DESCRI PTI ON EDDY CURRENT FLAW DETECTI ON PROBE Technical Field [0001] The
present invention relates to an eddy current flaw detection probe, and in
parti cul avoteloam4iiaserti on type eddy current flaw det ectcogpprnobsesui t abl e
for detecting flaws in magnetic tubes. The present invention also relates
to a method for inspecting magnetic tubes for flaw w th high accuracy.
Background Art [0002] Anong nethods for inspecting netallic nmaterials is
the eddy current flaw detection. The eddy current flaw detection by neans-
of the insertion type eddy current flaw detection probe is w dely enpl oyed
in the inspection of non-nmagneti PRSIRIFTHEAE of such nmetals as austenitic
stainless steel, titanium or copper alloy. Wen inspecting a nagnetic tube
made of carbon steel , ED&Y iGURRENTI BT Ads PEIRETTONIRR@E phase st ai nl ess
steel (or tow phase stainless steel) consisting of ferrite phase and

aust eni t eephaseadr miledd i ke, flaws cannot be detected accurately since the
eddy current flaw detection probe for non-magnetic tubes causes eddy
currents fogofljow only in the '

5 The present invention relates to an eddy current flaw
detection probe, and in particular to an insertion type
eddy current flaw detection probe suitable for detecting
flaws in magnetic tubes.

The present invention also relates to a method for
10 inspecting magnetic tubes for flaw with high accuracy.
Background Art
[0002]
Among methods for inspecting metallic materials is the
eddy current £flaw detection. The eddy current £flaw
15 detection by means of the insertion type eddy current flaw
detection probe is widely employed in the inspection of
non-magnetic tubes made of such metals as austenitic
stainless steel, titanium or copper alloy.
When inspecting a magnetic tube made of carbon steel,
20 ferritic stainless steel, duplex phase stainless steel (or
tow-phase stainless steel) consisting of ferrite phase and
austenite phase or the 1like, £flaws cannot be detected
accurately since the eddy current flaw detection probe for
non-magnetic tubes causes eddy currents to flow only in the

25 surface and sensitivity of the detector is adversely



surface and sensitivity of the detector is adverselyaffected by a noise
attributable to local variation in magnetic perneability. [0003] A known
eddy currwotofo/meidet ection probe for dupl ex phase stai mcegs2mb/esl2iheat
transfer tube has such a constitution as detection coils are disposed
around a central portion of a cylindri€al yoke in the direction of the
cylindrical axis thereof, and permanent nagnets are di sposed around the
yoke on both sides of the detection coil in the direction of the
cylindrical axis so that the direction of nagnetization lies in the radial
di recti omfdfectted yoke andotise naghetbotpbles on tlesajokvagidsiare Hiff er ent
fromeach other (refer to, for exanple, Non- Patent Docunent 1 ) . Wile
use of t hiagnetdloe peralslads ldddy. current flaw detection for a weakly magnetic
tube such as dupl ex phase stainless steel tube, it is not sensitive enough
to detectiopmal]l flaws in a ferromagnetic tube made of carbon steel or the
like . Thus there is a demand for a nethod capabl e of accurately detecting
smal | flaws in figidwiegaeyi eutrikes A amodetect bordy prabiengfarel dpleky | ow
saturation magnetic flux density such as 0.5 tesla or less may refer to

wealsl y magneld ¢ fedwikerei nrand a naghetdearhoryr havilpy righat i sedly hagh
saturation magnetic flux density such as
constitution as detection coils are disposed around a
central portion of a cylindrical yoke in the direction of
the cylindrical axis thereof, and permanent magnets are
disposed around the yoke on both sides of the detection

10 coil in the direction of the cylindrical axis so that the
direction of magnetization lies in the radial direction of
the yoke and the magnetic poles on the yoke side are
different from each other (refer to, £for example, Non-
Patent Document 1).

15 ) While use of this probe enables eddy current flaw
detection for a weakly magnetic tube such as duplex phase
stainless steel tube, it is not sensitive enough to detect
small flaws in a ferromagnetic tube made of carbon steel or
the like. Thus there is a demand for a method capable of

20 accurately detecting small flaws in ferromagnetic tubes.

A magnetic body having relatively low saturation
magnetic flux density such as 0.5 tesla or less may refer
to weakly magnetic body herein and a magnetic body having
relatively high saturation magnetic £lux density such as

25 1.6 tesla or higher may refer to ferromagnetic body herein.



1.6 tesla or higher may refer to ferromagnetic body herein.Prior Art
Docunment [0004] Non-Patent Docunent 1 : "Nondestructive Inspection", Vo.
42, No. 9w 2pp/105208- 526, 1993 Summary of | nventi on TechmrcraP2Ro/odflezm [ 0005]
An object of the present invention is to provide an insertion type eddy
current flaw detection probe that is capable of accurately detecting flaws
in magnetic tubes. Anot her object of the present invention is to provide a
nmet hod for inspecting nagnetic tubes for flaws with high accuracy, and
particularly a method for accurately detecting flaws in a magnetic tube in
a porti ordbrbaft] ®oglumest t ube plate, support rig and the |ike
(hereinafter referred to sinply as baffle) provided outside of the nmagnetic
tube . Sdlowtoi4dn to Probl em [ 0006] Through researches into the method of
eddy current flaw detection for nagnetic tubes, the inventors of the
present appl-iFedtenan Doaunenthdt: fNowsld ot meagnietd cInapest tam” beVadet €2t ed nor e
accurately by applying eddy current flaw detection using a probe having
such a camst id,utdQm2as 526, 1993
5 Summary of Invention
Technical Problem
[0005]
An object of the present invention i1s to provide an
insertion type eddy current flaw detection probe that is
10 capable of accurately detecting flaws in magnetic tubes.
Another object of the present invention is to provide
a method for inspecting magnetic tubes for flaws with high
accuracy, and particularly a method for accurately
detecting flaws in a magnetic tube in a portion of baffle
15 plate, tube plate, support rig and the like (hereinafter
referred to simply as baffle) provided outside of the
magnetic tube.
Solution to Problem
[0006]
20 Through researches into the method of eddy current
flaw detection for magnetic tubes, the inventors of the
present application found that flaws in magnetic tubes can
be detected more accurately by applying eddy current flaw

detection using a probe having such a constitution as

25 detection coils are disposed around a central portion of a



detection coils are disposed around a central portion of acylindrical yoke,
i nner excitation coils are di sposed on both sides of the detection coils,
and per mawentiomagnets are di sposed around the yoke on beChJsidessseil t he
excitation coils so that the directions of magnetization thereof lie in the
radi al direction of the yoke and nmagneti c poles on the yoke side are -
different fromeach other. [0007] "Detection coils are di sposed around a
central portion of a cylindrical yoke" as used herein refers to that
detection coils are disposed around a cylindrical yoke at the central
portion ¢vkimdwhnaindyekal yoked nexhétdtient icamilef ahe alispdssd iadri cal
axis) of the cylindrical yoke. In general a flaw detection signal is

obt ai ned Hprheshdesf of dilid edebe&lionetdwidls n ahiicipearerdiff enagnessin
signals fromtwo or nore detection coils are used and thus in this case a
pluralitypmsf dbtswiseh cardsndtwoher goke denectioh caiidys aref di spesed.
“I'nner excitation coils are disposed on both sides of the detection coils"
used as kerceitattiefrersoidst hat ehsh exel talioptcons ioF dhsprsedzepigach side
of both sides of the detection coils in the direction of the cylindrical

axi $ and theisofft Wa iexciihat kB8 ceblisann Hotakrakg dbgposgd. yBRLMBAgAL
magnets are di sposed around the yoke on

magnetic poles on the yoke side are different from each

other.
[0007]
"Detection coils are disposed around a central portion
10 of a cylindrical vyoke" as used herein refers to that

detection coils are disposed around a cylindrical yoke at
the central portion of the cylindrical vyoke in the
direction of the axis (cylindrical axis) of the cylindrical
yoke. In general a flaw detection signal is obtained byl
15 means of a differential method in which the differences in
signals from two or more detection coils are used and thus
in this case a plurality of detection coils (two or more
detection coils) are disposed.
"Inner excitation coils are disposed on both sides of
20 the detection coils" used as herein refers to that each
excitation coil is disposed on each side of both gides of
the detection coils in the direction of the c¢ylindrical
axis and thus, two excitation coils in total are disposed.
"Permanent magnets are disposed around the yoke on

25 both sides of the excitation coils so that the directions



both sides of the excitation coils so that the directionsof nmagnetization
thereof lie in the radial direction of the yoke and magnetic poles on the
yoke si deweneiodioifier ent from each other” used herein refPergprromoniart each
per manent magnet i s di sposed on each side of both sides (outsides) of the
excitation coils in the direction of tRe cylindrical axis and thus two
per manent magnets in total are disposed, and that the directions of
magneti zati on of the two permanent nagnets are in the radial direction of
the cylindrical yoke and nagnetic poles on the cylindrical yoke _side are
di f f er ento mpanalckra et {hexeof %nqﬂécﬂl%n§a@¥a%a§h?é?ﬁa@noﬂfa?i€e
opposite each other) . These references can be applicable to other
enbodi nentakal et irRghdiel ©RoIDD0S) Thrisyehe présearei AlEAREYBRtpEEPMdes the
eddy current flaw detection probe conprising a cylindrical yoke, a
pl ural i t yasfh dettéstri"onueed shdirsposedeBevand-e heahednt rakchpopersanefitt he
cylindrical yoke in the direction of a cylindrical axis thereof, first and
second i neEernexcid alispoond lon dsgoseddenobobbtli dedesf (bhesplasal by of
detection coils in the direction of the cylindrical axis, and first and
secand paiHmnertifaghnehs adiidposed aheundh tdet yakeodn ot hegildadratalhe
first and second excitation coils in the direction of the cylindrical axis
so that the dlide€t tPisOtwo permanent magnets in total are disposed,
and that the directions of magnetization of the two
permanent magnets are in the radial direction of the
cylindrical yoke and magnetic poles on the cylindrical yoke

10 side are different from each other (i.e. the directions of
magnetization are opposite each other).

These references can be applicable to other
embodiments described below.
[0008]

15 Thus the present invention provides the eddy current
flaw detection probe compriging a cylindrical vyoke, a
plurality of detection coils disposed around the central
portion of the cylindrical yoke in the direction of "a
cylindrical axis thereof, first and second inner excitation

20 coils disposed on both sides of the plurality of detection
coils in the direction of the cylindrical axis, and first
and second permanent magnets disposed around the yoke on
both sides of the first and second excitation coils in the

direction of the cylindrical axis so that the direction of

25 magnetizations thereof are parallel to the radial direction



magneti zations thereof are parallel to the radial directionof the yoke and
magneti c poles on the cylindrical yoke side thereof are different from each
ot her. [O80210fiosnagh researches into the eddy current fPcaorziat/eswsezion for
magneti c tubes, the inventors of the present application devised anot her
present invention by finding that flaws in magnetic tubes can be detected
nore accurately by applying eddy current flaw detection nethod using a
probe that has such a constitution as detection coil is disposed around a
central portion of a cylindrical yoke and permanent nmagnets are dj sposed

around t bé ke volreh@mis Slegmetdic med ettt ©otindpiedatY R Hdections
of magnetization lie in the radial direction of the yoke and nagnetic pol es
on the ytkersiofe agree &iffasranit fuaymegsdh BitRF- wherein a permanent magnet
is further mounted in the central portion of the probe so that the
di recti orfoofoajagneti zation lies in axial direction (the direction of the
cylindrical axis) of the yoke. [0010] Thus another present invention
provi des the atdyweir r enesthavhdet eciriton pcbbke hadding suctreatconSiawuti on
as permanent magnet is di sposed around the central portion of the
cyl isndr i ealterakers fdhatagher ti r eabésn ehendgvenitoats @t ttier epfedérs in the
axial direction of the yoke, permnent

application devised another present invention by finding

that flaws in magnetic tubes <can be detected more

accurately by applying eddy current flaw detection method

using a probe that has such a constitution as detection

10 coil is disposed around a central portion of a cylindrical
yoke and permanent magnets are disposed around the yoke on
both sides of the detection coil so that the directions of
magnetization lie in the radial direction of the yoke and
magnetic poles on the yoke side are different from each

i5 other, wherein a permanent magnet is further mounted in the
central portion of the probe so that the direction of
magnetization lies in axial direction (the direction of the

.cylindrical axis) of the yoke.
[0010]

20 Thus another present invention provides the eddy
current flaw detection probe having such a constitution as
permanent magnet is disposed around the central portion of
the cylindrical yoke so that the direction of magnetization

thereof lies in the axial direction of the yoke, permanent

25 magnets are disposed around the yoke on both sides of the



magnets are di sposed around the yoke on both sides of theforner permanent
magnet so that the directions of nagnetization thereof lie in the radial

di recti orwofotone416ke and nmagnetic pol es on the yoke si #eTapmidvisher ent
fromeach other, and a detection coil is disposed on the pernmanent nmagnet
that is located in the central portior. [0011] Through researches into the
eddy current, fl aw detection for magnetic tubes, the inventors of the
present application devised yet another present invention by finding that
flaws in magnetic tubes can be detected nore accurately by applyi ng eddy
current fbamedet autimamernt honagoethe Smsi Heabf tHe maghseFEiPdbes Qsing a
probe that has such a constitution as detection coil is disposed around a
central pegheonzetiancythenkrdtaligoke avie pradiadntdinrmeten apé diposed
around the yoke on both sides of the detection coil so that the directions
of magnefbkat hatd hbegniet itcheoladi ahn dihee yioken sdfdet rerey okie® farkntadieam ¢ pol es
on the yoke side are different fromeach other, wherein a pernmanent magnet
is furthegchoustBdri,n the centdatepoidhoncoflt hes prabspssed hatn t Hehe
direction of magnetization lies in axial direction of the yoke, and al so

that flapsrpbnthe magmeid &Haubad noperidons afhadalddterair pumeibrin the
outside can al so be accurately inspected by applying the eddy current flaw
det ecti onggAphoyi ng multiple frequency method.

Through researches into the eddy current flaw
detection for magnetic tubes, the inventors of the present
application devised yet another present invéntion by

10 finding that flaws in magnetic tubes can be detected more
accurately by applying eddy current flaw detection method
to the inside of the magnetic tubes using a probe that has
such a constitution as detection coil is disposed around a
central portion of a cylindrical yoke and permanent magnets

15 are disposed around the yoke on both sides of the detection
coil so that the directions of magnetization 1lie in the
radial direction of the yoke and magnetic poles on the yoke
side are different from each other, wherein a permanent
magnet is further mounted in the central portion of the

20 probe so that the direction of magnetization lies in axial
direction of the yoke, and also that flaws of the magnetic
tube in portions of baffle provided in the outside can also
be accurately inspected by applying the eddy current £flaw
detection employing multiple frequency method.

25 [0012]



[ 0012] Thus yet another present invention provides (1) a flaw detection
nmet hod for magnetic tubes wherein eddy current flaw detection in the inside
of a nmagrwoi2010ilsA3i s carried out by using the probe havcmgprsuehs4a2i
constitution as permanent magnet is disposed around the central portion of
the cylindrical yoke so that the direc®ion of magnetization thereof lies in
the axial direction of the yoke, further pernmanent magnets are di sposed
around the yoke on both sides of the former pernanent nagnet so that the
directions of magnetization thereof lie in the radial direction of the yoke
and magnetic [ilues vorit e tloke priekend dnigiterantpreomeachl bthefladnd a
detection coil is disposed on the permanent magnet that is |located in the
central petdcdncrame{lPda fret hoagnét eddyubes empefeaw @eldact ¢F@Areased on
mul tiple frequency nethod in the flaw detection nmethod for nagnetic tubes
(1) . AdntwageaestBfdrects thel huendéont] @0 18lgrddel oftulbe p3 obesroedt he
present inventions in eddy current flaw detection of magnetic tubes makes
it possikhe teydetiethgl | eme nprebeacdsaited y subite aet hodsofittthéopr esent
invention makes it possible to detect flaws in magnetic tubes accurately,
and =3l so ReGHRIR Wdpiect 1§ anspbpetinartagaetdhe tadecddll therpdst i of
the cylindrical yoke so that the direction of magnetization
thereof lies in the axial direction of the yoke, further
permanent magnets are disposed around the yoke on both
sides of the former permanent magnét so that the directions
10 of magnetization thereof lie in the radial direction of the
| yoke and magnetic poles on the yoke side are different from
each other, and a detection coil 1is disposed on the
permanent magnet that is located in the central portion;
and (2) a method of eddy current flaw detection based on
15 multiple frequency method in the flaw detection method for
magnetic tubes (1).
Advantageous Effectgs of Invention
[0013]
Use of the’probes of the present inventions in eddy
20 current flaw detection of magnetic tubes makes it possible
to detect flaws more accurately.
The method of the present invention makes it possible
to detect flaws in magnetic tubes accurately, and also

accurately detect flaws in the magnetic tube in the portion

25 of baffle provided outside of the magnetic tube.



of baffle provided outside of the nagnetic tube.Brief Description of
Drawi ngs [0014] Fig. 1 is a schematic sectional view show ng an enbodi nent
of the prwbeomilothie present invention. Fig. 2 is a schematrijez|ecisonnal vi ew
showi ng anot her enbodi nent of the probe of the present invention. Fig. 3 is
a schematic diagram showing a nethod f&8r nounting permanent nagnets in the
probe of the present invention. Fig. 4 is a schematic di agram showi ng a
nmet hod for nounting permanent magnets in the probe of the present
invention. Fig. 5 is a schenmatic diagramshow ng a nmethod for nounting
per nanentBﬁﬁeRJ%é?%sql?ﬂRwrpr%eDle%S present invention. Fig. 6 is a
circuit diagramof the probe of the present invention. Fig. 7 is a diagram
expl anat of801gf] nul tipl e frequency nethod. Fig. 8 shows the results of
Exanple. Fig. 9 shows other results of Exanple. Fig. 10 shows the results
of Exanple 3 .Figg. 111 ishows etchematdsul sscofioBrdnpheed . shbging2 shows
other results of Exanple 3 .

embodiment of the probe of the present invention.

5 Fig. 2 is a schematic sectional view showing another
embodiment of the probe of the present invention.

Fig. 3 is a schematic diagram showing a method for
mounting permanent magnets in the probe of the present
invention.

10 Fig. 4 is a schematic diagram showing a method for
mounting permanent magnets in the probe of the present
invention.

Fig. 5 is a schematic diagram showing a method for
mounting permanent magnets in the probe of the present

15 invention.

Fig. 6 1s a circuit diagram of the probe of the
present invention.

Fig. 7 is a diagram explanatory of multiple frequency
method.

20 Fig. 8 shows the results of Example.

Fig. 9 shows other results of Example.

Fig. 10 shows the results of Example 3.

Fig. 11 shows other results of Example 3.

Fig. 12 shows other results of Example 3.

25 Fig. 13 shows other results of Example 3.



Fig. 13 shows other results of Exanple 3 .Description of Enbodi ments [0015]
The present invention wll be described in detail belowwth reference to

t he acconwenyiomg4rsawi ngs. Fig. 1 is a schematic secti omalr/JvzEawosileom ng an
enbodi mrent of the probe of the present ‘invention. Detection coils 5 and
inner excitation coils 6 (i.e. two inngP excitation coils of first and
second inner excitation coils 6 ) located on both sides of the fornmer (i.e.
both sides (both outsides) of two detection coils 5 in the direction of a
cylindrical yoke 1 ) are disposed around a central portion of a cylindrical
yoke 1 (Descranduinch afc@htregdingartts on of a cylindrical yoke 1 in the
direction of the cylindrical yoke 1 ) . A permanent nagnet 3 (a first

per manent{ovtagpiet) and a permanent magnet 4 (a second pernmanent nagnet) are
di sposed around the yoke on both sides of the coils (i.e. around portions

of the cylindrmieal pyekent | ogatadish beill simdes debetfived sidesjepdil he two
i nner excitation coils 6 in the direction of the cylindrical axis of the

cylindri gal1owke th )ref&fetdat tbhendi heebnpBnh noBgRekiizRfd on thereof lies
in the radial direction of the yoke and the nmagnetic pole on the yoke side

is differenty belween ihesPek 1BALN vIBGNGho?128d sdtheydBRan SBOARE 4 . In
the configuration shown in Fig. 1
probe of the present invention.

Detection coils 5 and inner excitation coils 6 (i.e.
two inner excitation coils of first and second inner
excitation coils 6) located on both sides of the former

10 (i.e. both sides (both outsides) of two detection coils 5
in the direction of a cylindrical yoke 1) are disposed
around a central portion of a cylindrical vyoke 1 (i.e.
around a central portion of a cylindrical yoke 1 in the
direction of the cylindrical yoke 1). A permanent magnet 3

15 (a first permanent magnet) and a permanent magnet 4 (a
second permanent magnet) are disposed around the yoke on
both sides of the coils (i.e. around portions of the
cylindrical yoke 1 located at both sides (both outsides) of
the two inner excitation coils 6 in the direction of the

20 cylindrical axis of the c¢ylindrical yoke 1), so that the
direction of magnetization thereof 1lies in the radial
direction of the yoke and the magnetic pole on the yoke
side is different between the permanent magnet 3 and the

permanent magnet 4. In the configuration shown in Fig. 1,

25 the permanent magnet 3 is disposed so that the S pole is



t he permanent magnet 3 is disposed so that the S pole islocated on the yoke
side and the N pole is |located on the outside, and the pernmanent nagnet 4

i s di sposwodsm/mohaB the N pole is |ocated on the yoke sipde/garmdoniue21S pol e
is located on the outside. [0016] In many cases two detection coils 5 are
di sposed as shown in Fig. 1 because hi gh accuracy of a flaw detection
process can be achieved by using coils differentially connected by which an
out put di fference between two coils can be detected. However, the present
invention is not limted to this. Wien a plurality of detection coils 5 are
used, préfceragidd) emothat gokal sedei teatd orhe olN| pobearde dispdsst as shewn in
Fig. 2 so that the excitation coils 6 are |ocated at the both sides

(out si desutafidehe gpldirdld tpemiameaiteataqetcod | 5s 5l spdded axdbstHatecheon of
the yoke 1 . [0017] Guides 7 , 8 are provided on both ends of the probe .
An air im apeibol s 9liogapedvi drd ihe sybkkansiad! yrichethentg alpques tien of
the yoke 1 (i.e. extending in the substantial center of the cylindrical

yoke 1 taddaal rectdmn Qfcdshme cylindrical axis) , and a plurality of air
di scharge holes 10 are provided on both ends so as to extend fromthe air
i ntake holgyiidy the radial direction

In many cases two detection coils 5 are disposed as
shown in Fig. 1 because high accuracy of a flaw detection
process can be achieved by wusing coils differentially
conﬁectéd by which an output difference between two coils

10 can be detected. However, the present invention ig not
limited to this.

When a plurality of detection coils 5 are used,
preferably two internal excitation coils 6 are disposed as
shown in Fig.2 so that the excitation coils 6 are located

15 at the both sides (outsides) of the plurality of detection
coils 5 in the axis direction of the yoke 1.
fooi7]
Guides 7, 8 are provided on both ends of the probe.
An air intake hole 9 is provided in substantially the
20 central portion of the voke 1 (i.e. extendiné in the
substantial center of the c¢ylindrical vyoke 1 to the
direction of the c¢cylindrical axis), and a plurality of air
discharge hdles 10 are provided. on both ends so as to
extend from the air intake hole in the radial direction

25 (i.e. air discharge holes 10 extending from the air intake



(i.e. air discharge holes 10 extending fromthe air intakehole 9 to the
surface of the cylindrical yoke 1 in the radial direction of the

cylindri cabyoke4i3) . Lead wires of the coils and | eadPoutiptiab/esiceiner eof
are not showmn . [0018] Fig. 2 is a schematic sectional view show ng anot her
enbodi nent of 'the probe of the presentlZnvention. In the enbodi nent shown
in Fig . 2, a permanent magnet 2 (third permanent magnet) is disposed
around a central portion of a cylindrical yoke 1 , so that the direction of
magnetization lies in the axial direction of the yoke. In the configuration
il lustrahede thetpermmmestirfrageetof stiespusthdoicaat yoke N pohe ke
positioned at the left and the S is positioned at the right. A pernmanent
magnet 3rafddad pdemeandon wEghée 4yarieddiispdsecka dund t he yoke on both
sides of the permanent nagnet 2 , so that the directions of nagnetization

t hereof |ie i nebke wiadisalofdithec tdodn sofarichd egpiceranthdlres negneto quod e on
the yoke side is different between the permanent magnet 3 and the permanent
magnet 4notl Bhbhe.configuration illustrated, the permanent magnet 3 is

di sposed so that the S pole is positioned on the yoke side and the N pole
is gositijgaedjon the outside, and the permanent nagnet 4 is disposed so
that the N pole is positioned on the yoke side

Fig. 2 is a schematic sectional view showing another
eﬁbodiment of the probe of the present invention.

In the embodiment shown in Fig. 2, a permanent magnet
2- (third permanent magnet) 1s disposed around a central

10 portion of a cylindrical yoke 1, so that the direction of
magnetization lies in the axial direction of the yoke. 1In
the configuration illustrated, the permanent magnet is
disposed so that the N pole is positioned at the left and
the S is positioned at the right.

15 A permanent magnet 3 and a permanent magnet 4 are
disposed around the yoke on both sides of the permanent
magnet 2, so that the directions of magnetization thereof
lie in the radial direction of the yoke and the magnetic
pole on the yoke side is different between the permanent

20 magnet 3 and the permanent magnet 4. In the configuration
illustrated, the permanent magnet 3 is disposed so that the
S pole is positioned on the yoke side and the N pole is
positioned on the outside, and the permanent magnet 4 is
disposed so that the N pole is positioned on the yoke side

25 and the S pole is positioned on the outside.



and the S pole is positioned on the outside.Detection coil 5 is disposed on
the permanent nagnet 2 |ocated in the central portion. Internal excitation
coil s (orwoagnetin3fi el d conpression coils) 6 are di spoged/Jprivoidazisi des of
the detection coils. Guides 7, 8 are provided on both ends of the probe.
An air intake hole 9 is provided in subdtantially the central portion of
the yoke 1 , and a plurality of air discharge holes 10 are provided on both
ends so as to extend fromthe air intake hole in the radial direction. Lead
wires of the coil and |ead-out holes thereof are not shown in Fig. 2
ei ther. [0019PsHeaticn adiel fr die dictpeRdER otk eoermaaePentaghdwnZin Fi g.
2 is the same as that of the enbodiment shown in Fig. 1, except that a
per manentlawegrest 2ni shepoanedabepwesnonhe ciitiauirdatxybketdoandoihe
detection coils 5, the inner excitation coils 6 (or between cylindrical
yoke 1 andzt hmadatedti ahielbi | sobpardshenweenilde &yl andr iddapogside ¢nand t he
i nner excitation coils 6 ) , so that direction of magnetization of the
per manentpbgtagneides agf egse vddtedthieormxt@al 1€l recti on of the yoke. [0020] A
prove according to the enbodinent shown in Fig. 1 or Fig. 2 except for that
the d nner excidatdgm ¢9i Igs Hrarprovided on both ends of the probe.
An air dintake hole 9 is provided in substantially the
central portion of the yoke 1, and a plurality of air
discharge holes 10 are provided on both ends so as to
extend from the air intake hole in the radial direction.
10 Lead wires of the coil and lead-out holes thereof are
not shown in Fig. 2 either.
[0019]
That is, the probe according to the embodiment shown
in Fig. 2 is the same as that of the embodiment shown in
15 Fig. 1, except that a permanent magnet 2 is mounted between
the cylindrical yoke 1 and the detection coils 5, the inner
excitation coils 6 (or between cylindrical yoke 1 and the
detection coilg 5 and between the cylindrical yoke 1 and
the inner excitation coils 6), so that direction of
20 magnetization of the permanent magnet 2 agrees with the
axial direction of the yoke.
[0020]
A prove according to the embodiment shown in Fig. 1 or

Fig. 2 except for that the inner excitation coils 6 are

25 disposed on the permanent magnet 3 in the vicinity of the



di sposed on the permanent magnet 3 in the vicinity of theinner end (the
inner end in the direction of the cylindrical axis) thereof and di sposed on
t he per meMOr010Mf@¢18t 4 in the vicinity of the inner endPCTHB2G1fAEG2lend in
the direction of the cylindrical axis) thereof. The | engths of the
permanent magnets 3 , 4 in the directidh of the cylindrical axis are |arger
than those or the inner excitation coils 6 , and thus when the excitation
coils 6 are disposed on the permanent nagnets 3 , 4 in the vicinity of the
i nner ends thereof, part of the permanent nmagnet 4 and part of the

per manent.nmegneter8l ar éthecatiadeat lsoxch simestiout siideskion t v i niee
excitation coils 6 in the direction of the cylindrical axis. In addition,

t he i nneryaxeidrdtdadn ewiib$ GolibspoSednds diespeebdd ar e thec apednaeiot h
sides (outsides) of the detection coils 6 . [0021] The yoke 1 of the probe
shown i nmaigget. 41 iandlz nacihe forafed e cmeerretad  hgive ngnieghepédreabi l ity
such as carbon steel or lowalloy steel. For the permanent nagnet, high

per f or makee @ERRIIERN rORele Sah R nedd | riem nEgaedof s used. For the
per manent magnet 2 nmounted in the central portion, a ring-shaped nagnet

abow 5 to 107HA | 9BagkRAst her axird geitehedR Ohabher¥oke, i s usad. tir@r the
per manent nagnet 3 ang-the per manent nmagnet 4 nounted on both sides of the
per manenty R8I of the cylindrical axis are larger than those or
the inner excitation coils 6, and thus when the excitation
coils 6 are disposed on the permanent magnets 3, 4 in the
vicinity of the inner ends thereof, part of the permanent
10 magnet 4 and part of the permanent magnet 3 are located at
both sides (outsides) of the inner excitation coils 6 in
the direction of the cylindrical axis. In addition, the
inner excitation coills 6 disposed as described are located
at both sides (outsides) of the detection coils 6.
15 [0021]

The yoke 1 of the probe shown in Figs. 1 and 2 may be
formed from a metal having high permeability such as carbon
steel or low-alloy steel.

For the permanent magnet, high performance permanent

20 magnet such asg neodymium magnet i1s used. For the permanent
magnet 2 mounted in the central portion, a ring-shaped
magnet about 5 to 10 mm long in the axial direction of the
yoke 1is used. For the permanent magnet 3 and the permanent

magnet 4 mounted on both sides of the permanent magnet 2,

25 ring-shaped magnets about 5 to 30 mm, preferably about 10



ri ng- shaped magnets about 5 to 30 mm preferably about 10to 30 mmlong in
the axial direction of the yoke are used. Wile the accuracy of flaw
det ect i orwbeomvmes218i gher as the permanent magnet 3 and trhe/Jpanwassent nagnet
4 becone |longer, simlar effect cannot be achieved by increasing the I ength
beyond 30 nm Sizes of the permanent rmhgnet 3 and the pernmanent magnet 4 in
the radial direction of the yoke and thickness of the magnets nay be
changed in accordance to the thickness of the magnetic tube to be
inspected. [0022] The pernanent naggep 2 disposed in the central portion
makes it tpoS$i bite kang nkrebbe ekéafadasersipnueiddis tPkT ¥R Wfhetic
field generated by these magnets . Thus the probe according to the present
i nvent i ofhgrlef éreblacoomey sef Ehavwpdefansienmgeemes idhmas the
alternatively nmagnetic flux density can be increased by reducing the
di st ance peetmamentpaagarent3 raghdthe prungpemmmmagnemghdredone BlOoR@eYi ng t he
direction of magnetization of the permanent magnet 2 so that the N pole is
posi ti onedndfl airhe= il fafdt arminhdie Bepakbiksepodivt iionetkadinchetié ghenashshown
in Fig. 2, it is nmade possible to increase the magnetic flux density.
Howeyer eesidnsheno Nmaol e is3 Aeesi bfoned apethenenghimeayrtett he 3rngol ehes
positioned at the left sufficient perfornmance of flaw detection can be
obt ai nedpermanent magnet 4 in the radial direction of the yoke and

thickness of the magnets may be changed in accordance to

the thickness of the magnetic tube to be inspected.

[0022]

10 The permanent magnet 2 disposed in the central
portion makes it possible to increase the magnetic £flux
density of the magnetic field generated by these magnets.

Thus the probe according to the present invention
preferably comprises the permanent magnet 2 although

15 alternatively magnetic £flux density can be increased by
reducing the distance between permanent magnet 3 and
permanent magnet 4. By setting the direction of
magnetization of the permanent magnet 2 so that the N pole
is positioned at the left and the S pole is positioned at

20 the right as shown in Fig. 2, it is made possible to
increase the magnetic flux density. However even when N
pole is positioned at the right and the S pole is
positioned at the 1left sufficient performance of £flaw

detection can be obtained.

25 Thigs means that it does not matter on which side N



This means that it does not matter on which side Npole (or S pole) is
| ocated and as | og as the direction of nmagnetization lies in the direction
of the cyondriwaiizaxi s of the yoke 1 (the axial directipamJetoiohscyioke 1 )
[ 0023] When differentially connected coils enploying only the detection
coils 5 which have conventionally beenlésed are enpl oyed, the region where
eddy currents are induced becones too |large, and therefore the S/INratio
decreases under the influence of |local variation of perneability in a
porti on where magneti zati on has not saturated. According to the present
i nventi omolen cont$ astlekxtesdpeetedgiead efs dddy aurtleatdiraduted by t he
detection coils'5 is restricted by canceling the eddy current by the eddy
current tirandtsidanditeed ten firovwhe direcopposio dhe eeyidndbycabeaknser
excitation coils 6 which are di sposed on the outside of the detection
coils, thefeae iyvgHeovi n-Hdea-G N rétiect Asntde tiesuybkef1) pproving the S/N
rati o by nmaking the magnetic flux distribution uniform by nmeans of the
per manent[goegiet 2 and inducing the eddy currents only in the vicinity of
the detection coils 5 by the inner excitation coils 6 , in addition to the

i nprovenent i fyudie ﬁ%ﬁéﬁéﬂ’dié’l?{ dbme sl gctdbPls dfplSyiRgecRoysthke to
detect the phase angle that relates to the type of ? aw

detection coils 5 which have conventionally been used are

employed, the region where eddy currents are induced

becomes too large, and therefore the S/N ratio decreases

under the influence of local variation of permeability in a

10 portion where magnetization has not saturated. According

to the present invention, in contrast, excessive region of

eddy currents induced by the detection «coils 5 1is

restricted by canceling the eddy current by the eddy

current that is induced to flow in the opposite direction

15 by the inner excitation coils 6 which are disposed on the

outside of the detection coils, thereby improving the S/N
ratio.

As the result of improving the S/N ratio by making the

magnetic flux distribution uniform by means of the

20 permanent magnet 2 and inducing the eddy currents only in

the vicinity of the detection coils 5 by the inner

excitation coils 6, in addition to the improvement in the

sensitivity of flaw detection, it 1s made possible to

detect the phase angle that relates to the type of flaw

25 (circumferential groove in the inner or outer surface,



(circunferential groove in the inner or outer surface,rectangul ar groove on
the outside, or through hole) and depth of the flaw, and identify the flaw
| ocat ed iwothe/tuhie bel ow baffl e, by enploying nultipl epCragemneeniet hod.
The magnetic flux density of the magnetic field generated by these nagnets
is preferably 1.5 tesla or higher in thé central portion between the
detection coils. A magnetic flux density lower than 1.5 tesla results in
weaker flaw detection signal, and is therefore not desirable . The magnetic
flux density nmentioned in the present invention is a value determ ned by
nuner i calreartaingsilsirof gfooiree el etbat omtdiote Wi bhr aClmegngtt | dicflied] damadal ysi s
program "Magnetic Field Analysis Software JMAG' (registered trade mark)

avai | abl eefgrtdm ISOch€orpionat | end [BDRM 1By r bhg- sHapedlpeatadenin mahaet t hat
causes mmgnetization in the radial direction requires high manufacturing
cost, andubeenefiemwe baf ile ,a o eyl @Facs inel Pl fiteditencpognethodit o split
shapes such as quadrants which are disposed around a cylindrical yoke as
shown in Fig. 1he Wemaniunt imgit haaqresimpends magnet wfdnmécist orfeua parts
al ong the circunference around the cylindrical yoke, dummy iron pieces or
per@ﬁ??”@fﬁﬁﬁﬂ&k@.(Qyﬁnvhaﬁgnﬂﬁa§§e§§0W&;l@ﬂ%ﬂérébﬁyth@% have1di regtion of
magnet i zati on

higher in the central portion between the detection coils.

A magnetic flux density lower than 1.5 tesla results in

weaker flaw detection signal, and is therefore not
desirable.
10 The magnetic f£flux density mentioned in the present

invention is a value determined by numerical analysis of
finite element method with a magnetic field analysis
program “Magnetic Field Analysis Software JMAG” (registered
trade mark) available from JSOL Corporation.

15 [0024]

A ring-shaped permanent magnet that causes
magnetization 1in the radial direction requires high
manufacturing cost, and therefore it is a common practice
to split the magnet into split shapes such as quadrants

20 which are disposed around a cylindrical yoke as shown in
Fig. 3. When mounting the permanent magnet split into four
parts along the circumference around the cylindrical yoke,
dummy irbn pieces or permanent magnets (dummy magnet as
shown in Fig. 4) that have direction of magnetization

25 opposite to that of the permanent magnet to be mounted is



opposite to that of the permanent nagnet to be nounted isinterposed between
the quadrants as shown in Fig. 4 , so that the repul sion force of. the
opposi ng wernememti3magnets i s cancel ed out thereby naki RgTiIP2086854621 t O
mount. VWiile there i.s no restriction on the nethod of nounting the

per mmnent magnets around the cylindrick8® yoke, an adhesive such as acrylic
adhesive is used for bonding. After nounting a pair of permanent nagnets,
the dunmy iron pieces or the pernmanent nagnets that have the direction of
magneti zati on opposite to that of the permanent nmagnet to be nounted are
renoved anderppsphadeeitwesreotheanptadibramas r asf gieswranént Fiagnets véd h
adhesi ve applied to the surface thereof that nmakes contact with the
cylindrithhtyake arspuirintredonds | ef t hheoppodisifgp Petazerintagneis-tar e hel d
in place by a vise or the like till the adhesive has been cured, thereby

maki Ng i Lseasyided s Wit t fige Pehyranert nfagRetsaHiedt heo Cnbundr i cathiyoke. In
anot her net hod, pernmanent nmagnets that cause magnetization in the radial

directi onhakre aisangedrékarapradhesbie HOURE LR Cyki NAsLead nyokene and
dummy permanent nmagnets havi ng opposite direction of magnetizaition are

mougt ed s8rASntALCaAMEhle NYURNNe NBgNehaaNda st {addl e Qyvefqiadiagent
per manent nmagnets, as shown in Fig. 5 ." This schene mtigates the repul sion

force anduppkegsitaPoss] bl & i LA 1 % Pond lheBer MBORAL ngRINet S Q0 the
cylindrical yoke
mounting a pair of permanent magnets, the dummy iron pieces
or the permanent magnets that have the direction of
~magnetization opposite to that of the permanent magnet to
10 be mounted are removed and, in place thereof, another pair
of permanent magnets with adhesive applied to the surface
thereof that makes contact with the cylindrical vyoke are
mounted, while the opposing permanent magﬁets are held in
place by a vise or the like till the adhesive has been
15 cured, thereby making it easy to mount the permanent
magnets on the c¢ylindrical vyoke. In another method,
permanent magnets that cause magnetization in the radial
direction are arranged via an adhesive around the
cylindrical yoke, and dummy permanent magnets having
20 opposite direction of magnetization are mounted so as to
cover the permanent magnet and straddle over adjacent
permanent magnets, as shown in Fig. 5. This scheme
mitigates the repulsion force and makes it possible to
easily bond the permanent magnets onto the cylindrical yoke

25 without need to secure the permanent magnets by vise or the



wi t hout need to secure the permanent nmagnets by vise or thelike . The dummy
per manent nmagnets may be renoved after the adhesive has been hardened.

[ 0025] Wwo 28plios21shaped magnets are used as the per manect/Jregoeiss213 and 4
, the split shaped nagnets are preferably di sposed symetrical with respect
to the central axis of the cylindricall§oke 1 as shown in Fig. 4 . Wole
circunference of the magnetic tube can be substantially uniformy

magneti zed by the synmetrical arrangenent. [0026] The two detection coils 5
and the two inner excitation coils 6 are fornmed by w nding copper wres
havi ng aldikasnet dhefdunutredneBians: Magnehabwl B0 tengeed rise¥ otfdrm t he
coil neasuring about 0.8 to 1.2 nmin width and about 0.8 to 1.2 nmin
dept h. Thedhewiere e tharomegoldreed.estrict the regi on where eddy currents
flowto the vicinity of flaw, so as to inprove the S/INratio of signal from
a smal | floaasgnd reduce the influence of the ends of the tube. [0027] The
guides 7 , 8 disposed on both ends of the probe are formed from an acet al
resin, a stai miras speet @haphe Indgnetodndagee wwenlirad danteo paemyo&etby

SCrews
5 magnets 3 and 4, the split shaped magnets are preferably
disposed symmetrical with respect to the central axis of
the cylindrical yoke 1 as shown in Fig. 4.

Whoie circumference of the magnetic tube can be

substantially uniformly magnetized by the symmetrical
10 arrangement.
[0026]

The ﬁwo detection coils 5 and the two inner excitation
coils 6 are formed by winding copper wires having a
diameter of about 0.05 to 0.1 mm about 60 to 80 turns to

15 form the coil measuring about 0.8 to 1.2 mm in width and
about 0.8 to 1.2 mm in depth.

The inner excitation coils restrict the region where
eddy currents flow to the wvicinity of £flaw, so as to
improve the S/N ratio of signal from a small flaw and

20 reduce the influence of the ends of the tube.
[0027]

The guides 7, 8 disposed on both ends of the probe are

formed from an acetal resin, a stainless steel or the like,

and are secured onto the yoke by screws.

25 [0028]



[0028] Air is introduced through the air intake hole 9 provided in the yoke
1 and is discharged through the air discharge hole 10. Wen testing a
magnet i ¢ woketo/ioa21Beconmes difficult to scan and center trhe/Jpraessszince the
strong pernmanent magnet nounted on the probe is attracted toward the tube
surface. However, attraction toward t®® tube surface is mitigated by
ejecting air fromthe air discharge holes in the perpendicul ar direction,
thus making it easier to scan the probe. About 6 to 10 air discharge hol es
10 having a dianmeter of about 2 nm may be arranged in the circunferential
direction to Rim fism iheradvucedt akerdiedle oche| CoR9] Heksi PG e
connected by lead wires to an eddy current flaw detection apparatus, to
nmeasur e pioeivelt dge char goker ilstamd ahd désedrrdegwsthreugh BhshGis a
circuit diagramof the probe. Two detection coils LI, L2, two inner
excitati @lsenbkgel3holéd Bnd fouhevar tabkéngesastoagndtic RAURS, , iR4 are
connected in parallel with a lock- in anplifier, and the detection coils
LI, L2 ,papdmbBe qsariiahlie resi stans fld Genaee corneotaioet sinke ditgnal

input termnals of the lock- in amplifier so as to forma \Weatstone

brigge. Eggégb permanent magnet mounted on the probe is attracted
toward the tube surface. However, attraction toward the
tube surface is mitigated by ejecting air from the air
discharge holes in the perpendicular direction, thus making
it easier to scan the probe.

10 About 6 to 10 air discharge holes 10 having a diameter
of about 2 mm may be arranged in the circumferential
direction to run from the air intake hole 9.

[0029]
The coils are connected by lead wires to an eddy

15 current flaw detection apparatus, to measure time-voltage
characteristic and detect flaws.

‘Fig. 6.shows a circuit diagram of the probe. Two
Adetection coils L1, L2, two inner excitation coils L3, L4
and four variable resistors R1l, R2, R3, R4 are connected in

20 parallel with a lock-in amplifier, and the detection coils
L1, L2, and the variable resistors R1, R2 are connected to
the signal input terminals of the lock-in amplifier so as
to form a Wheatstone.bridge.

[0030]

25 Flaw detection operation is carried out as follows.



Fl aw detection operation is carried out as follows.\Wen a voltage of 5 Vis
applied with a predeterm ned test frequency, for exanple 100 kHz at which
sensi ti viwg 20fo/fokad det ecti on becones high, inpedances etCTuRBI10/e346ZL i ON
coils and the inner excitation coils are neasured and the variable
resistors R and R2 are adjusted to reskstances that match the neasured

i npedances. Conposite inpedance (synthetic inpedance) of the detection
coils and the variable resistors is neasured at this tine, and the

resi stances of the variable resistors R3, R4 that are connected to the

i nner exci t at Woencei e ldreme/arf &8l &r bandpphéedeadiled maadataEinad as to
carry out flaw detection under conditions that allow high sensitivity of

det ect i ones8cdmegekaciyt,y fofr ehamplebd 0i0s kéet at vdnrcémgseerfszdm@tﬁuw@ to 50
nmm sec, and is preferably in a range fromabout 2 to 10 mmsec in order to
det ect smbbzerdé&mimcmabeﬂeys. HON81] ifibedaetkesd ofsthiebeatk trivieomakes it
possible to detect flaws accurately in a portion of nagnetic tube where
baffl e i sonak RIViees euhsi-dexefitbhecmmgrellis tubemeaktiredglnad tilse not
possible to detect flaws of the magnetic tube accurately in a portion where
baf gl e i gapray1ded-citestOrd heai nietl f R eBGR Oddjhetsignal fevistdecdaffle.
For the purpose of elimnating the interfering signals

that match the measured impedances. Composite impedance
(synthetic impedance) of fhe detection coils and the
variable resistors is measured at this time, and the
resistances of the wvariable resistors R3, R4 that are
10 connected to the inner excitation coils are varied around
the measured resistance, so as to carry out flaw detection
under conditions that allow high sensitivity of detection.

Scan velocity of the probe is set in a range from

about 2 to 50 mm/sec., and is preferably in a range from
15 about 2 to 10 mm/sec. in order to detect smaller flaws

accurately.

[0031]

The method described above makes it possible to detect

flaws accurately in a portion of magnetic tube where baffle

20 is not provided outside of the magnetic tube, although it

is not possible to detect flaws of the magnetic tube

accurately in a portion where baffle is provided due to the
interferehce of the signal from the baffle.

For the purpose of eliminating the interfering signals

25 so as to improve the accuracy of eddy current £law



so as to inprove the accuracy of eddy current flawdetection, there is known
the multiple frequency nethod wherein a current having two or nore
frequenciwe 208/prnsi ded with the detection coils in thepretdyoonssent flaw
detection. The nmultiple frequency nethod is according to, for exanple,
"Eddy Current Flaw Detection II" of NoRdestruction |Inspection Series, sixth
i ssue of 1995 version published by Japan Non-destruction |Inspection

Associ ation on Cctober 5, 2002. [0032] Description that follows deals with
flaw detecting operation for a magnetic tube in a portion where a baffle is
provi ded dsresrgilaoyi nghehe nis t ikploamf r egeenoyd it o d foeiqugnicwo fieelgo@nci es.
Fig. 4 is a diagramexplanatory of this operation. Flaw detection with
frequencwhereddf | @M essrraagnethavinde wfo a qor tihare wwEreqaehaiése is

provi ded produces such a signal fromthe baffle (Lissajous curve) as shown
in Fig. Hrvidel opariatilon)detEbaiofetedlsoninnitiHe tdwiyf reagenty £hawged to
f2 produces such a signal fromthe baffle as shown in Fig. 7 (B) (f 2

oper at i oot AMIldH . UdeBheX muXtaplephiasquenel wherkaf fie séanadioptadbned with
frequency f2 are rotated so as to nake the anplitude and inclination of the

signal as Ll 0§§a§n91%h05@E9f:{yt heubathte sigpalpaiaingd duri ng:f | qvh-
detection with frequency as
destruction Inspection Series, sixth issue of 1995 version
published by Japan Non-destruction Inspection Association
on October 5, 2002.
[0032]

10 Description that follows deals with flaw detecting
operation for a magnetic tube in a portion where a baffle
is provided by employing the multiple £requency method
using two frequencies. Fig. 4 is a diagram explanatory of
this operation.

15 Flaw detection with frequency £; in a £flawless
magnetic tube of a portion where a baffle is provided
produces such a signal from the baffle (Lissajous curve) as
shown in Fig. 7(A) (£, operation). Flaw detection with the
frequency changed to £, produces such a signal from the

20 baffle as shown in Fig. 7(B) (£, operation). Amplitudes X,
Y and phase 9 of the baffle signal obtained with frequency
f, are rotated so as to make the amplitude and inclination
of the signal as close to those of the baffle signal
obtained during £flaw detection with frequency £; as

25 possible (Fig. 7 (C)). This operation will be referred to



possible (Fig. 7 (C)). This operation will be referred toas f2 operation
since it is adjustnent of the signal obtained with frequency f2 . Wen an
oper at i orwQf20t0/2213) i n which the signal of f2' operati @oTiJB20bi462Ct €d
fromthe signal of f i operation is conducted, the baffle signal is
cancel ed out because both signals have28im | ar Lissajous curves (Fig. 7
(D)). [0033] Flaw detection with frequency f in a magnetic tube that has
flaw in a portion where the baffle is provided produces such a signal as
shown in (E) that is conposite of baffle signal and flaw signal (fl

oper ati om)s . fBaf fdpersitginal issneld mihat el tadjpugineart opefr athen §fgraf2' )
simlar to that descri bed above, so as to extract only the flaw signal

wi t hout tdieahafdd evitilgrfaleddrgy 7:F) ), and the presence of flawis

i nspected through conparison with Fig. 7(D) . [0034] In case frequencies f
i and f2 are oihese a0 opretatoidier (£.t he fhaf f Le &hesal tasdsthaadebect,si gna
becone simlar and therefore the subtracting operation nay result in the

| oss of mpsratfidihe d | awsiaceta Yhen the fdieguancdessf swe-dismeiset too
di stant fromeach other, in contrast, basic waveforns change. A s a result,
baffd e sicgnghe bl aiged barkhe Ligpghati PncandedqoBekatdncanngsehe

adj usted into
signals have similar Lissajous curves (Fig. 7 (D)).
[0033]

Flaw detection with frequency £, in a magnetic tube

that has flaw in a portion where the baffle is provided

10 produces such a signal as shown in (E) that is composite of
baffle signal and flaw signal (f1 operation). Baffle
signal is eliminated through an operation (£; - £)

similar to that described above, so as to extract only the

flaw signal without the baffle gignal (Fig. 7(F)), and the

15 presence of flaw is inspected through comparison with Fig.
7(D).
[0034]

In case frequencies £; and £, are close to each other,

the baffle signal and the defect signal become similar and

20 therefore the subtracting operation may result in the loss
of most of the flaw signal. When the frequencies £, and f,

are set too distant from each other, in contrast, basic
waveforms change. As a result, baffle signals obtained in

the £, operation and £, operation cannot be adjusted into

25 similar forms and it becomes impossible to eliminate the



simlar forns and it becones inpossible to elimnate thebaffle signal. It
is a conmon practice to set the frequency f2 to about 1/2 to 1/8 of the

f r equencywbi2o10fine218r equency vari es dependi ng on such faecons2@aeoidazt t ype of
material of the magnetic tube, and an optinum frequency is selected by test
scanni ng. [0035] Eddy current flaw det2étion and data processing are
carried out by neans of a circuit that provides the frequencies f and f2 at
the sane time with the detection coils and perforns the data processing,
and scanning the probe to search for flaws. Eddy current flaw detection may
al so be dmrfifiled eugnbyl .provitdi ngst he f ceguenci psattiaad sepasatel yhaith the
detection coils and then processing the signals thus obtained. [0036] In
case fl avMirdefuetidyort.i sdisdauted/byta spsricdusisi ghedq@ficypoEse) ohler than
the baffle signal such as probe chatter signal (a signal caused by

f1 uct uat ifi@oiesicanceahiai yegspehai hgbenundan testtand hhe Rl egfhONoE0I |

when the probe nakes jittery novenent), the undesired signal may be renoved
by usi ngntdiid fdreqienciagixed®! esok0084l an optimum frequency is
5 selected by test scanning.
'[0035]

Eddy current flaw detection and data processing are
carried out by means of a circuit that provides the
'frequencies f, and £, at the same time with the detection

10 colls and performs the data processing, and scanning the
probe to seafch for flaws.

Eddy current flaw detection may also be carried out by
providing the frequencies £; and £, separately with the
detection coills and then processing the signals thus

15 obtained.
[0036]

In case flaw detection is disturbed by a spurious
signal (or noise) other than the baffle signal such as
probe chatter signal (a signal caused by fluctuating

20 distance between the tube under test and the detection coil
when the probe makes jittery movement), the undesired
signal may be removed by using a third frequency.

Examples

[0037]

25 The present invention will be described below by way



The present invention will be described bel ow by wayof Exanples, but the
present invention is not limted to the foll ow ng Exanpl es. [0038] Exanple
1 A probeweamm/ms2i8hat shown in Fig. 2 was fabricated, PpPgTUBNgOFWEMbEr s of
the followng materials and shapes. Yoke 1 : Anneal ed carbon steel S15C
Per manent magnet 2 : Neodym um magnet e&nufactured by Asahi Corporation
Ri ng shape neasuring 25.5 mmin outer dianmeter, 21 nmin inner dianeter and
6 .4 mmin | ength Permanent magnets 3 , 4 : Neodym um magnets nanufact ured
by Asahi Corporation Ri n% shape nmeasuring 28 mmin outer dianeter, 21 mmin
i nner di et Brampdeso Mwnt nthenhrrsent dewsHtien ol patt sLIRteedi 6/ coil s
S, inner excitation coils 6 : Forned froma copper wire having a dianeter
of 0.08 rvhawimdlawinqrianptessi ze of 1.0 nmin width and 1.0 mmin depth
wi th separation of 0.8 mm between coils. GQuides 7, 8 : Pol yacetal
(copol ynerQOIRIRACON (trademar k) manufactured by Polyplastics Co., Ltd.,
28.4 mmin outer dianeter Adhesive to bond the permanent magnets to the
yoke: AcrBstamphsiesi ve Hardl ock (trademark) manufactured by DENKI KAGAKU
5 A probe same as that shown in Fig. 2 was fabricated,
by using members of the following materials and shapes.
Yoke 1: Annealed carbon steel S15C
Permanent magnet 2: Neodymium magnet manufactured by Asahi
Corporation
10 Ring shape measuring 25.5 mm in outer diameter, 21 mm
in inner diameter and 6.4 mm in length
Permanent magnets 3, 4: Neodymium magnets manufactured by
Asahi Corporation
Ring shape measuring 28 mm in outer diameter, 21 mm in
15 inner diameter and 30 mm in length divided into four parts
Detection coils 5, inner excitation coils 6: Formed from a
copper wire having a diameter of 0.08 mm wound 70 turns

into size of 1.0 mm in width and 1.0 mm in depth, with

separation of 0.8 mm between coils.

20 Guides 7, 8: Polyacetal (copolymer) DURACON (trademark)
manufactured by Polyplastics Co., Ltd., 28.4 mm in outer
diameter

Adhesive to bond the permanent magnets to the yoke: Acrylic
adhesive Hardlock (trademark) manufactured by DENKI KAGAKU

25 KOKGYO KABUSHIKI KAISHA



KOKGYO KABUSHI KI KAl SHA] 0039] The magnetic flux density of the magnetic
field generated by the pernmanent magnets was determ ned by using a magnetic
field anavpos/pengram "Magneti c Field Anal ysi s Sof t war @CTNBES10/0s46z1demar k)
manuf actured by JSOL Corporation. The magnetic flux density obtained in the
central portion between the detection 26ils was 2.0 tesla. Wen the

per manent nmagnet 2 was nounted so that direction of nagnetization would be
opposite to that shown in Fig. 2, nanely the S pole was positioned at the
| eft and the N pole was positioned at the right, the magnetic flux density
was 1.6 tl@93&@lin the central portion between the detection coils. [0040]

For the lock-in anmplifier, LI5640 (manufactured by NF Corporation) was
used, for theTsci Ineggeape TES3M04Bidmmnf actfiir echdy meghdtoni cEidadan) was
used and for stage controller for scanning the probe CAT-E (nmanufactured by
Chuo Pregiesicamtatlust rtled formahéft ) magacusetas] QRAHrmBre® 8f rasgihgwas
made as shown in Fig. 6 . Wien a voltage of 5 V was applied with test

frequency efad idizsi SRASHRLIPEL 5 ogrbgﬁaﬂaw@@g@fetti&e mied ectAenl ¢oi s and
the inner excitation coils showed about 93 W and therefore
5 Software JMAG” (trademark) manufactured by JSOL Corporation.
The magnetic flux density obtained in the central portion
between the detection coils was 2.0 tesla. When the
permanent magnet 2 was mounted so that direction of
magnetization would be opposite to that shown in Fig. 2,

10  namely the S pole was positioned at the left and the N pole
was positioned at the wxight, the magnetic flux density was
1.6 tesla in the central portion between the detection
coils.

[0040]

15 For  the lock-in amplifier, LI5640 (manufactured by NF
Corporation) was used, for the oscilloscope TDS3104B
(manufactured by Techtronics Japan) was used and for stage
controller for scanning the probe CAT-E (manufactured by
Chuo Precision Industrial Co., Ltd.) was used.

20 [0041]

Probe circuit was made as shown in Fig. 6. When a
voltage of 5 V was applied with test frequency of 100 kHz,
measurement of impedance of the detection coils and the
inner excitation coils showed about 93 Q, and therefore

25 resistances of the variable resistors R1 and R2 were



resi stances of the variable resistors R and R2 wereadjusted to about 93 W
Measur enment of the conposite inpedance of the detection coils and the

vari abl e websiyosa3at this tine showed about 172 W Fl arcaapzab/ihsmk2mas
carried out while changing the resistances of the variable resistors R3 and
R4 that were connected to the inner ex@itation coils in a range from 150 to
500 Wunder this condition. [0042] Flaw detection was carried out on a
ferromagnetic tube (carbon steel STB340, 34 mmin outer dianeter, 2.3 nmin
t hi ckness and 900 mmin | ength) having through holes of dianeters 2.0 nm
1.5 mm =djusbechd t® S5aboutord®dat | Mesyvatsmeft 1005 mmhewhibepseannri ng at
velocities of 30 nm sec. and 4 nm sec. Result of flaw detection with
scanni ng irgesEnge obf Athemdeisectids ehiole andFthe Bariabler esslistofsf| aw
detection over the through holes of dianmeters 1.0 mmand 0.5 mmw th

scanni ng atel atiitsy efimé nEhswed i=baEiowa7in §i.g. Flaw ndekecdiiagr agpst he
note "No internal excitation (2 coils)" shows that only the detection coils

were usedaphditout o@et wMal éngnbigihgneheex@idaid e &Pidr i Pnéheathawie
detection, and the values 150 to 500 Ware resistances of the variable
resistor s3I Ak R4 r3 [@O43I R4 that were connected to the inner
excitation coils in a range from 150 to 500 Q under this
condition.
[0042]
Flaw detection was carried out on a ferromagnetic tube

10 (carbon steel STB340, 34 mm in outer diameter, 2.3 mm in
thickness and 900 mm in length) having through holes of
diameters 2.0 mm, 1.5 mm, 1.0 mm and 0.5 mm formed at
intervals of 100 mm, while scanning at velocities of 30
mm/sec. and 4 mm/sec.

15 Result of flaw detection with scanning velocity of 30
mm/sec. is shown in Fig. 8, and result of flaw detection
over the through holes of diameters 1.0 mm and 0.5 mm with
scanning veiocity of 4 mm/sec. ‘is shown in Fig. 9.

In the diagram, the note “No internal excitation (2

20 coils)” shows that only the detection coils were used
without activating the inner excitation coil in the flaw
detection, and the values 150 to 500 Q are' resistances of
the variable resistors R3 and R4. |

[0043]

25 In the detection of small flaws of 2 mm or less in



In the detection of small flaws of 2 nmor less indianeter, S/Nratio was
obvi ously hi gher when the probe equipped with the inner excitation coils
wer e usedwotzhenmosn3t he case of using the probe havi ng orcy/Jphao/dsizict i on
coils without inner excitation coil. When the scanning velocity was about 4
mm sec, absence of the inner excitatiazcoil resulted in alow S/Nratio
and inability to detect either of the through holes of dianmeters 1.0 mm and
0.5 mm while the use of the probe equipped with the inner excitation coils
made it possible to detect both of . the through holes with sufficiently high
sensi ti viditgmefge@44] s EXanpltd o2 Whe abviousdke hobhRe#4 mhdm dhanmgiwesbanas
formed inside in the axial direction of the yoke (direction of the

cylindri eghipypes ofitbhe&hgokeheanaxeiighiciain dbisicharge hdes, ZHEn iin
dianeter were fornmed to extend in the radial direction fromthe air intake

hol e on bathcskdesr( gigitey el iRBde ok ReIIEREN J@anelisorofcdims probe
used in Exanple 1 . Air was supplied through the air intake hole at a

pressur ewg@ALLR! ligghddy Sdagit RresNd. t hehRhORG MaS-H:lRA RO AS ¢ nDVe
at a constant speed while discharging air through the air discharge holes

;Nint g ?hz%isn%&i@n@emﬁ%@eh,edaioeeﬁeee@l: Ofnd NenRERPE AL URS I AsEr ted
resulted in a low S/N ratio and inability to detect either
of the through holes of diameters 1.0 mm and 0.5 mm, while
the use of the probe equipped with the inner excitation
coils made it possible to detect both of the through holes

10 with sufficiently high sensitivity.

[0044]
Example 2

The air intake hole 4 mm in diameter was formed inside
in the axial direction of the vyoke (direction of the

15 cylindrical axis of the yoke) and eight air discharge holes
2 mm in diameter were formed to extend in the radial
direction from the air intake hole on both sides (guide
sections) of the permanent magnets of the probe used in
Example 1.

20 Air was supplied through the air intake hole at a
pressure controlled by a regulator and the probe was pulled
so as to move at a constant speed while discharging air
through the air discharge holes with a spring balance

attached to an end of the probe that was inserted into the

25 same ferromagnetic tube as that of Example 1, and the



sane ferromagnetic tube as that of Exanple 1 , and thepulling force
i medi ately before the probe started to nove was neasured. Measurenent was
made fivewOi2oegiounider the sane condition, and the nmeasurPemEoRLE/DEIGE
averaged. Results of the neasurenents are shown in Table 1 . It is
indicated that the pulling force decred®ed and scanni ng becane easier, when
the air pressure was increased to discharge nore air. [0045] "Both sides of
t he permanent magnets" used herein refers to that outside of the permanent
magnet 3 and outside of the permanent magnet 4 in the direction of the
cyli ndri palllaxgs fofracheimpsidiately CoBpraabhe Prpoe4 BLaptasplt® AR fi ci al
flaws were given to a ferromagnetic tube (carbon steel STB340 neasuring 34
mMmin outes diemmimrd. 2. Memmunentsmtc kvessmadg 9O0remtines edgdslr bB5hE or mi ng
a through hole of dianeter 1 mm a rectangular groove neasuring 5 mMmmin
wi dt h, 12amemoindileiogt,h sand 2&Yomef stthentartiss tvwe ok megsrdgedlept h on t he
outer surface, a rectangular groove neasuring 5Snmmin width, 17.5 nmin
| engt h and 50%eef;1thetab e Hdimdanesserenidepiheoshblve dut akder flace, Itan i nner
circunferential groove neasuring 1.5 mmin wi dth and 20% of

5 ig indicated that the pulling force decreased and scanning

became easier, when the air pressure was increased to

discharge more air.

[0045]

"Both sides of the permanent magnets" used herein

10 refers to that outside of the permanent magnet 3 and

outside of the permanent magnet 4 in the direction of the

cylindrical axis of the yoke 1.

[0046]

Table 1

Alr pressure
(Mpa.)
Pulling force
(g)

15 [0047]

570 580 512 460 446 390 380 360

Example 3
Artificial flaws were given to a ferromagnetic tube
(carbon steel STB340 measuring 34 mm in outer diameter, 2.3
mm in thickness and 900 mm in length) by forming a through
20 hole of diameter 1 mm, a rectangular groove measuring 5 mm
in width, 12.5 mm in length and 25% of the tube thickness
in depth on the outer surface, a rectangular Jgroove

measuring 5mm in width, 17.5 mm in length and 50% of the



t he tube thickness in depth, an inner circunferential groove neasuring 1.5
mmin wdth and 70% of the tube thickness in depth, an outer

ci rcunf erwotzba10grieove neasuring . 1.5 nmin width and S@eaaP2tibvesssrbe
thickness in depth and an outer circunferential groove nmeasuring 1.5 nmin
wi dth and 80% of the tube thickness i ®lepth. The ferromagnetic tube was
inserted into a hole of a dummy baffle (carbon steel SS400, 100 nmin

l ength, 100 mmin width and 15 nmin thickness with a hole 34.4 mmin

di aneter forned at the center) . Eddy current flaw detection was carried
out whi | eubbandiigkndms pdsi t deptbf arhetbemmutrs f Iseirigreusi a9 tHEYanme
probe and the sane eddy current flaw detection apparatus as those of

Exanpl e #irc[fi848knEial deteckt oeasasicgr ri.éd moutiwividBrand RPyvabcity
set to about 4 mi sec, and frequency f to 20 kHz (fi operation) , followed
by flaw dekectips wihbckneguenty f@esteh, t ;a0 kitrex f Qpmiiential Dat a
obt ai ned fromthese operations were processed by rotating the anplitudes X
, Y and ghaseed wéathieihgf f1es singnalinobkadtird avid h 0% opér athen tadoas to
make the anplitude and inclination of the signal as close to those of the

baf 5l e si.gnaknabtai ned dgeped, f| aw deteedd oncwirthrffepenatioan agrgossi bl e (f
2' operation) . The signal of f2' operation was subtracted fromthe
measuring 1.5 mm in width and 50% of the tube thickness in
depth and an outer circumferential groove measuring 1.5 mm
in width and 80% of the tube thickness in depth.
The ferromagnetic tube was inserted into a hole of a
10 dummy baffle (carbon steel SS400, 100 mm in length, 100 mm
in width and 15 mm in thickness with a hole 34.4 mm in
diameter formed at the center). Eddy current flaw
detection was carried out while changing the position of
the dummy baffle, by using the same probe and the same eddy
15 current flaw detection apparatus as those of Example 1.
[0048]
Flaw detection was carried out with scanning velocity
set to about 4 mm/sec. and frequency £; to 20 kHz (f;
operation), followed by flaw detection with frequency £f»
20 set to 10 kHz (£, operation).
Data obtained from these operations were processed by
rotating the amplitudes X, Y and phase 6 of the baffle
signal obtained with £, operation so as to make the

amplitude and inclination of the signal as close to those

25 of the baffle signal obtained during flaw detection with f;



signal of f i operationf 1 - f2' ) and flaws were inspected. This
operation produced the Lissajous curves shown in Fig. 10 through Fig. 13.
G aph (1)wofofim421230 was obtai ned froma portion w thoutcfrlyariensiegr aph (2)
was obtained fromthe through hole 1 mmin dianmeter, graph (3) of Fig. 11
was obtained fromthe rectangular groéve neasuring 5 mmin width, 12.5 nm
in length and 25% of the tube thickness in depth and graph (4) was obtai ned
fromthe rectangul ar groove neasuring 5 mmin width, 17.5 mmin |l ength and
50% of the tube thickness in depth, graph (5) of Fig. 12 was obtained from
t he i nnegpetdcivd exenpoabilgt ooy measaratnierd. 5 nmin width and 20% of the
tube thickness in depth, graph (6) was obtained fromthe inner
.circunferenttigd gromes neAsdEri ngpkration nwas dishilbdmd ciG% of rethe thgbe

t hi ckness in depth, graph (7) of Fig. 13 was obtained fromthe outer
circunfegf@ﬁéglOgr@pvgpggaambhngf;.5 f3n )j naidl df haaad we@% dfsplestedbe

t hi ckness 1Tn depth and graph (8) was obtained fromthe outer

ci reunf epgti 8hegLOO¥R PRRATMICSY thed MB sl it Busnds 88%oah tine Fighe
t hi ckness in depth. Conparison of the Lissajous curves (1) and (2) through

(8) sshowg,t fLAve: N Lhe Magaehi q1hube Feeat ed ad hetpdmddtyain baf fle
proéidegﬁgugg%%%émeréédetected. 0049] The prggent application clains

priority, based;gn JARARGRS AALENinARPHLSRL (9115w300910E152E £2@APtHS3360 and

through hole 1 mm in diameter, graph (3) of Fig. 11 was
obtained from the rectangular groove measuring 5 mm in
width, 12.5 mm in length and 25% of the tube thickness in
10 depth and graph (4) was obtained from the rectangular
groove measuring 5 mm in width, 17.5 mm in length and 50%
of the tube thickness in depth, graph (5) of Fig. 12 was
obtained from fhe inner - circumferential groove measuring
1.5 mm in width and 20% of the tube thickness in depth,
15 graph (6) was obtained from the inner . circumferential
groove measuring 1.5 mm in width and 70% of the tube
thickness in depth, graph (7) of Fig. 13 was obtained from
the outer circumferential groove measuring 1.5 mm in width
and 50% of the tube thickness in depth and graph (8) was
20 obtained £from the outér circumferential groove measuring
1.5 mm in width and 80% of the tube thickness in depth.
Comparison of the Lissajous curves (1) and (2) through
(8) shows that flaws in the magnetic tube located in the
portion of baffle provided outside were detected. -

25 [0049]



2009- 118402. The di scl osures of the Japanese Patent Applications

2009- 057571, 2009-113360 and 2009-118402 are incorporated by reference
herei n. Deeeniopmunia of Reference Nunerals [0050] 1 YokePgTRBerorensstl nagnet
3 Permanent nagnet 4 Perrmanent magnet 5 Detection coil 6 Inner excitation
coil 7 Guide 8 Guide 9 Air intake hol 8210 Air discharge holeCLAIM5S 1 . An
eddy current flaw detection probe, conprising: a cylindrical yoke; a-
plurality of detection coils disposed around the central portion of the
cylindrical yoke in the direction of a cylindrical axis thereof; first and
second i nner EXei tpkesantoi bppdispased oplhdte Sipddsrdftyt hévasad aldrty of
detection coils in the direction of the cylindrical axis; and first and
second pgspanest magnreis Mpsposedishsundoh®s7s571, 2009-113360 and

2009-118402. The disclosures of the Japanese Patent
Applications 2009-057571, 2009-113360 and 2009-118402 are
5 incorporated by reference herein.

Description of Reference Numerals

[0050]
1 Yoke
2 Permanent magnet
10 3 Permanent magnet
4 Permanent magnet
5 Detection coil
6 Inner excitation coil
7 Guide
15 8 Guide
9 Alir intake hole

10 Air discharge hole



yoke on both sides of the first and second excitation coils in the
direction of the cylindrical axis, the direction of nagnetizations thereof
bei ng parwbl2elo/meiBhe radi al direction of the yoke, nagmetrie2pobas2ion the
cylindrical yoke side thereof being different fromeach other. 2 . The eddy
current flaw detection probe according@io claim1 , wherein the first and
second excitation coils induce eddy current flowing in an opposite
direction of eddy current induced by the plurality of the detection coils

3 . The eddy current flaw detection probe according to claim1l or 2,
wherein further conprising a third pesmsent nmagnet di sposed between the
cylindrical yoke and the plurality of detection coils, the first and second
innerexcitation coils, the direction of nagnetization thereof being
parallel to the direction of the axial direction of the yoke . 4 . The eddy

current flaw dat eghiOBuRi-abe FAGE dich@tQ ANprIMR Ofc @Byt 0 3, wherein
the magnetic flux density of the magnetic fiéeld generated by the pernanent

magnets is 1.3 Eﬁggﬁdggcghgggké.n the central portion between the plurality
of detection coils . 5 . Thé eddy current flaw detection probe according to

anysone of clal il | opher 8oL eosYblide! (@l s 9kea CAMBLLALLAL Al f
yl'rndri cal
central portion of the cylindrical yoke in the direction of
a cylindrical axis thereof;
first and second inner excitation coils disposed on
both sides of the plurality of detection coils in the
10 direction of the cylindrical axis; and
first and second permanent magnets disgposed around the
yoke on both sides of the first and second excitation coils
in the direction of the c¢ylindrical axis, the direction of
magnetizations thereof being parallel to the radial
15 direction of the yoke, magnetic poles on the cylindrical
yoke side thereof being different from each other.
2. The eddy current. flaw detection probe according to

claim 1, wherein the first and second excitation coils

induce eddy current flowing in an opposite direction of

20 eddy current induced by the plurality of the detection
coils.
3. The eddy current flaw detection probe according to

claim 1 or 2, wherein further comprising a third permanent
magnet disposed between the cylindrical vyoke and the

25 plurality of detection coils, the first and second inner



yoke and extending in the direction of the cylindrical axis and a plurality
of air discharge holes forned to extend fromthe air intake hole to the
surface olotbhm/wyiiBndri cal yoke in the radial directionpofi/gpiroessendri cal
yoke. 6 . An flaw detection nethod for a nmagnetic tube, wherein eddy
current flaw detection on the inside oB4a magnetic tube is carried out by
using the eddy current flaw detection probe according to any one of clains
1to5. 7 . The flaw detection nmethod for a magnetic tube according to
claim6 , wherein current including nultiple frequencies is provided with-
t he pl ur @&xdiytaoficdet eoflen cuhd sdirection of magnetization thereof

being parallel to the direction of the axial direction of

the yoke.
4. The eddy current flaw detection probe according to any
5 one of claims 1 to 3, wherein the magnetic flux density of

the magnetic field generated by the permanent magnets is
1.5 tesla or higher in the central portion between the
plurality of detection coils.
5. The eddy current flaw detection probe according to any
10 one of claims 1 to 4, wherein the cylindrical vyoke
comprises an air intake hole formed inside the cylindrical
yoke and extending in the direction of the cylindrical axis
and a plurality of air discharge holes formed to extend
from the air intake hole to the surface of the cylindrical
15 yoke in the radial direction of the cylindrical yoke.
6. An flaw detection method for a magnetic tube, wherein
eddy current flaw detection on the inside of a magnetic
tube 1is carried out by wusing the eddy current £flaw
detection probe according to any one of claims 1 to 5.
20 7. The flaw detection method for a magnetic tube
according-to claim 6, wherein current including multiple
frequencies is provided with the plurality of detection

coils.



