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or other effects that typically cause noise when measuring small potential differences.

According to an aspect of the invention, a system for monitoring defects in a structure
is provided. The system comprises a power supply for supplying an electric current to
a monitoring area of the structure and a reference; a measurement circuit for
measuring a potential drop across at least two contact points of the monitoring area

and at least two contact points of the reference; and a processor adapted to determine
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DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the present invention will be described hereinbelow with
reference to the accompanying drawings. In the following description, well-known
functions or constructions are not described in detail to avoid obscuring the invention

in unnecessary detail.

A system and method to monitor defects in a structure, e.g., a pipe or vessel, and to
directly determine and quantify the amount of remaining wall thickness of the
structure are provided. The invention will monitor a predetermined area, e.g., a
monitoring area, of a sample and determine the remaining thickness of the sample in

the area. This data can then be used to determine the safety of plant operations based
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Measurement of the potential drop is accomplished while current is flowing from one
electrical attachment, e.g., a lead or electrode, to another attachment. The current is
removed and the potential drop is measured again. The two potential drop values are
numerically subtracted then divided by an internal reference potential drop of the
monitoring system yielding a corrected potential drop value without offsets and gain
variations caused by a variety of effects. The same measurement is made on the
reference component. The corrected potential drop measured on the sample, e.g., the
pipe or vessel, is then divided by the corrected potential drop of the reference

component yielding a ratio that represents the difference between the current flow



nunerically subtracted then divided by an interna
reference potential drop of the nonitoring system

wQr@basae a corrected potential drop val ue w t POTIUS2004/025880
of fsets and gain variations caused by a variety of
effects. The sanme neasurenent is nmade on the

betwQ&hahe R n&e WRPNSHtthe FORr&RE ! Bk @4t PRI BREIR br&ofional to the
measured on the sanple, e.g., the pipe or” vessel, is

differqnee ehitweatdbe mpteriabthicknescndglie punelatand theefiensie cogonent.
reference conponent yielding a ratio that represents

et b 455 R RELS B0 Ao SEaH E R R el fpgrsed.

Gendadlly, ahel hhigtoriagesygnae. 1 Thiwillr addledd $ divl@ehdnhel monitoring
proportional to the difference between the materia

appgrafusidd @ squnled torrestrigiise d 14riel be meoniiorest Eqt Bupesss o elstration,
' 0. F iy 0.:f.0r i tori

e GERELIBBOEFR Fip & PR ATLARCobOr IR 60 kg g

embadithéras iofgthsystem 110 idalyl bé nskddeitlh anyl tieetticaliy edonducting

nonitorin appar at us é;Z coupled to.a structure 114
Strupgrg, SUSEERDI 1@ ASToRtSY SPch P8 <081 o81On; PFfBEr SiRFlth Ste- templary

stru?%ﬂ%égﬁg)g ‘ﬁlcﬁ.g%‘r’iﬁ{)és'? vEs@s, darll®, 8s PRI 408 Rburds RiitCeonlflicated

u stood that enbodi ments of the system
geofk@iasmychoms wedé degidrtshjoamty, wllesstaniddwhl gxcbargguct i ng
structure susceptible to defects, such as corrosion,

Lttin racks, et.c. Exenplar ruct ures ma
e ie! 1 RESS  Elenc ER BN LR ol Bl ol The
reféférich c6RMPBhdnE al € thel@ied ABtdakesneStifFendtnj¥iod po€tdl 20NRr applying
joints, valves and heat exchangers. The structure 114
a ppyye! sereee and af iqashere paHpeheertaatiprigiidl %2, et fosrmepguring a

pot%g%g td}oéoﬁof 108 etk &lcE fﬁsggﬁn%ﬂw Pa! eﬂ&ez égogit.blqﬁ % § IS 1r]133t ng also

e current In on port or a
inclpas\erlesso teCignianittoatact paisits M6e 1 P&l Theaftructund 4 widbaled snclude

122, 124 for nmeasurjng a otential drop, of the . .
an e SHedio R higeWheh o ﬁﬁlﬁﬂlflﬁi‘?“n‘ﬁﬁhrcélge&&@?ﬁlf’? port
120?&2121%1101\%%&%1 @&rrélﬁ@ého%&gg]mhé’ém&%fem. poi nts 126,

The structure 114 will so i nclude an current

i njection port 130 which when in conjunction wth
Opicanatlgnthe sinjcdweingy ipdpde af fostniel adgitional wifrengej qoaponent 140
rre

G5 ok SO LR 08, P MBI en R QPR Yoims
142, efier@neat @enonpodt 132 6nay ehdediin godundtmstitio B@rent injection
current injection port 132 and at |east one pair of
porg bt 198 tnjgsgng carrent Apmuitaple pethsy ent i nj ection port 132
may be used in conjunction with current injection

1t iR Be abpfecfafid thiti BE HoRGofE 2P 11 P mAY iddleSs PREIRY of pairs of
contact points arranged in a sensing matrix for taking measurements of potential drops

across the structure 114.

The reference component 116 will be electrically coupled to the structure 114, for
example, by welding, in that, when leads 136, 138 of the monitoring apparatus 112
are coupled to current injection ports 130, 120, respectively, electrical current will
flow from one current injection port to the other depending on the polarity of a power

supply coupled to the leads 136, 138. The reference component 116 will be of the
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route the potential drop signals to facilitate efficient energy conversion and low-noise

differential measurements of the potential drops.

In a first state, the measurement switching mechanism 206 will read potentials from
the at least two contact points 122, 124 of the reference component 116 and, in a
second state, will read potentials from the at least two contact points 126, 128 of the
monitoring area 118. It is to be appreciated that if a plurality of pairs of contact points

is utilized on the structure, all pairs will be read simultaneously.
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LIt ds to be understo t he nunber . of A/ D .converter

sie ' SpoioBEe e g P Dhe TnbOp GRSy ShabaTichg o

confdhbhic£RAV Biotigles2 P2 OfoM trhnsf@aidgt the Uahues af s@mfal R§stem. The
anplifiers 208 ugon receiving a read signal fromthe

conippRigation chedBntd 81 WYl beomlapteieweb iy Bprndadred sqogaectigi port for
dov@ﬁoascﬁlgk; di@ & thge&é)lﬂga] r@g’é{eﬁf%ﬂ{ﬂoﬁ)u Slirefese h@dule for wigalessly
errects t

processing to determn to e structure an
trarfs@erring the data to the central system.

The second microcontroller 212 will have a multi-channel interface for receiving each
potential drop value of the pairs of contact pairs simultancously. By reading the
potential drops simultaneously, the monitoring apparatus 112 effectively reduces
measurement noise traditionally associated with conventional monitoring systems that
read sequentially multiplexed data. The multi-channel microcontroller 212 also allows
the monitoring apparatus 112 to save power since the drive current only needs to be

turned on for a relatively short period of time compared to a multiplexing



data | oggi ng. The second m crocontroller 212 may al so
i nclude a nenory, e.g., a non- vol atile EEPROM nenory,

wo 20058851 or | ong term data storage. The noni POF/USZP04/025880
apparatus may al so include a display 216 for
di spl aying values at the site of nonitoring.

meafHenbhO RN, whit® rBRNidsAhd Ber@RREFRhAIS 0Bl AR lnvSur8ments
conmuni cation nodule 218 for transferring the data to

are eoided.r Ahisipstvammedscthatdbermamitorng appanstul B2 pargongidte off of

o R e BE o RSy BB s o
mor¥hrd|RbRSSatiBighH With @muMiplek&bsSkyém.t ransferring the data
to the central system The second mcrocontroller 212
will have a multi-channel] jnterface for receiving each .
Gengistlyntha nyerfiony dfsgevey e Bayels hbeturagcapaspgs. This
extend et%‘?@gqi% 'ang;)é]lB@/g(f&&gtr—.ttJ}ﬁl aReLE '%'c@hi(qé@ R&atistical tools
simultaneously, the nonitoring apparatus 11
can éfef ggliadeky the doige sernmdata utoe fetiier noipsevet thadprecisival dnd drift

associ at wi th conventjonal npnitoring syste t hat
perfpagnce PSPPI | PclbYep it S IPHe nﬁiﬁﬁllelf- Rafiyprters
that By &IPGPRE a8 loBEratelid AAR] &) Wiz AE afROAE &F i that the drive

apparatus 112°to save power since the drive current
currgnt] yeedsetts beoadsyatedudwew the freaswmementat This| seduérsr the power

eriod of .tinme. conpared to a | tipl.exing.7.
conB Pt A o oS P SHRE e oy fion FeBgs e use of
statiditL Righ R0 PrdREsihH Bn M dRMNto ERUES BRhMoA oY hdisedpresent on all
measurenments are recorded. This in_turn neans that
of thenpeasprement ahgneghp araehugouldmog he pesseriatfdhedgta ghanngls are not
. I ry for a longer period of tinme to perform
mmé@%ﬁéﬁﬁgggbg%dhg to obtain nore reliable data than
wth a nmultiplexed system GCenerally, the invention
A megtes! fue myorliioringelefeotsen ai strubeireved hberdasstiba@hiesio w.in Thrjsnction
.eéﬂﬁgds the battery life and allows | onger-termdata
with “collected. Statistical tools can be applied to
the long termdata to further inprove the precision
Initi@Ng, tHE polver BEFIIPLOBREER s@iply BRcARamHERNBAhSrefdiBfice component
invention enploys nultiple A/D converters that .
116gpdshnpie vie amgnbipegcape pprs pal.al30dbtep 0. dibgicpaentsavitching
mec%gnlls’lnqt%(% a%(ﬁ I ﬁqgsstt]lretnl?e%t g{vlitXl%n %Jc%%ﬂgm%%d\%ﬂ]t e Plﬁtheir first
actTvat ed uring & heasur enent s. IS Teduces e
stat@OWefter CtBBS paiAt bO rth@nmpladrs | 208t @se |sengist @¢saribed above, the
operation. This also facilitates the use of
meagprgiiet jspaichyigypsrhanisse 298i Wil switelhdo digtsgcons! sigtfueseto read
pot&lﬁmgﬁ%%s%?'tﬁeemeﬁﬁ&ﬁ@ ar®D1 & bf the structure.

I/ EXT_I'({/‘__ON

The potential drop across the reference will then be read via contact

points 122, 124 (step 304) and the potential drop across the sample V,""'-%" will be

read via contact points 126, 128 (step 306), where n is a channel associated with the
pair of contact points. The current switching mechanism 204 will then enter its second
state stopping the current flowing through the reference and sample (step 308). With

the current stopped, e.g., the off-state, the potential drop across the reference



of the neasurenent channels, which would not be
possible if the data channels are not sinultaneously
wa200pl0&d52 A net hod for nonitoring defects in aPCT/US2004/025880
structure will be -described below in conjunction wth
FIG 3. Initially, the power supply 202 will supply
EXBli@Clart C =€ t h t
v WA eCRlad ! QidoNS10/° 6k GAE SoRagRORR agrg)g’sg 61%1§amp1e

sanple via current 1njection por
sig@ 2)Fr T r i ing mnmechanism 204 and the
Vs rreasuygigg‘%st%%%vﬂgﬁﬁfe%ﬁ%zchani sm206 will be in their
first states. After the gain of the anplifiers 208
The®lo®r&%dd ASteites G PRA 1RO RErentFill THRABH 5E{E?1ﬂ§neﬁ‘@grt Bi-Aing
mechani sm 206 w Il swtch to its second state as to
the fiestdpotenti@ndroplvatireopy el o sstadé potestiatodriop omiveganar dsidirfgBthe

GHTREPET EX a8 VSRR T THIARC B (et D RecBRvaLe TRBIFER14)

as fdi%fws:124 (step 304) and the potential drop across the
sanple V''-""""-ONwill be read via contact points
126, 128 (st ep 306), where n is a channel associ ated
with the pair-"61contct' -P6i nts. The current '
swi el g™ pEenanicem Z@A_wid+ then enter its secok®
state stoppi'ng the cdrrent flow ng through the
reference and sanple (step 308). Wth the current
D@d‘g/'_@\z . = - i .
W e he ropn el RS oS BBLAT b Bl fhWannct whil
/ 80 rer \bF L=~ o N S
e} SR ot enti al bl aRpSETvE Vol 4 AGntr e
witlohE Mrieht hpiRaPend ek CALQREGIIN bd P@rf&’ﬁ{eﬁ%f 8 sample (step
potential drop for the reference wil then be
316Ylet ollawred by subtracting the first potential drop
value by the off state potential drop val ue and
dividing the .djfferepce,py an internal reference
vol yagew«of > [T itar | paratus 112 (step 314}y as
fol | bws: VELTr&F-CONZVEXT-%ef OFF VEXTreeor _recie/” d -
VINT ref ON -VINT ref-OFF n " (2) where j7INT_rgf _ON
is an internal reference voltage reading of the nth
Thec Inamorgthtewnpliege measurements (7" -O" — 5/ 0Ty are  subtracted to

n

eliminate parasitic thermocouple voltages and the internal reference voltage readings

(Y INT-ref JON _ INT_1 _OFF'y are employed to compensate for channel gains and DC

offsets.

The corrected potential drop for the sample is then divided by the corrected potential
drop of the reference yielding a ratio that represents the difference between the

current flow between the reference and the sample (step 318) as follows:

corrected
I/n()rmuli:ut/ . Vn 4
S i— 4)
n V( orrected
EXT _ref

This ratio is directly related to the difference between the material thickness in the

sample and the reference.



current is applied and VINT_,et OFF is an interna
reference voltage of the nth channel with no current
wa@ppbioads2 The sane cal cul ation will be perf or medr/ii82004/025880
the sanple (step 316) as follows: corrc VSignca_ON -
Vsigne! _OFF corrected VINT ref-ON _VINT 'el-OFF n
Se(fe'ﬁl rEE]@in Wor sha aiv 6f doneRt ﬁ&ﬁ@%W@aﬁm@éveﬂtlﬂle afdaveraged
F) are subtracted to elimnate parasitic
to r&d@pm@@m Boigy | Thegesuesigr each 1p£m: ef peittagtgogris g echannel, can

et AFRSERT 8 oo B amtshte e YAhes bt iy ldosatign of
the%r@zfoft peirds. THemg®ikr sotapks pah el B¢ dipRped & a Uhg for quickly
ampl e is then divided by the corrected potentia

Kkmﬂﬁpn@ﬂﬂmhégW@ﬁ%@@ﬁééﬁvﬁwﬁdlng a ratio that represents
t he dlfference betvveen the current fl ow betvveen t he

Fu@ﬁ%?%{ogggg%tgn ﬁ]ﬁsdng ﬁt"ﬁ’p’ ‘éi'\%lay ¢ t \@qrﬂ?e lItJZ(jthl]
cu%%{t \A%ﬂéj‘;i:lte? i ﬁlg@ge{n?c 1lle¥51<5n%l %Ie gxzinq IH: Slo%gftilg i’ ?ré)n*{ current

i ckness 1% an
injectfoRr porg €l.3 29toV‘£hr2é3ﬁ 5141}%3@615 %ORCH?I AJSPR0 A2 5&8 OcuriBay éij &’ptlon
readi ngs for each pajr_ of contact points nmay be taklng

IMBRPYES fher@abm&fﬂa@féqraa%%ddh( -8haped 198@0?18?1 a%awwogaoareﬁﬁe single-
pm‘faé 7 tfelﬁ e g&ﬁ thqgfecf?xgg %ﬂﬂ%ﬁcﬁloﬂg' rﬂﬁlﬁpleogatﬁ? ag ellnﬁmtormg

can out™1n a nmatr to associate t
systath uld® %intl’ﬂccbﬂsefughtjnsmhme dfothatcoonsion regitie npoa bewirately since
thep pcbtgltétialf%gg dg?l%:q%isé}eg along tw%sor%?ongotna dlrebctlonsI ? s![e% o(ii jhgc one
direction. The invention also uses multiple current injection paths to improve
sensitivity of the monitoring system to crack-type defects in the pipe. For example, if
the crack is axially oriented, it will strongly affect the circumferential current flow

pattern but only minimally affect the axial current flow.

The readings obtained from the different directions of injection current paths may be
analyzed individually as separate potential drop images or combined in vector form to
obtain both a magnitude and direction component to the potential drop reading, which

can be displayed in a matrix relating to the physical locations of the contact points.

While the disclosure has been illustrated and described in typical embodiments, it is
not intended to be limited to the details shown, since various modifications and
substitutions can be made without departing in any way from the spirit of the present
disclosure. As such, further modifications and equivalents of the disclosure herein
disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within

the spirit and scope of the disclosure as defined by the following claims.
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identifying thinning areas of the structure.
Furthernore, potential drop readings may be taken with
w0 b@siopjisrti on current applied in different PCT/US2004/025880
directions, for exanple, along the path from current
injection port 132 to current injection port 134. The
WHATtIS-gIaA IMEDIIgent i njection inproves the
characterizati on of oddly-shaped corrosion regions
conpared to single- port current injection. By
injecting current along multiple paths, the nonitoring
system 110 can reconstruct the shape of the corrosion
r egixo
L et ARG R AL e M B AARRERN b Fesh (10
compsg¢ingne direction. The invention also uses multiple
current injection paths to i rrprove sensitivity of the

noni t orin temto.crack-t defects in.the pi
a PR SRRk KR T Silyig B RIePE BeriEnt § b miogitpies Byep (118) of
theWthbtudd (1@ﬂ9£1¥d é‘f‘é‘f&@ﬁcet(ll‘%)c' rcunferential current flow
pattern but only mnimall'y affect the axial current

flow. The readings obtained fromthe different
a nggapEemeingIcyft (Bﬂfy%efef mepsuEing eavtengiak qlfs)p reipshat leagh vy genfact
i ndiwi-duads| t]al 0
pol LRI, B2 RGPS % S0t Ao P L TRRR O (122

124t thié fefatncen(1¢O)ypadent to the potential drop reading,
whi ch can be di spl ayed inamtrix relating to the

physi c ocati the cont ac oints. While th
a P&?@&%%Zﬁ#é ﬁ %ee#t?fmﬁs% %@@3 %ﬁfgo’a&rg}& %%adp?tﬁntla? drop to
thel 3RIrERle Jgigi? ?nd1da¥wé of aMRlcchREERASHeA Philiineld §6the

to the since various nodifications and
streatost(l t4)t i ons can be made wi t hout departing in any way
fromthe spirit of the present di scl osure. As such,

gr;gﬂss&néé“qﬁféﬁlc talln? 31 @r inThe'te gle%c%i(?léals efelzgtrlcall%coupled to
theskuchegl(1iim).t he art using no nore than routine
experimentation, and all such nodifications and

eqU| val ents are believed to be within__the spirit and
3. scop8e SYSERES AR SAIP MEICEN Hst TeEEPchy | l@én?laﬁ%%v%lrﬁ@ current

-
S T oM SO OIRISAESTA RO OB} S
struciui@ (314)uiatiudes § ddobngd cutrentstystmn p&10)30) donpripsng ghe power

sup?pgyzﬁqgé ﬁg QJB%/ g&a:%g;?e é?%)l fg%pea%/ Icglgena% nw1‘ﬁI S rf}om e {irst current

injection port (120) to the second current injection port (130).

4. The system as in claim 3, wherein the reference (116) includes a plurality of
current injection ports (120) for coupling the power supply (202) to the reference
(116) and the structure (114) includes a plurality of current injection ports (130) for
coupling the power supply (202) to the structure (114), wherein a plurality of currents

may be applied in different directions across the reference (116) and structure (114).

5. The system as in claim 1, wherein the monitoring area (118) includes a

plurality of contact points arranged in a matrix for measuring a potential drop across

11



the structure (114) and a reference (116); a
measurenent circuit (206) for neasuring a potentia
wale@p/0aasnss at | east two contact points (126PCI/R83000625880
the nonitoring area (118) and at |east two contact
poi nts (122, 124) of the reference (116); and a
amyPp4IE 08 $0fitadiZdotts ad@picethelurifetc@ichi MR0G thakh@s ®fe pRtulity of
nonitoring area potential drop to the reference
conyiastt BAMSTMYHBILOPHYi cati ve of a percentage change in a
t hi ckness of the structure (114). 2. The systemas in
6. gloﬁA]n?ngthon dht%ﬂlﬁ% ﬁ@feg{sei?iaz)st(\}%ﬁé Hﬁ% rﬁgtﬁ@ﬁ oﬁ@h 1¥1g the
sprQﬂnﬂ 2, wherein the reference (116) |ncludes a flrst
current injection port (120) for coupling. the power

S ly (202) to the reference (116). and the structure
supl§ih i (st 6 5ond e G OB 8 Ajf B FRHELBEr 1 4 Spipronce
@Oﬁpr coupling the power supply (202) to the structure

(114), wherein current will flow fromthe first

current injection port (120) to the second current
mepsifiagta Bt p@ieml'd(lld;@g acupss Fhigasiywp eeniast peinisldithe Bonitoring

aref GR0SE e B TP et 030) i MG Sufr il s feprence

(308)ppdy (202) to the reference (116) and the structure
(114) includes a plurality of current injection ports
(130) for  coupling the power sup (202) tao the

detemipiag 4 leat’(ol(14§)’e MApiHtosing Béeappﬁﬁeﬁqlé}lt‘%olbfo é}l?r’fe@‘ﬁ?%ce Pigntial

dro %(ﬂ@&q{v‘e%q rc@htfagg Elﬁ% g & ﬁl‘f&l{ﬂ%&%&f% &ﬁ%ﬁﬁ@

ef erence st ucture en1as
in cIa|n11 mhereln the nonitoring area (118) |ncludes
7. a Ppha mmﬂilqcy obflagond, aw:herpmi ﬁntsmaarsman@etdapi incladematireasuring a

sec UG b 5 A DRpB0. D386R0 R paie of Megmpryiqping erca

(31RPaRY & sédvdd fﬁ@%nﬂ@la&ﬂp |a6'1@s§tHeCdﬂ|léas1(t3@>6})01ﬂi§@$ﬂ{eel%fér&§:e with
pluralit contact points simultaneously. 6.

noﬁ%f%%éu ed it oring defects in a structure, the
met hod conprising the steps of supplying an electric
8. CUrtRhefidg %§ g%]h t795vhé}ginatf1§ ?neggur}n@%te%tiﬁaﬁ&éértﬁe ?t@lgjs &

r ef erence

calculating the 1nom'toring area potential drop by subtracting the first monitoring area

potential drop with the second monitoring area potential drop (316); and

calculating the reference potential drop by subtracting the first reference potential

drop with the second reference potential drop (314).

9. The method as in claim 6, wherein the monitoring area of the structure
includes a plurality of contact points and the measuring step includes measuring a

potential drops across the plurality of contact points simultaneously.
10.  The method as in claim 6, further comprising the steps of?

supplying the current in a plurality of paths sequentially; and
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nmeasuring a first potential drop across at |east two
contact points of the nonitoring area (306) and a

WO 2oosi3q6t enti al drop across at | east two contBCT/US2004/025880
points of the reference (304); and determning a
ratio of the nonitoring area potential drop to the

medsBFifE BRGRIARLEMobRherof @B at RALGRLI bRtaRf &nf%qgf ¢ B8 oring
change i'n a thickness of the structure ?3 18). 7. The

areavior khach oiireot pathrs@plisther ei n t he measuring step incl udes
measuring a second potential drop across the at | east
two contact points of the nonitoring area (312) and a
second potential drop across the at |east two points
of the reference with no current supplied (310). S.
The nethod of claim 7, wherein the nmeasuring step
i ncludes the steps of calculating the nonitoring area
potential drop by subtracting the first nonitoring
area potential drop with the second nonitoring area
potential drop (316); and cal cul ating the reference
potential drop by subtracting the first reference
potential drop with the second reference potentia
drop (314). 9. The nethod as in claim®6, wherein the
nonitoring area of the structure includes a plurality
of contact points and the neasuring step includes
nmeasuring a potential drops across the plurality of
contact points sinmultaneously. 10. The nmethod as in
claim6, further conprising the steps of. supplying
the current in a plurality of paths sequentially; and
12 WO 2005/ 036152 PCT/ US2004/ 025880 neasuring the
potential drops across the at |east two contact points
of the nonitoring area for each current path
supplied. 13
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