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Ultrasonic, X-ray and visual inspection techniques often require the systems io be
taken out of service or to be inoperative for a period of time to allow for the
inspection process to be completed. The potential drop measurement systems
currently available on the market aliow for online measurements but are limited in
their capability to detect the effects of corrosion in piping and vessel wall material.
For example, conventional potential drop measurement systems do not have sufficient
sensitivity for detecting low rates of corresion due to noise genperated from

sequentially multiplexing various test points.



For exanpl e, conventional potential drop nmeasurenent
systens do not have sufficient sensitivity for
detecting |l ow rates of corrosion due to noise
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One aspect of the present invention provides a system
for nonitoring defects in a structure, the system
conprising: a power supply for supplying an electric
current to a nonitoring area of the structure and a
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FIG 3 is a flowhart illustrating a nethod for
nmonitoring defects in a structure. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Pr éf erred enbodi nents of
the present invention will be described herei nbel ow
with reference to the acconpanying drawings. In the
- follow ng description, well-known functions or
constructions are not described in detail to avoid
obscuring the invention in unnecessary detail. A
system and nethod to nonitor defects in a structure,
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the pipe or vessel wall material, the potential drop
measured is a function of the wall thickness. Since
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electrical attachment, e.g., a lead or ejectrode, 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 fiow



The structure 114 includes a reference conponent 116

and a nonitoring area 118. The reference conponent

116 includes at |east one current injection port 120
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ef.erenc onponent 114 will

12 ‘é“lfef]‘l?)i“]eegec&lc?ﬁcuﬁre? Wg r rrgY %ggur‘%' Eg %%ng% ?r{)%und so the
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port 134 for mjecting current in multiple paths.

It is to be appreciated that the monitoring area 118 may include a plurality 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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The nonitoring apparatus 112 includes a power supply
202, e.g., a direct current (DC) battery, for
supplying an electrical current to the structure 114.
ng@s)g 136, 138 are coupled fromthe poper 8iaP%sse
to the current injection ports 120, 130 via
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be read sinulta Ly. .6 2005/ 036152 . . .
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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

1s utilized on the structure, all pairs will be read simultaneously.
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anplifier 208 via the nmeasurenent sw tching nechani sm
206. It is to be appreciated that a nunber of
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sigagniremitheafird migogonolr 82(Bo rihe repnssrind Vales thd erpent tie 2
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connectlon port for
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1.1 el dul I I al f he d
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will have a multi-channel i nterface for receiving
Theainitonigf :pnarbiak rrdi}OIdsa/iiichxele afdigphey Pai fosdigflayopveoes at the

. pali si.multa sl r eadi t he tial
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doWhich AP RLE0L! BF Bhdaflsd@ed! AV a wn'eless module for wirelessly
transferring the date 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 simultaneously. 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
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the nonitoring apparatus 112 to save power since the
drive current only needs to be turned on for a
relatively short period of tine conpared to a
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possible if the data channels are not sinu|taneously
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Initially, the power supply 202 w

mn@h@p@¥ﬂﬁﬁeupkdc current to the reference conponent
116 and sanple via current injection ports 120, 130

A ngxﬁltlc%%oi?’ %mtogﬁ dSét stirE RN ge d&%@rﬂeﬁ:@ %Q%nﬁﬁgmn

e measurenment sw tching mechanism 206 wll be iI'n
with REF.3. first states. After the gain of the anpllflers
208 are set as descri bed above, the neasurenent
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sto pot en rop va ues of
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states. Afier the gain of the amplifiers 208 are set as described above, the
measurement switching mechanism 206 will switch to its second state as to read

potential drop values of the monitoring area 118 of the structure.

The potential drop across the reference ¥ *7-"~-% will then be read via contact

points 122, 124 (step 304) and the potential drop across the sample ¥,"**'-%" 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



points 122, 124 (step 304) and the potential drop
across the sanple V''x""n-oNwill be read via
contact points 126, 128 (step 306), where it is a
wahghhels,associated with the pair of contact-ResBhfessso
e current swi t chi ng nmechani sm 204 will then enter
its second state stopping the current flow ng
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as follows: VELT rc" ON VEXT Fer OFF V L' 019YCrI Cd
(2) EXT_gei VLNT wrrf o&r 1IrINT_ref _OFF L I1.
whe emv“ldl\l'l"?r\e ‘N £ an |nter nal reference vol t( ge
r eadPfgof pifievnthh- EfanAtiel™ while current, is applied
and V''"Nr _re OFF is an internal reference vol t age of
the nth channel wth no current applied. The sane
whezal J6 T -4t + Ynisvinl intdpe! pefefeocaredtagoreating Sahphié ¢hetnsp while
316) as follows; ect ed Vneigm _ON - F signnl _ OFF
currentr 75 appli@) andvPRIT-" 1 8jis PinttzadlTFelerenge wiRge pf thRath channel
_two-state vgltage nmeasurenents, ON Vs _
withpe WiBet wetied s sase cricHate wﬁﬂ?&r@rﬁoenr M@@?ee(stﬂp
316{&4 rages. and the internal reference voltage readings
VnfNT_ref ON _Vn INT-rcr_OFF) are enployed to

conpensate for channel al ns and DC
Vuyml ON Vsrgn:zf

Vc orvected __

VINT ref N V.’NT ref _OFF (3)
"

The two-state voltage measurements (V,""-%" —¥,""-%") are subtracted to

climinate parasitic thermocouple voltages and the internal reference voltage readings

(V/NT_ref OV _ INT_rd _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:

carrecied
I - normalized I{—._.. (4)
Va)rrﬂ'leri

EXT_ref

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

sample and the reference.
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reference and the sanpl e (step 318) as follows:
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The readings obtained from the different directions of imjection 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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pattern but only mnimally affect the axial current
flow The readi ngs obtained fromthe different
directions of injection current paths nmay be
anal yzed individually as separate potential drop
i mges or conbined in vector formto obtain both a
magni t ude and directi on conponent to the potenti al
drop readi ng, which can be displayed in a matrix
relating to the physical |ocations of the contact
points. VWile the disclosure has been illustrated
WHaIISAesempedsi n typi cal enbodi nents, it is not
intended to be limted to the details shown, since
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defined by the follow ng clainms. 10 WHAT IS CLAI MED
least gvo pontactppints of e Mepiorng ey apd pbaast {wp gpntact points of the
structure, the systemconprising: a power supply for
refesmpglapdng an el ectric current to a nonitoring area of
the structure and a reference; a neasurenment circuit
f ora wbeesddr doredmaltyneneds wiceivingapapatiehdropd wherein the passssor is
at |east two contact points of the nonitoring area

adaptBdl t nchf@S the! ¥MecBORT @FéctPR tht StrodtuichBrougk faedebitg@iation of a
and a processor for sinultaneously receiving

rati® 8F SR RHitofth O Bta YIRNBLNEN & BE RSBRAY pdidntiafd@PLiRGcdtRe of a
measure the effects of defects in the structure

e . pat.i ratio of the nonitoring
per%p{ggg%%?g%ﬁ]l %@Ed&prng% Oltfg{étsﬁxéa;&rgf erence potential drop

indicative of a percentage change in a thickness of
the structure. 2. The systemas in claiml, wherein
the reference is electrically cqupled to the
2. st riferyyplem as inTRiaing g digreiy © 1o 12 legALY foymigd to the
reference includes a first current injection
struciure.

3. The system as in claim 2, wherein the reference includes a first current injection
port for coupling the power supply to the reference and the structure includes a second
current injection port for coupling the power supply to the structure, wherein current will

flow from the first current injection port to the second current injection port.
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port for coupling the power supply to the reference
and the structure includes a second current

i njection port for coupling the power supply to the
structure, wherein current will flow fromthe first
current injection port to the second current
injection port. 11 4. The systemas in claim 3,
wherein the reference includes a plurality of current
i njection ports for coupling the power supply to the
reference and the structure includes-a plurality of
current injection ports for coupling the power supply

4. 1O THBQySERUGTH CRImVASUIRIrén tRe RIfbteRde! thylu@ds £ PrubARY Sf current
may be applied in different directions across the

inje%:ﬁ)fng{oﬁg ©5t c??;%mg\"j\tﬁée Pg\{v%ir s?gpl? o (RGeRYHES R Bfe bRu@MY iR Ries a

al ns e'nonitoring area I ncludes a

B B BRHL 125 BB ARG, b M
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nmet hod for nonitoring defects in a structure, the
strugfdtthod conprising the steps of: supplying an
electric current to a nonitoring area of the
structure and a reference; neasuring a first
potential drop across at |east two contact points of
5. t h&henpsiemas iimgnyapeaofiblbine b mwherainebe stopitnmees anca mplades a
first potential drop across at |east two contact
plur@ﬁi?rmt'%oﬂtﬁcttﬂ@mt{ ateiped dfs mIBBSIHE iRgsuring aghbfRdllsdrop across any
defects in the structure by determning a ratio of
pair dTonfABMBJiRE ah@ (RY 1RSsREhE Birdud mE4sORs R pI0RIiEEHRERBRE points
potential drop indicative of a percentage change in
simfitdidbgdness of the structure; and sinmultaneously
communicating each of said first potential drop to a
processor to enable the processor to read each
potential drop simultaneously. 12 7. The nethod of
clajm @, erei.n th asuring step inclydes ..
6. reduteitog M traE SBER it 7 AP Rty Ped SERerispe the sieps
| east two contact points of the nonitoring area and a
*of: second

supplying an electric current to a monitoring area of the structure and a reference;

measuring a first potential drop across at least two contact points of the
monitoring area while simultaneously measuring a first potential drop across at least two
contact points of the reference;

measuring the effects of defects in the structure by determining a ratio of the
monitoring area potential drop to the reference potential drop indicative of a percentage
change in a thickness of the structure; and

simultaneously communicating each of said first potential drop to a processor to

enable the processor to read each potential drop simultaneously.
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potential drop across the at |east two points of the
reference with no current supplied. 8. The nethod of
claim7, wherein the neasuring step includes the
steps of: calculating the nonitoring area potenti al
drop by subtracting the first nonitoring area
potential drop with the second nonitoring area
potential drop; and cal culating the reference
potential drop by subtracting the first reference
potential drop with the second reference potentia
drop. 9. The nethod as in any one of clains 6-8,

7. WhEHE R Hdd@ IR bPWhEgindhemeurih B Step Sicludes tefsuring a second
includes a plurality of contact points and the

poteTBATHE 9053 1iRPar 106 HASDniRARIH1E BSithe ARSI A8l arflf PRSond

across the plurality of contact points

i. . i 0 .

por PRI  EITEL Arhd Bn  sppi
supplying the current in a plurality of paths
sequentially; and neasuring the potential drops

across the at | east . two contact, points. of the

8. nodibe sicthag o cleim /o Phersinhe MerRPS BiSP clidsp e steps 95

calculating the monitoring area potential drop by subtracting the first monitoring
area potential drop with the second monitoring area potential drop; and
calculating the reference potential drop by subtracting the first reference potential

drop with the second reference potential drop.

9. The method as in any one of claims 6-8, wherein the monitoring arca 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 any one of claims 6-9, further comprising the steps of:
supplying the current in a plurality of paths sequentially; and
measuring the potential drops across the at least two contact points of the

- monitoring area for each current path supplied.
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