WD 2011/ 025049PCT/ JP2010/ 064856 1 DESCRI PTION  METHOD FOR | NSPECTI NG AN

AUSTENI TI C STAI NLESS STEEL WELD Technical Field [0001] 5The present

i nvent i orwoeabatreso4bo a nethod for inspecting an austeni PCt/JBtEd/NE48SS St ee

wel d. More particularly, the present invention relates to a nethod for

detecting a foreign (dissimlar) netallii material m xed into an austenitic
t

stainless steel weld with nore 10sati sfa

[ 0002]
portion of

ory accuracy. Background Art

Usually, a foreign nmetallic material is not mxed into a weld

austenitic stainless steel However, 15 because of insufficient
quality control during welding, r wel d netal nade of carbon
steel is sonetines mxed |nto the vﬁﬁ%ﬁ%ﬁ

to cause a problem| ater.

When carbon steel is surface of the weld portion,

possi bl e to E&dAPY HQFeENSFﬁgTEQEbéﬁ é?éEFN§§IEyS§Aﬁﬂbﬁé§ FEEEL HERDver

when t he carbaon steel
| ayer of tHe

%ﬁwt%Q%ﬂ it is difficult to detect the carbon steel.

It has widely been performed to i nspect the presence of defects by

perform ng

lurrent test of a weld 25portion of netal using a probe for

surface type eddy WD 2011/ 025049PCT/ JP2010/ 064856 2 current test,

conprising an exdia atpopsemd | Aspeotion coidladmrd a thal adace medhlod se('e?r f or

exanpl e, Patent Document 1, Patent Docunent 2). [0003]
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25

inspecting an austenitic stainless steel weld. More
particularly, the present invention relates to a method for
detecting a foreign (dissimilar) metallic material mixed
into an austenitic stainless steel weld with more
satisfactory accuracy.
Background Art
[0002]

Usually, a foreign metallic material is not mixed into
a weld portion of austenitic stainless steel. However,
because of insufficient quality control during welding, for
example, a weld metal made of carbon steel is sometimes
mixed into the weld portion to cause a problem later. When
carbon steel is mixed into an outer surface of the weld
portion, it 1is possible to easily detect theAcarbon steel
by a magnet test. However, when the carbon steel is mixed
into inside the weld portion such as first layer of the
weld portion, it is difficult to detect the carbon steel.

It has widely been performed to inspect the presence
of defects by performing eddy current test of a weld

portion of metal using a probe for surface type eddy

it

is mxed into inside the weld portion such as flrst

is



S5However, sufficient accuracy of inspection can not be obtained al ways by
using this nmethod because d-ferrite of an excess weld portion (weld

rei nf or cewentvjr/mbosbhe wel d portion is detected as a def ect/ipriensssss and

ot her reasons. Thus, a new inspection nethod show ng hi gher accuracy has
10been desired. Prior Art Docunments Patent Docunents [0004] Patent Docunent
1: JP HO8-101169A 15Patent Document 2: JP 2005-201779A Summary of the

I nventi on Techni cal Probl em [0005] An object of the present invention is to
provi de an 20 inspection nethod for detecting a foreign netallic materi al

m xed into an austenitic stainless steel material weld with nore

sati sf act orSP T Ur 55t SoF AFPBAS 109 PRBOPEMFEGOEP 25the 1SRASHIGS it he
present invention have WD 2011/ 025049PCT/JP2010/064856 3 intensive
studi ed abditd a@i REpERCRNF et hbdCE or Ta&t cBtanRL ey f BREERR MoOcaMend nbt eri al
m xed into an austenitic stainless steel weld and found that it is possible
to renmove dPGHf] RafeEestt &errite and to inspect the 5 presence or
absence of a foreign netallic material mxed into an austenitic stainless
steel weld MiGOBInore satisfactory accuracy by perfornming eddy current test
of a weld portion of austenitic stainless steel using a probe conprising an
exci tdti on Fengviarspestifdn cdent (iacspeetiyonof10inspéytand acper mamentberagnet
di sposed inside the excitation and i nspection coil, thus leading to the
present inwértdiored [AD0Fys by usiheg prtesentetmvé@nbeoaupeodi-des rd teetdrod for
i nspecting an austenitic stainless steel weld, which conprises
an excess weld portion (weld reinforcement) of the weld
portion is detected as a defect in error and other reasons.
Thus, a new inspection method showing higher accuracy has
10 been desired.
Prior Art Documents
Patent Documents
[0004]
Patent Document 1: JP H08-101169A
15 Patent Document 2: JP 2005-201779A .
Summary of the Invention
Technical Problem
[0005]
An object of the present invention is to provide an
20 inspection method for detecting a foreign metallic material
mixed into an austenitic stainless steel material weld with
more satisfactory accuracy.
Solution to Problem

[0006]

25 The inventors of the present invention have



15 perform ng eddy current test (eddy current exam nation) of a weld
portion of an austenitic stainless steel using a probe conprising an

excit ati omoand/i2eepecti on coil (exciting and inspecti ngPcoiiPlo1enehsss

per manent magnet di sposed inside the excitation and inspection coil,
thereby 20 detecting the presence or absence of a foreign netallic
material mxed into the weld portion. Advantageous Effects of I|nvention

[ 0008] According to the nethod of the present invention, it
25i s possible to detect the presence or absence of a foreign WO

2011/ 025049PCT/ JP2010/ 064856 4 metal lic material mxed into an austenitic
stai nl ess st & Y o v THMHEE RAYSFACKBIREART doth e i 69T (e FptRdn of
the Drawi ngs [0009] 5Fig. 1 is a view for explaining the principle of an
eddy curremt tkedfeiBthdiptallic mafenigl Jhptdr WAy A Pt hbct he

principle of an eddy current test mnethod. _ Fig. 3is a
schemati c s¥cdimkREs visé®edhowp hg cied 1dempedi FRAE oft a isr obessibilpe B9 esent
i nvention. Fig. 4 is a schematic sectional view show ng one

enbodi ment xEMeVer obe titlusscecomentd ofettytdbeemdiseth inspedg.teis a
graph showi ng one exanple of a master plot diagram 15Description of
Enbodi yrent of0je or abAehoreeigh aetfaiddigmanetadlicomadiemedli maned
austenitic stainless steel material weld is not particularly limted as
long as it ist@ fenroragnenitirat estainlbes neyrced 2A0eTdrbentét eehowd t h
hi gh possibility. Therefore, a description will be nade bel ow by way of
carbon stedataSsfctex@M&uracy by performing eddy current test of a
weld portion of austenitic stainless steel using a probe
comprising an excitation and inspection coil (inspection
10 coil) and a permanent magnet disposed inside the excitation
and inspection coil, thus leading to the present invention.
[0007]
The present invention provides a method for inspecting
an austenitic stainless steel weld, which comprises
15 performing eddy current test (eddy current examination) of
a weld portion of an austenitic stainless steel using a
probe comprising an excitation and inspection coil
(exciting and inspecting coil) and a permanent magnet
disposed inside the excitation and inspection coil, thereby
20 detecting the presence or absence of a foreign metallic
material mixed into the weld portion.
Advantageous Effects of Invention
[0008]

According to the method of the present invention, it

25 is possible to detect the presence or absence of a foreign



[0011] Fig. 1 and Fig. 2 are view for explaining the
25principle of an eddy current test nmethod. Two coils WD

2011/ 02504 06RCTI/02RR910/ 064856 5 (i npedances thereof arePpPZI/Jrrdo/Eepsof an
excitation and inspection coil (for exanple, a coil 1 in Fig. 2) and a

bal ance coil (for exanple, a coil 2 in Fig. 2) provided in a probe as well
as two variable resistances (resistances 5thereof are Z3and Z4) provided in
an eddy current test instrunent form a Weatstone bridge. For

exanpl e, when two coils are present in air, Eis set at 0 by adjusting

vari abl e resistances 73 and. Z4. xt, . when the excit.ation and inspectjon
ol | 15 al | DRI LE 105 5ppF Sholl: BROaTBEP, FE CORIGANGrE (T Thpetinbee]
changes, and %hus, the col |l apse of bal ance of the bridge occurs and signal E
i ncl udi ng i HoT Nt Tyt ¢ tﬁgac?t?‘?]&y cUHdlciof- i s outputted. This signal

is outputted as_an anplitude A and a phase ?. 15[ 0012] Fig. 3is a
schemati ¢ set$bra® st RE SO hgt PRI Trent of a probe of the present

i nvention. F(ié‘%j 3(a) is a sectional view of the side and Fig. 3(b) is a
sectional v 2hken along lines A-A'. An excitation and 20 inspection coil
1 and a bal ance coil 2 are nounted outside a cylindrical bobbin 4, a

per manent magnetFB3i slmdentaedviedi dert mxrAinidd chire bebbhgipleamd aan
magnetic shielding 5 is nounted outside the excitation and inspection coil

1 and the baddnceuroint e cortdhuedi ng wire of the coil is not 25shown. WO
2011/ 025049PCT/ JP2010/ 064856 - 6 The magnetic shielding 5 is not
necessarily requited.?2 Hewevrerthet visewrferesquldinimynthe her mgiete cof
shielding 5 so as to prevent noise fromgenerating as a result of exerting
an i nfl uencen adddgagnet tesmn ftredn tectoad Si de and an 5i nfl uence of magnetic
field due to a permanent nmagnet on ot hers. Fig. 4 is a schematic
sectional view sihioyy n® one eaboskhemitiod agutdlmalhatikas brénwing one
conventionally been used. An excitation and inspection coil 1 and a bal ance
10coii0 2 arempdiitiett it s dersbs BN et 4invention.

Fig. 4 1is a schematic sectional view showing oﬁe
embodiment of a probe that has conventionally been used.
Fig. 5 is a graph showing one example of a master plot
diagram.
15 Description of Embodiments
[0010] |
A foreign metallic material contained in an austenitic
stainless steel material weld is not particularly limited
as long as it 1is a ferromagnetic material, but may be
20 carbon steel with high possibility. Therefore, a
description will be made below by way of carbon steel as an
example.
[0011]
Fig. 1 and Fig. 2 are view for explaining the

25 principle of an eddy current test method. Two coils



The probe used in the present invention is different fromthe probe, that
has been conventionally been used, in that a pernmanent magnet is nounted

i nsi de t hwoexrniaispon and i nspection coil. 15[0013] A bebbimaieodsesared of
pol yacetal or the |ike. The excitation and inspection coil and bal ance coi l
is formed, for exanple, by winding a copper Wi re having an elenent wre

di aneter of about 0.14 to 0.18 nmm about "400 to 600 20tines, in a length of
about 6 to 10 nm [0014] A hi gh performance permanent magnet such as
a neodym um nagnet is used, for exanple, as the permanent nagnet. The

per manent net .is, for _example, in_the from 250f. a cylinder neasuring 8
Do 12t i T TSI Shor BEL T8 (7S Wh 2GTH 09504 GHCTI S PASTOF 064886 190 mm
in outer dianeter and 12,&0 16 mmin length and, usually, 6 to 10

di sk- shaped MRt 0N eGChLhaidTy XE WP tkness SH 4. § £8 Fifn g?ealné% & one
upon another to obtain a permanent mnagnet having a length of 12 to 16 nmm
5(0015] balgnsit ca?bbn(5PeePXfEP AP xed FARES &n Budtidhi t4)c RIW it sint eel
weld, it is preferred to use a permanent magnet that controls nmagnetic flux
density of & hBTRE§n&S cvel k| @Sf drifedVByiehes paeraBdRncRsgnete v $HMMCas r ange
from 10about 0.3 to 1.5 tesla, and preferably fromabout 0.5 to 1.0 tesla.

[ 0016]> tigoramhl prewhemnde Zeagnerdeide@| drapphi exidy guieenonegpsti c
material is increased, relative perneability 15 of the ferromagnetic

mat eri al i norsasesniWisnrn e Weeptsttiand imtiddges. nore i ncreased, the relative
perneability decreases and, finally, the magnetic flux density is saturated
and the rel ati v&Eeqereazaitywlet ywhppr tacheids dwosepasspossibl aitrg meladi ve
perneability of a non-nmagnetic 20material by the foll ow ng reason. The
degree varisst depehdbngadjusthenki vartdbideréet soamgpet i amtieri.al gk,
d-ferrite of an excess weld portion of the weld portionis likely to be
magnet i cal lwhesat what edxclinathenaboye nmagHRidci §d uxxodansiky, a 5186€d6-to
25ferrite is magnetically saturated and the relative:

10 approach an electric conductor, the impedance changes, and
thus the collapse of balance of the bridge occurs and
signal E including information of the electric conductor is
outputted.‘ This signal is outputted as an amplitude A and
a phase 9.

15 [0012]

Fig. 3 1is a schématic éectional view showing one
embodiment of a probe of the present invention. Fig. 3(a)
is a sectional view of the side and Fig. 3(b) is a
sectional VieQ taken along lines A-A’. An excitation and

20 inspection coil 1 and a bélance coil 2 are mounted outside
a cylindrical bobbin 4, a permanent magnet 3 is mounted
inside the cylindrical bobbin 4, and a magnetic shielding 5
is mounted outside the excitation and inspection coil 1 and -
the baiance coil 2. A conducting wire of the coil is not

25 shown.



WD 2011/ 025049PCT/ JP2010/ 064856 8

per meabi | i t yt her eof approachestot herel ative perneability of austenitic

st ai nl essweterl2si4be i nfl uence of the 6-ferrite is renppedJPicoaBsast, the
relative permeability of carbon steel inside the weld portion 5increases,

t hereby remarkably increasing an S/INratio of the probe. In other words, it
is considered that it is possible to det &t the carbon steel mixed into the
wel d portion with nore satisfactory accuracy w thout detecting of
6-ferrite. 10[0017] The magnetic shielding nay be forned of a
ferromagnetic nalteri al such as CarrLaon steel . The aPe_r manent pmagnet and
the coils may be 1% xBUIBYAR SRFGEAL GdResi VAU GIRATAT1LY rageleedt is
connected to an eddy, current test instrunent using a conducting wire and
then the pridQeneer oritbsdnbEcbrricfofrei GivUnét 4NS damdrialsShskd1dhtd a
wel d portion is inspected by signal processing. 20l n the present _invention,
cal i brati on% s 35er ¥or MAEURF &t hBOABBY L TRBbIUSTIAG 18Tsi ABl &t | aSHdst of
material (reference material) in which carbon steel is mxed into an
austenitic i hingsant teflvaneei af Wepaeitasadfange the outside andrigmt,
initial setting of the probe is perforned in 25the air. A test frequency is
sel ect®ed friomMiluence ¢f0madnetivO 2041d 086643RCTH JP20M8NOBH8F R ghet on
X-coordinate is set at 0 V as an origin, and Y-coordinate is usually set at
about -1.5 dathersa mnus (-) direction because signal is deflected only in a
plus (+) direction of Y. This value is determ ned based on display and is
not S5limted thefisjo. 4 is &dexdchamtaiypl iddidd caad avpbaseshseing) usied by
the eddy current test instrunent so that the anplitude is usually deflected
by a predetaibsdiesenal b€ la SpYoben thatX Hakeaidsmn whakehheopaohe e aced
on a base material (non- 10 weld portion) of the sinulation test material.
It is possiddeito aptidmlitatdicplayd faspexaihe.cdiy dpubhbng tihd savad ue.

10 coil 2 are mounted outside a columnar bobbin 4.

The probe used in the present invention is different
from the probe, that has been conventionally been used, in
that a permanent magnet is mounted inside the excitation
and inspection coil.

15 [0013]

.A bobbin is formed of polyacetal or the like. The
excitation and inspection coil and balance coil is formed,
for example,.by winding a copper wire having an element
wire diameter of about 0.14 to 0.18 mm, about 400 to 600

20 times, in a length of about 6 to 10 mm.
[0014]

A high .performance permanent magnet such as a
neodymium magnet 1is used, for example, as the permanent
magnet. The permanent magnet.is, for example, in the from

25 of a cylinder measuring 8 to 12 mm in inner diameter, 15 to



At this time, it is necessary that the anplitude value nmust be increased as
the wall thickness of the base 15material decreases, and the anplitude

val ue decweasa2amot he wal | thickness becones | arger. Thecefipzoag/oddass wal

t hi ckness of the base material can be estimated. [0019] Under the above
conditions, a simulation test materi al 30 i ncluding a sound weld portion
and a sinulation test material including'a weld portion containing carbon
steel mxed therein are inspected. In order to discrimnate the presence or
absence of m xing of the carbon steel based on the nmeasurenent results, a

mast er ploggggggran1is made and %§a t hr sﬂglqévai e i s set nag
2011/ 02504 P20L07 06856 115 ARt 4y dshedP B al} hitFRRER e Prest
mat eri al havi ng a wa#l thickness of 3 mmor 4 nm signal is deflected fully
when the wetPPor¥i orf cdrit ai il ndj]t%_%f?ﬂfrf& JaBleixeFaHer 138 2
measur ed. Therefore, the anplitude value is 5decreased each tinme. For
exampl e, itthiCkRfsted by 2 6taBor™mi2 8 fdbdopne upPomcgpgfrpgr to
detection of the presence or absence of m xing of the carbon steel into an
aust eni ti c A& H esPATAESIt REANSS perinr medl §n9tthe sane fRanfem®s in the
case of the above calibration. The sanme initial setting as that in
the case of(@hedlcal i bration of the probe is performed. Next, a probe is
pl aced on a base netal (non-weld portion) of austenitic 15 stainless steel
to be inspectedWard tberbam aspeefluddsandniexghasénape adj ustwekdyittihe eddy
current test instrunent so that the anplitude is deflected by the sane
pr edet er m nech alaress astédht wiedd, heitcase ofretfleereal ithy absenai mpermatient
direction. 20Next, an austenitic stainless steel weld to be inspected is
eddy currentadgrest ethathdcditer Pr€smagre i calisarceenk ifyXiofg tofe tieyrearion
steel is discrimnated using a master plot diagram nmade in advance.
field formed by the permanent magnet within a range from
10 about 0.3 to 1.5 tesla, and preferably from about 0.5 to
1.0 tesla.
[0016]
Commonly, when the magnetic field applied to a
ferromagnetic material is increased, relative permeability
15 of the ferromagnetic material increases. When the magnetic
field 1is more increased, the relative permeability
decreases and, finally, the magnetic flux density is
saturated and the relative permeability approaches as close
as possible to relative permeability of a non-magnetic
20 material by the following reason.
The degree varies depending on the kind of the
ferromagnetic material and ©oO-ferrite of an excess weld
portion of the weld portion is 1likely to be magnetically

saturated. In the above magnetic flux density, since &-

25 ferrite is magnetically saturated and the relative



In the enbodi nent shown in Fig. 3, both excitation to 25an electric
conductor and inspection of an eddy current of WO
2011/ 02504 06RCTI/02RR910/ 064856 11 an el ectric conductor areTpezdianewsss by one

coil, nanely, an excitation and inspection .coil 1. However, the present
invention is not limted thereto and i ncludes the enbodi nent in which
i nspection is perfornmed by another coil 5(inspection coil) that is

different froma coil to performthe excitation (excitation coil). In this
case, a permanent magnet is disposed at |east inside the inspection coil.

[ 0021] 10The present..inventjon w.ll be _described bgl ow way of anpl es,
but the préjs%lﬁ?eafsq\]\rﬁe]niﬂ on %}sle%?f_l i n‘iatp(-,pdfotaod}ehse f of Y owi %éeExarr]fJ?]e‘—’?.(l%OZZ]
Exanpl e 1 15A prqbe,. an eddy current test jnstrunment and recorder used
are as fm|Rﬁéﬁg%§§ikﬁ%b89 %HS%G?Hé%&ﬂﬁ§iﬁ %?%hﬁgﬁein éﬂf T wes"Nede and
used. The materjals and shapes used are shown bel ow. 20Excitation and

i nspecti on ¥oi FN¢ &d Fdldice  8oile™Vess mmltn SRR eFa gt andter X LATHT i n
inner dianeter x 8 mmin length, and 0.16 mmin wire di ameter of copper

coi | x 500 RerRfalieritof tQfr nscarbon  steel pdigddfentthigiitld: BB WRE N
outer dianeter x 12 mmin 25inner dianeter x 1.8 mmin thickness x 8 Pieces
WO 20194/ 025049PENeIR20t0r08RB5¢ ermrkably increasing an S/N ratio o

the probe. In other words, it is considered that it is
possible to detect the carbon steel mixed into the  weld
portion with more satisfactory accuracy without detecting
of &-ferrite.

10 [0017]

The magnetic shielding may be formed of a
ferromagnetic material such as carbon steel.

The permanent magnet and the coils may be fixed by an
acrylic adhesive.

15 (0018]

The coil 1is connected to an eddy current test
instrument. using a conducting wire and then the presence or
absence of a foreign metallic material mixed into a weld
portion is inspected by signal processing.

20 In the present invention, calibration is performed by
the above probe using a simulation test material (reference
material) in which carbon steel is mixed into an austenitic
stainless steel material weld in advance.

First, initial setting of the probe is performed in

25 the air. A test frequency is selected from 0.5 to 1.0 kHz,



Neodym um magnet NEOVAX(r)-32H (manufactured by Sum tono Special Metals.
Co., Ltd.) Magnetic flux density of magnetic field formed by this

per mmnentwoagnaRso4about 0.5 tesl a PCT/JP2010/064856

5Bobbi n: Pol yacet al copol yner ( manuf act uredby Pol ypl astics Co., Ltd.) Magnetic
shi el ding: Carbon steel Case: Pol yacetal ,copol yner Adhesi ve
used to be fixed: Acrylic adhesive Hard %ock(c) 10( manuf act ured by DENKI
KAGAKU KOGYO KABUSHI KI KAl SHA) (2) Eddy current test instrunent: Eddy
current test instrument M ni Phasec (manufactured by CE Inspection

Technol ogi es) (3),.Recorder 15ME CORDER 8846, (manuf acy ured by H OKI
£ B CORPORRATI G0 1o 32 Aol 7 ot SEL e e WS TRP AR but
wel ding of a thin ﬂate measurln‘g 123 gmln | engt h, x100 rrgn W|dth 20 3
mm 4 mm ortS WP hlvaPrtt A ckAReYy med SPJS@OZE“J(%"O% $tai MPERES )
and straight pipes 10B sch20s (wall thickness: and 6B sch40s (wal |
t hi ckness: PECRYRP signal ig deflegied oy Yhairy aofplélsodt*t WEITE Gt &t he
first layer and other |ayers were formed using TI G308 25(corresponding to
308L stainl¥ess $hésl vedus3ogL)Jebaraingpd beiggom@mﬂ/@m@&@/ 064886 13
wel ding rod (sound part). Wth respect to remaining half of a butt weld
portidn, tHanfitrest dheyetonas formed using TGS50 (corresponding to carbon
steel) as a welding rod, and other layers were fornmed using TIG08 as a
wel di ng rod 5(nmiNeedt ,paat) ampQ@24[de and a phase are adjusted by the

eddy current test instrument so that the amplitude is
usually deflected by a predetermined wvalue 1.5 V, in a +X
direction when the probe is placed on a base material (non-
10 weld portion) of the simulation test material. It 1is
possible to optimally display, for example, by doubling
this value.
At this time, it is necessary that the amplitude value
must be increased as the wall thickness of the base
15 material decreases, and the amplitude value decreases as
the wall thickness becomes larger. Therefore, the wall
thickness of the base material can be estimated.
[0019]
Under the above conditions, a simulation test material
‘20 including a sound weld portion and a simulation test
material including a weld portion containing carbon steel
mixed therein are inspected. In order to discriminate the
presence or absence of mixing of the carbon steel based on
the measurement results, a master plot diagram is made and

25 a threshold value is set.



Usi ng the above probe, eddy current test instrunment and recorder, the weld
portion of the above sinulation test material was inspected. 10First,
initial swotnng2ed49t he probe was perfornmed in the air. ACTaBroib/pegsency was
set at 500 kHz, X-coordinate was set at 0 V as an origin, and Y-coordinate
was set at - 1.5 V. Next, an anplitude anﬁ a phase were adjusted by the 15
eddy current test instrunent so that the-dnplitude is deflected by +1.5 V
when the probe is placed on a base nmaterial (non-weld portion) of the

sinmulation test material. [0025] Under these conditions, the sound
part and the par . 20cont ai ni ng car bon stééi i xed thereln of. the weld
portion of the s afFBReEEst Ot e~ %@ nES@EtEﬁ Nt AP 2o the

m xed part of_a th|n wal | ed test mat erial having a wall thickness of 3 mm
or 4 mm sitekl thicknesgnaf s Meflect e@™f uPEgRathd Sarfftf irfeed af Wkl Yias
25decreased by 6 dB or 12 dB, respectively. WO

2011/ 025049PTT7 J PPE10/DBASEETEAON  contiiirgulths FarkIpwStierlTapized. The
val ues of X-coordinate and Y-coordi nate of the anplitude of signal are

desi gnat ed @epedmpiist Utk s Y- anplhieiriecrd 0026 bl ttude xagdmsl i tside

(V) Y-a nplltude(V) Base Materi al
decreased each time. For example, it i1s adjusted by -6 dB

or -12 dB.
[0020]

Actually, detection of the presence or absence of
mixing of the carbon steel into an austenitic stainless

10 steel weld is performed in the same manner as in the case
of the above calibration.

The same initial setting as that in the case of the
calibration of the probe is performed. Next, a probe 1is
placed on a base metal (non-weld portion) of austenitic

15 stainless steel to be inspected, and then an amplitude and
a phase are adjusted by the eddy current test instrument so
that the amplitude is deflected by the same predetermined
value as that in the case of the calibration in a +X
direction.

20 Next, an austenitic stainless steel weld to be
inspected 1is eddy current tested and the presence or
absence of mixing of the carbon steel is discriminated
using a master plot diagfam made in advance.

In the embodiment shown in Fig. 3, both excitation to

25 an electric conductor and inspection of an eddy current of
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‘an electric conductor are performed by one coil, namely, an

excitation and inspection coil 1. However, the present
invention is not limited thereto and includes the
embodiment in which inspection is performed by another coil
(inspection coil) that is different from a coil to perform
the excitation (excitation coil). In this case, a
permanent magnet is disposed at least inside the inspection
coil.

[0021]

The present invention will be described below by way
of Examples, but the present invention is not limited to
the following Examples.

[0022]
Example 1

A probe, an eddy current test instrument and a
recorder used are as follows.
(1) Probe

The same probe shown in Fig. 3 was made and used. The
materials and shapes used are shown below.

Excitation and inspection coil 1 and balance coil 2:
28 mm in outer diameter x 21 mm in inner diameter x 8 mm in
length, and 0.16 mm in wire diameter of copper coil x 500
in number of turns

Permanent magnet 3: 18 mm in outer diameter x 12 mm in

inner diameter x 1.8 mm in thickness x 8 pieces

4



0.47 0. 86 5 0.98 0. 98 Straight Pipe, Straight Pipe 6. 5 1.0 4
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Neodymium magnet NEOMAX®-32H (manufactured by Sumitomo
Special'Metals. Co., Ltd.)
Magnetic flux density of magnetic field formed by this
permanent magnet: about 0.5 tesla
5 Bobbin: Polyacetal copolymer (manufactured by
Polyplastics Co., Ltd.)
Magnetic shielding: Carbon steel
Case: Polyacetal copolymer
Adhesive used to be fixed: Acrylic adhesive Hard Lock®
10 (manufactured by DENKI KAGAKU KOGYO KABUSHIKI KAISHA)
(2) Eddy current test instrument:
Eddy current test instrument MiniPhasec (manufactured
by GE Inspection Technologies)
(3) Recorder
15 MEMORY HICORDER 8846 (manufactured Dby HIOKI E.E.
CORPORATION)
[0023]
" A simulation test material was made by butt welding of
a thin plate (measuring 100 mm in length x 100 mm in width,
20 3 mm, 4 mm or 5 mm in wall thickness) made of SUS304 (304
stainless steel) and straight pipes 10B sch20s (wall
thickness: 6.5 mm) and 6B sch40s (wall thickness: 7.1 mm).
With respect to half of a butt weld portion, the first
layer and other layers were formed using TIG308

25 (corresponding to 308L stainless steel (SUS308L)) as a
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welding rod (sound part). With respect to remaining half
of a butt weld portion, the first layer was formed using
TGS50 (corresponding to carbon steel) as a welding rod, and
other layers were formed using TIG308 as a welding rod
(mixed part).

[0024]

Using the above probe, eddy current test instrument
and recorder, the weld portion of the above simulation test
material was inspected.

First, 1initial setting of the probe was performed in
the air. A test frequency was set at 500 kHz, X-coordinate
was set at 0 V as an origin, and Y-coordinate was set at -
1.5 V.

Next, an amplitude and a phase were adjusted by the
eddy current test instrument so that the amplitude 1is

deflected by +1.5 V when the probe is placed on a base

material (non-weld portion) of the simulation test material.

[0025]

Under these conditions, the sound part and the part
containing carbon steel mixed therein of the weld portion
of the simulation test material were inspected.

With respect to the mixed part of a thin-walled test
material having a wall thickness of 3 mm or 4 mm, since
signal is deflected fully, the amplitude value was

decreased by 6 dB or 12 dB, respectively.
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The results are shown in Table 1. The values of X-
coordinate and Y-coordinate of the amplitude of signal are

designated as X-amplitude and Y-amplitude.

[0026]
Table 1
X-amplitude (V) | Y-amplitude(V)
Base Material 1. 50 0. 00
Sound Part | FlatPlate | 3 6. 28 0. 41
FlatPlate | 4 0. 47 0. 86
FatPlate | 5 0. 938 0. 938
Blraight Pipet 6. 5 1. 04 0. 77 .
 [straightPipel 7. 1 1. 04 0.83
Mixed Part | FlatPlate | 3 —0. 52 2. 36
Flat Plate | 4 — 0. 36 2. 87
_FlatPlate | 5 0. 43 3. 08
Straight Pipe} 6. 5 1. 04 1. 538
Straight Pipe| 7. 1 1. 15 1. 59

[0027]

A master plot diagram was made based on the above
results. The obtained master plot diagram is shown in Fig.
5. The base material is indicated by the symbol “W”, the
sound part is indicated by the symbol “O”, and the mixed

part is indicated by the symbol “@”.

The Y-amplitude was set at 1.25 V and the threshold
value was indicated by a dotted line. The case where the
Y-amplitude exhibits 1.25 V or more is discriminated that

the carbon steel is mixed.
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[ 0027] A master plot diagramwas nade based on the above results. The
obt ai ned wabaro2pi4ot di agramis shown in Fig. 5. The bageTmmrmona@lsd s

i ndi cated by the synbol "M, the 10sound part is indicated by the synbol
"0", and the m xed 15

Description of Reference Numerals
[0028]
1: Excitation and inspection coil
2: Balance coil

5 3: Permanent magnet
4: Bobbin

5: Magnetic shielding



part is indicated by the synbol "*". The Y-anplitude was set at 1.25
V and the threshold value was indicated by a dotted Iine. The case where

t he Y-anpvotude2sehi bits 1.25 V or nore is discrim nat esdcrhat1dbidss car bon
steel is mxed. 15 Description of Reference Nunerals [0028] 1: Excitation
and inspection coil 2: Balance coil 53: Pernmanent nagnet 4: Bobbin 5:
Magnetic shielding WO 2011/ 025049PCT/ JP2PL0/ 064856 16 CLAIMS 1. A net hod
for inspecting an austenitic stainless steel weld, conprising: performng
eddy current test of a weld portion of an 5 austenitic stainless steel
using a probe conprising an inspection_coil and a permanent magnet di sposed
i nside the inspection coil, thereby déyg%p¥%g a foreign netallic materi al
m xed into the weld portion. 2. The nethod for inspecting, an austenitic
stainl ess 10steeP weltdosc domdimPRIFEIRE M, AWAEPRIRIEhETROPSPGA FEESH i ¢
material is carbon steel. 3. The nethod for inspecting an austenitic

st ai nl ess swedld,webdpadsandicng to claim 1 or 2, wherein magnetic flux

density of magnetic field forned by the permanent magnet is 15from about
0.3 to about 1.5peesbaming eddy current test of a weld portion of an

5 austenitic stainless steel using a probe comprising an
inspection coil and a permanent magnet disposed inside the
inspection coil, thereby detecting a foreign metallic
material mixed into the weld portion.

2. The method for inspecting an austenitic stainless
10 steel weld according to claim 1, wherein the foreign

metallic material is carbon steel.

3. The method for inspecting an austenitic stainless

steel weld according to claim 1 or 2, wherein magnetic flux

density of magnetic field formed by the permanent magnet is

15 from about 0.3 to about 1.5 tesla.



