NEfHOD AND APPARATUS FOR DEFECT DETECTI ON * BACKGROUND OF

THE INVENTION Field of the Invention This invention relates to a
nmet hod and apparatus for detecting surface defects on netal surfaces,
particularly tubular articles. Descgiption of the Prior Art It is

known to detect flaws in netal tubing by nmeasuring the nmagnetic fl ux

| eakage caused by vshen® hivea.pphleswsieorcbereey berkortde formof pits or
cracks on the inside surface of the tubinhg caused by corrosion,
particularly fromcorrosive product carried inside the tubing. The
test devices for detecti BACKSROIND OfF tTiHEs INVENTAON nornal |y propel | ed
through the tubing by the product flow ng through the tubing and are
referred to as |nspect|on pi gs. These devices are well known in the art for
SUppOFtILl Q4 ddeednVentaeomar atus within tubular articles. The detecting

i nstruments m@ i AveaRli bRC Hak tdd kd heaRthblS afBYapsafitdidecdhr ee basic
types COE tituting n% netic,. ultrasonic, _and dd currenI evi ces. One of

t he par Gt NG FHE LELS I‘ﬁeschﬁ% R, Tetad SR Bs RAEtHEMH IR defect is
| ocat ed tatbuillza iaxtiiddesr. outsi de wal |l or surface of the tubular article.
This determ nes the nature of the response to the defect -fromthe

st andpoi nt of elther repalrlng or repIaC|ng the tubing. Hence, it is
necessarBesa £ ~whet her it be of the nagnetic,

Ul trasoni c, Gf addy oWy 28 dotRe %n,scaa (e ST ebLAY oy SRR 1O

defects on the inside and outsi e tubul ar surfaces t est
i nst r undrhtes nag@metdRpifA e é-ﬁs’k@igea&ail’\?@drr&ynéhﬁéef Fhaws ealkBRS@and resi dual

f1ux |e&ﬁﬁ§§ﬂkﬂn@9t%é”h&€the form of pits or cracks on the inside
surface of the tubing caused by corrosion, partlcularly from

corrosive product carried inside the tubing.

The test devices for detecting defects of this type are
normally propelled through the tubing by the-produdt flowing
through the tubing.and are referred to as inspection pigs.
These devices are well known in the art for supporting flaw
detection apparatus within tubular articles. The detecting
instruments used in conjunction with these pigs may be of the
three basic type? constituting magnetic, ultrasonic, and eddy

" current devices. ‘One of the parameters tools of this type
must determine is whether the defect is 1oc§ted on the inside
or outside wall or surface of the tubular article.  This
determines the nature of the response to the defect from the
standpoint of either repairing or replacing the tubiﬁg.
Hence, it is.necessary to have an inspection device, whether -
it be of the magnetic, ultrasonic,'or'eddy current type, that
can differentiate with respect to defects on the inside and
outside tubular surfaces. '

Some test. instruments use combinations of active
magne;ic flux leakage and residual flux leakage to determine



-2- I n which surface the defect is |ocated. These instrunments have the
di sadvant age of having to noticeably separate the active field detectors
fromthe residual field detectors. This causes a tine delay between signals
~fromthe sane flaw detected on each set2-of detectors as the instrunent is
noved relative to the interior of the tubing. This delay causes nmjor-
problens in conputerized sorting of the data output of the instrunent.

Al-so, large defects on the outside surface will often show up on the

resi dual def epiQeh tsuraRitee the aleFedthdiscabicaredSi nMheske issgmaiennduced in

the coil is a rate-of -change det ined functi i o] gi ven
size def edta¥@ Itrah%l'fg’r?gaéﬂ'iﬁal%e $ aﬁ}asvﬁélgd%gf E’toﬁg'bgé?fggtsfgggggé%cg}%hanges.
Hence, a cartied i bieldcledreanosts ferars ¢diet resdduadt figddsgdetactagaced

vari ati onspif, the signale aplddiude neddRy RIHATRN e oS @heMBhheCeLLy Wi th
weak perrrestlﬁﬂeln érrlgzgtuélées?s%ttol etdééclt%qﬁrﬁy negr %sgﬁlf ace defects, wi,teh t he weak .

h
magnet i ¢ fdeterc ereraghEaty afhdatasterswas the dmstrupept f5: "g¥edct ed
by def ect s, Opnt He 0L SiKle SHEACGY tdEeef tubing .detrald delapt badses al so

af fected by pore powerful, active magnetic fields far. de ti.ng defects
on the out@3HRr RFPRLeMin rﬁé’“tl?.}’diﬁ%zeﬁir FoF ™ #22:?191 t%aﬁﬁs%gggugeﬁgr at ed
mechani cal ¢ ye f { g8t Hivesiec o2 owelrdnde medieettisc dn dlhds carsideusulrfaset he
same del ay, prpbl eng, Ihip do/0s, PndSER12lR0 JANMS (P EXE! eUELY

sensitive ¥ i cal ™~ Vi ron, giving rise to many false indications
-when used imdicatigncal Siigelthe siandlndndnegid iigh$hesiopdd £Re@out put  of

this type of, defectinde St in MR, ML dighall Exsn hegsvehe same

speed change di sadvant@age as the residual field nefhod. . . .-
SUMVARY OFST#E dafeniyiwiN-l changp i éiﬁ@?a(ﬂ@nofsﬁeﬁéi &ﬁ\%‘ﬁt O5h&FtdBPect i on
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time del aycgg}:.g\lgg nfgnt:] esggéc?-rirg ch(:aeC \géaxtiea%iio%r}; Si)ﬁstte}{g %ﬂ.%ntalie amplitudé.

- Some instruments usé small coils with weak permanent magnets
to detect only near surface defects, with the weak magnetic
field not penetrating the tubing wall so that it is not
affected by defecﬁs on the outside surface thereof. This
detection method is also affected by more poWerful active
magnetic fields used for detecting defects on the outside
surface of the tubular article. Hence, iﬁ must be separated
mechanically from these more powerful magnetic fields and
thus have the same delay problems. This type of detector
also tends to be extremely éensitive to mechanical vibration,
giving rise to many false indications when used under typical
pipeline testing conditions. Since the output of this type
of detector results from magnetic induction, it suffers the
same speed'change disadvantage as the residual field method.

~ SUMMARY OF THE INVENTION
The drawbacks of the conventionél detection systems are
avoided by the system of the invention. With the invention,
time delay between the major defect'detection system and the

e



- 3- near surface detection systemfor detecting defects on the inside
surface of a tubular article is elimnated by the use of tuned circuits for
the near surface detection systemthat are not affected by the strong
magnetic fields incident to the major systemfor detecting defects on the
out side surfaces. The tuned circuit coils therefore may be |ocated directly
‘adj acent to the detector coils of the major detection systemso that a

si frul t aneous signal is provided if the defect is on the near surface and no
surface signal if the defect is on the,far or outside surface. Hence, delay
prqQbl ens are avoided. Wth the detector of the invention, the response of
the tuned circuit detector is not velocity sensitive, because it does not
measure nmagnetic induction to detect the defects. This avoids the problem
of speed variations. Since magnetic inductiqQn is not é%%d to detect the

def ect s wiR@R% HMILEAGS Hefeqiion FYehemohor adeteGhd NPaGREEFES 8k5TE fiel d
fromthe fis{side aitisidte Bf facunes aptigkaciat eldnfiakhtedsbgnaheatibect i ng

t he inside t ect or_.out pyt wi.th prior _art _syst .. Henc em of
the i nventquﬁ:lﬁ%l_ bcelre?‘ﬁel%t iafpeﬁ ftr\.?szlaairnsgﬁfﬁéctd;eeg%cvﬁﬁt%ﬁ %g*gﬁ‘t ?é%%l'
systens faraaectahipasddys the tsterongt madaeticf ddeldls tinbdlbantakoi cl es.

I n accord | t ' ' de ' k.at [ udes a
pluralitngﬁge d&gédgﬁﬂﬁ$yggﬁ%3g§'§%?8§ ?gggbg%igﬁgﬁﬁﬁggggbgggnt to_a nmeta
surf ace, sntﬁﬁ%@ﬁﬁ*maThﬁﬂ&kﬁ%ﬁnq¥§9§1§fCQlﬂﬁbEh@ﬁeékﬁﬁbméy & wRCeékedef ect s

are to be getest By adyerit Ab ithddeebebreveilisnbft hheCablorat a
substantial ly copstant voltage and frequ nc¥ t o praqduc a current tQ!n an
el ectri cald?ﬁy?%'iﬂr‘?n pPRE TR BT drhakaéh Sd uﬁ[ﬁ@ EGH5s Sh¥d3an §d3§°3&fifegml in
the metal the fdefeathels tde tios Ireaar eupdaicki andd nadjsadacet @ibhalnafal
surface t%ﬂgg éé§£§§tf§ion_the far or 6utside surface. Hence, delay
probiems are avoided. With the detector of the invention,
the response of the tuned circuit detector is not velocity
sensitive, because it does not measure magnetic induction to
detect the defects. This avoids the problem of speed
variations. Since magnetic induction is not used to detect
the defects with the system of the invention, a strong
magnetic leakage field from the far or outside surface does
not generate a false signal affecting the inside detector
‘output as with prior art systems. Hence, the system of the
invention may be effectively used in conjunction with
conventional systems for detecting defects on the outside
surface of tubular articles.

In accordance with the invention, the detecting
apparatus includes a plurality of eddy current coils adapted
for positioning adjacent to a metal surface, such as the
inside surface of a tubular article, -on which defects are to
be detected. Provision is made for exciting the coils at a
substantially constant voltage and frequency to produce a
current within an electrical circuit provided for each of the
coils and an eddy current in the metal surface when the coils
are positioned adjacent to the metal surface to be inspected
for defects. Each of these circuits and associated coils are



for defects. Each of these circuits and associated coils are

-4- tuned to resonance. Provision is made for .detecting a change in the
voltage across a circuit as a function of a circuit loss (Q change caused
by a defect in a portion of the netal surface adjacent the coil of the
circuit. ~Detection of a circuit loss (Q change is effected by a

vol tage detector that includes a diode rectifier-filter circuit provided
for and coupled to each of the separate electrical circuits. This coupling
may be through a coupling capacitor. _4. Each of the separate electrical
circuits is coupled to the conponents for exciting the coils through an

i sol ation inpedance capacitor with the device for exciting the coils. being
an excitation oscillator. The output signal froEBthe vol t age detector is

i nt r oduceF W tOEEE9BANCE- 1 EXGVASAGT RS TpGRafor detephing 3 aBARIS wi th
t he met hodmftHeh&dliueel ia@tosa Al digkcufiy @.fs eddynetdi.oanbE cai birentt
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one hor, ach Odiieaad A diBenIR! §o8xC!(fd bnBestBSLARLEALAYL OpSt ant

vol tage and frequency to produce current therern an
portion cﬁVQMﬁﬁgﬁeﬂéﬁe§$ﬁﬂa@@3édﬁa€éﬁﬁeﬁoatﬁéoéﬁlF§Ct¥ﬁée€rfé%F?§ are tuned
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circuits | nade t indi cate a def,ect in the Orthﬁ Fﬁf t he net al urf ace
\Y;

adj acent - I CAEFSHIES e d THL-Eh CORBLAPEC FOUIRi RcEPWPTIRE (Q
change. capa&iqmr nted out above, the method and apparatus of the

Each of the separate electrical circuits is coupled to
the components for exciting the coils through an isolation
impedance capacitor with the device for exciting the coils.
being an excitation oscillator. The output signal from the
voltage detector is introduced to a recorder for recording
the signal. '

In accordance with the method of the invention, a
plurality of eddy-cﬁrrent coils are positioned adjacent to a
metal surface, such' as the inside surface of a tubular
article on whlch defects are to be detected. The coils are
moved relative to the metal surface. Separate electrical
circuits are provided one.for each of the coils and they are
excited at a substantially.constant voltage and frequency to
produce an eddy current therein and within a portion of the
metal surface adjacent to the coils. The circuits are tuned
to resonance and thus detecting a circuit loss (Q) change in
any one of the circuits is made to indicate a defect in the

 portion of the metal surface adjacent to the coil associated
- with the circuit having a circuit loss (Q) change.

As pointed out above, the method and apparatus of the
invention finds particular utility with inspection devices
for inspectihg tubular articles.



i nvention finds particul ar ut|I|ty wi th inspection deV|ces for I nspecting
tubul ar articles. -5-

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 i$ a schematic showi ng of a
portion of a cross section of a tubular article having eddy current coils
positioned adjacent the interior surface for inspection for defects in

accordance with one enbodi nent of the invention; and . Figure 2 is a
circuit diagram of an enbodi nment of a cPrcuit suitable for use in the
practice of the invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Wth reference to Figure 1, a portion of a tubing,
designated as T, is shown mnth a clurallty of eddy current coils 1 .

posi tioned al ong the i nsi%e EELE HON, OF THE DRAWINGS. nown in the art,

thgse coi l ? andpiags,_qg:llatl@i aCIg‘(ﬂiéln{artM_dr%yloQﬁ_ \tgzd arHe@,l@n;llbghbg &hlerrbﬁél de
t ubi ng surf ace, spegtion shown nce,.the.coils are
arranged a3° %‘fﬂﬁ% C?ﬂ aar}é%”;i‘rﬁ g,r&#al% ?’iaivﬁjlgaregﬂ?ﬁ’d cf“l"fgepﬁsf:aéfﬁurface of
. the tubi ngods byl dresd Lmiaanfertmm vimtle idicowsurdEtenifoal iasperbiorsfodhe axi s

of the Co'chéfé‘&_es'ﬂ{‘%lééb‘ild %ft'ﬂt o %n@odu@%&tﬁ@f”%hew §e£§%&?t’
however , necessary orient |on h respect e appara us o he
|nvent|on 4%@ effective use thereof The assenbly, as shown in Figure 1,

“nmay be used -inpLadINCtiOR wltﬂaua&ddﬁ'g&aﬁpr&t idrlletbddagehtObrag active
field flux | eakage |ns g%;lon tool withthe main |Eﬁp§ tign coils (not-

shown) | ocEtEEHH| SERPIG Torr &s8 {1 Fhieg@ractine CcPVENEIGR: t he

det ecti on apparatus of the I nventi on. Slnce It would be |npract|cal to
manufacture large ppaoprprroN OF THE PREFERRED EMBODIMENTS
‘With reference to Figure 1, a portion of a tubing,

.designated as T, is shown with a plurality of eddy current
coils 1 positioned along the inside surface thereof. BAs is
well known in the art, these coils and associated circuitry
may be moved relative to the inside  tubing surface by an
inspection pig (not shown). Hence, the coils 1 are arranged
-as shown in a circumferential ring around the inside surface
of the tubing T by the use of these well known mechanical
assemblies. The axis of the coils are longitudinal to the
axis of the tubing. This is not, howéver, a necessafy
orientation with respect to the apparatus of the invention
for effective use thereof. The assembly, as shown in

Figure 1, may be used .in conjunction with and thus donstitute
a part of an active field flux leakage inspection tool with .
the main inspection coils (not shown) located adjacent or
directly inside of the tuned coils 1 of the detection
apparatus of the invention.

Since it would be impractical to manufacture large
quantities of absolutely identical coil assemblies, the
frequency of operation of the circuit is maintained constant
and each detector circuit is tuned toj;esonance by variable .

. tuning capacitor 2 shown in Figure 2.



quahtities of absolutely identical coil assenblies, the frequency of
operation of the circuit is maintai ned constant and each detector circ
is tuned to resonance by variable tuning capacitor 2 shown in Figure 2.

-6-

As the array of eddy current coils 1 is scanned al ong the

surface of the tubing, any surface defects, such as pitting, will caus
substitution of air, or other materials such as oxide, for the nornal

material, typically steel, of the tubing. The electrical paraneters of the
coil are affected by both the ferrous nature of the steel causing the
I nductance of the coil to decrease slightly, and also the shorted-turn
effect of the steel surface causing the inductance of the coil to incr

slightly.

Hence, a defect such as  a pit causes_these effects _to_alter
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the circuit loss (Q) of the tuned circuit. This results in a
change in the voltage across the tuned circuit as it moves
‘along a surface héving defects. Although.the resonant
frequency changes only slightly in the presence of defects,
the corresponding circuit loss (Q) changes drastically
because the major source of loss in the circuit is the
circulating current: loss in the material of the tubing being
inspected, which translates into energy absorbed from the
tuned circuit. Since the voltage across the tuned circuit is
determined most significantly by the circuit loss, the change
in voltage due to a defect passing a coil is noticeably
larger than the changes in the reflected coil impedance,
which is the indication commonly used for detection in eddy
current detector circuits of the prior art.
' With respect to Figure 2, the eddy current coil 1 and
associated variable tuning capacitor 2 are coupled through an
isolation impedance capacitor 3, which may be resistive or
reactive, to an excitation oscillator 5. The oscillator 5
may be CTX Corporation Model No. CTX150-ND 1mHZ.

This oscillator is regulated in both frequency and .
amplitude so that stray signals are not produced which would

" interfere with the desired change in resonant frequency. A
-crystal controlled oscillator powered with a regulated

an



| sol ati on i npedance capacitor 3, which nmay be resistive or reactive, to an
excitation oscillator 5. The oscillator 5 may be CTX Corporation Mdel No.
CTX150- ND 1nmHZ. This oscillator i's regulated in both frequency and
anplitude so that stray signals are not produced which would interfere with
t he desired change in resonant frequency A crystal controlled oscillator
powered wi t.h a regul ated . -7-

ve[tage is suitable for this purpose. The waveformis preferably

si nusoi dal-, but other waveforns coul d-be used. The anplitude is not

critical as long as it is sufficient to operate the voltage detector. The
vol tage detector in the circuit enbodi nent shown in Figure 2 is a di ode
rectifier-filter circuit haV|ng diiodes 6 and 7 a d ca§§%|tor coupled to

‘the tuneveitads tia wudtghle &o%pISHE CHFRISEor E' CAYRZEFSTBr 18 i s provi ded
to establ ﬁétéf&lﬁﬁeqhersmudm Wud ey aaiviefobine eoupdt bef uséd. vol t age

det ect or be : fe 0.a recorder, .10.to record_t n e
eval uat i oqr"?‘ig amplifpde i pof crjitiqad 0] 3Lotngd atsgq'r e%%n%lﬁggg{%%ﬁ& égri abl e
tuni ng capperdts thenvidlmsge: aletasitdmn. tI’I&laNaildlt@rget I@@ttegbpﬁgl%etgg t est ed.

Thi's prodgclie%%n pr%qﬁﬂéaé_ g{{{t@ﬂ owiP! {298 d3-d e L0 Hge Wen the tuned

circuit osi'tion -adjacent to the wall _of the 8 e to be
t est ed, Insts'esfmﬂt-lﬁllitrﬁn ml‘(ﬂmﬁuha‘@é&a@é’dﬁs t6r nsk dr ABA SEPRGH Bgt ween
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pe wa ich js resi t he c t
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which is fesévérprainee oy demdihanelty. cals mptputecfesbe wvoltageage across
the tuneddC£ég%%% ma}“ﬁ%rféé“éésérfggéiﬁér 10 to record the signal for
later evaluation.

The tuned circuit is adjusted to resonance using
variable tuning capacitor 2 w;thout contact to the wall of
the tubing being tested. This produces a maximum output
Voltage to the recorder. When the tuned circuit is then
placed into position adjacent to the wall of the pipe to be
tested losses occur in the circuit because of transformer
action between the tuned circuit and the conductive surface
of the tubing. This causes current flow in the pipe wall
which is resisted by the intrinsic resistance of the metal of
the tubing. This resistance converts the current to power
which is lost from the_syStem thereby causing a decrease in
voltage across the tuned circuit. This results from the
circuit having limited input power due to the isolation
impedance prdvided by capacitor 3. The voltage is detected _
by the voltage detector circuit which establishes a base line
in the recorder 10. If a defeet moves through the current
carrying area created by the eddy current coil of the tuned
circuit, the metal of the tubing wall is replaced by another
material, such as air or pipeline fluid product, to cause a
change in loss in the circuit. This is reflected into the
tuned circuit and voltage detector as an increase in voltage.



circuit having limted input power due to the isolation inpedance provided
by capacitor 3. The voltage is detected by the voltage detector circuit

whi ch establishes a base line in the recorder 10. If a defect noves through
the current carrying area created by the eddy current coil of the tuned
circuit, the netal of the tubing wall is replaced by another material, such
as air or pipeline fluid product, to cguse a change in loss in the CIrCUIt
This is reflected into the tuned circurt and voltage detector as an

i ncrease in voltage. . - 8- Thi s

vol tage change is then saved on the recorder along with distance |ocation

for futurg, anal t n i AR yray

consi st o&hﬁﬁnyxﬂ‘j"ﬁ%% %’i"?% ¥§ a%esg& ?En&gee#é&ﬁt coqulhog‘g;t t“gr&elther a
magnet i ¢ dashaneeoldeation f@rafwﬁmp@t@makwﬂlﬁata acqui sition systemwhich .-
woul d for mat tﬂes§éggﬁl§np£b86r?§hé@VWPﬁhtfﬁ@'1ﬁ6bﬁﬂwbﬁ“ﬁﬂ¥:c&ﬂgis%p%&ratus

and net hod of the“invention wou d wth respect ‘to_detecting o
def ect i nupEHt tngedi ghtryit-Tattage nde ‘F‘F}‘@Olén%e%ﬁ AP IRd £1f this type

are wel | KREWAri B hh§ndtie data recorder, or to a computerized data 9-
acquisition system which would format the éignals prior to
saving them. In any event, the apparatus and method of the
invention would be applied with respect to detecting defect
indicating signals. The formattlng and storage of data of
this type are well known in the art.



METHOD AND APPARATUS FOR DEFECT DETECTI ON WHAT IS CLAIMED | S: 1.
Appar atus for. detecting defects on a netal surface conprising, a plurality
of eddy current coils adapted for positioning adjacent to a netal surface
on which defects are to be detected, neans for exciting said coils at a
substantially constant voltage and frequency to produce an. eddy current

W thin separate electrical circuits, one for each.of said coils, and the
met al surface when said coils are posi+9+oned adjacent to the netal surface,
wi-th each said separate electrical circuit being tuned to resonance; and
means f or MEBHRR ANRg ARPRABATHGe FORNBRFECT nPEFECTHN of sai d separate '
electrical -circuits caused by a defect in a portion of the netal surface

adj acent waAd €8 br.R¢MEBI fgone circuit. 2. - The apparatus of claim
1, wherei'n said neans for detecting a voltage change is a voltage detector
that includes a diode rectifier-filter circuit. 3. The appar at us

of claim 2, whgtei nappatdaduedéoredetbeingi defects remia netxbupleihce each
of said separate.electrical circulks o] o) | 90, éﬁﬁgﬁt

4.  The Sgﬁgfé?hggOfacPaPﬁ?%%E&hé%eFﬁagngggfﬁﬁg %?%%%1 §r0n135?%:voltage
detector pesihicningeddiscentetor demetal serbaer ep sehichidpkgcts are 5
The appar ghupeOfofLat il nBhRECERroaxhipingabsli §oRRL RS Cael got rical circuits
is coupled to sard nmeans for exciting said C€I|S through an ésolatlon
inpedancesébﬁﬁénté?lly cqnstant voltage and frequency to pro

eddy current within separate electrical circuits, one for

uce an.

‘each . of said coils, and the metal surface when said coils are
positioned adjacent -to the metal surface, with each_said
separate electrical circuit being_tuned to resonance, and
means for detecting a voltage .change in any one of said
'separate electrical circuits caused by a defect in a portion
of the metal surface adjacent said coil of said one citcuit.

2. The apparatus of claim 1, wherein said means for
‘ aetecting'a voltage change is a voltage detector that
includes a diode rectifier-filter circuit.

3. The apparatus of claim 2, wherein said diode
rectifier-filter circuit is coupled to each of said separate
electrical circuits through a coupling capacitor.

4. The apparatus of claim 1, wherein an output signal
from said voltage detector is introduced to a recorder for
recording said signal.. )

5. The apparatus of claim 1, wherein each of said
separate electrical circuits is coupled to said means for
exciting said coils through an isolation impedance capacitor.

AR



- 10- 6. The apparatus of-claim1l1, wherein said neans for

exciting said coils includes an excitati.on oscillator. 7. The
apparatus of claim1, wherein said nmetal surface on which defects are to
be detected is an inside surface of a tubular article. 8 A

met hod for detecting defects on a netal surface conprising, positioning a
plurality of eddy current coils adjacent to a netal surface on

whi ch. defects are to be detected, novirA@~said coils relative to said netal

surface, providing separate electrical circuits - one for each of said coils,
exciting each of said circuits and coils at a substantially constant

vol tage and frequenc roduce an. eddy _cyrrent therein,and t

portion of sai & net 6?255@'5&'8 eﬁaaéﬁﬁg’c EFE?lPuﬁ?ﬁ% =1 c?¢CU|ts to
r esonance exasit ichest eah.dng:oal‘solmwgmddsala@e exeisagioneocgfisbhatiorircuits

i ndicating a defect in a portion of said netal surface adj acent to the coi

~associated with said one of said circuits. The net hod of claim
8, wherein sai @- netghes@ﬂm%%EthSSQﬁwqlﬁéﬂdérswhﬁaéénoﬁaédtﬂ%ﬁ?ér article.

surface on which defects are to be detected is an inside

surface of a tubular article.

8. A method for detecting defects on a metal surface

comprising, positioning a plurality of eddy current coils

. adjacent to a metal surface on which defects are to be
‘detected, moving- said coils relative to said metal surface,
providing separate electrical circuits one for each oﬁ said
coils, exciting each of said circuits and coils at a
substantially constant voltage and frequency to produce an
eddy current therein and within a portion of said metal '
surface adjacent said coils, tuning said circuits to
resonance, and detecting a voltage change in any one of_said
circuits indicating a defect in a portion of said metal
surface adjacent to the coil associated with said one of said

circuits.

9. The method of claim 8, wherein said metal surface
is an inside surface of a tubular article.
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