MY s 97
that allow itngfefg%i'ﬁrﬁ[ SF NERERL Q&f 0y ﬁlegs%rérﬁ?erﬁé)to?t\#elﬁse,lﬁfcﬂ Y6 deRrdaouptng 77

(Fig. 20A an ural 1ty of outer sleeves 99 are nountéd to axle 95
for rotati omspdedpewi§ twall thickeass.s Aameargsutinhader (npkhovad)iprgvidés &l mdeatiod

which in this, enbodi rent conprises four. A transducer.shoe 20 103 extends
from each s?’%@e E@‘Tl.cugg@?g%rg?‘e fgion gpﬁn&cﬁﬁ%u@égg@gaﬁ{eté@e*r om the ot her

As shown in Figure 21, axle 95 is mounted on bearings 97 that allow the entire

inspection unit 83 to rotate relative to housing 77 (Fig. 20A and 20B). A plurality of
outer sleeves 99 are mounted to axle 95 for rotation therewith. Outer sleeves 99 have
plurality of slots 101, which in this embodiment comprises four. A transducer shoe
20 103 extends from each slot 101. Each slot 101 is located 90 degrees from the other
and is an elongated aperture parallel to the axis of axle 95. Transducer shoe 103 is a
hard plastic member that is mounted on a plate 105. Plate 105 is urged outward by
springs 107 located at each end. Springs 107 independently urge each transducer shoe

103 to a radial outward position.

25 A plurality of mounting blocks 109 are located within each transducer shoe
103. A plurality of cavities 111 extend through each transducer shoe 103 and
mounting block 109. A water passage 113 leads to each cavity 111, water passage
113 being connected to a water conduit 115. TOFD transducers 119 are located in
two of the shoes 103, with one pair of TOFD transducers 119 at the zero degree shoe

30 103 and the other at a 180 degree shoe 103 in Figure 22. Similarly shear wave
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and is an elongated aperture parallel to the axis of axle 95. Transducer
shoe 103 is a hard plastic nenber that is nounted on a plate 105. Plate
105 i s urgedosmstisard by springs 107 |ocated at each end. PeIriuSega03us7

i ndependent|y urge each transducer shoe 103 to a radial outward position.
25 A plurality of nounting blocks 109 are | ocated within each transducer
shoe 103. A plurality of cavities 111 extend through each transducer shoe
103 and nounting bl ock 109. A water passage 113 |eads to_ each cavity 111,
wat er passdyesduces b2l A wonried teghees H3nat 89 degrednd 27Psdegreorpesitioifsducer s

119 are locgted in ' b Rbrek:
transducergﬂiei%"‘uatplgte e\é\ﬁ)%g&%&r eé%gée)&z)h%agé@bé%%gzg%c%ﬁgbot gr% afrloér(l)
degree shoeadR3then Figure 22. Simlarly shear wave 14 WO 03/087733

PCT/ US03/ 10345 transducers 121 are mounted to shoes 103 at 90 degree and

270 degree positions.. There. are preferably four puls cho transducers 123
spaced 90 degr ee%rnégéwplefqrblmta@&@ﬁf H’éa?e |¢%€5ﬁ%@sﬁargﬁﬂamﬁ%%tr at es

in the same, MBANGE @% ﬁthﬁdlrﬁérﬂﬁllyifﬁﬁﬁﬂrﬁPedﬁgntzone %o axpeiont @Ak ok twdl® toul | ed

manual |y frominspection zone to”inspection zone or weld to weld, and
transducer wtidesnd @3nddocarchoeei 0do novetiast.i Wéptecinspayting weweld, mster 9b1

rotates inspecti.on unit 8 eqgr ee ot at i opal..not or .91 r.otate

i nspecti on 1§Fﬁtecs BPeC W%g?%igo g?gqg?cﬂ{qtﬁé%%tmogoﬁ 9&?8%%%1?51) gCtllor?supnelt(S: 3|’ng

wal |t hi ckngpge b Gadhhspedtibh er¥@whilehigsseetihg OvAle thivtirehs. C Mg hed tiad
points to be taken at the selected rotational 10 increments. The_ invention

has si gni f iiotentalatheaesmirgler, wilt canise sl poipiscioehn takes gbshg splecssd Fatafignal pi pe
secti orlz) on aeri e This avoids transporting the riser pipe sections to
land, ‘StriPEiAE™®he buoyant nembers and auxiliary Iines then inspecting
the pipes fromthe exterior. Inspecting internally avoids problens
encount ered due Tige @xégiondias sigaificagsidvdiBafisc e wsfeffidientcueppttiomgofinisgui d,
the interiors of the riser sections, do not hav

[

8 to. be .spotﬁess clean for

i nspect i on RIBe (SECtRRs| @ aThe i Hie g¥AE ATaRPorIYaLie ISHoBYS SH %Iﬂﬁ‘r%éatnél’for

out - of -1 oung; iﬂ%tl‘?eﬂﬂlw&ﬁﬂég NeLEStiaReidR inNgsfddgnMlchip&Stém tBod the

corrosion tests th the same unit reducés the amount of equi pnent required
exterior. Inspecting internally avoids problems encountered due to external coatings.

15 Because of the coupling liquid, the interiors of the riser sections do not have to be
spotlessly clean for inspection to be valid. The independently movable shoes
accommodate for out-of-round pipe and misaligned welds. Performing the weld tests
and the corrosion tests with the same unit reduces the amount of equipment required
and also saves time in that it can be done during one trip through the riser section.

20 Rotating the inspection unit less than one full turn allows the wires and tubes to be
connected directly between the unit and the exterior without over twisting them.

There is no need for electrical slip rings and rotational type manifolds.

While the invention has been shown in only two of its forms, it should be

apparent to those skilled in the art that is it not so limited but is susceptible to various

25  changes without departing from the scope of the invention. For example, although
shown inspecting riser pipe while stored horizontally, with modifications, the

inspection device could be utilized while the riser pipe is suspended vertically as well.
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and al so saves tinme in that it can be done during one trip through the
riser section. 20 Rotating the inspection unit less than one full turn

al | ows t h&wom3ross73and tubes to be connected directly betwasr/tdve/ 1085t and
the exterior without over twisting them There is no need for electrical
slip rings and rotational type manifolds. Wile the invention has been
shown in only two of its forms, it should be apparent to those skilled in
the art that is it not so limted but is susceptible to various 25 changes
wi t hout deRgrEﬁﬂg,fron1the scope of the invention. For exanple, although
shown i nspe ?lng riser pipe while stored horizontally, with nodifications,
the inspection device could be utilized while the riser pipe is suspended
vertical lylas wel inethb8 ofMhspa¢tiRZASBe, Wompiaingt 1. A net hod of inspecting a
pi pe, conprising: PCT/US03/10345 (a) nmounting to a inspection unit a first

ultrasonic transducer for. determning wall. thickn . a

second and t hi rci%ﬂ t FAREHRg Qraanslaﬂ’(?gg%n £ B %fﬁﬁsg‘g%tsgéﬁ \Rrg{l%ﬁ\‘?%rg%é
defects; (RkidMafht #A0 thibienddfbt a bipe@nd aiependaind thiod vtsasagic tiaasdmoers fat ong
the pipe; (c) periodically causing the first ultrasonic transducer to emt
an acouSt i gedpectsngyweld vohmee défectyi pe and detecting a return acousti cal
signal fromthe pipe to determine wall thickness; and 10 (d) positioning

the unit in a pggi{ti s i @éc]qln t ic
transducers on 8%%05ﬁ@%kgﬁggghgﬁ%goagﬁ%%&%%eﬁ ad%?ﬁgmﬁﬁgﬁgﬂﬁﬁﬁ @hltrasonic

transducer to emt an acoustical signal into the weld and receiving a
return acousticat) sipgradicully baushg thérfirst ulitasoris traisslucerdn sohiicasy acongical

determne if a voluyne.of th ld has any defects.. 15.2. .Th tl{‘lrh

accor di ng tstenel Hited ,PIE%?Y{C‘HE"F&%B%F?@F}@C_ F‘FbC&LW]ﬁ fFog m%pl%%% 4&?? Rt

ul trasonic (tJ E&rsad 0 the inspection unit for inspecting a root of a

wel d; and step further conprises: placing the fourth and fifth

ul trasoni c transducers on opposite sides of the

10 (d)  positioning the unit in a position that places the first and second

ultrasonic transducers on opposite sides of a weld, then causing the second ultrasonic
transducer to emit an acoustical signal into the weld and receiving a return acoustical
signal with the third ultrasonic transducer, to determine if a volume of the weld has

any defects.
15 2. The method according to Claim 1, further comprising:

mounting fourth and fifth ultrasonic transducers to the inspection unit for

inspecting a root of a weld; and step (d) further comprises:

placing the fourth and fifth ultrasonic transducers on opposite sides of the

weld simultaneously with the second and third ultrasonic transducers, and causing

20 each of the fourth and fifth ultrasonic transducers to emit an acoustical signal and
receive an acoustical signal from a root of the weld to determine if the root of the

weld has any defects.

3. The method according to Claim 1, further comprising rotating the second and
third ultratransducers about an axis of the unit in step (d) while emitting the acoustical
25  signal from the second ultrasonic transducer and receiving the return acoustical signal

from the third transducer.
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wel d sinmultaneously with the second and third ultrasonic transducers, and
causing 20 each of the fourth and fifth ultrasonic transducers to emt an
acoust i cawosidgezizzand receive an acoustical signal from a2amosnés4she wel d
to determine if the root of the weld has any defects. 3. The nethod
according to Claim1l1, further conprising rotating the second and third

ul tratransducers about an axis of the unit in step (d) while emtting the
acoustical 25 signal fromthe second ultrasonic transducer and receiving

t he return 4cousThemethed gerairding toGiaimd , whiteih stemsd St comprisss 03/ 087733
PCT/ US03/ 10345 4. The nethod according to Claim1, wherein step (c)
further conprises. ,predetermni I L i i i ng the
pi pe for coll ect TRY IR rp(%unr]aﬁ eO%f il%rs@{c%llrl %1%65 ELOCH g?ﬁ@ﬁlﬁh fgﬂl};toglrenaat I c(galt?y

col | ecting frh@ tBakiAt finsdacdt; addspection site. 5 5. The nethod according to
Claim1, wherein step (c) further conprises: predetermining a plurality of

i nspection areas at selected lineal increments .along the pipe and a
plurality of inspéempingllyicollecting s datapteaeh WEPSFUGREIAd the pipe at  each

i nspection area; stopping novenent along the pipe at each inspection area,
then rotating thene bl aRRAknGR iinh RRMHeIPHoMNY) Sullith Bbkighisds0 the pi pe;
and automatically collecting the data at each inspection site while the
inspection wunit is rotated. 6. The nethod according to Caim5, wherein
the inspection upredetprsniniogaa ptiralsy of inspectioneareas| at selogtndylinesh ncieraeds

Ful | r evol PR HerptniEpgoety iferd et ChORE ARy abint TREpbRAT, o1 7

Ion a Neéxt 1 nspection area. 7. The
nmet hod accogghmgspb@icalaaéan 1, wherein the weld in step (d) extends
circunferentially around the pipe, and the unit is stopped from novenent
along the pipe and the inspection unit rotated | ess than _one ful

| |
revol ution whi | eStQRRIpS Rpvepent peng dhspipe 3 fary. MSRPCEON ATeRe {FYF ORI G ect i ng
a prpe, ¢ Onﬂl’éﬂ)e%'tiglg unit about an axis parallel to the pipe; and

automatically collecting the data at each inspection site while the inspection

unit is rotated.

6. The method according to Claim 5, wherein the inspection unit is rotated less
than one full revolution in one direction at a first inspection area, then rotated back

15  less than one full revolution in the opposite direction at a next inspection area.

7. The method according to Claim 1, wherein the weld in step (d) extends
circumferentially around the pipe, and the unit is stopped from movement along the
pipe and the inspection unit rotated less than one full revolution while step (d) is

being performed.
20 8. A method of inspecting a pipe, comprising:
(@  providing a self-propelled drive unit having a longitudinal axis;

(b)  mounting an inspection unit on the drive unit for rotation about the
longitudinal axis, the inspection unit having a first ultrasonic transducer for
determining a wall thickness of a pipe, second and third ultrasonic transducers spaced

25  axially from the first ultrasonic transducer for detecting any flaws in a volume of a
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(a) providing a self-propelled drive unit having a |ongitudinal axis; (b)
nmounting an inspection unit on the drive unit for rotation about the

| ongi t udi wal 0308783 the i nspection unit having a first ultrragovsos/10uansducer
for determining a wall thickness of a pipe, second and third ultrasonic
transducers spaced 25 axially fromthe first ultrasonic transducer for
detecting any flaws in a volune of a 17 WO 03/087733 PCT/ US03/ 10345 wel d,
and third and fourth ultrasonic transducers for detecting flaws in a root
of the welvkldtand thind mod dewrtlf vlirasonie rensavenis £ort deigrediae s el 199t ehHed t he

same axial distances frrom.t first ul ' r I econd
and third 0SB0 rr AR, Ape i AR e AT GAE R RBpE R O
the transdyegf thebBisNalaBIHE Behddace as @ppdeas®] afdofhirt dtkasobici teannducats] butbet ween
a retracted position and an extended pgsition; (c) stopping the un'bgt wi t hin

the pipe i eirqupfsentiads offsel ephenfdhe rasducesnbns MoHnteA te a searste Shaf
transducers_on Sit i f a.wel f R and fifth

ul t rasoni c *{ FQX@@E@@F@ %ﬁr%g%ge%@g“@? e%glg t%ﬁt%d\@?%ﬁ) tausi ng the shoes
that contain the second through fifth ultrasonic transducers to contact an
i nner di ameter @) t hetqyipies the 1itt withinrtb¢ atrenig & pesitiors thet plages Ungisecdnslss t han

one full revolution; and (d) while rotating the inspectjon.unjt si ng
the second auftthiad gHrasone ARSAIGELS O QPRI SIS %ﬁ%l‘f’sefcfélécf hﬁe”l E?Hﬁ‘l aP%&ﬁ%t he
vol une of the, Wel-GrARehdeRR WpdsitdsiddsRir Wi wald Qbhsbing Bhe SHog# alat Yérdin ttiee t hi rd

. as
ultrasonic transgucer to inspéct the volune of the weld; and 15 (e) at the

sane time ascadahrdueh, fifthaukiasenic trensdugers o gpataetsasninger digmsten ©EMhe BiPCeni t an
acoustical signal.that.refl.ects.intqg the_r the | d, and receiving

Wi th tH@ ftgﬂ?ﬁo??t@ggﬁ%%ﬂ'cgoFPﬁﬁZﬁﬁ@@ song\g@i)%gglfﬂlg%)ﬁ’ca signals resulting
fromany defects in the root of the weld, and causing the fifth ultrasonic
transducer to eny anviakoustatif@ the Singgeation haiit, reabkiagt thei stoond hdtramaic of t he
weld and receiving with the fifth ultrasonic 20 tr?%&duc%r %n]é acousti cal

si gnal s resitAnsdusgt to ety acgesial §1gilﬁ1 lle?et_hFoV urgg © ¢ ZHGVEF)? movi ng
the | nSpECtr:e Ih %Hutstiédtl ;}%@gﬁ@w thed E’lﬁ'awnﬁetr%ﬁgaﬂb&gp ih$eShBE vofiil 8f Ni Ng

the first ultrasonic er to an extended position’in contact with the
the weld; and
15 (e) at the same time as step (€), causing the fourth ultrasonic transducer to

emit an acoustical signal that reflects into the root of the weld, and receiving with the
fourth ultrasonic transducers any acoustical signals resulting from any defects in the
root of the weld, and causing the fifth ultrasonic transducer to emit an acoustical
signal that reflects into the root of the weld and receiving with the fifth ultrasonic
20  transducer any acoustical signals resulting from any defects in the root of the weld;

and

6] moving the inspection unit linearly within the pipe, moving the shoe
containing the first ultrasonic transducer to an extended position in contact with the
inner diameter of the pipe and causing the first ultrasonic transducer to periodically

25  emit an acoustical signal into the pipe and detecting a return acoustical signal to

determine wall thickness.

9. The method according to Claim 8, wherein step (f) is performed at selected

inspection areas along the pipe, and comprises stopping the inspection unit at the
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i nner dianeter of the pipe and causing the first ultrasonic transducer to
periodically 25 emt an acoustical signal into the pipe and detecting a
return acewsisioszi3zsi gnal to determ ne wall thickness. 9. PliTeUSwtbBad
according to Claim8, wherein step (f) is perfornmed at selected inspection
areas along the pipe, and conprises stopping the inspection unit at the 18
WO 03/087733 PCT/ US03/ 10345 selected inspection sites and rotating the
inspection unit at each inspection area |less than one full revolution. 10.
The net hodsaasal dispetion sGearmd Sotating thh énspectinr Wit Ageashdpsrsghemfich dess

sel ect ed nunber qf inspection sites around a circunference of the pipe at
each 5 i nspeerrsflbiygiUti9ld wit hout st opping rotation of the inspection
unit, automatically conputing a wall thickness when the first transducer

passes eachyof tfig hEREEHctOMingStd €Faiml, fildier neniyREigC prepeigtgminnglaai m 8,
further conprising placing the first wultrasonic _transducer in a retracted
posi ti on wileaed enfbeniofgnpespen (séys @eopnd Oerﬁ@ni%elmea%’iu s PwE LetdShid
through_fifth transducers i e ct e it ; WE f i tep
(1925 THePrREERoN bl gt FSRRL RRn, of A nMRElch RE(C ALY Hat

conpri ses cHapiingg vRarthicknetswhen dresthst eussdocdripasses saek ed shoinspecsiove,
steps (c)-(e) further conprise flowing a liquid through each recess

cont ai ni ngsit¢se second through fifth 15 ultrasonic transducers, and step (f)
further conprises flowing a |liquid through the recess containing the first

ul trasoni ¢t r anggucety 43, ARIAPNBT Blats §0hurkits PeShikingd ipdfing @iepriirsi ng:
an inspection uni't having an axis; a first ultrasonic transducer carried by

t he i nspechiteRonitittankducee i tat fetrgctach gosiion mddlei perfogmingosieps ai(Csighties t o
determ ne a wall _thickness o e.pi pe. second j Ar i
t r ansdder plachg theFegrp “E}qughsé)gk P%%Sﬁuﬁfi’if 1111 F%’E"l"%gﬂ%"%ﬁ"%g ‘%ﬂﬁ% Fr?egfég?gllgng

acousticals§*qgals through a volune of a weld in the pipe; fourth and fifth
ultrasoni c transducers carried by the inspection unit, each for

12. The method according to Claim 8, wherein step (b) further comprises
mounting each of the transducers within a recess of a shoe, steps (c)-(e) further
comprise flowing a liquid through each recess containing the second through fifth
15  ultrasonic transducers, and step (f) further comprises flowing a liquid through the

recess containing the first ultrasonic transducer.
13.  An apparatus for inspecting pipe, comprising:
an inspection unit having an axis;

a first ultrasonic transducer carried by the inspection unit for emitting and

20  receiving acoustical signals to determine a wall thickness of the pipe;

second and third ultrasonic transducers carried by the inspection unit for

emitting and receiving acoustical signals through a volume of a weld in the pipe;

fourth and fifth ultrasonic transducers carried by the inspection unit, each for
emitting acoustical signals and receiving acoustical signals that pass through a root

25  portion of the weld; and

the second through fifth ultrasonic transducers being mounted for selective

rotation about the axis of the inspection unit no more than one full revolution.
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emtting acoustical signals and receiving acoustical signals that pass
through a root 25 portion of the weld; and the second through fifth

ul trasoni waeassdscers bei ng nounted for selective rotatiraT/E89ene34she axi s
of the inspection unit no nore than one full revolution. 19 WO 03/087733
PCT/ US03/ 10345 14. The apparatus according to Caim 13, further conprising
a plurality of shoes to which the transducers are nounted, the shoes being
urged radially outward from the axis for engaging an inner dianeter of a
pi pe. 15. flhe appasgiaisuaacordingto CiniGl kS, further comprisiog cplliig phehogs
plurality of 5 recesses in outer syrfaces of .the shoes. i.nt ' he
transducer® Wh@llﬁbﬁﬁtaéﬂlucﬁrﬁ&f%ln&“megi fheyshges pong Juet, rfagll'ah&é)lﬁlt‘%/\%?%oéﬁ a

coupl i ng l%%%giégeﬁﬁgin%%qﬁﬁé%?ﬁﬂ oFagigppar at us according to Caim 13,

further co raltty of shoes hat are novabl e i ndependent|y of
each other in radial directions, each of the transducers being nounted to
one of thelshoe%he tdppashsescdveding tar glagmr i Birfhgr seMPEISHS icplfl‘fgatlJ‘Ht e axis

for engaging an jnner dianmeter, of a pi . 2k ge@ing to
O ai m 15, FGPEREM QUFHSHT ?‘??d&ﬂ?f sﬁlﬂgﬁf?%lff[)‘?%m%; ?%%gge%gunte {0 2ach of the
shoes; and a first valve that selectively causes the pneumatic cylinders to

move the shoe  g@NfRiioTGadshgesi or ddliveting asamlingtligankubercctssesneen ret ract ed
and extended positionS; 15 and a second val ve that operates independently

of the first valve for noving the hoes, c aining.the s gh
fifth trand@uceilbe BEPHREA @‘&rﬁ%tt%ﬁ%}%f%x@gﬁﬂeﬁm%ﬁg}gt § Bﬁ%ﬁﬂgé& Qﬁ'ﬁ%

appar atus gceor di | tyf O ER8I oBRFAAI SUNY: diRRtienyirdavie dfie ont o
whi ch the ipaégtrﬁg‘r’l&bgen%@%pghén%u%t ed, thg drive unit having a notor, a set
of drive whegldacels by ryurtdietorome of therstioes, tstshoes baigpwized ovtwad are
spaced fromthe drjve wheels and ich r%ev\,heel; and an encoder

| f
oper at el JroEbisIEE PHeRIZIS AIBRT GARSET O )

rlpeprovi ding an indication of
| inear travel of the unit along the pipe in response to rolling novenent
17.  The apparatus according to Claim 16, further comprising:

a pneumatic cylinder mounted to each of the shoes; and

a first valve that selectively causes the pneumatic cylinders to move the shoe

containing the first ultrasonic transducer between retracted and extended positions;

15 and

a second valve that operates independently of the first valve for moving the

shoes containing the second through fifth transducers between retracted and extended

positions.
18. The apparatus according to Claim 13, further comprising:

20 a drive unit onto which the inspection unit is mounted, the drive unit having a
motor, a set of drive wheels driven by the motor and a set of support wheels that are

spaced from the drive wheels and which freewheel; and

an encoder operatively coupled to the support wheels for providing an

indication of linear travel of the unit along the pipe in response to rolling movement

25  of the support wheels.
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25 of the support wheels. 20 WD 03/087733 PCT/ US03/ 10345 19. The appar at us
according to Claim 13, wherein the first transducer is also nounted for
rotati on woostosarszaxi s of the inspection unit |ess than oreTiuldoB/10345
revolution, and the apparatus further conprises: a rotational sensor
nounted to the apparatus for providing an azinmuth 5 indication of the
inspection unit as it rotates; and a controller connected to the drive unit
and the rotational sensor, the controller having a pre-progamabl e

sel ector fgr seflechppgatunspendingriosClas Sparkaeisethe diredirakdsdsis Apfar t

around the circunference of the pi the contr I
col | ect i ngnaunted forgaiatipg abeytap aﬁgt"&i@eolﬁﬁ%ecﬁf)%ﬁglgllljécsg:ihaglt)btg% r@%ﬁ%@?\%%géch

i nspection_si e RE:US for inspecting pipe, conprising: a
frame haviaﬁlg %%a%é(a?%tagn %{)unt edse%n a set of drive wheels and a set of
support wheel s spaced axially fromthe drive wheels; a l({.near dr.i ve not or
mounted to the 4 ratationsld sesopineaintes thehelrapparaitse 81s PSSR AFIH2 frane
linearly al ong.an jnterior,. of i.he: .15 i nspection unit nounted to the
frane; rlaéwatwlan%WP%tPnr%ﬁ arB&prgEateglsga e inspection unit relative to
the frame about an axis of the frame; a plurality of sets of shoes carried
by the inspecti ggostpditer 8bkhesRatEthe drive amitfand ¢ iottiopalseniondhe penteplles| each

of the sets conprising at |east two shoes 20 spaced ci.rcu i y apart
from each lavieg a pt@epfﬁﬁmabﬁetf‘rﬂet‘itoéa%ﬁ sglectipg TPPLIe PIES erg? écfﬁélegtglrire axi al

posi tion along the t i nfere@MBf @ , 38 Tofedlg dutsaitkallat
di fferent g&grgs's %%aé%l t@fogﬁg tlfhrgcrjl:r%léot eér-? of thee lis)g)'?s; a plurality of ,{)e?eunati C

cyl i nders, @aghnganatie the fostlivisonidragkbsss efontiesing RSB ARIPEDIHP LT

perpendi cular to the axis; 25 at | east one control valve coupled to the

pneumati c cgl inders for selecti ' @g-?tfhe shoes radially outward to
K 1 :

el y.  novi
an ext thde@0posiA apRarags h’é‘é}b‘?cﬁﬁgé]ﬁeﬁ%%

a frame having an axis and mounted on a set of drive wheels and a set of

support wheels spaced axially from the drive wheels;

a linear drive motor mounted to the frame and coupled to the drive wheels for

moving the frame linearly along an interior of a pipe;
15 an inspection unit mounted to the frame;

a radial drive motor for rotating the inspection unit relative to the frame about

an axis of the frame;

a plurality of sets of shoes carried by the inspection unit and spaced
circumferentially around the axis, each of the sets comprising at least two shoes

20  spaced circumferentially apart from each other, the shoes within each of the sets being
at the same axial position along the inspection unit, some of the sets being located at

different axial positions from other of the sets;

a plurality of pneumatic cylinders, each mounted to one of the shoes of the

inspection unit perpendicular to the axis;

25 at least one control valve coupled to the pneumatic cylinders for selectively

moving the shoes radially outward to an extended position for engaging an inner
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WO 03/087733 PCT/ US03/ 10345 dianeter of the pipe and noving the shoes
radially inward to a retracted position to facilitate entry of the

i nspect i owouwsiog7i3at o the pipe; a plurality of recesses in ruareso3gedfaces of
t he shoes; a plurality of ultrasonic transducers nmounted in the recesses
for emtting and 5 receiving acoustical pulses to determne a wall

t hi ckness of the pipe and detect defects in welds; and a plurality of
passages in the shoes for delivering a coupling liquid to the recesses. 21.
The appar afisfietd€ 601 pige tad Soring tBO shbmsrredially laward ip eretrogieb Pasitieon it e
freely; 10 and wherein the apparatus further conprises: an encoder
operativeH?mbB@®@ﬁﬁ’@Gm?H§P§W®gHP?”aﬂggﬂ§p@or providing an indication of

|l inear travel of the unit along the pipe in response to novenent of the
support wheel s., &g ;iT16r APRGEAH BBteR SGPLodh BOthEGhédsai m 20, wherein the
inspection unit 1s cantilever 15 nmounted to one end of the frame. 23. The

apparatus according to Caim 20, wherein said at_|east og.e co}g{.rol d/al ve
conprises two coplraitywdulteasonie wansfucensanewtisd B thg 1pFates IGHEPEIS A sone of
the pneumati.c. cylinders ind s . tha Jerbt dgbctyal ve to
enabl e dsonECcgrngiagey lﬁﬁléghste%?ﬁgeq%qﬂ%%%“@gtt@gﬁeg%g%g ?{pieoa%av\,hi le others are
in the extgngdags;pagi tion. 20 24. An apparatus for inspecting pipe,
conprising: an elongated frame having an axis and nounted on at |east two
sets of wheels; an inspection uni unted to the franme.inier. i;aLe
forward and read whralineflpassagendn i oS fidﬁﬁ}ﬁﬁj% ?S?é@}n& #@'ggg[gptg%ti on
and a rearward franme portion, wth one of the sets of the wheels nounted
to the forWﬁ?sﬁe%orti on and the other of the 25 sets of wheels nounted to
the rearward portion; 22 WO 03/087733 PCT/ USQ3/ 10345 a_radi al Q£i¥e mot or
for rotatipg th®hé aspeahs amodiig torGlamn 20 avherein the UpRGH WA fotate frecly;

10  and wherein the apparatus further comprises:

an encoder operatively coupled to the support wheels for providing an
indication of linear travel of the unit along the pipe in response to movement of the

support wheels.

22.  The apparatus according to Claim 20, wherein the inspection unit is cantilever

15 mounted to one end of the frame.

23.  The apparatus according to Claim 20, wherein said at least one control valve
comprises two control valves, one of the control valves controlling some of the
pneumatic cylinders independently of the other of the control valve to enable some of

the shoes to be in the retracted position while others are in the extended position.
20 24.  An apparatus for inspecting pipe, comprising:
an elongated frame having an axis and mounted on at least two sets of wheels;

an inspection unit mounted to the frame intermediate forward and rearward
ends of the frame, defining a forward frame portion and a rearward frame portion,
with one of the sets of the wheels mounted to the forward portion and the other of the

25  sets of wheels mounted to the rearward portion;
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an axis of the frame; a plurality of shoes spaced circunferenti

the axis, each of the shoes being eIongatedpin a axi al directignlgngrﬁrggd
radi al |y watosamsarssel ative to the 5 inspection unit; a pl wcalisop/1eds
recesses in an outer surface of each of the shoes; a plurality of

ul trasonic transducers nmounted in the recesses for emtting and receiving
acoustical pulses to determne a wall thickness of the pipe and detect
defects in welds; and 10 a plurality of passages in the shoes for
delivering a coypldiddrivé eiotet foordiitng the @xpedionamit relative e dkare #ohr di ng
to Caim24, wherein the shoes are urged radially outward by springs. 26
The apparamugﬂaﬁabﬁéﬁﬁﬁato Claim24 further conprising an encoder 15.
operatively coupled to the wheels for providing an indication of |inear

travel of the ymiflORGrobs spics diibuiesBANSy houmbvenexs, afich fed thheel s.

shoes being elongated in a axial direction and urged radially outward relative to the

5  inspection unit;
a plurality of recesses in an outer surface of each of the shoes;

a plurality of ultrasonic transducers mounted in the recesses for emitting and

receiving acoustical pulses to determine a wall thickness of the pipe and detect defects

in welds; and

10 a plurality of passages in the shoes for delivering a coupling liquid to the

Tecesses.

25.  The apparatus according to Claim 24, wherein the shoes are urged radially

outward by springs.

26.  The apparatus according to Claim 24 further comprising an encoder
15  operatively coupled to the wheels for providing an indication of linear travel of the

unit along the pipe in response to movement of the wheels.
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