WO 2010/104213PCT/JP2010/054621 1 DESCRIPTION EDDY CURRENT FLAW DETECTION
PROBE Technical Field [0001] 5The present invention relates to an eddy current flaw detection probe,

and in particuwl%rzteﬁe n in 3ertion type. eddy'current flaw detection probe su%%ty&jﬁrl .&tg&tfng fIa_ws in
magnetic tubes. e present invention also relates to a method for 10inspecting magnetic tubes
for flaw with high accuracy. Background Art [0002]1  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 ferﬂﬁﬁiga%ﬁﬁggg]gteel, duplex phase stainless steel (or

tow-phase stainless s_teel) COEB%in%%%r ' P%gaeﬁ@%ﬁgﬁjt%ﬁggﬁe or the_ like, flaws cannot be
detected accurately since the éddy current flaw detection probe for non-magnetic tubes causes eddy
currents to flowy. gAY o1 g

[0001]

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
filaws in magnetic tubes.

The present invention also relates to a method for
10 inspecting magnetic tubes for flaw with high accuracy.
Background Axrt
ico02]
among methods for inspecting metallic materials is the
eddy current flaw detection. The eddy current £law
15 detection by means of the insertion type eddy current flaw
detection probe is widely emploved in the inspection of
non-magnetic tubes made of such metals as austenitic
stainless steel, titanium or copper alloy.
When ingpecting a magnetic tube made of carbon steel,
20 ferritic stainless steel, duplex phase stainless steel (or
tow-phase stainless stéel) congisting of ferrite phase. and
austenite phase or the like, £flaws cannot be detected
accurately since the eddy current flawldetection probe for
non-magnetic tubes causes eddy currents to flow only in the

25 surface and sensitivity of the detector 1is adversely



25surface and sensitivity of the detector is adversely WO 2010/104213PCT/JP2010/054621 2
affected by a noise attributable to local variation in magnetic permeability. [00031 A known eddy

current flaw detection grobe for duplex 5 phase stainless steel heat transfigzéi]t}%p%nﬁ& {éﬁ:h a
constitution JEHREEH3H Loils 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). 15While use of this probe

enables edddnrtdmtaRtiefectRALBF a FebkiPMEdRLHC thBe d%fas dipfetbhate stHinless steel

tube, it is not sensitive eno%%hﬁ%?% ,tgct small flaws in a ferromagnetic tube made of carbon steel or
the like. ThUERRBFRE < a k@ “afiethod capable of 20accurately detecting small flaws in

ferromagnetigo : 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 magneti,fikix desity susheas:25h.6esla psdigher mayteferfiorfertopiagnetic body
he“”g phase gtainless steel heat transfer tube has such a
constitution as detection ceoils are digposed 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 voke side are
different from each other (refer to, £for example, Non-
Patent Document 1).

15 ' While use of this probe enables eddy current flaw
detedtion foz 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 gaturation
magnetic flux density such as 0.5 resla or lesgs may refer
to weakly magnetic body herein and a magnetic body having
relatively high saturation magnetic flux density such as

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



3 Prior Art Document [0004] Non-Patent Document 1: "Nondestructive Inspection”, Vo. 42, No. 9,
pp.520-526, 1993 5Summary of Invention Technical Problem [0005] Embodiments of the present
invention seek to provide an insertion type eddy current flaw detection probe that is 10capable of
accurately detecting flaws in magnetic tubes. Another embodiment of the present invention seek 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 15 of baffle plate, tube plate, support rig
and the like (hereinafter referred o, simply as baffle) provided outside of the magnetic tube. Solution to
Problem [0006] 20Through researches into the method of eddy current flaw detection for magnetic
tubes, the inveptayg pf 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
Non-Patent Document 1: “Nondestructive Inspection”, Vo. 42,

No. 9, pp.520-526, 1993
5 Summary of Invention
Technical Problem
[0005]
Embodiments of the present invention seek to provide
an insertion type eddy current flaw detection probe that is

10 capable of accurately detecting flaws in magnetic tubes.

Another embodiment cof the present invention seek to
provide a method for inspecting magnetic tubeg for £laws
with high accuracy, and particularly a method for
accurately detecting flaws in a magnetic tube in a portion

15 of baffle plate, tube plate, support rig and the Ilike
{hereinafter referred to gimply as baffle) provided ocutside
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



25detection coils are disposed around a central portion of a 4 cylindrical yoke, inner excitation coils
are disposed on both sides of the detection coils, and permanent magnets are disposed around the
yoke on both sides of thesexcitation coils so that the directions of magnetilge,stj}?gmqﬁt}ag{&qf lie in the
radial directi%o&ﬂwé(%ke and magnetic poles on the yoke side are different from each other. [0007]
"Detection coils are disposed around a central portipn 10 of a cylindrical yoke" as used herein refers
to that detection coils are disposed around a cylindrical yoke at the central portion of the cylindrical
yoke in the direction of the axis (cylindrical axis) of the cylindrical yoke. In general a flaw detection
signal is obtained bi/ 15 means of a differential method in which the differences in signals from two or

more detectioh sl ARy thdSTFihis St & bl Rt 6F 48teffich GHHERRFSEr Pore detection

coils) are di g@gd. 'l%réesr e&(]g_:it%tl_?n C%Ig ar 'd(ijslg)o%%d on botglaidese of azoeg]e dn?éectggl coils" used
as herein refers to that 6ach excitation coi is d’lspose or tadh Sid& Bf both sfies 6P the etection coils

in the directign of the cylindrical axis apd thuse two,gxgitation cqils.ip total gre dispesed., PeL manent
magnets are disposed around the yoke on 25both’sides of the excitation coils so that the directions 5
excitation coils so that the directions of magnetization
5 thereof 1lie in the radial direction of the vyoke and
magnetic poles on the yoke side are different from each
other, |
[0007]
"Detection colls are disposed around a central portion
10 of a c¢ylindrical vyoke" as used herein refers to that
detection colls 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
voke. In general a flaw detection signal iz obtained by"
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 gide of both sides of
the detection c¢oils in the direction o©of the cylindrical
axis and thus, two excitation coils in total are disposed.
"Permanent magnets are disposed around the vyoke on

25 both gides of the excitation coils so that the directions



of magnetization thereof lie in the radial direction of the yoke and magnetic poles on the yoke side are
different from each other" used herein refers to that each permanent magnet is disposed on each side
of both sides (outsides) of 5 the excitation coils in the direction of the cylindrical axis and thus two
permanent magnets in total are disposed, and that the directions of magnetization of the two
permanent magnets are in the radial direction of the c@lindrical 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). °F TIREBGERFE ST BE 2phliddife 16 oftiat ehftstdrheRis St BRdVeI&bRS[0008]

15An aspect of the preaent inver%:ti.on seek to provigﬁ the eddy cugent flaw éﬁzli,]e;é%ction pro%e,
comprising: ayf:cil TNdfca y%ﬁg;ng pf‘ucraﬁ’t?/ oefsde?enctionecc;ﬂg]a?sp%ﬁ 8 &P5ind e St p 7fiSh of the

cylindrical yoke in the directipn of a gylindrical axis thereof; first and second 20 inper excitation coils
disposed on lbéoafhéhsidgg folfe the plﬁ?eﬁéy 0 %gteelcrtllonrceo%%]ﬁ théL' %irg%qtll%er% of?ﬁgztéylir?gr]%na?%?(%{;: and first

and second pesmanentagnets isposed aroupd theyoke op hath sides.of the first and segend

excitation coils in the direction of the cylindrical 25axis, the direction of magnetizations thereof being

paralleotheragialdigection, 8:Qfthe-yake; magneticpalesan the eyligdrical,yoke, side teregh being
different from each other. [0009] Through researches into the eddy current flaw

axis and thus two permanent magnets in total are disposed,
and that the directions o©f 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 cother).

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

15 _ An aspect of the present invention seek to provide the
eddy current flaw detection probe, compriging: a
cylindrical yoke; a plurality of detection coils disposed
around the central portion o©f the cylindrical yoke in the
direction of a cyliindrical axis thereof; first and second

20 inner excitation coils disposed on both gides 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

25 axis, the direction of magnetizations thereof being

parallel to the radial direction



5 detection for magnetic tubes, the inventors of the present application devised another embodiment of
the 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 10 as
detection coil is disposed around a central portion of a cylindrical yoke and permanent magnets are
disposed around the yoke on both sides of the detectfon coil so that the directions of magnetization lie
in the radial directign of the yoke and magnetic poles on the yoke side are different 15 from each
other, whereift & peffmaf&itmadiRt e furthePrbtfitedn tHeScetrarpsiiidR Bt theBbe $8%hat the
direction of mtalgl;netiz ian lies infsﬁarjéjrirgggpr%é@e direﬁetjit?n &Qé@e cylindrical axis) of the yoke. [0010]

20Thus another embodiment of the present invention seek o provide the eddy current flaw detection

probe having Féj&@@]constitution as peitnanent magnet is disposed around the central portion of the
cylindrical yoke so that the direction of magnetization thereof lies in the axial 25direction of the yoke,

permanent magnetspa{g fisppsed.arundtheyokeqniioihsidgsgfthe, {former, permanent gpagnet so

that the directions of magnétization thereof lie in the radial direction of the yoke and magnetic poles on

the yoke siderrediffersnt frem qachther apdiedetectien goilisfispased onthe Speunapent
magnet that is located in the central portion. [0011]  Through researches into the eddy current flaw

detection for magnetie tiikes, thinvestors ghimpreseshappriication deyiseduies angthes embodiment
of the present 10 invention by finding that flaws in magnetic tubes can be detected more accurately by

applying eddyi cursantiftaw detectiondiethodie thefibside of thenmaggretictubesasing ampratee that has

such a constitution as detection coil is disposed around a central portion of a cylindrical yoke and
detected more accurately by applying eddy current £flaw
detection method using a probe that has such a constitution

10 as detection coil is disposed around a central portion of a
cylindrical yoke and permanent magnets are digposed 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 voke sgide are different

15 from each 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 embodiment of the present invention seek
to provide 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

25 direction of the vyoke, permanent magnets are disposed

around the yoke on both sides of the



15 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 other, wherein a permanent magnet is further mounted in the 20 central portion
of the 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 25frequency method. [0012] 8  Thus
yet another efpodimentwf tiv@prssent imegmiich seek to prowide (The flawt detactivnmeethod for
magnetic tubes wherein eddy current flaw detection in the inside of a magnetic tube is carried out by
using the probadmasinkEs Sieh atceristrfion 48 paimdient maghetis dispeséd around tHdeentral
portion of the cylindrical yoke so that the direction of magnetization thereof lies in the axial direction of
the yoke, furthe¥Be@Rah St RSt Brd BfspBled Bfolivkhesicik@ G Bothidides ertheffoPfer 10
permanent magnet so that the directions of magnetization thereof lie in the radial direction of the yoke
and magneti¢pSiRs gAY okeXide afe dAfErEREHEM editidthel SandARIEG N &Y is'diSposed on

the permanent magnet that is located.in the central portion; and[%Z) a 15 method of eddy current flaw
o bRt S AR A iy Rt N R T el FSTAE ToR RAAERE tbes (1),

detection bas@d ol mu |plén?r%q ency metfiéd in
Advantageou%ol.:gf_fLeﬁts of Invention [0013] 20Use of the probes of embodiments of the present
inventions in eddy current flaw detection of magnetic tubes makes it possible to detect flaws more

accurately. The ntir}%_tgggshof emhadiments of tllqlglggsergﬂ%veng%@ak%ﬁﬁpéﬁple te detect flaws

in magnetic tubes
detection for magnetic tubes, the inventors of the present

application devised vyet another embodiment of the present
10 invention by 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 consgtitution as detection coil is
dispesed around a central portion of a cylindrical yoke and
15 permanent magnets are disposed around the vyoke on both
sides of the detection coll so that the directions of
magnetization lie in the radial direction of the voke and
magnetic poles on the yoke side are different from each
other, wherein a permanent magnet is further mounted in the
20 central portion of the 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
25 frequency method.

[0012]



25 accurately, and also accurately detect flaws in the magnetic tube in the portion of baffle provided
outside of the magnetic tube. WO 2010/104213PCT/JP2010/054621 9 Brief Description of Drawings
[0014] Fig. 1 is a schematic sectional view showing an embodiment of the probe of the present
invention. 5Fig. 2 is a schematic sectional view showing another embodiment of the probe of the
present invention. Thiig. J&sta schethatic diagradi shawingf metho tersaauntihgyeeatmianent
magnets in the probe of the present invention. 10Fig. 4 is a schematic diagram showing a method for
mounting perareientmagnsts inithe proberof tRepredenemvéntionne thodrigh &tis magheitnatic
diagram showing a method for mounting permanent magnets in the probe of the present 15invention.
Fig. 6 is a cirduibgiagrame bt ilie 5e8F oftigrent flaw detection in the inside of

a magnetic tube 1s carried out by using the probe having
5 such a constitution as permanent magnet is disposed around
the central portion of the cylindrical vyoke so that the
direction o©f magnetization thereof 1lies in the axial
direction of the voke, further permanent magnets are
disposed around the vyoke on both sides of the former

10 permanent magnet so that the directions of magnetization
thereof 1lie in the radial direction of the vyoke and
magnetic poles on the yoke side are different from each
other, and a detection coil is disposed on the permanent
magnet that is located in the central portion; and (2) a

15 method of eddy current flaw detection based on multiple
frequency method in the flaw detection method for magnetic
tubes (1),

Advantageous Effects of Invention
[0013]

20 Use of the probes of embodiments of the present
inventions in eddy current flaw detection of magnetic tubesg
makes it posgsible to detect flaws more accurately.

The methods of embodiments of the present invention
make 1t possible to detect flaws 1in magnetic tubes

25 accurately, and also accurately detect flaws in the
magnetic tube in the portion of baffie provided outside of

the magnetic tube.



present invention. Fig. method. 7 is a diagram explanatory of multiple frequency 20 Fig. 8 shows
the results of Example. Fig.

WO 2010/104213 PCTAP2010/054621

Brief Description of Drawings
[0014]

Fig. 1 is a schematic sectional view ghowing an
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
mouﬁting' permanent magnets in the probe of the present
invention.

10 Fig. 4 1is a sgchematic 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 inventicn.

Fig. 6 is 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 sﬁows other results of Example 3.

Fig. 12 shows other results of Example 3.

25 Fig. 13 shows other results of Example 3.



9 shows other results of Example. Fig. 10 shows the results of Example 3. Fig. 11 shows other
results of Example 3. Fig.

WO 2010/104213 PCT/IP2010/054621

10

Description of Embodiments
{0015]

The present invention will be described in detail

helow with reference to the accompanying drawings. Fig. 1
5 is a scherﬁatic gectional view showing an embodiment of the
probe of the present invention.

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

10 (i.e. both sides (both outsideg) of two detection coils 5
in the direction of a cylindrical yoke 1) are disposed
arcund a central portion of a cylindrical yoke 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 la first permanent magnet) and a permanent magnet 4 (a
seéond permanent magnet) are disposed around the ycke on
both sgides 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 é.irection of the

20 cylindrical axis of the‘ cylindrical yoke 1}, so that the
direction of magnetization therecf 1lies din the radial
direction of the yoke and the magnetic poie on the yoke
side 1s different between the permanent magnet 2 and the
permanent magnet 4. In the configuration shown in Fig. 1,

25 the permanent magnet 3 is disposed so that the 5 pole is



12 shows other results of Example 3. 25 Fig. 13 shows other results of Example 3. 10 Description of
Embodiments [00153 The present invention will be described in detail ~ below with reference to the

accompanylregodzr(?l\(/)\?lrg) 231'3F'g' 1 5is a schematic sectional view showing agm@%%g&tzgf the

1l

located on the yoke side and the N pole is located on the
outside, and the permanent magnet 4 is disposed so that the
N pole is located on the yoke side and the S pole is
located on the outside.

5 [0016]

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 using colls differentially
conhectéd by which an output difference between two coils

10 can be detected. However, the present inventicon is 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 excitatioﬁ coils 6 are located

15 at the both sides (outsides) of the plurality of detection
coilsg 5 in the axis direction of the yoke 1.
{0017}
Guides 7, 8 are provided on both ends of the probe.
An alr intake hole 9 is provided in substantially the
20 central portion of the vyoke 1 (i.e. axtendinﬁ in the
substantial center of the c¢ylindrical yoke 1 to the
direction of the cylindrical axis), and a plurality of air
discharge hdles 10 are provided on both ends S0 as to
extend from the ailr intake hole in the radial direction

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



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 outside‘? of two detection coils 5 in the direction of a cylindrical yoke 1) are disposed around a
central portio %F%lwﬂ#dﬁcal yoke 1 (i.e. around a central portion of a cyIan (&3?981%%2% 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 cylindrical yoke 1), so that the
direction of faagRetiZation thdreobies atthe Padidtidire SO BEREFIKe EHIERthe- magnetole on the

yoke side is different between,the pe manent magnet 3 and the permanent magnet 4. In the

configuratiors &Hdfm iftEiG St SBtn8herfar@ht MGt Blis¥R&5osdd so that the S pole is 11 located
on the yoke side and the N.pole is ted on.the outsjde, and t ape t 4 js disposed so
that the N pole is I(r)i(':%?é% Onthe y%Jff:C z}ge %%3 ﬁe?%o eéi%%o_gglt%ggogr? ﬁ'n% glgltre:%%;%[éolll%] In
many cases{wo datection coils 5 are disposed as shown in Fig. 1 because high accuracy of a flaw
detection process can be achieved by using coils differentially connected by which an output
difference betwveem)two coils 10can be detected.However, the present invention is 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 tRagthezxtiationssdilete:afeclosgtetiBat the beth sidew{odsideskblthe plurality of

detection , '
embodiment of the probe of the present inveantion.

In the embodiment shown in Fig. 2, a permanent magnet
2 (third permanent magnet) is 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. In
the configuration illustrated, the permanent magnet is
disposed so that the N pole is positioned at the left and
the 8 is positioned at the xight.

15 A permanent magnet 3 and a permanent magnet 4 are
disposed around the yoke on both sideas 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 vyoke gide is different bhetween 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 gide 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 § pole is positioned on the outside.



coils 5 in the axis direction of the yoke 1. (0017] 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 yoke 1 (i.e.
extending in the substantial center of the cylindrical yoke 1 to the direction of the cylindrical axis), and
a plurality of &i? a?éﬁ/ﬁ&‘f’g‘é holes 10 are provided on both ends so as to extent Hrom the Hir intake hole
in the radial direction 25(i.e. air discharge holes 10 gxtending from the air intake 12 hole 9-to the
surface of the cylindrical yoke 1 in the radial direction of the cylindrical yoke 1).  Lead wires of the
coils and lead-out holes thereof are not shown. 5[0018]  Fig. 2 is a schematic sectional view
showing another embodiment of the probe of the present invention. In the embodiment shown in
Fig. 2, a permanenPfiafiet 2t5id pefndriert HiaGRas i s poSe & SFEERF At eftE Ed portion of a
cylindrical yoke 1, so_that tht directiotn oflmagn%tization Iifsi_jg }h% ?Xiaal dHEC‘{:i%% 1?f Ehéeﬁoske. In the
configuration MTEEERd- the permySAeHt haghat is disposad o that the N'pole is positioned at the left

and the S is popitigned,atthe righl LoAmemmancn ipaanst $and @ permargiiaagact rare disposed
(0] n

around the yoke o sides of the permanent magnet 2, so that the directions of magnetization
thereof lie ing@ema@ig&@@eg};ortggtk@ex@@;@fﬁtﬁ%m@gnetic pole on the yoke side is different

between the permanent
5 Guides 7, 8 are provided 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 bhoth ends so as to
extend from the air intake hole in the radial direction.‘
10 Lead wires_bﬁ ﬁhe_coii'and'leadeput holes thereof are
not shown in Fig. 2 either.
{oo19] |
That ig, 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 pérmanenﬁ magnet 2 is mounted between
the cylindrical vyoke 1 and the.detection coils 5, the inner
excitation coils 6 (br between cylindrical yocke 1 and the
detection colls 5 and between the cylindrical yoke 1 and
the inner excitation coils &), 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



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 ma ?z?t 4 is disposed so that the N pole is positioned gext}}gzxﬁb(%%ge 25and the S

pole is positi?jvne%j%ﬁﬁl?ﬁe outside. 13  Detection coil 5 is disposed on the permanen rr%agnet 2

located in the central portion. Internal excitation coilg, (or magnetic field compression coils) 6 are
disposed on both sides of the detection coils. 5Guides 7, 8 are provided on both ends of the probe. An
air intake 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. 10Leagvirendf thd €bit andiead-outhdlestherebbre KBTI Figt2 efthér. [0019]
That is, the probe according to the embodiment shown in Fig. 2 is the same as that of the embodiment

shown in .1§ii?g%r1?@<€éﬂt ti‘?ﬁfjasﬁ)erﬁ%‘?ﬁéﬁ?%aaﬁgt oty ?’P&f‘rﬁ@d _B’éltwggﬁ tHRSHMRERE yoke 1 and
e el IR, L eLE IRl 0lag (G petigmoligntslinisl sl dlecton ol
20magnetization gf the permanent magneh2 agreeswith the pxighdiregtion of the yoke. [0020]
5 The lengths of the permanent magnets 3, 4 in the
direction of the c¢ylindrical 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 inmner ends thereof, part of the permanent
10 - magnet 4 and part of the permanent magnet 3 are located at
both sides (outsides) of the inﬁer aexcitation coils 6 in
the direction of the cylindrical axis. In addition, the
inmmer excitation colls 6 disposed as described are 1ocated.
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 wagnet, high performance permanent
20 magnet such a8 neodymium magnet is used. For the permanent
magnet 2 mounted in the central porticn, a ring-shaped
magnet about 5 to 10 mm 1ong in the axial direction of the
yoke 1s 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



A prove according to the embodiment shown in Fig. 1 or Fig. 2 except for that the inner excitation coils
6 are 25disposed on the permanent magnet 3 in the vicinity of the 14 inner end (the inner end in the

direction of the_cylindrical axis) thereof and disposed on the permanent [Ir_]gg? i icinity of the
inner end (th‘gﬁ)n%é?/%oﬁal?n the direction of the cylindrical axis) thereof. 5The e?%zg%t (% %gﬁ:{e permanent

magnets 3, 4 in the direction of the cylindrical axis ase 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 cojls 6 inFth% directig{n of the ¢ Iinglrical axis. In
addition, thetnaF eXBitatfecoi 6-tiEp6Ed-as HsRfbaqare focalis X066 Lé%e S

Sth gides outsides) of the

detection coils 6. 15[Q021 The.yoke 1_.0of the in Eigs..1 ae ed from a
Ao dceuTleyoke At qiobe b s L RagpardeiaE

metal having permea such as carbon steel or low-alloy steel. For the permanent magnet,

high performange permanent, 20 magnet such 3% pRadWRLIMJBRAGNRetS BeedmEOL Bigzpermanent

magnet 2 mounted in the central portion, a ring-shaped magnet about 5 to 10 mm long in the axial
direction of thenmkeris alsedc Eorthepermanentmiagret Jognd therpermiaeritmadretztinounted on

both sides of the permanent magnet 2, 25ring-shaped magnets about 5 to 30 mm, preferably about 10
WO 2610/104243RTTIIP20201058628s of the permanent magnet 3 and the
permanent 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_g disposed in the central
portion makés'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 althouch

15 alternatively magnetic £lux density can be incréased. by
reducing the distance between perﬁanent .magn@t 3 and
perméﬁent magnet 4. By setting the direction of
magnetization of the permanent magnet 2 so that the N pole
ig positioned at the left and the $ pole is positioned at

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

detection can be cbtained.

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



15 to 30 mm long in the axial direction of the yoke are used. While the accuracy of flaw detection
becomes higher as the permanent magnet 3 and the permanent magnet 4 become longer, similar

effect cannot be achieved by increasing the length beyond 30 mm. Sizes 8&?&#’?{'}7@? 2?nt magnet 3
and the perrﬁ%ﬂ@?ﬁgfﬁﬁé‘éﬁet 4 in the radial direction of the yoke and thickness ofthe magnets may be

changed in accordance to the thickness of the magqetic tube to be inspected. [0022] 10The
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#fcréaged byddicihg tHE BRI S BEvReEn RS nth et fabiiet 3-dsd peEmanent

magnet 4. By setting, the direction of magnetization of the permanent ma%net 2 so that the N pole is

positioned a RFFRT 135 Pofe isPositioh & AE S0 1RE right 5B ShGWM RT3 kit i hiade possible
to increase th netic flux density. Howevey.eve n e is positioned at the right and the 5
pole is positigﬁég?égtt g%éaftéu %ﬁe%t%}é% o?m%ﬁ%gcg‘gfvé\%v 8%2%&%%% g rc’)lc')tained. 25This means
that it does npi gnatter on which side N 16 pole (or S pole) is located and as log as the direction of
magnetization lies in the direction of the cylindrical axis of the yoke 1 (the axial direction of the yoke 1).
[0023E © When differentiahy ceraeried Thils esaployingiondy he: detestion noisdnwhicthaave
conventionally been used are employed, the region where eddy currents are induced becomes too
large, and théesferd Hea SH® kAo ecrbdsas Uridke theomikrpterofldaal hatatiorsetipamseability in a
10 portion where magnetization has not saturated. According to the present invention, in contrast,
excessive re§i-6¥&Eddy chi@ntsTRdiesd bRfEetESioh cOlE S fEestridEs by Eateting the eddy
current by thg ed%}/ current that is induce%to fgaw ir%the opﬂgsit%ggectiog 15 I%,}/ the inner excitation
coils 6 whichare- %%oseo ori e Guitside of trheegeete%ﬁgn COITS t rebf/: ?‘mfi?ovmegctﬂee?ﬁ\? ratio.

under the influence of local variation of permeability in a

i0 portion where magmetization has not saturated. According

to the present invention, in contrast, excessive region of

eddy currents induced by the detecticon colls 5 is

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 dispoged on the

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

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

magnetic £lux distribution uniform by means of the

20 permanent ﬁagnet 2 and inducing the eddy currents onrly in

the viginity of the detection coils 5 by the inmer

excitation coils 6, in addition to the improvement in the

sensiﬁivity of flaw detection, it is made possible té

detect the phase angle that relates to the type of flaw

25 (circumferential groove in the idinner or outer surface,



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 sensitjvi ,,,%‘;5' y(\{sg%tiection, itis
made possib%(%{)&(gfgﬁ}%e phase angle that relates to the type of flaw o5(eiteumterantial groove in
the inner or outer surface, 17 rectangular groove onythe outside, or through hole) and depth of the
flaw, and identify the flaw located in the tube below baffle, by employing multiple frequency method.
The magnetic flux density of the magnetic field 5 generated by these magnets is preferably 1.5 tesla
or higher in the central portion between the detection coils. A magnetic flux density lower than 1.5 tesla
results in weEkeF #adHdae ciiPSigRal CndiE theréford $t d&SirabiBr 20THe HRGRGLGHRT density
mentioned in the present invention is a valye gtermined% numerical anal si%of,finit element

d
method with3ERiEyn8lic fidld ahaRds pFogratcoTagetic Figld Aty sioS8mmare TMAGE (registered
trade mark) @M%iéa*%!%f&%%aﬁ%ﬁ& Corporation. 1al0024], « ; 1 A#FINGShapes permagent magnet that
a c

causes magnetization i the radial ‘direction requires high manufacturing cost, and therefore it is a
common practice tgqgplit {,ﬁg‘gg@{gggt inga sRlit shapescsuchhas qupdrants g2 which are-digposed
around a cylindrical yoke as shown in Fig. 3. When mounting the permanent magnet split into four
parts glong heritesraierenge anapd thexyliedricaliyoketifflamykiion pleces arpérmanent magnets
(dummy magnet as shown in Fig. 4) that have direction of magnetization 250pposite to that of the
permanent rhaghettobe fHoaneaifsral portion between the detection coills.

A magnetic flux density lower than 1.5 tesla results in

weaker flaw detection  signal, and i1s therefore not
desirable.
10 'I‘hé magnetic flux densgsity mentioned in the present

invention is a value determined by numerical analysis of
finite element method with a magnetic £ield  analysis
program “Magnetic Field Analysis Software JMAG” (registered
trade mark) available from JSOL Corporation.
15 [0024] | |
A ring-shaped permanent magnet that causes
magnetization in 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 disposéd around a cylindrical yoke as shown in
Fig. 3. When mounting the permanent magnet split into foux
parts along the circumference around the cylindriéa.l yoke,
dummy ir-ora. 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



18 interposed between the quadrants as shown in Fig. 4, so that the repulsion force of the opposing
permanent magnets is canceled out thereby making it easier to mount. While there is no restriction on
the method of mounting the 5permanent magnets around the cylindrical yoke, an adhesjve such as
acrylic adhes‘?(%%?%%%%r bonding. After mounting a pair of permanent r%gafﬂg%g}%:é“%zt}mmy iron
pieces or the pe 'anent magnets that have the diregtion 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 yoke are
mounted, while the opposing permanent magnets are held in place by a vise or the like till the
adhesive has'FeEPP5eGreBFHEreBy MABRINGHAHSTIO MMMt FleopErmbRerf Hagnkts diPthe
cylindrical yoke. In another method, permanent ma&%ets that cause magnetization in the radial

direction aré 3ftind&E viESRH BRHERIVERGEn S the BintPRaFYSIe, BRATTHRIHIAY JetHERENt magnets

having 20 apposile diregtion o magnelzgfiop are moyited 50,23 to gover g permapent magnet and

straddle over adjacent petmanent magnets, as shown in Fig. is scheme mitigates the repulsion

force and makes-i passible,tocasily-hopddhe permanent magnets Qo the.cylindricalyke 25without

need to secure the permanent magnets by vise or the 19 like. The dummy permanent magnets may

be repovediafieiihemithestyedias beewhardanedcc{O0Zsdhen splifkshaped nagnsis-ase used as
the permanent 5 magnets 3 and 4, the split shaped magnets are preferably disposed symmetrical with
respect to theucémtralsaxiswftheé cylindricaliyoke 1a1s sisewn ifidg. honding. After

mounting a pair of permanent magnets, the dummy iron pieces
or the permaﬁent magnets that have the dirvection of
 magnetization opposite to that of the permanent magnet to
10 be mounted are remcved and, in place therecf, ancther pair
of permanent magnets with adhesive applied to the surface
thereof that makes contact with the cylindrical vyoke are
mounted, wh‘ile the opposing pérﬁianeﬁt magn.ets'- are held in
place by a vise or the 1like till the adhesive has been
15 cured, thereby making it easy to mount the permanent
magnets on the coylindrical voke. In another method,
permanent magnets that cause magnetization in the radial
direction are arranged via an adhesive around the
cylindrical yoke, and dJdummy permanent magnets having
20 opposite direction of magnetization are mounted so as to
cover the permanent msgnet and straddle over adjacent
permanent magnets, as shown in Fig. 5. This schene
mitigates the repulsion force and makes it possible to
eagily bond the permanent magnets onto the c¢ylindrical yoke

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



Whole circumference of the magnetic tube can be substantially uniformly magnetized by the
symmetrical 10arrangement. [0026] The two detection coils 5 and the two inner excitation coils 6

are folLLited b WII’}}((}ZI/I{(]} opper wires having a diameter of about 0.05 to Op%l,pé[‘glzgllka%g é’%? to 80 turns

to 15form the (?oﬁameasurlng about 0.8 to 1.2 mm in width and about 0.8 t0 mm in depth. The
inner excitation coils restrict the region where eddyiaurrents flow to the vicinity of flaw, so as to
improve the S/N ratio of signal from a small flaw and 20reduce 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

| 1 WO
2010/10421 3Pk /P Z5F0/BEEEY 1 RRF M RGHE iARIRGTS TREUGR tFRE SR TRAKE HotE 9%tBvided in the

yoke 1 and is %séchar%e%éhroggg thﬁaa}_%dlscgarge hole 10. When testing a magnetic tube, it becomes

difficult to scAn and-Center the prgbe Sihce the 5 strong peimanent magnet mounted on the probe is

attracted towgztg 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.
' When split shaped magnets are used as the permanent

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 showﬁ in Fig. 4.

Whoie circumference of the magnetic tube can be

substantialiy uniformly wmagnetized by the symmetrical
10 arrangement. |
[o026]

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 turms 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 8/N ratio of signal from a small flaw and

20 reduce the influence of the ends of the tube.
[oc27]

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 [co28]



10About 6 to 10 air discharge holes 10 having a diameter of about 2 mm may be arranged in the
circumferential direction to run frbm the air intake hole 9. [0029] The coils are connected by lead
wires to an eddy 15current flaw detection apparatus, to measure time-voltage characteristic and detect
flaws. Fig. 6 OVL A HR it diagram of the probe.Two detection coils Li, LZ; b IAeT xkitation coils
L3, L4 and four variable resistors R1, R2, R3, R4 arg connected in 20 parallel with a lock-in amplifier,
and the detection coils Li, 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] 25Flaw detection operation
is carried out as follows. WO 2010/104213PCT/JP2010/054621 21  When a voltage of 5V is
applied with a predeisrmitied tREFeHUEREy, fMEXAFDle 180 k&2 4t v&ﬁ?&ﬁ%@nsﬁﬁ’/ﬁg of flaw detection

becomes high, impedances of the detection coils and the inper excjtation co'Iﬁ afs measyred and the 5
variable resRIGrEREAndR2HIR a:‘é]?uks‘":ie&toar%é e aéﬁroua%rsureglimpedances.

istances that mateh the me
Composite i{{]ps%qi?a(lgee(sygqtrféic %pedanﬁg)apj th&%@@ﬁ@gh&dkﬁg}%%ﬁ@%@@rres'ﬁsgors is
measured at this time, and the resistances of the variable fesistors R3, R4 that are
becomes difficult to scan and center the probe since the
5 strong permanent magnet mounted on the probe 1s attracted
toward the tubé gurface. However, attraction toward the
tube surface .is mitigated by ejecting air from the air
discharge holes in the perpendicular direction, thus making
it =sasiexr to scan the pfobe.

10 About 6 to 10 air discharge holeg 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 flawg.

‘Fig. 6 shows a circuit diagram of the probe. TWO
detection coils L1, L2, two inner excitation coils L3, L4
and four variable registors Rl, R2Z, R3, R4 are connected in

20 parallel with a lock-in amplifier, and the detection coils
11, L2, and the variable resistors R1, R2Z are connected to
the signal input terminals of the lock-in amplifier so as
to form a Wheatstone‘bridge.
foozo] -

25 ¥law detection operation is carried out as follows.



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.

mm/sec. in ofdeftd

Scan velocity of the

probe is set in a ran%e from about 2 to 50 mm/sec., and is preferably in a rag%e from 15about 2 to 10
e

&2t smaller flaws accurately. [0031] The method-

é’éﬁ eéog 4a%love 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 interference of the signal from the baffle.

the purpose of eliminating the interfering signals 25S0O as to improve the accura%of,ed%/

22 detection, ther&RernGwiV HERERIIE Hogtiehty FRRMIGWHEISH fclf&tl:

frequency

ifig- &

For
current flaw

or more

frequencies is provided with the detection coils in t current flaw detecti Itiple
metfad E:s%}ﬁ%%l tofqor foerxeél)zﬂglégl 2%&1‘(5 d%?/ij% current flaw detection, The my

urrent e(t:w Ifetectlon 1" of Non-destruction

Inspection Sgyies, %%@éé%‘i%ﬂf @éok?%@i%i@ip,"?*l%%%éﬁeég Nga-destructionlpspsetion

Association on 8cto

er 5, 2002. [0032

10Description that follows deals with flaw detecting operation

for a magnetig juhe iz pertion where ahafileds peavidedt by employing the-suiltiple freguency method
using two frequencies. Fig. 4 is a diagram explanatory of this operation.

5

id

i5

20

25

variable resistors Rl and R2 are adjusted to resistances
that match the measured impedances. Composite impedance
(synthetic impedance) of ﬁhe detection c¢oils and the
variable resistors is measured at this time, and the
resistances of the vwvariable resistors R3, R4 that are
connected to the inner excitation coils are varied around
the measursed resistance, so ag 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
about 2 to 10 mm/sec. in order bto detect smaller flaws
acourately.

[0031]

The method described above makes it possible to detect
flaws accurately in a portion of magnetic tube where baffle
is not provided outside of the magnetic tube, although it
is not possible to detect flaws of the magnetic tube
accurately in a porticn where baffle is provided due to the.
interference of the signal from the baffle.

For the purpose of eliminating the Iinterfering signals

so as to improve the accuracy of eddy current flaw



15Flaw detection with frequency fl 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) (f1 operation). Flaw

detection with the frequency changed to f2 produces such a signal from th T?O baffle as. shown in Fig.

7(B) (f2 ope%@omﬂf& f)llf’tudes X, Y and phase G of the baffle signal obtained E\%%wrseéc(fl:ﬁlency f2 are

rotated so as to make the amplitude and inclinatior, 6f the signal as close to those of the baffle signal
obtained during flaw detection with frequency fl as 25possible (Fig. 7 (C)). This operation will be
referred to 23 as f2' operation since it is adjustment of the signal obtained with frequency f2.  When
an operation (f1 - 2') in which the signal of f2" operation is subtracted from the signal of fl operation is
5conducted GfkasEFieRign &g kandelediattBeciiide BB Sighkts MEVREIRREY LiBEEBGE curves (Fig.
7 (D)). [0033] _Flaw detection with freguency fl in a magnetic tube_that has flaw in agortion where

the baffle is BR5iG&E 10profitesstich A3gHE asowh (B3Rt is Corposite 5fbaffid signal and
flaw signal ({Lopsrafion), Baffle.signajJs gliavaated auoan. quergliay (22 sipiardpat described
above, so adto extract onJIyt e flaw signal without the baffle signal (Fig. 7(F)), and the 15presence of
flaw is inspeglad:tveugh comparigen Wit g requency method is according to,

5 for example, “Eddy Current Flaw Detection II” of DNon-
destruction Inspection Series, sixth issue of 19295 version
published by Japan Non-destruction Inspection Association
on October 5, 2002,
ioozz]

10 Description that follows deals with £law detecting
operation for a magneﬁic tube in a portion where a baffle
ig provided by employing the multiple Efreguency method
using two frequencies. Fig. ¢ 1s 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) (f; operation). Flaw detection with the
fregquency changed to f; produces such a signal from the

20 baffle as shown in Fig. 7(B) (£, operation). Amplitudes X,

Y and phase 8 of the baffle signal cbtained with freguency
f, are rotated so as to make the amplitude and inclination
of the signal as close to those of the baffle signal
cbtained during £law detection with Ifrefuency £: as

25 possgible (Fig. 7 {)). This operation will be referred to



7(D). [0034] In case frequencies fl and 2 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 fl and f2 are set too distant from each (}:[B,%’ [ ﬁv%%g st basic
waveforms cﬁgr%@&%ézésresult, baffle signals obtained in the fl operation an operation cannot be
adjusted into 25similar foms and it becomes imposgible to eliminate the 24 baffle signal.ltis a
common practice to set the frequency f2 to about 1/2 to 1/8 of the frequency fl. The frequency varies
depending on such factors as the type of material of the magnetic tube, and an optimum frequency is
selected by test scanning. [0035] Eddy current flaw detection and data processing are carried out
by means ofé& cifklit tatpreves thelfefueddiesiP andfR i tie3ame imé Mth ie¢Batection 10coils
and performs the data prqcessing, and scanning the probe to search for flaws. Eddy current flaw
detection m&PERHEE et & %@Vﬁﬁﬁk’di  the frequencies fl and f2 separately with the detection

coils and then progessing e 5igpals s HBOARRY. 1, ynics the signal of £

operation is subtracted from the signal of f; operation is
5 conducted, the baffle signal 1s canceled out because both
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 (£1 operation). Baffle
gignal is eliminated through an operation {£; - £)

similar to that described above, g0 as to extract only the

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

15 presence of flaw is inspected through comparison with Fig.
7(D).
10034}

In case freguencies £: 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 £,

are get too distant from each other, in contrast, basic

waveformg 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



[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(}‘\‘/v%:-n the probe makes jittery movement), the unde%gggpsg@lra@g%gy be removed
by using a thire ﬁoé%er%cy. Examples [0037] 25The present invention will bé described below by way
25 of Examples, but the present invention is not limited to the following Examples. (0038] Example 1 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 10Ring shape measuring 25.5 mm in outer diameter, 21 mm

baffle =signal. It is a common practice to set the

frequency £; to about 1/2 to 1/8 of the freguency £;. The

frequency varies depending on such factors as the type of

- material of the magnetic tube, and an optimum frequency is
5 selected by test scanning.

{00351

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

10 coils and performg the data procegging, and gcanning the
probe to search for flaws.

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

15 ' obtained.
100361

In case flaw detection is disturbed by a spurious
signal (or noise) other than the baffle signal such as
probe .chatter signal '(a gignal 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 freguency.

Examples

{0037}

25 The present invention will be described below by way



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 mmiin |e”@,th2%i\{)i}j§g into four parts Detection coils 5, inner excitation coils 6: Formed from a copper
wire having a 489 0.08 mm wound 70 turns into size of 1.0 mm in WidfF AHETH Hhm in depth,
with separation of 0.8 mm between coils. 20GuideszZ& 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 25KOKGYO KABUSHIKI KAISHA 26 [0039] The magnetic flux density of the magnetic
field generat88 by THEREFHanEmidietd WAt deterniied by Usinga FRgnet& & hniR sis program
"Magnetic Fig{éﬂ A@alﬁis 5 Software ‘l'\élé‘G" (trademark) manufactured by JSOL Corporation. The

magnetic flux %nsi?y obtained in the central portion between the detection coils was 2.0 tesla. When

the permaneng pagnet 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
right, the magnetig ilux density was 1.6 tesla in the central portion between the detection coils. [0040]
15For the lock-in amplifier, LI5640 (manufactured by NF
5 A probe game as that shown in Fig. 2 was fabricated,
by using members of the following materials and shapes.
Yoke 1: Annealed carbon.steel 815C
‘Permanent magnet 2: Neodymium magnet manufactured by Asshi
Corporation

10 Ring shape meaéuring 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 Corporaticn

Ring shape measuring 28 mm in outer diameter, 21 mm in

15 inner diameter and 30 wmm in length divided into four parts
Deteaction coils 5, inner excitation colls é: Formed from a
cofpper 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

adhegive Hardlock (trademark) manufactured by DENKI KAGAKU

25 KOKGYQO KABUSHIKI KAISHA



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 \W\%& %{b(bﬁéﬁ with test frequency of 100 kHz, measurement gfzi%%%:égﬁéé%]f the detection
coils and the inner excitation coils showed about 93 g, and therefore 25resistances of the variable
resistors R1 and R2 were 27 adjusted to about 93 Q.Measurement of the composite impedance of the
detection coils and the variable resistors at this time showed about 172 C. Flaw detection was carried
out while changing the resistances of the variable resistors R3 and 24 that were connected to the inner
excitation coll84A &irange from 150 to 500 0 under this condition. [0042] Flaw detection was carried out
on a ferromagnetic tube 10 (carbon steel ST3340, 34 mm in outer diameter, 2,3 mm jn thickness and

900 mm in length) ﬁg\ﬁn_g“tﬁ _ ﬁolegléf’ﬁi_aﬁ\%?egré.t?.’o i, 18 Fm™EFHiM-Snd 55 i formed at
intervals of #?eongkr%’t‘gﬁ'l%%c%%n%g%g cliies of 0. nm/zec %&%%@ﬁ?«gf #?V?%%%glﬁf flaw

detection with scanning velocity of 30 mm/sec. is shown in Fig. 8, an ion over the
through holes of digrpeters 4:Q amant 9.5, mMpwith scanpingvelecity of A run/ggeaigshown in Fig. 9.

~In the diagram, the note "No internal excitation (2 20coils)" shows that only the detection coils were
used 5 Software JMAGY {trademark} manufactured by JS0L Corporation.
The magnetic flux density obtained in the central portion
between +the detection coils was 2.0 tesla. When the
permanent magnet 2 was wmounted so that direction of
magnetization would be opposite to that shown in Fig. 2,

10 ném@ly the S pole wag positioned at the left and the N pole
was pogitioned at the right, the magnetic flux density wasg
1.6 tegla in the central portion between the detection
coils.

[0040]

15 For- the lock-in amplifier, LISGéG (manufactured by NF
Corporation) was used, for the oscilloscope TDS3104B
(manufactured by Techtronics Japan) was used and for stage
controiler for scanning the probe CAT-E (manufactured by
Chuc Precisgion Industrial Co., Ltd.) was used.

20 {0041}

Probe circuit was made as shown in PFig. 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 coills showed about 93 Q, and therefore

25 resistances of the variable resistors Rl and R2 were



without activating the inner excitation coil in the flaw detection, and the values 150 to 500 O are
resistances of the variable resistors 23 and 24. (00433 25In the detection of small flaws of 2 mm or
less in 28 diameter, SiN ratio was obviously higher when the probe equipped with the inner excitation
coils were us‘gg%%gﬁ%ﬂ%e case of using the probe having only the detec oh CatE W0t inner
excitation coil. When the scanning velocity 5 was alggut 4 mm/sec., absence of the inner excitation coil
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 10with sufficiently high sensitivity. [0044] Example 2 The air intake hole 4
mm in diameteWas $6rmed indiidih tHEaxidl diredifsrerpagyke tfiredtioh of tHieaSiGdindrical axis

of the yoke) and e%p}t air discharge_holes 2 mm in diameter were formed tqQ extend in the radial

direction fromThE AFttakR hdiB O BEHESIUEE (§de Sethiond) 6t thaTpetineht Fiatifds of the probe
used in ExaréqQIe %hggAirth% sugaaog%g éhrggg)l&%he f\i;zinte&e hol%f\t a pr ssurecc%ntro%ed by a

regulator and the probe was pulled so as to move at a constant spegg w ﬁg'%%cha?gingagir through

the air discharge-helgs with a,sRMRY balancerftached te anend etthejyrobe thatyas inserted into the

25same ferromagnetic tube as that of Example 1, and the
5 resistors R3 and R4 that were connected to the inner

excitation coils in a range from 150 te 500 Q under this
condition.
[0042]
Flaw detection was carried out on a ferromagnetic tube
10 (carbon steel 8TB340, 34 mm in outer diameter, 2.3 mm in
thickness and 900 mm in length) having through holes of
diameters 2.0 wm, 1.5 mm, 1.0 mm and 0.5 mm formed at
intervé.ls of 100 m, while secanning at velocities of 30
mm/sec. and 4 mm/sec. |
15 Regult of flaw detection with scanning velocity of 30
mm/sec. iz shown in Fig. 8, and result of flaw detection
over the through holes of diameters 1.0 wm and 0.5 mm with
scanning veiocity of 4 mm/sec. is shown in Fig. 9.
In the diagram, the note “WNo internal @xcitation (2
20 coils)” shews that only the detection coils were used
without activating the inner excitastion coil in the flaw
detection, and the valuss 150 to 500 are resistances of
the variable resistors R3 and R4. |
[0043]

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



29 pulling force immediately before the probe started to move was measured. Measurement was
made five times under the same condition, and the measurements were averaged. Results of the

measurements are stg}owg in Table 1. It 5 is indicated that the pulling forc%
became easi!’gﬁ HIRUNRE air pressure was increased to discharge more ali

RS A5 IS0 Saes

of the permanent magnets" used herein 10refers tg ghat outside of the pe/manent magnet 3 and
outside of the permanent magnet 4 in the direction of the cylindrical axis of the yoke 1. [0046] Table 1
Air pressure (Mpa) 0 0.1

10

i5

20

25

diameter, 8§/N ratio was bbviously higher when the probe

equipped with the inner excitation coils were used, than in

the case of using the probe having only the detection colls

without inner excitation ceil. When the scanning veloclty
was about 4 mm/sec., absence of the inner excitation coil
resulted in a low é/N ratio and inability to detect eithexr
of the through holes éf diameters 1.0 mm and 0.5 mm, while
the use of the probe equipped with the inner excitatien
coils made it‘possible to detect both of the through holes
with sufficiently high sensitivity.

[0044]

Example 2

The air intake hole 4 mm in @iametex was formed inside
in the axial direction of the vyoke (direction of the
cvlindrical axis of the yoke}) and eight air discharge holes
2 mm rin diameter were formed to extend in the radial
direction from the air intake hole on both sides (guide
sectionsg) of the permanent magnets of the probe used in
Example 1.

Air was supplied through the air intake hole at a
pregsure contrelled 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 wag ingerted into the

same ferromagnetic tube as that of Example 1, and the



0.2 0.3 0.4 0.5 0.6 0.7 Pulling force (g) 570 580 512 460 446 390 380

10

i5

20

WO 2010/104213 PCT/IP2010/054621
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pulling force immediétely before the probe started to move
was measured. Measurement was made five times under the
same condition, and the measurements were averaged.

Regults of the measurements are shown in Table 1. It
is indicated that the pulling Fforce decreased and scanning
became easgsier, when the air éressur@ was increased to
discharge more air.
£0045]

"Both sides of the permanent magnets” used herein
refers to that outside of the permanent magnet 3 and
cutside of the permanent magnet 4 in the direction of the
cyiindrical axis of the yoke 1.

[D046]

Table 1

Alr pressure
(Mpa)

pulling force

(g) 570 580 512 460 446 350 380 360

[0047]
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
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 groove

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




360 15[0047] Example 3  Atrtificial 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 tﬁ?’él’(ﬁ%‘é’él?ﬁz&%pth on the outer surface, a rectangular groove %%"%@fﬁ?ﬁﬂ{"s*ﬁ%ﬁ% in width,
17.5 mm in length and 50% of the WO 2010/104243PCTOP20101054621 30 tube thickness in depth
on the outer surface, an inner circumferential groove measuring 1.5 mm in width and 20% of the tube
thickness in depth, an inner circumferential groove measuring 1.5 mm in width and 70% of the tube 5
thickness in depth, an outer circumferential groovemeasuring 1.5 mm in width and 50% of the tube
thickness intdégh &hd akasirer cireuriREPERtaPBrobYE mBYEG g SHS TRfSin width ZRE85% of the

tube thickness in depth. The ferroma%:etic tube was inseréed intQ a hale.of a 10 dymmy, paffle (carbon
steel .5E406 HR AR TE R, FOC I iRSAGHT ART 15 MR thickness with a hole 34.4 mm in

diameter formed a tqge ce er):,hEdd current flaw.detection was carried.qutwitile-changing the position
of the dummgyfqﬁafflgelfL ?/ uén"lir?ﬁ' t}%.i %gﬁ"le probe a?]!d the same eddy 15current flaw detection apparatus
as those of E%@P&e ]még.%@ing 1.5 mm in width and 70% of the tube

5 thickness 4in depth, an outer circumferential groove
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 hele of a

16 dummy baffle (carbon gteel 88400, 100 wmm in length, 100 mm
in width and 15 mm in thickness with a hole 34.4 mm in
diameter formed at the center). BEddy current flaw
cietéction was carried out while changing the position of
the dummy baffle, by using the same probe and the same eddy

i5 cﬁ?rentuflaw detection a.p?aratus as those of Example 1.
fog4s]

Flaw detection was carried out with scanning velocity
set to about 4 mm/sec. and freguency f£; to 20 khz {£4
operation), followed by flaw detection with frequency £

20 set to 10 kHz (£, operation).

Data cobtained from these operations were processed by
rotating the amplit_udes ¥, Y and phase & 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 gignal obtained during flaw detection with £



Flaw detection was carried out with scanning velocity set to about 4 mm/sec. and frequency fl to 20
kHz (f1 operation), followed by flaw detection with frequency f2 20set to 10 kHz (f2 operation).

Data obtained from these operations were processed by rotating the amp; g[ phase e of
the baffle sig‘ﬁglngqgf}ﬁ%gwith f2 operation so as to make the amplitude and w%?ﬁna{lén of the signal as
close to those 250f the baffle signal obtained during flaw detection with fl WO
2010/104213PCT/JP2010/054621 31 operation as-possible (f2' operation).  The signal of f2'
operation was subtracted from the signal of fl operation (f1 - f2) and flaws were inspected. This
operation produced the Lissajous curves shown in Fig. 5 10 through Fig. 13. Graph (1) of Fig. 10 was
obtained framexpbiitish FithBQEHER BRd bﬁrépho@ﬁwgs‘%t)ained from the through hole 1 mm in

diameter, graph (3) of Fig. 11 was gbtained from the rectangular groo easuring Sypm in width,
12.5 mm in length &@fd SRGBFthtubé thickRESS R0 dgﬁt% an g%:éh% 4) was obtained from the

rectangular ﬁglr(%o%? lr:n?g%al rng. S mm iiB ]é[(\/flq@1 17.2mm inJgngth.gnd 3Q%-0fthedube dhickness in

depth, grap was obtained from the inner circumferential groove measuring 1.5 mm in

width and 2094 of the tubeithickpessiin-deptind Saraph {6l was-abtaisedrormthieninAégcircumferential
groove measuring 1.5 mm in width and 70% of the tube thickness in depth, graph (7) of Fig. 13 was

obtaired from the suteyrciramferential grapre ticasufingidgs Ml inasdePand 5e% B #ik tube
thickness in depth and graph (8) was 20obtained from the outer circumferentia(lj‘lgéroove measuring 1.5
mm in widthsame80%60f the:uethiEkAES S FJEFAPE offharkdf oPiTE HRE0u=BurvES (1) and (2)

throug through hole 1 mm in diameter, graph (3) of Fig. 11 was

obtained from the rectangular groove measuring 5 wmm in

rwidth, 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

obtalned from ;L:he inner - circumferential groove me_asuringj

1.5 wm in width and 20% of the tube thickness in depth,

1.5 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 Ligsajous 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]



(8) shows that flaws in the magnetic tube located in the portion of baffle provided outside were
detected. 25[0049] 32 The present application claims priority based on Japanese Patent
Applications 2009-057571, 2009-113360 and 2009-118402. The disclosug%%/ }&%/‘;%gpese Patent
Applications‘&%&@gﬁ%ﬂ, 2009-113360 and 2009-118402 are 5incorporated by reference herein.

Description of Reference Numerals [0050] 1Yoke 2Permanent magnet 103Permanent magnet
4Permanent magnet 5Detection coil 6lnner excitation coil 7Guide '

The present application claims priority based on
Japanese Patent Applications 2009-057571, 2009-113360 and
2009-118402. The disclosures of the Japanese Patent
Applications 2009-057571, 2008-113360 and 2009-118402 are

5 incorporated by reference herein.

Description of Reference Numerals

{00503
1 Yoke
2 Permanent magrnet
10 3 Permanent magnet
4 Permanent magnet
5 Detection coil
6 Inner excitation coil
7 Guide
15 8 Guide

9 Air intake hole

10 Air discharge hole



158Guide 9Air intake hole 10 Air discharge hole 33 CLAIMS 1. An eddy current flaw detection probe,
comprising: a cylindrical yoke; 5a plurality of detection coils disposed around the central portion of the
cylindrical yoke in the direction of a cylindrical axis thereof; first and %f%t%%g&q?ﬂ‘ 6rszxcltatlon coils

disposed on BOREHEEL: the plurality of detection coils in the 10direction of the cylindrical axis; and

first and second permanent magnets disposed arogligd the yoke on both sides of the first and second
excitation coils in the direction of the cylindrical axis, the direction of magnetizations thereof being
parallel to the radial 15direction 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 cli#éd@#owing in an opposite direction of

L. An eddy.current flaw detection probe, comprising:
a cylindrical yoke; |
5 a plurality of detection colls disposed around the
central portion of the cylindrical yoke in the direction of -
a cylindrical axis thereof;
first and second inner excitation coills disposed on
both sides of the @lurality of detection coils 1n the
10 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 cylindfical axis, the direction of
magnetizations thereof being parallel to the radial
15 .direction of the yoke, magnetic poles on the cylindrical
yvoke gide therecf 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 £law detection probe acccording to

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

25 plurality of detection coils, the first and second inner



20eddy 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 yoke and the 25plurality of detection coils, the first and second inner 34 excitation coils, the

direction of %%ﬁ@ﬂ?g%ﬁ thereof being parallel to the direction of the axi&[dirBAEH St He yoke. 4.

The eddy current flaw detection probe according tosany 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 yoke comprises an air intake hole
formed insidexthe tytidgticat 9oke and-brteRHing iy ilva direttigironiel@aindfital BRr&E a plurality of
air discharge holes formed to extend from the air intake hole to the surface_of the cylindrical 15yoke in
the radial dirBBi&Y oPHEPLYIRHNES VORE. BRI U RLIEAMAHIG for Eraghett uie, wherein
eddy cUrrentttJ!laeW dgﬁ%ction on the inside of a magnetic tube is carried out by using the eddy current
flaw detection proge according to any one of claims 1 to 5. 20 7. The flaw detection method for a

magnetic tube according.tps6laim B whereinghrsentdneludingmuliiple regugneigsds psayjded with the
plurality of detection coils.
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 co;ls.
5. The eddy current flaw detection probe according to any
10 one of c¢laimg 1 to 4, wherein the cylindrical vyoke
comprises an air intake hole formed inside the cylindrical
voke and extending in the direction of the cylindrical axis
and a plurality of air discharge holes formed to extend
from the alr 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 is carried out by using the eddy current flaw
detection prcbe according to any one of claims 1 to 5.
20 7. The flaw detection wmethod for a magnetic tube
according to claim 6, wherein current including multiple
frequencies is provided with the plurality of detection

colls.



