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Rel at ed Applications 5 [0001] This application is a
continuation-in-part of application Serial No.

10/ 351,569 filed January 24, 2003, which clains
priority fromthe provisional application Serial No.
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non-destructive testing of pipe, and in particular,
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I magi ng device, can det ‘ermi ne the existence cracks

or sPepeeses and netal structures such as |n rlser
pi pe. Magnetic particle inspection techniques can 20
i ncl &de afipldy@iithclnventivat i c particle mediumto the
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medi thagewithectri ¢ power is supplied to a cable
positioned to surround the area under 25 test in order
to farm Deexipidn f the Rektelldi@cent thereof. Stresses
and cracks in the pipe or pipe weld produce gaps in
the pagsiet iNomfFdesinebtive tatind o€ pigehigas g eloh€ f@rainbie yeds utilizing
within the magnetic artlc:I(;1 nmedi irintend to gravitate.
Vi suBfenehs ﬁéﬁ%ﬁ&n“ ORI ERSHGETS I g Y GPr et IpgASEements, x-ray and
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metal structures such as in riser pipe. Magnetic particle inspection techniques can

20  include applying a magnetic particle medium to the surface of an arca of a pipe to be
inspected. The magnetic particle medium includes magnetic particles and can include
other material such as florescent-type material, typically used for the inspection when
conducted in a low ambient light environment. After applying the magnetic particle
medium, electric power is supplied to a cable positioned to surround the area under

25 test in order to form a magnetic field adjacent thereof. Stresses and cracks in the pipe
or pipe weld produce gaps in the magnetic field into which the magnetic particles
within the magnetic particle medium tend to gravitate. Visual inspection by a user
either directly or through use of an imaging apparatus such as a video camera can

detect the concentrations of magnetic particle medium in the vicinity of the cracks or



stresses. In a low light environnent, the magnetic
particle nmedium can include neans to help the user
detect the magnetic particles such as a florescent
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I NS
pFor example, the divers can take a length of wire connected to an electrical power
supply and wind it around the inspection area. The divers then spray the magnetic
particle medium on the area to be inspected and provide power to the length of wire to
30  provide the magnetic field. The divers can then directly visually inspect the area or

can use a video camera, either of which may or may not be accomplished with or



can use a video canera, either of which may or may not
be acconplished with or 2 w thout additiona
illumnation. This process can be very tedious and can
be affected by obstructions such as the buoyant
jackets, if installed, and can subject the divers to
extrene environnental conditions. [00071 Inspection at
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[0010] In view of the foregoing, embodiments of the present invention
25 advantageously provide a system, apparatus, and methods for inspecting pipe from
within the pipe through use of magnetic particle imaging “MPI” techniques. For
example, in an embodiment of the present invention, the system includes an MPI
scanning apparatus having a drive unit with a longitudinal axis and a rotatable head
unit connected to the drive unit. The rotatable head unit can carry a wire wheel brush

30 for cleaning an inspection area including an inner diameter of an annular weld. The



unit connected to the drive unit. The rotatabl e head

unit can carry a wire wheel brush 30 for cleaning an

i nspection area including an inner dianeter of an

annul ar weld. The 3 head unit can also carry an M
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having pneumatic cylinder rods which provide for extension and retraction of the wire
wheel brush units, Bach MPI medinm dispenser can also be carried by one such

mounting block.

[0012] Prior to loading the inspection apparatus in the pipe, the mounting blocks
30  supporting the wire wheel brush units and MPI medium dispensers can be refracted to

allow for ease of entry. Afier being loaded, a pair of video cameras connected to the



nmounti ng bl ock. [00121 Prior to |oading the inspection
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particles within the MPI medium.

[0015]  With the video cameras in position, the operator can again rotate the head
unit to allow the video cameras to view the entire inner diameter of the inspection
area. In low light conditions, where the MPI medium includes fluorescent particles,
30 to enhance acquisition of the orientation of the particles the operator can illuminate

the portion of the weld viewed by the video camera with a UV light positioned on the



particles within the MPI nedium [0015] Wth the video
caneras in position, the operator can again rotate the
head wunit to allow the video caneras to view the
entire inner dianeter of the inspection area. In |ow
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to provide unobstructed viewing by the video cameras.

[0017] With the magnetic yoke still activated, the operator actuates the video
cameras in order to view the orientation of the magnetic particles within the MPI
30  medium. The operator can further activate the UV lights to aid in viewing the

orientation of the magnetic particles. In order to provide 360 degree coverage along



~to the inner dianeter of the weld and i rmediate
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prov 360, .

di a 0{32?} %%ﬁ%ﬁ‘e gﬂgr?lﬁlaﬁ%%%rl%.tﬁg? t hi t eérorﬁgg the inspection of the
i hicr ﬁmewbﬁl ik yompiemﬂ dhe bfteatbread avinatt the linamd niotog tot ddeance the head

nagnet si ng .t he nd,v

The. ot B b et vl BT b’ TR Pe B bl o weid
| NSpEpéi RAckiEhe baﬁosheam o tBBigle, iGH0k8H whRl ofithdpib&Bispected, the
ext er nal netization techni que, once the inspection

of t PreTate EFR\H thdingarimoter hapirard tp refrique the dpsnection apppratus.
actuate the linear nDtor to advance the head unit to

the next wel d arftRiie :e RER bl h S

steps to inspect the wel pon reachlng t he opp05|te

éhd WP1%he 51 thet thwrtaﬁnf‘éa% tha the Grtvrgseang ageanfagep el ibe duvention,
the 20p8N & BtheRGHHA! &51 bABmb 4 gﬁﬁént BLPhe hﬁ@fé@@c{djmt 1901’8 detail, a
retrieve the inspection appar EF DESCRI P

OF meremammm@esmptﬁcm@f dhe 1seenﬂhabn@ﬂwegumﬁﬁ@¢d ahwmambe had by
the 1fe énlég %glbgtl(ﬂ%ln%ﬁfs o thlctlﬂEe llﬂ\ét?aﬁ]éd %r{he ap%%nm drawmgs
as others econe apparen

undewhmbtﬁn:lm Mparboéthd;espanﬁqanan ftos E) lﬁar[dmd; bbwever, that the drawings

5y TR vardre IR ol b baf o ML S GPaRRe ot to be

\Nhl Cdbnaiiered | lhhisihg adfethei Mvédionappoepsded id rnaatyl R@fude ¥RECBffective

forma part of this specification. It is to be noted,
howe$&todinenis aspwidl drawi ngs 15 illustrate only vari ous

enbodi pents_of the invention and are therefore not, to

be W8#HYi adiiste | isa Themgatisrdiagan phayRemdRr GsRestise? pige weld from
My {{iGh4Gee0t her effective enbodinments as well.

[00201 Figure | is a schematic diagramof a system for
d’]SpQGi Jng P@glﬁ’é R8s \9?61@ EdiQB i $fh£lnnm9:npa'1 fﬁ%pec%gn [a%alt&s located
Figure Z is a persp ctlve vi ew of an 1 nternal

i nspestt oncrdppRipaeimridco dert isgectiamsiptduaias beng salstnpityeacodrding to

ari d{mbo%[}:‘?en‘t DEREGLLOPQRRALAL us being constructed

accor

[6022]  Figure 3 is a perspective view of a head unit of the inspection apparatus of
Figure 2 located inside a central pipe of a riser, according to embodiment of the

25  present invention.

[0023] Figure 4 is a perspective view of a mounting assembly of the inspection

apparatus, according to an embodiment of the present invention.

[0024] Figure 5 is a perspective view of a wire wheel brush unit of the inspection

apparatus, according to an embodiment of the present invention.



an enbodi nent of the present invention. [0022] Figure

3 is a perspective view of a head unit of the

i nspection apparatus of Figure 2 located inside a
central - pipe of a riser, according to enbodi nent of

the 25 present invention. [00231 Figure 4 is a

perspective view of a nounting assenbly of the

i nspection apparatus, according to an enbodi nment of

t he enty: | [ ingur k s el . :
por SUET; SR E1G P g e Sl o P riugnetpdbicly nspection medium
i nspéenengsn of ghep fnspection appasaindiaseprding dn aontydeidiment offthe present
t he DL esent invention. 7 [00251 Figure 6 is a

b R . . . . .
per spectiVve view of a nmagnetic particle inspection

medi di spenser._ of the..inspectio ppar S .
nocdfely TRENS T dr B agtRante SRE L BBk 'S trspscrigp, sppacers,
[0028}enFhigng ehelides7-d ¢feFigpnecd, i a¢eorilingio @h @ntedatkniniftthe present
of t.he i.nspection apparatus, 5 taken along the line

7-7 BY"8PBure 3, according to an embodi ment of the

present invention. 10027]. Figure 8 is. a schematic

P11 O0R Ty i ¥t S Hee ahentis iHBHFEeR O Shofvapipns components of the
| NSP8Gicbih SYsEhe Mhd RskpbdRRCHphAMs ARRAFdH %o aACGHIiAGT of the
to an enbodi nent of tﬁe present 1 nvention. 10 [00281

Fi gurresent ipgenfioler spective view of a head unit of the

i nspection apparatus |ocated inside a central pipe of

the [PO%Rr | FigueoP di Agerspeciine Aicvephabpadeudhdlo@e fespectisp apparatus

the 19£a€@eiﬁgidé Q\égtm‘a'fl ‘Bﬁsec[fﬁgigger,l:écg%ﬁ 10 zh t@mativehembodiment of

perspective view o unit, taken along the

| i nehdpreseh@inveftioki gure 9. 15 [00301 Figure 11 is a
schematic illustration of the various conponents of

t he [09293 pe Figuon] i sitrerspenticte iviespefdhé bead apiarladnuadong the line 10-10
accq&%&g? éo the alternative enbodi ment of the

prese & hvent i on. [00311 Figure 12 is a checklist for

n i ction cedur ccording t n _enbodi nent
¢ JREU; o e U e teBseititiugpats ok B vanigl femponents of the
c hedkdpestionf @Eterdninil igpetiovh apppates ackididing acte e ghivetentbddiment

al ternat e enbodi nent of the present invention.
of the present invention.

[0031] Figure 12 is a checklist for an inspection procedure, according to anm

embodiment of the present invention.

20 [0032] Figure 13 is a checklist for an inspection procedure, according to an

alternate embodiment of the present invention.

DETAILED DESCRIPTION

[0033] The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, which illustrate embodiments of the
25  invention. This invention may, however, be embodied in many different forms and
should not be construed as limited to the illustrated embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the invention to those skilled in the art.



DETAI LED DESCRI PTI ON [ 0033] The present invention w ||

now be described nore fully hereinafter with

reference to the acconpanyi ng draw ngs, which

illustrate enbodi nents of the 25 invention. This

i nvention may, however, be enbodied in many different

forms and should not be construed as limted to the

illustrated enbodi nents set forth herein. Rather,

t hesﬁg@ﬁmﬁi !31@1:{'%15 tc@fﬂ'?e QEﬁEﬁtQ %go%oﬁth af’riﬁl@'ﬂ%taﬁbﬁ! Cilf Q844 $ndicates
or ough and onpl et e, l'y ‘convey

t he %mdy@lmem&e altm@nmemb()dlmenﬂﬁose Skl I I ed in the

art. 8 Like nunbers refer to |ike el enents ]

t hr o[lﬂghﬁut AsPillustratadtiat FIEiS. 1413.usobodiinaefs ceft dw present invention

| ARSIt AR Bl COROHIRBAL R LOAH, £ Pitser pipe

i nv eﬁﬁmmthmdhmnh@q&pméﬂrqughmv|oden@nstycspm’trcleamagmgt MPL” For

he FRBle 3 BECARTSN GG 0P PG LI YECpAl PERE & St Propeled

| MagAIPY scavhiing apE%tu@&@%'vﬁhg AgriReifaps vﬁﬁﬁh longltudmal axis and a
illustrated in Figure 1, system 20 incl ud

sel frop¥abjrchad gnit Rpicomnsien t%&eéﬁﬁaﬂﬁf 23 Fhe FP&%W@ hepd unit 23 can
dri a&n’gm Lir Bridh ol @ednPRUHYBRI R DicRBeBn inmer dlaénseter of an

r ot | e head unit 25 connected to the drive unit )
The ampulat atside Vhedtie bnad udig 28 pan absarqayry 2nWMPE niadipsn dispenser for

clea n r :
! 20 PG 85 Shal 0 PSR g o
aI s obeqmsrtganaihto MRiw the dibspeatidi mmﬂranﬁlhnmndpsmp@dm@ilhlminatc the

d e\“ a cpl ge égdglgéelf? g_g ﬁ@ﬁ%e&ﬂkﬁl h_gge&hsiélrﬂ%ﬁeescatnil\%ll medium

i ns pt@th: @ppaaert@azl ﬁaﬂ APl hétiindRt@r28adaphredir lide 29 supplies air to
illumnate the medi ugast each d scri bed. | ater
Q.

WPl speafetin Al znral§ SpeS Wt Fr@apRAto gt fhe MPI fluid

appa&c@ﬁlﬁﬁ']al%;ﬁ E&@l@%e'@h@%&ﬁw &lipply RBto oBAch #8ssBielto supply the
line 29 supplies air to 15 apparatus 21 froman air

sour MBI z@dium fr dhei apeaes ZInbvak ibae 2onifhe sysiqpeOvpgo includes a
f1ui m ?L_J)Iir% og{de%gergﬂp 1@'{113{3 tﬁ@?}%g{lgﬁ?tﬁggdtaqn@éordéspla% device

supply o obtalin pressure to s
tot Iﬁe herp plawsarbied aPd vitler disgly/tecorder2 A cofitrel wnjisiSeimi2 @mmunication

A 0 S d e PRIVED Tacs) LSRR Bk Wilbeon tre

her eapphiatis 21 ahe dotshaconthee 3diaap lirwideakrvidess. /-Khe system 20 also

control unit 35 is in at| n20 wWth t

appaP el 204 k5 dgHoe (Cdﬁg?glg% 591@6?%&1%%“10“ of the pipe fo
i Nt e AGRINAINERE vidRE deRAPPREGHNE ﬁlofa?ﬁarbﬁlg R1t h@e illustrated as a
conputer 31 and the video device 33 e system 20

al somagneringueit 43.means or device (described later) for

magneti zing a section of the pipe to
25  [0035] More specifically, referring to Figure 2, the inspection apparatus 21

includes a self-propelled drive unit 23, which is shown within a central pipe of a riser
section 22. Drive unit 23 has two drive wheels 45 and two support wheels 46 spaced
axially from drive wheels 45. Drive unit 23 can be controlled by lines 37 and
supplied with MPI medium by line 27, and air or gas by line 29, that extend out the
30 end of riser section 22. The operator has controls for causing drive unit 23 to move

forward and backward by providing signals through lines 37.



be exam ned by the video device/recording 33 of
apparatus 21, here illustrated as a nagnetizing unit
43. 25 [0035] More specifically, referring to Figure
2, the inspection apparatus 21 includes a

sel f-propelled drive unit 23, which is showmn within a
central pipe of ariser section 22. Drive unit 23 has
two drive wheels 45 and two support wheels 46 spaced

axi fr i ' ' . o
o O st 1 Rl S Yl AR i o
by |linter @Ftancgrikht diive writ 2fhis Idpptedifrom 280 pbiat atdhet andef oisdr section

t he nd,of,-riser sectipn 22 Th atar .h

ot o ERPaT 47E e A aPhoR Bais moSeE RS RAE (F Spgup) of suppor
and kheeknwed, Ghrdiydes ity iitfoingatioh O IBhkesder A7 as glefdralle s cddvenfional unit
[ 00361 The q{éﬁrator al so has an odoneter, displa th?t ;
di spralyesesa eplobeest hahpassesttoush pnerge nipbe M eryst ormed in a
dri Vifisd) el di?&_ota‘ﬁnﬁ Qﬁlﬁtsg?pcfrf Weels 8T Quppoit Whedh 45 f&?e &@férably not
of riser section 22. Encoder 47 (Figure 2), which can
be nHUsRetithcd ﬂvqis'ecaajxlrléteidq&?evgwelmﬁomeqwﬁpomy slippagy Gat might

46, Y 1S, tian i : :
4 BT SEd US NOUIB e BRARPS] 0 ooy nformin,
beanprotided todbsgsrdaidtir ough a | arge nunber of apertures
formed in a disc, the disc rotating with support

Wheel08346. Thapipve tninidd dias a dBearmeotpr ¢F Efigbk ) and a rotational motor

driven,,.rather they can ,inst r eewhegel . .

Cone S TaRE Htorl b ey fed RorkfBB! i3 A RSMIER a5, The potgiongLmotor 51
wheabgict dbeshalobs dal extealdplhaallalf thekd lohfieadachd ik ef drive unit 23.
informatio rovi ded to,the operator.., 10 [00371 Th ]
ar | BOTGHEL 2iod 45 prlBiee b CosS (I o g g 55 in an
r ot ghéremaht tARtiOless thark onb rdVORiioADMET roffle RAHASE thel Rhatldi@ftion. A
of the drive wheels 45. The rotational notor 51

Fot dpegorel greoder $hafgrss) nravidessan ahayh pudicafipe fo the opgrator of the
| ongj tudi gie ¥Rl or il Y@l ¥ tat ABmed0t @t i onal  not or

51 has a#‘l nkage that causes it to rotate drive shaft

55 i [ ' | 1t
I
r ot atfi dumed uemci¥den &¥e( Fiaffube f8) rplabei dlsseveth. azinnthit illustrated
I ndi cati.on .operator of th reci Le,of

0 BT ek o L S AP s,
Ref €e suppgrted sxcatdlebdr gashemdy drive uh2dd. Gieed udb25 Bicludes a rearward

nmouni.ed t.he forward. en rive unit 23 drive }
e el RSt B et St S s, era ot fsgoard dise
enbogii BRdrdiyh HRbds B%urd e tncH o0fer BRLdhrallel to tl
sets of V\,ﬁegl S;@b?g 465, andﬁrteheﬁ%fllst Oais suppgrtered iI{}hra oo Te

cantdXefetrive L84 &0 By Toawgedisert is Jacatedes dheferyarg snds of support
i ncl ygleso BarkiRREMVRETS7. A pair of video cameras 63 and a pair of incandescent or

25 UV lights 65 are preferably mounted on the forward face of forward disc 61. A
plurality of mounting blocks 67 are mounted to the support rods 59. The mounting
blocks 67 are mounted at selective points along the lengths of support rods 59, which
extend through holes 68 (Figure 4) within them.

[0039] Referring to Figure 4, each mounting block 67 comprises a pneumatic
30  cylinder and piston for moving rods 69 radially inward and outward between retracted

and extended positions. A mounting plate 71 is mounted to the outer ends of

10



disc 57 that is nounted to drive shaft 55. Support
rods 59 extend fromrearward disc 57 forwardly.
Support rods 59 are preferably parallel to each other
and parallel to the axis of drive shaft 55. A forward
disc 61 is |located at the forward ends of support
rods 59 parallel to disc 57. A pair of video caneras
63 and a pair of incandescent or 25 LTV |lights 65 are
r ef f r
B RetR el T 08B S fir P8 Ahel PR YFigures 3
t he quo@brot an M%I ﬁgilulﬁrdesmmnﬁ fijgurbs d@ke 6B 7 The sounting plate 71

noun t he | engt.hs
Supp%&?le%%%io J§ mat cyeI}( e I &10 %ﬁr oug?‘ll-r)ho?alr 0 @races 81 preferably
( Fi geaperatid twi :Irfuppelt d]ﬂmr 4 OB Q}; uptesk epacemty (th)guEeb gusresidilar device.

o1 | RBP BhatgeL DENGTorha0Y s g ah s SEOLte ageleg 7t on mxs

and pakinarhobat WRRP of Bk pasiedic 3nskiceXddRnge CBr@@b‘é'Stl'c@ﬂ%e used to
A nount|n3¢plate 71 is nounted to the outer ends of

10 pReumathe oviss whedd dirushowt b (Figwre B4 rarythe §/1RY mpdipmedispenser 75
Wi r embgek) bfﬁé‘%?aéé@%i m%%réfﬁlagl rs@&ue”a %ﬂk@h@fasta{er@& Malectors to

nedlun1d|spenser 75 (Figures e nounting _
pl at eitliet an gpepen amp@rdsucb ag hgpep ﬁ@gﬁé’m puiibn ke wirgddiegldrush unit
n rry T : f I separat ed b
gﬁ ug%egrr a g%@gfrl ,of gﬁesgfgﬁ%ge?luﬁr% g%?&sgg ‘?é) rtMa}_/caz(l rger T a% equivalent
or shmrcti@r device. 5 Braces 81 extend outward from
drive shaft 55, and can be angled relative to an axis
pass[0fdo}t hrRefghingitd Iﬁgurasffi mfa]e5 pn@apmraitms 21y¢ainndﬁnder ogsir of wire
69. Braces 81 ca nount re whee
o usHEG Bre SfE T REGTRT steded Pt G pesms, Bach wire
75  (htQbRehGhit 7TRen hraes vk el Rus £ dhlidan Secmh@diameter of
3% a set of fasteners or connectors to either an
Y

efn apglap eldsWof riger sapiiodr22s Jae afire mheekbridhy 83) q3p bgpowered by a

the Midugah &Rkbor R5Ushndddli tio A0 aif Supp®F 1ifk $OrRdsBohsRfe th AR controller
VP nedlun1d|sgenser 75, that can perform an

equi YalEatre 8. ihe phewmatip @MmSSR@merpﬁatthe trareriigpgl baisig 83 about an
and 1%% 1dRE %ﬁ@gﬁ/ﬁ%ecgapa?t oﬂ% @1;13/6 lggé’%@ dﬂf‘b&s 8f th\(’%/I {n%[s unit 23 and

whee unlts prefera appr oxi mat e
180 h@gmﬁEQS dpeledn thEaotulavwell Widnd ahrrdmdaily piprl defididig@ammspection

include a.wire wh h 83 the in .
o ardiEnp it fser AR A0 48 Vo 40 WFB Db POt e sypply of ai

The pessRredifedan ReloaiveBZaganthb enaenee elﬁbt(ktWSato rBAGUMAE hEeumatic
not or 85 éonnected to an air supply. lipe 8

RespBAYF e 1 ¢refFably cpraicf dietwess a gk @egyﬂounflﬁ% blocks 67, cach

pneu{)@ﬁtioﬁed@ﬁ Qh oglgbsﬁéﬁldé ef ﬁfe%&t@ﬁ%\’\ﬂorsﬁpw’ﬂ@ﬁl& r&’bb’cﬁﬂe 8®e. In an

abou axl s ara lel to and space apart fromt
o ongaﬂtemtlﬁgporéi&l@tlen (nofh shayyn) veoternd cap3ansiend be Supported by a single

25 mounting block 67. Note, wire wheel brush 83 need not been made of wire but can be
made of other suitable brush material known to those skilled in the art. Note also, that

a different number of wire wheel brush units 73 than the pair shown could be utilized.

[0041]  Referring to Figures 2, 3, 7, and 8, the wire wheel brush unit 73, responsive
to the controller 35, is further rotaiable within riser section 22 about drive shaft 55.
30 The rotatable drive motor 51 rotates head unit 25 relative to the frame of drive unit 23

about the longitudinal axis of the frame of the drive unit 23 in order to position the

11



head unit 25 to clean the annular weld Wand

surroundi ng pi pe defining an inspection 20 area within
riser section 22. A valve 86 (Figure 8) is connected

to a supply of air pressure and can sel ectively cause

the pneumatic notor 85 to rotate. The pneumatic notor

85 is preferably supported between a pair of the

mounting bl ocks 67, each positioned on an opposite

si deygt WHiel sPRdos3 Ct‘.‘. tR& BRQE Ensﬁ&ﬁoﬁ QI%E GF I’i§e\f %ec?ti'og 9'2 to thereby
In an alternative iguration (not s

can ﬂngt@@dn%@dympp@¥t§dwbynawgﬂwgwebZEhn@mm@um@zﬁlw@@mbyﬂw

l!)\%glﬁn% at fgqb C}MI Eg l ntmra usdg e::éf’ir ﬁlcgralq atu)B Ix%oéﬂaﬂﬁo tmglthe head
k novmmt 25 ibthes, $1’ae| ﬂdn&dtatabletﬂir&sha F]Ib.erel\hﬁ ook, syhh@tstlc aeneﬁts in

di fferent unber nlts 73 than

phi TR Dt e e HS?@S%@FS 4 SReiadne Ph@wctwn with the
Fi gUfo@sing hedd urfit 2876 offler tEled 1he 11\1%@&1011%6&5& 1888F bectidn 22. The
respon3|ve to the controller 35, is farther rotatable

wi t hhs3d 5 cap dbeitetated baglh st fogthiapeutdha frivesshalt 3§ tqrﬁbe clean the
rot a&ﬁf?é ﬁlsgsatl\ss apgat Abngdthe I&Ee@tﬁa}%out ttﬁ@ el 2y E,fslg ﬁ\é&m 2.

to the frane of drive unit 23 | 'ongi tudi na

axi sPreferabthe headmat 8F ratdtes ehly \1«&0 degirees 2Bedch vealdi &Y int ench inspection
Si bra. 3 C h enti

P(g S &er%f? :3% %&g rse\égélog w;?g télF, 1S Ccttl.on %p]%ii‘qfl f]?hadt ¥/ a smlgfe wire wheel

t he brusipant Uhrthelfmazoul‘dolﬁeenecassmrta rothiathaibd enib 251 she dnrevolution.

re br.ushi n affec ca
ot | PP T B P SRR A S GIed S0 gt tprdo twist the
t he Veiads linddildadd t@Achdlilt S5 nidiethRPdesired.at abl e brush.
There are, however, synergistic benefits in 5 having

bot hjoe42]0t atlsd) respahsice B HRhcoBBoXdri TH Mare3whd bRush unit 73 can be
rotatlggAln conjunction with the  rotating head unit
| e pr ’Eega‘i?%%i‘ﬁlal]ﬁeTPﬁ ppaEatip fyldgnrogs 6F (Egyre 4) of each of

secth@BumdrtinERoudfRAB1ded b7 € &@ﬁld%ﬁifﬁ&@tts %oﬁﬁ&{( e wheel

forth about t'he driVve shaft 55 to the cléan
ent i st &%pé&t@u wite athedl tasbrignit Fein eaméact mthrtbez emebﬂlaxnh@r of an

Wel ellcﬁ?g dﬁg“% 5‘19\9 égt'on Ei Ej‘%ﬁg lr%&afﬂ%ggnéﬁ@ uhengbrush 83

r ot at es on Yy rees at eac
| ns padiaily mvi:0d de dxendage itlsewirs edicelobru@?83 it hcmtact w1th the inner

Jhsp ction ar a ha nly a.single wre

T R A R VA e R
headbfumhict wizb vatizel bilsh un@v ol Wllb@n.appRatuatdion APREd tthase readily
one revolution |s generally not needed and woul d tend
to tPSIIORRAG Witk Y5as Predl MeadianEstbired diamgiers23s shown n

mor eFléﬁ}@rS gdogit el CBQQ:Q‘E%& th %ﬁlﬁ cﬁ%ﬁ%b&f@ aﬁcpwhf‘s%lectwely cause

controller 35, wre wheel brush unit can
ext dhelelingler rass Qe visin magiinting Ylockrieé ap mé@hmrpw@t S@?]DQI’hBEﬂle wire

5°d3w %%gr’ﬁblgﬂﬁi% )eonxg;g 1?&%'336 the {elﬂr%ctéd‘ﬁ(?s?tﬁo%' {4 ¢ tﬁ%’éﬁﬁ}ah{) Butward

Iocks can ex
wheeadxtenbedipdsit®d, pfefdrdvdy wi uIESGmh ﬂﬂhpdndtﬂﬂ; bof thei MPY Buedllum dispensers
conL%ct with the inner dianeter of an

[0043] Referring to Figure 6, the apparatus 21 can include the plurality of MPI
medium dispensers 75. Each MPI medium dispenser 75 can include upper spacer
30 block 77 connected to a dispensing nozzle such as, for example, shoe 91. Shoe 91 has

some advantages as it can include an outer face that curves in a convex form to

12



annul ar weld Wwi thin riser section 22 and can retract

the wire wheel brush 83 radially inward to di sengage

the wire wheel brush 83 fromcontact with the inner 20

di ameter of the annular weld Wwi thin riser section

22. This extension and retraction of the wire whee

brush unit 73 allows apparatus 21 to fit and to be

readily repositioned within various types of pipes

havi peveitfifietveridnt dhpaeetvith she ibSersondteri of thdiigy setiSn 22 (F1gure 2).
vaIv 88 nnect ed. t supply of. air ressur

w1 SaeY ab ol Pyl s See PR ol i Bega e, eplaced for
nmou nmﬁwedalcmket&z 0@ frisepiPe MDY deSH@ Ok 1188t Lhe ré’Ue§semz5aV1ty 93
wheel brush unit 73 to nove between the retracted

posi F¥iERisFIn tseuteadrogof jachifiedispenting eoadd ipwar drgpgh shoe 91.
pg ef %@lenbfty'g? &R r eit@rgieﬂﬂ?dﬁgﬁg{et@ EI gcel}/%gocﬁflﬁ.'e WMexible tube

di spensers 00431 Referr ure b,
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O PSSR i Bl SR BALAOGTST, EcB e o5 devrs
di s péﬁlm@mm’t shosuifto casity 930]‘01‘ éixpenping on ah @sp&ion SRaef the riser

91 has..so v es as it ncl ude an outer fac

hat CetPOAE e SRR rgh ief dop PpPEenret Patiles, & forescen
itmadwer petidles J¥paets Mb¥h 1d hesd sRIRA iihabmt er of the

riser section 22 (Figure 2). Shoe 91 can be made of a

har d{guapst | RefBeihgké lguRRd éﬁ@@ BR NERfkdiYm BRleA&Rd7S Q% rotatable
different dianeters of riser 5pe 22, if desired. At

| easPitBingispisegtion 2rabewirivg sigdt 55 dsesimaidarky dsseribied wiihitrespect (o the
fac ewg‘fe v@@glrbnll\ég lunﬁ 5] Hﬁ@ﬁ}tﬂzgalus&% rﬁ(}tof ﬂv@'sﬁod‘fsmeqy% coniroller 35,

shoe 91. The caV|ty 93 can further exte thro
t he Lﬁé@@ﬂrths peaemibl orekatird to kefffama df] dive wipd 23%)0]1@119 dongitudinal

99\” L¥s 8f?’th8 (Fafhd é)ﬁéﬂ'} ecfn@?ﬂ%@&? gr}.[i T téggﬁgérhéle W)medmm dispensers

bet ween cavity an-one cavity
93 eXi shatsnt the fn]lglbng]ln ofth® inspé%lneu aﬂah ef tisth eeclibn d2 Itd daditver the MPI

o aerind e R a3 B e ot et 9B M Einedium

VPl afestinksis Ganthbo elister sHoWnpamild Gk @Silizedet HP@Eddr Cif @Spair of MPI
or florescent 10 _wet particles or others known to

t hosBedRp digggniers ?%éreewﬂlorfegolé@ﬂesr@wemaﬂn gletf@achl@u pégieed only
30 anghtade 1 §0NEgMEs ARAE MBui SRENSE R@pr%%d@gxﬁ"ﬁﬁi@ﬁﬁﬁ%hﬁng of the MPI

within riser section 22 about drive shaf
si mi madipg (elstpvpkdongd tha imnss dieneter of ¢ M@Id Wi efarisghesstion 22. Tt is

br US% féﬂje& ? gi’n}llfjﬁl% I{)&EI% %F lhgaqg{ugy §5 1P e t rognﬂaﬁe] Ly gue g revolution to

responsi ve e control

uni t pri2éent etcatsiveawtsong dfcthé vaives bfics drading tahél u2B 2about

the longitudinal 15 axis of the frane of the drive

uni t [0885]i n Rufdeng tooFipass 2-4end Bhibe M ma@kliny dispérspe 1S eas also be

25 extended or retracted radially in order to position the MPI medium dispenser 75
adjacent inner diameter of riser section 22 for MPI medium delivery. As a valve 97
(Figure 8) is connected to a supply of air pressure and, responsive to the controller 35,
will selectively cause the cylinder rods 69 within mounting block 67 of each mount
supporting an MPI medium dispenser 75 to move radially between the retracted and

30  outward extended position, preferably in unison, independent of the radial position of

the wire wheel brush units 73. Note, unlike the wire wheel unit 75 which must be
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75 adjacent the full length of the inspection area of
riser section 22 to deliver the MPI nedi um (not
shown) to the inspection area. Note, a different
nunber of MPI nmedium dispensers 75, than the pair
shown, could be utilized. However, if a pair of Ml
medi um di spensers 75 are positioned 180 degrees apart,
the head unit 25 need only 20 rotate 180 degrees about

the dhditiéhed BRrithdwelll® PirRYdR ftibs, Qhe‘i‘IOEPI Bis5ERAS 75 GarPbe fixedly
t he I medium (not shown) al ong the_ inner dianeter

of amaenigd witsfthe payity 93 dereqtionalippositionpdsto gprastthe MIH maeglium on the
|1 inshX6iof ARG Ao RERLHAL e 1ehe B ARARIBRLLR] Glkover.

one revol ution tO prevent excessi W Ssting

var | jgl NE&e gga?t sp@&g)%gdf& é}f ﬁ%ﬁf&%@%ﬁ&l 22, the MPY medium

Ref e to gure
dbs pém:$ glragvnif Emlmﬂlqjeesrdb)e theZﬁispxmmmteajom‘rser gitiac22dThe valve 98

Bl ) S SRR Pt P S i

l\/Pl sd@diol MTHhe! dritafayion AS partiéwsvdf 8¢ MI’IFhﬁd]ﬁﬁl Bider Smagnetic (field)
connected tQ a supply of air pressure and, responsive

to t RELERsHrdmIave rth@sle?caﬂ% 92 delpcdcthghisy amasasasrand cracks in the
cyli ﬁﬂﬁé’cﬂ&@ ch3a g%d‘ﬁbet g‘iﬁ@ 1%&%&@&1@1’1&& kvtich Qb RaGE when viewing

nount upportin medi um di spenser 75 to nove
A&di ﬁlmoyl%fétnvvfeew ¢ wegnetcrm&c&a veifhin o Mit mﬂmmex‘t/eh@enﬁpectmn

posi r
P2 b1 s ERLETARLS plROR oA RRRAE N e s i
Not ecament iG3eptovmlesvi a etswileaidicationt of Sravs o sitss$esbdue 18 differing
L Ly S AV
cavi styes&s, ifithegctiianaln y ipodighi anvednidents fealylPt hgediim can include
medi ym on the, ins on are t.hout the requirenent

ot b’g‘i’rﬁife eaﬂeﬁﬁaﬁaf Bigh 5P ¢ H*gpté%wsh a3 Wha6e! eN?%héfr 6.

cl eani a |ns ect| n area of the [lser ction

t he @ﬁi‘% 2@ r?ggufg HowR )2 cSRPISEmERt <35 fﬁséﬁesaﬁt fation, the
| NSPRGIAP udf A3 SQI)pliés RS magtdit ARIZ2Thd BRgYM MBI can include a
(Figure 8), responsive to controller 35, can provide

suc hplflﬁathbt ofavied Wips PR Resitirgable sbaul e, oufd dispaies of 4R inspection arca
of Dafihi Bl&Scdthn b Eiffl IRAL BANSH, HRAIShL Gl {)ehaz medium,

i nfl uence |sp ays t e Iocatlon 0
any bt rvemesapaﬁa e aoksoried atdrued thmggecﬁnammtearoéahe inspection area

produce net

eherciGrmtARRe ik A8 CRAGSHiedlef off HRTRL EREPE ARER pover i
par t supplési twrtl—termre \tfﬂﬁs dPlo ﬂmda thiagnevfe Sighl, whieh pieptorieit thdagnetic
a user |ther tl hro h use an i nagi ng

b PSS 1 hare AT A= STV pr0 B e defects.
i ndi Badn grnekive Eﬁekcﬁneﬁt St the q)s@@mdlueen&:@n O fofe@bd, Bther than being
concentrations of magnetic gart|c|e medi um resent in

Yhe Wmiggddpepplyng heapagaeticchiald Gpm outside the outer diameter of an inspection

area of the riser section 22, included is a means or device (described below) for
applying the magnetic field from within the inspection area of riser section 22. Note,
for simplicity, components common to both the embodiments described above and
those to be described will retain their original numbering. Only those components not

30  common will be renumbered accordingly.
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stresses, if they exist. In a low light environnent,

the NPl nmedium can include 15 florescent particles

vi si bl e through use of lighting such as ultraviol et

lights 65. [00471 Referring to Figure 1, in an

enbodi nent of the present intention, the nmagnetic

unit 43 supplies the magnetic field. The magnetic unit

43 C?MEN ude a plurality of wire waps 99

pOSi bl Belgmigtto tHigure At bradditianes ére abbvadedorisdaeinip@hents, the
ar eahedf en 4 . ign_22. .Either. before or after

appl yi ng %ezgrragﬁgtlﬁcg&%agt P%’f LRGBS Bekes nElpregerably spaced
wr ap 3Pl IY) degrnesbarrand ndiht SanOHURI pRAGHEHE i wheel brush

the |[papect | rea. encoppassi ng weld After
appl H:}at | énia%{‘}11 %F%le%y&%m:lu?ﬂ’ REPWES pieagpeigefieldl 4o a portion of an

supplospition atch evithin e WnaP&adSet F f0f BefoBYNSL -
t hen gri ent the ?raq%neti o pd;%'?i ?Itléelgla%ngtw yoke 101

field, whi .
t her 8 t%;e srlaﬁlg'\l?lu@?ﬂﬁtﬁ S&¥yee & pair of/ ewiougting blbdie 67 (see also Figure 4),
I ns peeh ipositiede@aon’ & ofBLECLS of I 3R %‘{Q]f o] 5%&;613{ The respective side.

enbodi ment of the present Invention, howe

t han B&i Hg DBereatsppégirationdpishown) yoke 10tgnehdicdive@lyshorted by a
frongigud slolfidsg sl ter of an inspection area -
of tl’lllggqri ser .sec?%ﬁﬁgegjggj foatier lcémgﬁﬁg_ B ey Wheel brush
{HestrFHédapatstanl beapaced 90| deirgs hier, bRE 'ﬂlﬁfér&ltfnhﬁﬂbgrzof magnetic

from pid fin i_nspection ea, of riser section 22.

Not &, %{)Hrl’%%gng}eipéﬁr ?W%Sﬂﬂ%h%mléze@ommn to both the

embaghqent cribed above and  those to be described

wi 1 100F0 E{G?"%‘i‘?gﬁ" g 23?5 ﬂ@r}ﬂe‘ihr? yEnetis|ypke Holsie further rotatable

conpdténtiser nation 30 abQMdERe MWakil55DEHE fAMIRE -
[00481 Referring to Fi gurlzeiﬁg‘?mlm:r?r 31, responsive

accql gl.nal %o 1215 it 3% golatd i

addit 5 CepRolen 3515tk head paif P dclatrepieribnirame phdrivenesic?3 about
i theXbhei : ' . A6t . K 101 .

b e R —

in v dipcent werepleaiab personshel thie rimspedivel ark, UBlbte, as described

uni bﬁev?o%sl?ﬁ@i% re@ﬁ&?% h&d%ﬂﬁt%% ;e% %QJ]t %ég\é%;?&ﬂﬁy dptatgs only 180

magnetic field to a portion ©
wi t APgicasté crabineeld OV dmdliceracivinspécsion amaeifirRer R2on M€ I the head

ma i E k 1 i referab orted between a
pa??ﬁg? §t¥% (rﬁr%%%tsl r%el %ﬁ%@ﬁ% 8 @ezéjegﬁ% yoriddherrecaspary to rotate
2@¢acheadowitt 350 apmtoximatly ORPAB irt® L& 80 ﬁfovqcfé?(ip?ﬁgreé{) df éo%erage.
ifferen

supggtraﬁogh respective side. A Note, in a

confr guraf't B HGE ‘g’ﬁdﬁ)fﬂl“tif’éiklé geoeralbanot mesessanyt dpd may tend to
s uppeedsediyhyish theSnGlsSinE PRI LNG h\%%]d)&fﬁt %7,- Not e al so,

the magnetic yokes 101 and wre ee rush 10 units

73 [ i
[vas0)i nSIHl%&ﬁ’aeg?& c?)%@ eg a0 a‘i&gd'eerg&al%%{téqdﬁgﬁr %ﬂgctﬁ%ﬂch that

di fferent nupb of” magnetic yokes
shoRATHORES PYinger 19dp 169 2 ckacl 004181 suppbrting inmminting Bicgky €7 extend

zsﬁbtcgl?&g%rlalgrdto Tobsitibd ﬁlenﬁgﬁl%flé 901¥eohﬁ g‘d?zﬂéeliltsbuft ljlagetfgrglg]y not in contact
with the inner diameter of the annular weld W and refract the magnetic yoke 101
inward to clear the yoke 101 from inadvertent contact with the inner diameter of the
annular weld W during movement. As described with respect to wire wheel brush
unit 73, this extension and retraction of the magnetic yoke 101 allows the head unit
30 25’ to fit and to be readily repositioned within various types of risers having different

diameters. As shown in Figure 11, a valve 103, responsive to the controller 35, is
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within riser section 22 about drive shaft 55. The

rotatable drive notor 51, responsive to the

controller 35, rotates head unit 25 relative to the

frame of drive unit 23 about 15 the longitudinal axis

of the frame of the drive unit 23 in order to position

the magnetic yoke 101 adjacent increnental portions

of the inspection area, Note, as described previously

wi t h BRI EE o EURRIX T gHinresswe and #ll eeleativels' capseche pdbidgr rods 69

r ot atvishi® Mo¥md:§Onloesr Qﬁéacﬁ“ino%ﬂﬂ@%iﬁ% }p{eihlga gtgc d}%qﬁ%m)tl to move

i nspection area of riser section

25" PAEVSSAI e geackrgl posifiognaitd they akwartiOdxtertded rpokitiomOpetbrably in
be neggassaty uni.t 25'_.approxi mately

one full T eve gﬁng%?%hge %&%\% g‘g bERd l&%%ﬂée%ﬁolpéepm ent of the MPI
cévernggaim diRpenatrs 3R of nore than one revolution is

generally not necessary and may tend to excessively

E\(/)\n'ogt[gﬂﬂ_li_k vRBefegirg Id l’féﬁurbseigdﬂ,nﬂ; prrhﬁiﬂ% tHei & _e?a]'ﬁ?r- can inspect an
£ _magnet. c.yoke . an also be radially . .
ext eg%*ge QISP a4 t°$§£&’%%r e %%w‘gﬂﬂng;?ﬁ% (v t@p pask thapregh riser section

rods 289 Réfestighprithariii@o SURRE L iiNGotMRMGNL NYedth . _
extend 25 ?lut wardly to o%giti (;n ?he mi%ﬂe%i cﬁ% éﬁ%‘olfsmmon

adj alBRff? rimsddy) pounng p derdbpnitberh a the heartburingfeto the drive
doanehien3 ofatidae: @Rt ﬁxrefe\g@oltl)g a g\ﬁiﬁgfiw[rgyhgglt(béﬁs?%t? 73 are mounted

magnetic yoke 101 i nwar ear t
i nadgefrnapgtedgribabeadwinit BS threughnuse of dpainet ownihgbiveks 67 for each

ot M YR 8 S, AL Pt mosin
and dispanaes i lSnerefalswhecmnghet cenngake td B Madowst 2 ehrough use of
h ' ' [ t di | iti d

w t b o 57, 8¢ e ofP e Rl oo e pvices ush as video
dé anednearss. 63Aare Saitedi o chhi@ote@ td The 1Ra¥ @h €5 LoFerably through use of
responsi ve..t o hg@g@nt roller 35, is 15 connected to %

suppl et 45 61:)r FRINaLR siieh ps wibpwigler lishty 68 ue alse eounted or

cyl i et@ectsD s 1o healMuhfify ERHBE QY oPlrQGK O dis k1 © %}Hionally in an
mount supporting the magnetic yoke 10 1 to nove ’
bet WEBPPARENt écrethe Bvesbis fieldon tabrizdnkrted ftonamithin the riser section

ext ended . pPes il bR f ' unpi.son, i ndependent

of the \%i_re ﬁg@'ﬂcB’%eghl%@%e?gargﬁéoieﬁcgéﬂ%% ZirﬂrCBIFneCtGd to the
the il unis threudihwse off sspéntd dresmatting BRGH]67Ref erring to
Figures 1-8, in operation, the operator can inspect an

i nspl@8%3on I@f@éng)ﬁo tHﬁ@llzcsi $8; apécl om B2 gedﬁrgda]gte@mﬁque, prior to
rou t hrou ri ser . section . Referrin

o rieplob o SRR e S e 35 2516 ctitarBtegeacet lliod tapmonnts
| nspEchavary preppaiatymhddlols 60 05 BardindPHM kODAMRERd s)

uni t s%?h as the head unit 25 ?o ttrwe I_lriv_e 10 u7?1(|t 23.8) The
At |BFSO! 6??35 BUESHts sSSPl on-appaipins F injg eithenpraied thy msshsection

BN 123 (Fidudd B HRYAL 84 finear encoder 47. Once mserted, the operator advances or

drives the drive unit 23 to a point that positions the inspection unit 21 in an inner

diameter of the riser section 22 (Figure 2) to locate the center of a weld W with a pair

of video devices such as video cameras 63.

{0053]  Once acquiring the location of the weld W, the operator advances the drive
30 unit 23 to position the wire wheel brush units 73 over the weld W, and then stops the

linear movement. The operator then, in unison, outwardly extends the cylinder rods
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or connected to the head unit 25 through use of a pair

of mounting bl ocks 67 for each of the wire whee

brush units 73. At |east one but preferably a pair of

MPI medi um dispensers 75 are also nounted or

connected to the head unit 25 through use of nounting

bl ocks 67. At |east one but preferably a pair of video

devi ces such as video 15 caneras 63 are nounted or
conné@taddeach ofbe headtingbloc256Psefpertaty wirt hwlsesl brusk amits 73 by

of f rd dis . iJ,JJ.um nat or. such .

ul tr aagtl[lofn&v ?Yegﬁ% &Ji%‘g@%?‘eﬁgf B%Slﬁﬂﬁrﬂl%a’ l%rveﬁe(%h’ﬁ]é}&‘ise@ In contact
to t hdthhthaselinWt RHilk B0 tg bontse wath the MRy W, BieSepebilor actuates the
Optional Ly, _in enbodi mrent where the magnetic field, )
s t SN Sé SR VP OPRGHAP PhiuRPHY &5 Rigssugset foohpgimptating wire

as Paliwhedl brigh@s 88 iveithy el matd tofdr! BUIBLOM LS 1HiSRySRATNel to and
mount ed or connected to ?he 026 headuunit Hﬁﬁ%ugg use o

of asPisFd apdrt fmm theUpagigingl edk of de dfiGosRl hdadf wnitsiA3g 25. The
to Fj = 1) r ni,qye .

0, PSR R i DSn A Ed ETEALERD B w5
t he &pethet otatifig mate wieth aeths8atol clah thdentirolength of G inspection area

havi neumat i.c | i.nder rods.69 by cant lin al ve

g5, 9PBRTTRl Gy 24l Syl BAF 87 S HedSaet higepr taE fnd for
i10S p eleduk the daippsafitidso ik cidah gae&intifaﬁﬁsrl])eﬁldm(ﬁeatdl&gfthiﬁiher diameter
sect i 25 Figure 1 n ets the linear encoder

a7 ehlhe €Sy beats Feldis Dl aTbs hadvaicts Eionergly yaiged only 180
the dédraeg atibtich will #8peBtid0ArBe adN@heRBP hdddMB bd Rated more than one
inspection unit 21 in an inner dianmeter of the riser

sect flfevdution; qure 2) to locate the center of a weld W

wth a %air of video devices such as video caneras

63. [W6431 QwredhaweldiWiinbuffadetheopatrios apddnatiy ectigets dhanvire wheel
the oner akher 7adya te 14t i Oto positi
position the ng¥e eeéq'l tﬂ%}xﬂé \{ﬁ%tinf%% ]%S%Srgarg”htg R/cv)esftﬁn the MFP1
W amddinimetispsnsstss/ Stefitber diectbarvenovsafiibri¢ntly Bijpcamp €reatadd W in order

t hen,_ i ' . rd tends the cylinder rads ..
6 0 P BT e i R0 B Rl Oor i D e RRer diameter
W 1 eofnhigelsedsionsi2. uii s ediBodishentact thatpr&@ntviak sMeioBSthe operator can
(Figure. 8). This positions t Wi re eel brushes 83
in clittigethe W4 el diateiien Ve Y form B neixe 0 (igure 8
i t hintoRger Webislin¥¥ilytaiien arReviat @édi&ﬁtdi&?tm@s%rstﬁewitﬁ/ﬁle Vi&p88ion area of
(Figure 8) connected to a supply of air pressure 50 to

begi A F§EaeriRg - r Ehsonsvée uppeasisases 88Phinediup{avindioivo) to flow
Ot Offyrg3gh BRQEHs BNFRAXIS) YD b&fi‘a{étl-:syrof%ﬁf)@zh In%ltc%rtﬁ t@?%ate head unit 25.
spaced apart from the I'ongitudinal axis of the drive
and Healbad it £52dpn Fith TheeMPO pedbino dispdnsars 76y ¢Hkrotate within the
act uat. 0 Lon nmotor. 51 to.further rotat he :
nead i 10EELE P TP bl B bSITGRI IR i oppeion are
83 twhitd straultdnbenshntispersitgethg MPIedediiin. | TSP in@diuay &8 be supplied
from an MPI fluid accumulator 28 (Figure 1) through lines 27 leading to the
mspection apparatus 21. Note, the MPI medium can include dry particles, wet

particles, or fluorescent particles.

[0055]  Either before or after applying the MPI medium, a conductor extending
30 from magnetic unit 43 (Figure 1), or an attachment thereof, can be pre-formed or

manipulated to form a plurality of wire wraps 99. The operator positions the wire
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within riser section 22. The head unit 25 can be

rotated (Figure 7) back and forth 10 about the drive

shaft 55 to the clean the entire inspection area al ong

the inner dianeter of the weld Wof riser section 22.

The head unit 25 is generally rotated only 180

degrees at each weld inspection area and generally

need not be rotated nore than one full revolution.

f 0054%rapn¥earpiyul thepeferwisngeten oif thednspeefonoprereatonpassing the first weld
opti I t | .. [ 7

and ot e BB ol i WjRaior ot WeUHPr Wikah, He operacor
posi tpr@nddsfﬁedt@Tpomdnuhe diie penpe % of Theeimbhfetic dlirﬂthBt {oyform the

e B B e e e Ry Ao

arsea olehtiioh thBeby MRLYs v«iiduairmé\ﬂhg oPfelll VB edr dSRefi on 22.
In an enbodi ment of the present invention, the

oper goess] C aRithdtdefdrd SufleP rivilg tﬁeaiﬂh%ﬁhéi i8I0 AEHTeS afplication of the
outwardly hy controlling valve 97 1mg)re 8) 20 in
or deMElynetmthe pReratps epiiopally rrfegcts hingidpedisnensersy 55 and then

Wi t h bhciel BRAGEL ﬁﬂto?ﬁ@aasq{ecesgz%? th1 ﬁﬁor? t\h@%& GeraE at least

operator farther causes not to F1ow

t hr oadiacadhiut prstergiy (dﬁtﬂg@r@'eﬁ)hw@h @ﬂnmelééw tobeinsmaeted in order
ggg W &ﬂ%ﬁqgﬁ%ﬁ%ogegqheurrﬂ %116%15 %}02657 gﬁﬁ\% l]ll4mvt1d t%gc%ameras 63 in

WI t hlpDSltlb'l[E theoferater 136G8:s dlmgh@é&nmfzs tapErokinmaedly dfdedres in order to

of ection at t i nspectio ea 25 .
Ohi | SSiafer BF i Stopls 55 PR ORE: el gy e e ontire imner
MPl  rieskiets of @l fxr Safiph D8d Notd, @@ biidPlthanl Al of v1deo cameras 63
accunulatir 28 (Figure 1) through | ines 27 eadi ng

the 25tspadhs @wugb‘bfarw&flmofélfad Wt 2 regHEs Y brdess &W@éﬁﬂm 180
|@clga§e&ry particles, wet particles, or fluorescent
particles. [00551 Either before or after applying the

MPlL @iz m TRe GRAAMCEQved WieBREHNEknalR Qrdnl ATWRY Q%bl%s 63 through

unit 43 (Figure 1L or an attachnent thereof, can
pr e- ﬁlé@Sr?é?dandrconﬁ‘m F pu(fagusel 8): dimwnnémglmﬂlaIowytoof:amwww, record,

wr ap%%fg&iﬁe IJQ%EQQ&J ?}%ﬁé Qigcﬁé %a{ grA?thtel;}?deWc era51073 Moel'l%ﬁ u?t?of video

arou out er er 0 nspection are
encoﬂpsaessh@gme li i The opuedtol usw this ‘héed msmat; anialyze the weld W to
Preferably Ilcatl
Fhor By sy PG L8 BibGE} pEmyolagiely dn v 1 comiigis Sagopperator
of t ben Magheltd Ge baitibn 4Bthk G)VdidJWTif1E\b&i by g Releh Carhbr@led. Where the
mhlch t hen orlentg t he magnetic particles within the

MEl AU pQudes Prea i PRGHeS Hot Eprfatal FEwWeY e 1§ifagr enhance

vi eW'VR‘Gm%f b))’\ﬁltldat%faqy\/ i %tﬁefeﬂaﬂg%@%ngﬁeﬁrﬂﬁﬁwegﬁfl@rlg ifthes from

after form'n he “magneti ut after application
of t H portion o the Inspection area viewed by the video cameras 63.

25 [0058] The operator, in the manner described above, can further move the drive
unit 23, as necessary, to position the video cameras 63 to take video readings on either
side of the weld W. The video cameras 63 can include a scale (not shown) which
allows the operator to thereby calculate an amount of mismatch or weld offset 105
(Figure 3) at weld W between adjacent pipe sections of the riser section 22 being

30 inspected. This further allows the operator to verify that the weld offset 105 is not

outside acceptable limits, as known to those skilled in the art.
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MPI nmedium the operator optionally retracts the M
medi um di spensers 75 and then actuates the linear
not or 49, as necessary, to position the video caneras
63 at |least adjacent, but preferably centered over,
the area of the weld Wto be inspected in order 10 to
view the orientation of the magnetic particles. Wth

the video canmeras 63 in position, the operator
r ot al @591 he Oneathe dmipectios of by Extt Nﬁtdeﬂ&/wl@@lpél@@i dlzssoperator again

or der thﬁe fn?eta?‘f-ngtm{l]‘v i tg'a &ﬁ&ﬁrtﬁlﬁ 2§3tottﬂe ﬁ&g R;.%de W. Th operator
|nspect t al ong e entire inner aneter ot

t he mik hav&eegﬁmmhn@@aﬁohdmf ¢he pobiior oDthb eext tlebhWebapai 0‘11 i6formation
vi deo_canera t he ,ampunt of rata

o DT 288 el e g Beal BY Dhigt eniofan h oG 10y o video
degr eaﬁeras'l.@ﬁl%ind'ghenﬂﬁe EidtfOf the @p&hiE %o ﬁﬂaﬁerw ]Qﬁﬂlon the wire wheel
signals, fromthe %Fdeo caneras 63 throu

and LBk FER Broverthe pexjave By TheopriadpapitAlY ay V epge the head unit

Oper as f (HeakhMi 8Wgerb Qﬁ?ﬂég or 1%%% ﬁ%a@gdepetsﬁgn V\kﬂ@&ver existed at
out put of the each of the video cameras 63 through use

of vilseenclggon ebinggeiing Gadest Weld WheAbibe naxtoreld ¥ashe ppesator can

det oranar i o PRPAES: LFmiE o Wt 80 plERER doseed sbove

dondOncoihs 0peﬂa‘@r oqmehattba: oppmaite ¢ld] aﬂﬁmﬁﬁmeaveﬂdseWp noﬂmaﬂiy three, will
ft 63. Wh th :
P10 MBI L BB OB, TBIGles SoRgas 63 recold in

oper dspictioa meoBNsthrabd DA of BIbANGE0 devRWIBGBr RYmputer 31 (Flgures 1
activa ht 65 preferably positiogned betwee

&
10- 131“{ h é@e %arﬁiogtth%l HorAsSIRe dred ROt 4P deekvigrd 4e é%!mve the

Vi eweipdd¥ioh Apariiteq. cameras 63. 25 [00581 The
operator, in the manner described above, can further

mpve[dobe dr RéRmitb Mol Figdes 89 1 NGLEES Ql'iey heall QmRQSh ih@Hel P Rragnetic
vi deo caneras 63 to take video read I ngs on either

si deyehe 10h dongppkying/thermagnetie Seld deprewikin 15 dsgnsdchien 24 ellas, in an
| (0]
har SR SR el oPbUSUGL DR Bl b8 rppd e ouer

105 digFeigu DéthB)mSatctmelacbananpwsimg theljfagordld W pebe inspected, after

sect ans er.,.section 22 nspect ed. .

Thi sUPUT QY S BpERE NimaRe SuParse PEDapi - (RE EPeRE: optonally
wel dreﬁ‘ﬁétse{e wlidbwhee] bikh woitit i e aametepttabinearl thétbit £9, aﬁﬁecessary,
kno to.those skilled in the_art 00591 Once

i nspl@dRaHign ke paEer yeke |2 HlfWIF%ﬂyc%aﬁlL“@t fpportipy gf the weld W in
oper gi&fto Qg%llyﬁ m@ﬁ&ti&aﬁe@@tcﬂ du@l@ﬁcﬁmﬂi‘}’ﬁrﬂrsnﬁ%tsﬁm@otﬁﬁ%ﬁﬂﬁﬁm a view of
head unit he next weld W The operator

hav esugh gewiep ayithj Wéﬁchawz@ﬁ 6Bf Tbm@em&@. theng in v@frsomh@nwetxﬂy extends

o1 SoULOaRE 90 UL 00 oKL U5k 00 L UL o

25 101 by actuating valve 103 (Figure 11). This further positions the magnetic yoke 101

sufficiently adjacent the inner diameter of the portion of the weld W being inspected.
Note, the radial distance between the magnetic yoke 101 and the inner diameter of
weld W is selected by the operator in accordance with the type of MPI medium
utilized. The MPI medium dispensers 75, which are generally positioned and aligned
30 with the magnetic yokes 101, are further extended outwardly as necessary by
controlling valve 97 (Figure 11) in order to optimally align the MPI medium

dispensers 75 with the inspection area.
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5 caneras 63 provide a visual aid for the operator to
properly position the wire wheel brush units 73 over

the next weld W The operator optionally nay | eave the

head unit 25 in the either the zero degree or 180

degree rotated position, whichever existed at the

concl usion of inspecting the first weld W At the next

weld W the operator can performthe weld preparation

and i[006pECct iTorbegingps inspastioh éhenaperator thkeswetivitesdhamagestic yoke 101

t heO\}gf’ céhh g’ﬁ@?fﬁgo i eaﬁg)eg’ndt Qﬁ%Fe%pﬁgg{}%t § en of %I l%]gdium (not

I NS peladvat),to iotvhthtdugh \caﬂﬁ@ 9%atdﬂha 0sPIohedifne d«spdmars 75 (Figure 6) to

i ¢ <peshe SR S5 nice BBy ot BPenihsg e g Gtopally. e

and IpI M&BuwR I@@s{b@ﬁs@fs 15'1&151 186t bak@actb® brleR@RinADE Rt S8ktruction
back-ward to retrieve i nspection agparatus 21.

15
1006 Withae ding jof gighb Oﬁr@u\flé@ cuperas &g Wit the fragnetiggyoke 101 still
uni t a&%te?nﬁ)% g)ggraﬁr Q&Eﬁ%‘ {rl‘aeo 339&?351@,]1111:09&@1-5}9 lew {1’19 &Qﬁtatlon of

magneti c omwthin the riser section 22.
i n athe wlagmatinapartieest suthini thgeMPI metdierd. ofThp epketaion mangactlvate an

t he aRs. 29 anound th di er of the .
| nopdpalfeliytl R 1R e bles b RRE Pegfopbd Goroximately
11nS p&ot wdl 8 dfcirethe pbhﬁmwé Ithi 1Wplest1dnwfrefaetd aitl inhlvidwing Wiercgientation of
wheel. brush, unltik t he operator optionally 20

r et r FEIRAEPREE REFHLSnheel brush units 73 and act uat es

gnblREF o o<l obre 1B Py waci die AL FoPafimar, senerlly

the weikdpWdsa m@ﬁ&@rﬁ&@om&icysnast@gm% ifaghdtiob nd ﬁislﬁaldﬁ&h area of
portion and sinultaneously maintain a view of such

por t PRIOYIMERINA e 6™ c ARy 8§ opgratorpeugpeiofatioral iy, ST figure 9) to
yai Sgﬂ?‘ce QUNRED Y i ﬁ{cg&%&sgﬁ' rﬁ&gpr‘éﬁfﬂa@fﬁ i dS 189 a%tutable overlap,

each t he nounting supporting magnetic
yoke@rz’samm, Bypeaert an prdgr tpgironadel 98 depieggpesrage)of tningular weld

furt l@@r QB? Tia 1' Qﬂe mg eet1gg$%$1tdgfcm%r kl%&ln%%tl\’&%é'&f?ld h%!iﬁlf Cefxtended

adj acen ‘nner tron o
W betlming ths pmndmed]xal rdlati@, ot tney baehtzabtedl esd &raoeulretweadn extended

W s SR P By oh e BRRTRURY R AR PR TRetr of

ty perigdr sbtlonMRdiukiA tHétihdrb@dal rdfagodVPRedidléss Nhe operator performs a
di spensers. 75, which arq@generall y .positioned and

al i gFfdies Sbingreminiahotatapetthe bepd el 226 fotivaiag themageptic yoke 101,

ext egaedsay el dudSp &?ﬁﬁ%ﬁé%mgheac%t J}Q&/ﬁlﬁ% N@n¥ion of the
97 (Figure™11) In order to optimally align

medi m@gnqﬂlpsqgéwkér@thns thsi MBI oigdiummiopéstaningte léraefh:fecmmts This is
[ 006}300;5§11$§9'uﬂt1f fhe eexﬁxﬁﬁﬂﬁ&h firgfﬂi ffrﬁewe%) o thmg)llé't%n The operator

activate
25  receives the v1deo signals of each from the video cameras 63 (Figure 3) through

controller 35 (Figure 11). Correspondingly, the operator can view, record, and/or
store the video output of the each of the video cameras 63 through use of video device

33 (Figure 1).

[0063]  Once the inspection of the first weld W is completed, the operator actuates
30  linear motor 49 to advance head unit 25 to the next weld W, As described above with

respect to the preferred technique, the operator will have a general indication of the
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through controller 35 (Figure 11) and causes a finite

anmount of MPT nedium (not shown) to flow through

cavities 93 of the MPI nedi um di spensers 75 (Figure 6)

to discharge the MPI nedi um upon the area of weld W

under inspection. Optionally, the 5 NPl nedium

di spensers 75 can then be retracted to prevent

i nadvertent obstruction wth the line of sight of the

Vi deosiioe of sheGizxt WELdTW breed@gthe todomyek adidd pedvided by encoder 47
eratqr_actuate V|deo caneras

activat ed, e 31in

or der@tg& ev}@w ARE: B BieapaessR ProEler giiwal aid o thE operater to
par t igrbgslyWokifioh tReh@ird/Rhec Bt nitd e RBEhaLEkt WwaR W. At the next
activate an_illum nation device such as ultraviolet

| i ghtsel65V.phe paeraler gappafarmdhe o cldhprepaitica aidyingrgotiay steps, in the
ta 1%31!1151‘)&'93% 3RSl BhcOfne o?@ra’toﬁ‘?&%ﬁés'tﬂ@op@)roﬁ% &, ?1 &k the welds
in viewng the orientation the magneti'c partitcles.

[ 0062¥ Wiﬂélama@wenmsq;eqleﬂs evithQlls vidéronendings dfliiee ¢dch v theatided cameras
enbo generally only applies a magnetic field

of suf3fI| Cl ent st rengt h to magneti ze and inspection

area

act ua{ﬁes r ot o>1<ﬁvrmﬁ§ %n%af 5@@9‘%@%3&%@@}; ?t?%l%%g ?ftbclleé‘f guspection of

head risai pip@Sectibfs oM & [HPETHIS aﬂfidsa@@ﬁﬁ@ﬁu@f}@ 1iertpipB GE&Sns to land
| ess a,sui tabltg%%verl ap for, exanmple, 15 percent,

in
oPdert STPPBE e PagEnt @5@@@8&%\?&}%@%%@0& (e BiRpruftegn the exterior.
vel d mmadpéctfdat iaahiy av&h? s [T d}?otééﬁlﬁﬁ’y ]&céun'@?é’d r&EBIJ external

activated and outward y ext ende during

i ncr SAEMEEl  Thst Bdersndel Yrmyvabke PeBRtEEt @ad@n@cwm@ndate for out-of-

subs gguRIng yﬁf&ﬁﬁ&@ hafhk 8h F&iﬁ%}ﬁ{b@e gt

prevent i nladverte cont a%t W teﬁ | nogél?ﬁé l% Roftatmg the

t he 2Opedtioarungelessi ban 2 dul tumy atlbres thcwmmmdaﬂubes to be connected
t at erator. erfornB

OF' e SPIR Tk chd et R BBt ighs 330 *Fhere is no

act i watd fogeletidcaralipahgseny edestiohBlltype Iﬁhlﬁﬂﬁﬂ!Sl ng MPI

medi um upon the inspection area, and view ng the

or i ef@les] onWifilettheinvengnebs beepahbive kresnlwink i Iofhti FembAL should be

nmedi um to a def ect. exi st.s

accofpa e g@dﬁ’ﬂ?ﬁ%{%ﬁﬁ%m@)@g#ﬂe\% it apt lmell:?éqﬂflr is shscgpsiie {gyvarious
IS conmleed RithdNQlcPRBRATOM BS EREVFVRSIVERio] U89 example, although
signal s of each fi-omthe video caneras 63 (Figure 3)

Ar oSV desResiene| Ber 38PE Frigler stotet) homentelypatidi mgHifications, the
the QREEALRYeAA M @N&utx#@%%le AP HER F é)e%%%{ 1? niBEv 1(91?12 as well.

out put  of the each e video cane roug
of viAdwedforiexanpde, aBEDU(gElﬂytNléeOl()amel@@'&@elsI@wmamdm&d to the outside of

i nspggt f. the.firs
oper g}ceofPR%é?dlS% Ftheé‘% ig’cnﬁ’lég parat Fhe Ca%'&(?éﬁ%‘gd Rigygatively be
uni t mdonted oh ke imde orve ntbulted Asa ﬁt&ﬁ@thd)@dur&iﬂg‘b&)cm_t h

respect to the preferred technique, the operator wll
have a general indication of the
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20 position of the next weld Whbased on the odoneter
readi ng provided by encoder 47 (Figure 11). Al so, the

vi deo caneras 63 provide a visual aid for the operator

to properly position the wire wheel brush units 73

over the next weld W At the next weld W the

operator can performthe weld preparation and

i nspection steps, in the 5 manner descri bed above.

Once TIHET 63 ATMED I8caches the opposite end, all of the
welds Ww Il have been inspected, with the video

readi ngs of the each of the video caneras 63

recofrded. Af ' [ significant
adva%tageéﬁﬁgé%%hﬂqﬁ%gh@¥gﬂ%i%ﬁ%ggﬁgbection of riser .
pi pe sectjons L l.S..aveids tran rting the

ri ser pipagseé?ﬁ%ﬁggfga?gﬁg&mﬁ%%g%gmgg?ﬁ 'HﬁﬂFﬁ%dmpmmﬂemda
buoyaideo dendzers in order to inspect the pipes fromthe
exterior. Inspecting internally avoids probl ens

pdt enti al (by enosuiigethe tedinenit Mtoex pipe RAl coB@fing MRS healNRit along
i ndependent |y novabl e nounti ng bl ocks accommobdate for

out - of PH*ound pi pe and for pipes having an inner

di anet er 5 differin izes. Rotating,the inspection ,
uni t | esstt haf® Smflgltﬁe E‘iﬁ‘ﬁrpr’étl PAREOLHR Het placesfe MPI medium

t ubesgispedsdrdfoe 8 ©eld 1dedbdugiak ke 10T WRSRn & eHE: to BfFknse the
t he ﬁé%erlor wi t hout over twi sting them There is no

needV¥mediuarqr 3t depst aarion qfifeeweldid r ot ati onal type

mani fol ds.. [ 0065] . Wil e the invention has been shown

ih only tidb oftPPlywes b magneticr figld dol @ lsest aapprtiorf tho weld to be
t hosgssikielil &4 in the art that is it not so limted but

IS susceptible to various changes w thout departing
fromthe @FOD%onioﬁigg He WA LA £ ?551@8&%‘! sl’ace%l HEWAD device
20 shown inspécting Tiser pipe white stored

hor i adtasesil thy weldianfh viepudig the affead 0 thetnirgnetionfgdd on ileMPI medium to
devi Ml whil,e. the riser pipe is
sus6g§ﬁ§g&%%P$$?gPF9wé§£ﬁ@P¥ggé%@so for exanpl e,

al t hough the video caneras were shown nounted to the
outside of the forward disc of the inspection

Bppat-at usthetthethed decordingréir elsine duwdiemin eiem4¢)i aoadpyiskrerotating the

o 82 180, 5 R RAPAIE & %ty 3h8 g 0 e e
i nsphansterpfpheprsld.conpri sing: (a) nmounting to an

i nspection head unit an MPI nedi um di spenser and a
vi deo devi ce;

3. The method according to claim 1, wherein:

step (a) further comprises mounting a wire wheel bush to the head unit, and
20 step (c) further comprises:
positioning the wire wheel brush in contact with the weld; and

rotating the wire wheel brush until the weld is clean.
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5 (b) inserting the head unit into a pipe and
conveying the head unit along the pipe; (c)
positioning the head unit in a position that places
the MPI nedium dispenser adjacent the weld, then
causi ng the MPI nedi um di spenser to di spense the MPI
medi umon at |east a portion of the weld; 10 (d)
appl ying a magnetic field to at least a portion of the
weld to be inspected; and (e) positioning the head
uni t 4 n aTROfeinb@cdoRthe B AR, bil&eil deo device
adj acent the weld and VIeMAn%:f e e fiﬁ%{o% t%; .
magnetic i 1428 cMRL et Al Wt e dd e i APHE 1Bl G,
if the meldﬁﬁgg a%y dgfec%gg fgﬂ?}g?ﬁ; netho& '
accordi ng l.aim: rei . [ .
ot at i ng- e P R D e e R Bk Bt of the pipe,
uni t andhi l e viewing the weld al ong an inner di amet er
of the weld. 3. The nethod according to claim1,
wher ei n:  stp() Caprises ohgingabapell st theotiddd degica. Wi re
wheel bush to the head unit, and 20 step (c) further
conprises: positioning the mﬁrﬁ wheel erShﬁhF cEntact
wi thsthe wel diqan t PRk HEWMLS BeR) AS Bomorises takin
unti IS. t hem%el d i squ(_)ggﬁ‘? %gﬂﬁﬁ _Tﬁe rriglts\tg%dégcpor di %Iléprtlsgét &
cl ai ¥ideo rapfimeedmbotk sides qfae wddpr rdego cdemige vix nffscaof the pipe.
sel f-propelled drive unit to the head unit; step (b)
conprises driving the drive unit along the inner
di amgt er Pfe hBBoLidRErdingdD laiy $1@Rkrdift) CONPri ses
| ocating the weld withthe video device. 5. The nethod
accor di NGst&P(af hdingd chmpWR&HbhiRs £Malflic Hkd %ke head pnit; and
conprisesstaa?ng viggb reading{foﬁggﬁgk Eﬂgegaé? ;wéan
weld in ofgeia)t Qudsedhadi HE JoRE ML L longitudinal
The nethodqgggoré@ﬁg tg,cﬁéﬁﬁk.lf %ﬁ%Fél_P ste%léé) ongt H{
f ur t prafer b Wiy W@éwmmmgmwena:gﬂetmagnMﬁohedﬁ tahplyhbachagnetic
uni t ; . r.ises positioning the
nagnggﬁgggé%gaé Jé%g%?ﬁg 8hgitudinal_ center of the
wel d and appl yi ng power to the magnetic yoke to apply
t he magnetic

7 J The method according ‘to claim 6, wherein step (d) further comprises

extending the magnetic yoke from a retracted to an extended position, then retracting
15 the magnetic yoke and rotating the head umit after taking video readings, then
repeating step (d) at circumferential intervals to inspect adjacent weld areas until 360

coverage is complete.

8. The method according to Claim 6, wherein step (e) further comprises:

simultaneously dispensing the MPI medium on at least a portion of the weld

20 when applying the magnetic field with the magnetic yoke; and

inspecting the weld for defects when applying the magnetic field with the
magnetic yoke,
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field to at least a portion of the weld. 7. The nethod
according to claim®6, wherein step (d) further

conprises extending the nagnetic yoke froma

retracted to an extended position, then retracting 15

the magnetic yoke and rotating the head unit after

taki ng video readi ngs, then repeating step (d) at
circunferential intervals to inspect adjacent weld

ar eas?- unt iThe 38thodgesmdiagé Chin dnphetie thBwelllgiendst dicdmferentially

' G 3l b ' furth .
Corprs S0 6 gl TRt RS RaPeChiB st 43 eaipana e e
on atuniteatated despthiah banfullfredoh@ioneditic sk (MebeiBPpirioimed.

the magnetic field with the nagnetic yoke; and
I nspecting the weld for defects when applying the

magnet, ¢ f, gl it h . magnet i oke,. 23 9. The

net hg@' ac (f:SL oﬁﬁﬁlﬁgﬁf%‘n@%ﬂrﬁ 11,& wher e°|¥l}1 N tﬁlél r%%lnﬁere%’eemugh use of
cisr c undgeetrpartidld ymaghpovRd, tthempthp®congiidinehibe daistofi S

st opped from novenent al ong the pipe and the head

unit rota(®d | pesididgansedfygopalled inspstion bhmtatwWhivite aSti@dd device, a

(e) is bei erformed. 10. A nethod for inspecting

riserf etﬁ"%ﬁ‘%ﬁ’%ﬁ“ﬁ“ﬁfﬁ ‘ﬁheteﬁé"“f‘h’ §T§ apyMELdispenssigh use of

5 nmagnet i article imaging "MPlI," the nethod .
Corrfp?i Si néb)tp he&g‘{l%g‘ledl?s:%ectﬁgjl aBP%WHIhﬁ(glgg an ]1’11’.161' diameter of the riser
sel f pRfeQReldcathd HwHAGHIWAViIARRRYRLUSnM th a vi deo

device, a retractable rotatable wire wheel brush, and

an VPl di syepefding (HRwitl wideDBrubiBitd EbRRELAR heARRA LAY HRating the
t hrough an i nner dianeter of the riser pipe and

| ocatiisgvhechiandr witid # lepsta praboeitheweldihdean; 10 (c)
extending the wre wheel brush into contact with the
vel d and (Beaplying ampgnetig fiedd iptsaarealsf thehveldhtol He ingpettedist
a portion of the weld is clean; (d) applying a
magneti c fd) &praying apMRjreelivh fohethodBY dispenser pn dpetaeet the weld
(e) %P&ﬁ%%ﬂﬁmﬁQmHP| medi um from t he MPI di spenser on
fthi

the area e weld to be inspected; and 15 vi ew ng

t,pe positpon j.C rti.cles. wthi.n rh | .. .
15, DO, 0Byl FRAOSLH S AGA A BPull hi S ol i
wel dthevdeo e caetthoebiaiogectdhaigekio cl ai m 10, fart her

conprising taking video readings on both sides of the
weld to thereby cal culate an offset of the riser pipe.

1. The method according to claim 10, further comprising taking video readings

on both sides of the weld to thereby calculate an offset of the riser pipe.

12. The method according to claim 10, wherein:
20 step (a) further comprises mounting a magnetic yoke to the inspection
apparatus, and

step (d) comprises positioning the magnetic yoke adjacent the weld and

applying electrical power to the magnetic yoke.

13.  The method of claim 10, wherein step (d) comprises wrapping a wire coil

25 around an outer diameter of the pipe.
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12. The nmethod according to claim10, wherein: 20 step

(a) further conprises nounting a nagnetic yoke to the

i nspection apparatus, and step (d) conprises

positioning the magnetic yoke adjacent the weld and

appl ying electrical power to the magnetic yoke. 13.

The nmethod of claim 10, wherein step (d) conprises

wapping a wire coil 25 around an outer dianeter of

t he pépe. TBd ikthoThecomtlingd tac daichi nip,t oviGrewn MO, weld extends

wherein the d extends. circunferentially around the

ot e chatm et b CIRE Pinsy e F 5 FoviherioR Bifgemig dlone the
pi pe pipedind aheaichnitvif thedhspebiton \RSPEREAt@ Y MBiubSofdak &lIBRvolution
a naxiqun1of one full revoluytion while steps (e) and

(0 ar@paeRyChEkGrebengremahe net hod of cl ai m 10,
wherein the magnetic particles include florescent

particles visible through use of an ultraviolet |ight,

and wWher le’il"hle lﬁie&‘{l?d (o) cl:fihhtl‘ 10) evherei M MRt QdAicldd gn(gh& florescent
ultravi.olet Light tq the jnspection apparatus, an

st epP{ifyies fvw‘ﬂ%éliﬂouéhﬂﬁ Seén i”l?tFEIY_Fﬁ???alﬂ g?tdhBhergn e §a) further
par t tehfisseWiniduntife thel hlkavibRl Ebht! OBt - indBetioNappRRAALHS step ()
for inspecting pipe, conprising; 10 a head unit; a.

wi r e Tsthgsepramises idumptingide megeetigpptickes it teeaniragolatlight.

i nspection area along an inner dianmeter of a pipe

wel d; an MPlI nedi um di spenser carried by the head unit

for dé.spensipgrais MPinspddBal pipe, @BmphEngd:Nspect i on ar ea;
and 15 a vi deo device %arrlggéby ?he %ead unit for
Vb ew ng aj hddasd; portions of the inspection area
after being sprayed with the MPI nmedi um and when under

the influeneenth careBonetd ead Lk tbr clefning RS HRPRAALHS: along an
of claim.16, further conprising a drive unit including

a frafe UyBeenRy a@ineowidt udi nal axis, the head unit
rotatably connected to the drive unit. 20 18. The

appar at usaoMPE mgdim Aispengex pravicd byndhd Beadgimit foadiispensing an MPI

dri V&eﬁfﬁ&%ntﬁ@ﬁqs%e%@é@*ér@ag_an& he head unit relative to

the frame about ongi tudi nal axis of the frame to

ppsi tion , Lhe, %Jiﬁ%é&b?%eﬁ?e%@tun{tg& %/igﬁzﬂa%citilgzﬂt %51%%1’15 of the

to thereby clean e I nspection area,
inspection area after being sprayed with the MPI medium and when under the

influence of a magnetic field.

17. The apparatus of claim 16, further comprising a drive unit including a frame

having a longitudinal axis, the head unit rotatably connected to the drive unit.

20 18.  The apparatus of claim 17, further comprising a radial drive motor for rotating
the head unit relative to the frame about the longitudinal axis of the frame to position
the wire brush adjacent the inspection area to thereby clean the inspection area, to
position the MPI mediuvm dispenser to deliver the MPI medium to the inspection area,

and to position the video device to view at least portions of the inspection area.
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position the MPI nmedi um di spenser to deliver the M
mediumto the inspection area, and to position the

vi deo device to view at | east portions of the

i nspection area. 25 19. The apparatus of claim 17,

wherein the drive unit is a self-propelled drive unit
nounted on a set of drive wheels and includes a set of
support wheel s spaced axially fromthe drive wheels

and a9 i n&bg appeiats ofoladn 1Apulndred thealriveandt fsoareeiBpdpelled drive unit
coupl ed t he jve el s, for noving.the frane ,
ot 0B g Sl dritE SfheER =8t inPhaeA L5 eobper VEl spaced exially
appatiatiithe dfivelvhedR dnd, a A Blive tB®r WouBtel FIBR frame and coupled to
conprises a.p red ,rofatable wre wheel. 21. The.
appaf§idye sheels Gy moyine the ks incadyplons i ipterier of the pipe.
extensi bl e menber on the head unit, the MPI nedi um

di spenser bei ng nounted on the extensible nmenber for
nbvep@nt Died wearid tRtLEE1I] wabkin thee¥ i NHedh PaShistO®R- powered
10 22. The a rgtus of claim 20, wherein the wre
brusﬁ“%ﬂﬂﬁ?@ggic ‘rotatable wire wheel, and wherein

the apparatus further conprises an extendabl e nenber

to which the wire wheel is nounted for novenent

bet wekn aTheeippactus dbfahdimad, éxttendedpridQsid kxtnsitdd mekiber on the

appajat.us..o | ai m 16, erein the video device |

co rrpati?ag eu§”tth§ Ic%?];ﬂe?]ivmo‘ﬁ@p CREET DR PnRLHRgr sthpsicpeible ppember for
t he headndifbétwedWrehREPind ahReteh@AGowRbA.  urt her

conprises a plurality of ultraviolet |ights

positioned to provide |um nescence to exam ne a

ttern del i ver ed MPI i um f or ned en subject to .
D o oo B 8Bt 20 b b ) ook § pothShie wire
f ur t Wegel, codWhedim the aippRANE Rirthey OdiBpriFRYU M BdedbleNBember to which
head. unit t gp%netize sections of the inspection area
of tHE Wikt ghedloiSmounigll fo mprement thepveen o eritartsd aadpipextended
wel dodsitem) Wi thin a pipe through use of magnetic
particle imaging "MPI" conprising: a self-propelled
drive unit nmounted on a set of drive wheels and

i ncluding_.a franme ving a longitudinal axis; and a ]
[ ot dtabl R ERRRTES PP@E'}Hh B O heradepysise GpinpRisgs a plurality of

O | V8dedNdaineAB thdufel UslimRGiead ¥t and ShakAlhy nRAWRS &N 'Emprises
wheel brush carried by the head unit for cleaning an

i nspeBrANY &f adraideiglialis pemiéqneditarmedde dimiaegsenre to examine a

vel anttem of delivered MPI medium formed when subject to a magnetic influence.

24.  The apparatus of claim 16, further comprising a magnetic yoke mounted to the

head unit to magnetize sections of the inspection area of the weld.

20 25. An apparatus for inspecting a pipe weld from within a pipe through use of

magnetic particle imaging “MPT” comprising:

a self-propelled drive unit mounted on a sct of drive wheels and including a

frame having a longitudinal axis; and

a rotatable head unit connected to the frame of the drive unit and including;
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an MPI medi um di spenser carried by the head unit for

di spensing an NQ nediumon the inspection area, 5 a

vi deo device carried by the head unit for view ng at

| east portions of the inspection area after being

sprayed with the MPJ nedi um and when under the

i nfluence of a nmagnetic field, and a radial drive

notor for rotating the head unit relative to the frame
about the | ongi retelilisl posveres wfre titeelf braste caroep byi the dwad unit for
the wre wheel ﬁangngaagjﬁace N nspecti o are

thereby clean § CerTOR aléﬁa ng%&mﬁ%‘é lgmeter ?Ti?eplpe weld,

I VIPI mediumdjs ser..to.deliver t . .
the inspectioff 12‘?25“ el APRPmES & |aﬂeg%y¥ﬁ% h%%d%tnﬁ’éﬂsgﬁnsmg an
to view at | easfPl mpditini chnBe BEpecktidh drfgpecti on area. 26.

The apparatus of claim25, further conprising cylinder

reds for extenghidgp ddvite cdiewbl €hahae unib faiShevwiag belehsy portions of
outward fromthe head unit to_engage the inspection

area and to rt8¢psectiphaespiieE b@@ﬁééﬂ’faﬁdl)’élﬂl thagﬁémfgdmm and when

i nvard to_di Sepaadge otk bea heRkic Metislha f rom cont act

with the inspection area. e apparatus of claim
26, further copphia$iang %lta EQESHE Head
MPI nmedi um di spenser r%dl arn@ﬁgﬁttg%s'g ?‘r%mﬁ%lﬁ%hm oftie frame

unit to a posﬁbpuinthadpmdmaltﬁes oP thei fnape bt poriticr 8 wire wheel
? dto retract g&@&t lYI?%] q%écBSH%?Ja f qﬂér% A }efleé.rp g%rmﬁqﬁactlon area, to

e position acen e I nspecti on
appar at us of qioautmn e, MAhmedim: dlstphﬁsel‘ i ddliakl tjzle pﬂWen@iﬂum to the
' Wi re

rotational wr.e brus

brush; the NﬁlSp\{l”\rA%}H)ﬁlu?ﬁe% @Qe‘i‘?s%?mf% Tz‘ef‘flﬁi@t d%‘ﬂ} f?m“ew at least
di spenser; 25 goh#nbeptle uRpdctibbitdeher conprises a second

wi re wheel brush and a second nedium dispenser, each
spaced 180 degrees fromthe respective first wire

whee sh and, the fir to.the.di,spenseger; .
and 55 ¢ nireBRanh oF ol 25 G (bR ERAT B fenging te
and fvbe Mheél&&uﬂﬁgdleﬂﬁ otitevand &a[ﬁ thé@hehdapitl ty chvbigenie iﬂsﬁéctlon area
to the entire_ ins tion | on he i nner dianete

of tHE Sfe th%"'%fﬁeeg%%rra ‘gl (3v%e] (1 di5eERee v By fheel brush
the frhid@endlewWiteheRIRkiisEgea plurality of

27.  The apparatus of claim 26, further comprising cylinder rods for extending the
MPI medium dispenser radially outward from the head unit to a position adjacent the
20 inspection area and to retract the MPI dispenser radially inward from the position

adjacent the inspection area.

28.  The apparatus of claim 25, wherein:
the rotatably powered rotational wire wheel brush is a first wire wheel brush;
the MPI medium dispenser is a first medium dispenser;

25 the head unit further comprises a second wire wheel brush and a second
medium dispenser, each spaced 180 degrees from the respective first wire wheel

brush and the first medium to the dispenser; and
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5 video caneras nounted to the forward disc for

i nspecting the weld and rotatable with the head unit,
and wherein the head unit further includes a plurality
of ultraviolet [|ights positioned to provide

| um nescence to examne a pattern of delivered MPI

medi um for ned when subject to a magnetic influence.

30. The apparatus of claim?25, further conprising a
magneti ¢ JiisehBuihfetees with fhe drivg shafhbackring fergh 180 degrees to clean

MagNGhi 26,1, Mib1vh {dnARSinecti el ' !
L
the mweddl unit includes a pneumatic line to rotate the
rotatably powered wire wheel brush and a MPI nedi um

line to supply MPI  nmediumto the NTI nedium

di spepser ThaRgha AR & cmailf'l%aa%%inocﬂe L{igo BEAG MRldrisksSa Prality of

nmore than one full revolution to prevent undue _ _

t Wi stvideg cafcrahmowredivghé forvardelissior inspectingshé/Meldradireiatable with
linepe2fag unit, and wherein the head unit further includes a plurality of ultraviolet
lights positioned to provide luminescence to examine a pattemn of delivered MPI

medium formed when subject to a magnetic influence.

30.  The apparatus of claim 25, further comprising a magnetic yoke mounted to the

10 head unit to magnetize individual sections of the inspection area of the weld.

31.  The apparatus of claim 25, wherein the head unit includes a pneumatic line to
rotate the rotatably powered wire wheel brush and a MPI medium line to supply MPI
medium to the MPI medium dispenser, and wherein rotation of the head unit is no
more than one full revolution to prevent undue twisting of the pneumatic line and the

15  MPImedium line.
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