WD 2011/ 043444PCT/ JP2010/ 067696 1 DESCRI PTI ON METHOD FOR | NSPECTI NG
CORROSI ON UNDER | NSULATI ON Techni cal Field 5[0001] The present

i nventi onwp2011@)4844¢d to a nmethod for inspecting corrosi eaTyesiabé78sUl ati on
in equiprment. Specifically, the present invention is related to a nethod
for inspecting under insulation which engbles the corrosion 10to be

i nspected sinply and precisely at a | ower cost in the equi pment which is
covered with the insulation. Background Art [0002] 15Since the corrosion
under insulation in the equi pnent made of carbon steel or |ow alloy steel
is a main cause of |eakage troubl epdd¥eG9FFRei on under insulation is one
of serious degradation phenonena that are to be nonitored in chem ca

pl ants that  haveypeash OBk L R bBFTE2ESRR00L0R0MEr, TrsliadeBR ol Many

appar atuses such as towers and vesse ves a gs a eat
exchanger are covered with the insulations in chemcal plants and so on.
The insulation is required to be renoved in order that 25the corrosion

under |nsu%ggﬁﬂlcgﬁe%%%ﬁkfr referred to as

5 [0001]

The present invention is related to a method for
inspecting corrosion under insulation in equipment.
Specifically, the present invention is related to'a meﬁhod
for inspécting under ihsulation which enables the corrosion

10 to be inspected simply and precisely at a lower cost in the

equipment which is covered with the insulation.

Background Art
[0002]

15 Since the corrosion under insulation in the equipment
made of carbon steel or low-alloy steel is a main cause of
leakage trouble, the corrosion under insulation is one of
serious degradation phenomena that are to be monitored in
chemical plants that have been operated for years.

20 [0003]

In general, many épparatuses such as towérs and
vessels, valves and plugs and a heat exchanger are covered
with the insulations in chemical plants and so on.

The insulation is required to be removed in order that

25 the corrosion under insulation (hereafter referred to as



WO 2011/ 043444PCT/ JP2010/ 067696 2 "CU ") is inspected visually. Further,
when scaffolding is made in order to disassenble (renove) the insulation,

t housandswofommniasdaaurs (a long period of tine) and a | arge/Jesndoesss
required. 5For exanple, a total length of pipes in one plant is very |long
such as several tens of kiloneters in ong plant, but the corrosion in pipes
is found in two to three systens of a thousand (1000) systens. Therefore,
there is a problemof extrenely bad efficiency. 10For this reason, there is
a strong demand for devel opnent of CU inspection techniques (for the

Pi pi ng) whiughy1dq ’1&1 iR e d hﬁéﬁiﬁl‘ﬂﬁ' RE AL ON Hed @c%f@é‘iﬁ%in"i@”d s

applicable to the ant “equi pnent whi ch expl osi on-proof s

required. FA004L, orac VarLous, aondestiuctvenlbspection Loghnidss have

been devel oped so as e applre CU "' nspecti on  of i'ping. For
exanpl e, a _radiation transmssion nethod and _an .ul trasoni.c flaw detection
sthod us TGCHRID Ve R S0 S0g oPEAHcaRE Barrdr Al 3 obtege

The radi ation transm ssi.on thod is a test nethod wherein a radiation

source and S95¢eE6r TAACH S pl aced being opposed to the source are used

and exi stence or_ 25nonexi stence of damage of pipes is evaluated by .
deter i ni ng WOFSFL BRuaPCE/ 5958101658686 of pipes in one plant 1is

very long such as several tens of kilometers in one plant,
but the corrosion in pipes is found in two to three systems
of a thousand (1000) systems. Therefore, there 1is a
problem of extremely bad efficiency.

10 For this reason, there 1is a strong demand for
development of CUI inspection techniques (for the piping)
which do not require the removal operation of the
insulation and 1is applicable to the plant equipment for
which explosion-proof is often required.

15 [0004]

Various nondestructive inspection techniques have been
developed so as to be applied to the CUI inspection of the
piping. For example, a radiation transmission method and
an ultrasonic flaw detection method using a guide wave have

20 been developed and performed.

[0005]

The radiation transmission method is a test method
wherein a radiation source and a sensor which is placed
being opposed to the source are used and existence or

25 nonexistence of damage of pipes is evaluated by determining



a transm ssion intensity of the radiation which passes through the

i nsul ation and the pipes. Further, a pipe wall corrosion thinning map can
be obt ai ngd 201/|@sanNi ng the pipe its axis direction usi PGTAPNANDETEI6
provided with the 5 radiation source and the sensor. The radiation
transm ssion nethod nmakes it possible tosfigure out the corrosion state
visual ly without renoval of the insulation fromthe pipes (Non-patent
Literature 1). [0006] 10The ultrasonic flaw detection nethod is a test

met hod wherein the gui de wave (the ultrasonic) is propagated in the pipe
for a longzdi si-ancpiardcexi sheassiey nonexind epg@igk idaANBGRIEA RpPESed S
eval uated by determ ning echo which reflects on a site where a

Cross-sect ik @hd SdhAedn ay HHe gilddasonhe-dlaw detegld op, et hod

has a characteri'stic that the inspection for a |long distance ‘can be nade

since the ' e hs NI ggﬁf j e - t of
t he pi pi ng%ﬁ%&%ﬁs&%@{&% a %ﬁ]ms%)eggﬁaﬁgﬁ%g&aﬁs{&ﬁ%%ﬁ}% %E.?e 20
Prior Art Liter re 7L . . __Nop-p n iteratu 1. Hidet

KAWABE, "Cgffosggﬁslnégggf%éﬁnTegﬁﬁPauegfo?égP%?%g,gﬁu %%% icw$%%pé%%$on of
25Pet rol eum_Pi.pi_ng _using RT, Real .Ti Radi ogr aphy, Thry-VvU', .

2011/ G43444PCIATRSSL0/ GEY658 4 epection BTSISTEering, JAPAN I AL
PUBLI SHI NG CO., LTD.., Janua%g 200§&N£p‘ 18- 24 | Non- patent Literature
2: Yoshi aki®TRAGASSSMR™ MESEBCENBE hashhi RPN KEQuhfi IB HRNPAE, &% pe
Wall Thinning 5 I nspection Technjque Using Gui de Wave", The Piping

Engi neer i nGOTFAPART NOGSERI A SHUBLY S Nepeh, reggialaods, thsp. insibation

from the pipes (Non-patent Literature 1).

[0006]

10 The ultrasonic flaw detection method is a test method
wherein the guide wave (the ultrasonic) is propagated in
the pipe for a long distance and existence or nonexistence
of damage in pipes 1is evaluated by determining echo which
reflects on a site where a cross-sectional area is changed.

15 This ultrasonic flaw detection method has a characteristic
that the inspection for a long distance can be made since
the guide wave is propagated in the pipe, and enables the
state of the piping to be inspected at a high speed (Non-
patent Literature 2).

20
Prior Art Literature
[0007]

Non-patent Literature 1: Hidetoshi KAWABE, "Corrosion
Inspection Technique for Piping, Automatic Inspection of

25 Petroleum Piping using RT, Real Time Radiography, Thru-vu",



Di scl osure of Invention 10[ 0008] However, the problemof the prior art
i nspection nethods is that they are applicable to limted conditions.

[ 0009] Spwoi2dilgEB44¢, the scanner is attached to the pi p@CaAE20180676%
scanning along the axis direction of the pipe is required in order to
obtain, for exanple, the corrosion thinndng map for the entire piping when
the radio transm ssion nethod is enployed. Therefore, this can be applied
only to the straight pipe portion of the piping. 20 Further, another
probl em of the nmethod is that the sites to which this nmethod can be applied
are |limtedrdgpddta pi pEAginBerehy, a shsAmnaameirngan. t beppirpgsngs @) | and
t he pi pes have conplicated shapes (such as in the chem cal plant) since a
space i s negessaiadiiry P | il agsyst em such as 25t he scanner provided
with the radiation source and the WD 2011/ 043444PCT/ JP2010/ 067696 5

sensor. [0010] yon-pater® hﬁ%eQQQ%%Fhaﬁg’ &thyékiaﬁﬁﬁé&sﬁtﬁMMfkﬁé%ééon

met hod i s capabl e of detecting the aw in a long distance 5such as several

meters sineggde I\{%.eﬂgi VfiTk$, PRARAYALR MAY T | Omﬂigg%@ﬁae by A

pi pi ng. However, 6%% appears not only in the site where the corrosive

L g OGeuER Jthe RLENIS DU lisg, | DGLlReSTREIETe BE piping

cross-sectional area is chang a porti‘on

portion in_the pipi.ng. FEQqr [ b 1L ] sary t revi ousl y know
Phe. shape. SPomeBiigtg AT dar Ei . g SRR Rl RS 2
nonexi stence qof the flaw in the piping. Further, the intensities of echo
fromthe wei’ded portion and the flange potion are strong, 15 which results
in a problem of occurrence of region(s) where the detection is not possible
due to ringing of echo. Furthernore, the problemof this nethod is that the
insulation is required to be renoved fromthe piping in order to carry out
t he i nspecBigslopergoPf] Invention

10 [0008]

However, the problem of the prior art inspection
methods is that they’are applicable to limited conditions.
[0009]

Specifically, the scanner is attached to the pipe and

15 the scanning along the axis direction of the pipe 1is
required in order to obtain, for example, the corrosion
thinning map for the entire piping when the radio
transmission method is employed. Therefore, this can be
applied only to the straight pipe portion of ﬁhe piping.

20 Further, another problem of the method is that the sites to
which this method can be applied are limited in the piping
wherein a distance between the pipes is small and the pipes
have complicated shapés (such aé in the chemical plant)
since a space is necessary for installing a system such as

25 the scanner provided with the radiation source and the



The above problens are not only found in the piping, but also in the val ves
and plugs and the heat exchanger. The present invention has been nade
under thiwosptwmEsdden and the object of the present inveRCIOR2(16/067696
25realize a nmethod for inspecting the corrosion under WO

2011/ 043444PCT/ JP2010/ 067696 6 insul ati ofn which nmakes it possible to

i nspect the corrosion sinply and precisely at a | ower cost in the equi pnent
covered with the insulation. [0012] 5The present inventors intensively
studi ed,in consideration of the above problens, the nethod for inspecting
the corrosisepgyider insul ation which nethod nmakes it possible to inspect
the corrosion sinply, precisely and economcally in the equi pnent to which
the 10 inglpdtgqon is attached. As a result, the present inventors focused
on the fact that an acoustic em ssion (hereinafter, which nay be referred

"AE") whi [ [ - i K
(0,22 oA ot ! ST BLIPEomie | pacngtel gt beom [ el g

a corroded portion reirnafter, t ion may be referred to as
15 "corrosgj tuhercl e’ nd_found that t exi st ence of. the corrosion can
bo det ect ey b g IR T e et ety e EAEMC AR s B
mhere?y t he present invention_has been canpleted [0013].20Tq§ﬁpresen

i nvent on YR Mt hoT Fo7 i REPEETI FGTCEr rds o tdelaV fis diSath PR e

equi pnent covered with an insulatjon, which is characterized bx:

obt ai ni ng £Pgnafts ¥9¥m FLEEBEFSopt T c &DoBpPeRIsens SPVsEXcheb B o §HY

equi pnment and counting a waveformfor a 25predeterm ned tine before and
after a poﬁ@P%%?ﬁMﬂ%% gply in the site where the corrosive thinning

occurs in the piping, but also in the site where the cross-
sectional area is changed, such as a welded portion or a
10 flange portion in the piping. For this reason, it 1is
necessary to previously know the shape of the piping in
order to precisely evaluate existence or nonexistence of
the flaw in the piping. Further, the intensities of echo
from the welded portion and the flange potion are strong,
15 which results in a problem of occurrence of region(s) where
the detection is not possible due to ringing of echo.
Furthermore, the problem of this method is that the
insulation is required to be removed from the piping in
order to carry out the inspection.
20 [0011]
The above problems are not only found in the piping,
but also in the valves and plugs and the heat exchanger.
The present invention has been made under this
situation and the object of the present invention is to

25 realize a method for inspecting the corrosion under



WO 2011/ 043444PCT/ JP2010/ 067696 7 anplitude is over a threshold val ue, as
one acoustic em ssion signal (AE signal), recordi ng the acoustic

em ssi on WO@AH/E3End t he naxi mum anplitudes of the acouPCIroPEI/BEEHN
signals, 5subjecting the acoustic em ssion signals to a filtering process
to renove noi se signals, determ nigg a frequency distribution of the
nunber of the sequentially obtained acoustic em ssion signal hits (AE hits)
relative to various maxi num anplitude values, 10 determ ning a regression
i ne of the nunber of the acoustic em ssion hits relative to the maxi mum

anpl i t udes ;M3 iSFAIRIIHN halicrgriamyMy Gib 1S 1QPtia dpeck by koW ©rosion
| ogarithm c expression of the frequency distribution, and determ ning

exi stence %&nﬁ;‘i@ﬁxgﬁﬁe%ﬁséw GQY T asi phedpi e G@ui pRENte P a

gradient of the'regression [1ne. [0014] The nethod for 1nhspecting

corrosion under dNsHlat QR a¢eQdidg,f 0 the present invention gives an

effect of inspecting the corrosion sinply and precisely at a | ower 20cost
since the f%%ﬁ% optical Doppler sensor is attached to the equipnent to
i nspect thé corrosion in the equipnent. Brief Description of Draw ngs

[0015] 25Fi 9. 1,43 a blogk diaotamindicating a,Loppler effgg

Eed, in
consideration of the above problems, the method for
inspecting the corrosion under insulation which method
makes it ©possible to inspect the corrosion simply,
precisely and economically in the equipment to which the

10 insulation is attached. As a result, the present inventors
focused on the fact that an acoustic emission (hereinafter,
which may be referred to as "AE") which is an elastic wave
is generated from flaking or crack at a corroded portion
(hereinafter, the corroded portion may be referred to as

15 "corrosion tubercle") and found that the existence of the
corrosion can be detected by detecting the AE using a fiber
optical Doppler sensor, whereby the present invention has
been completed.

[0013]

20 The present invention 1is a method for inspecting
corrosion under insulation in equipment covered with an
insulation, which is characterized by:

obtaining signals from a fiber optical Doppler sensor

attached to the equipment and counting a waveform for a

25 predetermined time before and after a point at which an



WO 2011/ 043444PCT/ JP2010/ 067696 8 of an optical fiber. Fig. 2is a

bl ock di agram showi ng a Laser Doppler Interferonetry. Fig. 31is
a vi ew shwoig/@assexanpl e of an AE waveform 5from a si gralr/sbzammersssOD
sensor. Fig. 4 is a view showi ng the nunber of AE hits per 30 m nutes
in Exanple 1. Fig. 5is a view showing a frequency distribution of AE
hits relative to maxi num anplitude values. 10Fig. 6 is a view show ng a
scattering diagram obtai ned by double | ogarithm c expression of the
frequency distributions obtained in Exanples, and regression |ines.

Fig. 7is ha,dd ewshewisng 5hetﬂyegﬁ518f églmets RET 3P M AULES 1A

Exanple 1 after the corrosion is renoved S5Fig. 8 is a view showng a

frequency @dﬁééf%ﬂ'é¥ﬁﬁgllﬁiﬁ"élx{ehat've to maxi mum anplitude val ues in

Exanpl e I's a cro %5ecti onal vi ew showi ng schematically a

nmock- up plplng used Sxanpl e of .th [es nventi_qn nbodi nents _for
Carryl ng Qut the S nvlle %n TOO?L%% dSe P fgml'tsﬁémﬁlr eseﬁnﬁEnven%qr?;n Sl't’

"equi pnent " |ncludes tome ssels i.pin val ves and plugs and a
heat exchafjer- "4 qu?ﬁ 5 OSSR (HHA St hat i s,

towers and vessel qdo 9 valves and plugs and a 25heat exchan%er and SO
on V\/hISCh are co (? th acoustic emission 51gna S

filtering process to remove noise signals,

determining a frequency distribution of the number of
the sequentially obtained acoustic emission signal hits (AE
hits) relative to various maximum amplitude values,

10 determining a regression 1line of the number of the
acoustic emission hits relative to the maximum amplitudes
from a scattering diagram which is obtained by double
logarithmic expression of the frequency distribution, and

determining existence or nonexistence of the corrosion

15 in the equipment based on a gradient of the regression line.
[0014]

The method for inspecting corrosion under insulation
according to the present invention gives an effect of
inspecting the corrosion simply and precisely at a lower

20 cost since the fiber optical Doppler sensor is attached to

the equipment to inspect the corrosion in the equipment.

Brief Description of Drawings
[0015]

25 Fig. 1 is a block diagram indicating a Doppler effect



WO 2011/ 043444PCT/ JP2010/ 067696 i nsul ation. [0017] In the nethod for

i nspecting corrosion under insulation according to the present invention, a
fi ber 5 opbi2ealosBappl er sensor (FOD sensor) is attachedptega@onéase of the
equi pnent, one AE signal is established for an obtained signal, the AE
signal and the maxi num anplitude thereofgare recorded, the noise AE signals
are renoved, a frequency distribution of the resultant nunber of the AE 10
hits relative to various maxi mum anplitude values is determ ned, a
regression line of the AE hits relative to the maxi num anplitudes is

deterninedd%r%mL%ﬁ%%@%heEHQgggiagran1obtained by doubl e logarithmc
expression of the frequency distribution, and existence or nonexistence of

15t he corrosion j.s. deter.mj ned adient . t.he ess] i ne.
[0018] SheiT oot nEAsaE AR ARATLED 8GRI AN G TE
i S not pargkgqu;gy limted, as long as the site 20 is one where the FOD
sensor can 55'@ i th the surface of the equi pnent, that is the

surface of the equi pnent (e.g. the'gi e at the sihe). Ajgethod
for attaching t Ad9F05 sehsbrVie”t il 8gﬁgpﬁEnFXP§p &t ofi A1t &F g etorm
particular one, as long as the FOD 25sensor can keep contact with the

surface of HIRE &qFigmedt Troamp®FPD GEA4PCT/ JP2010/ 067696 10 The FOD

sensor is attached using an attachment nenber or a '
Fig. 4 is a view showing the number of AE hits per 30

minutes in Example 1.

Fig. 5 is a view showing a frequency distribution of
AE hits relative to maximum amplitude values.

10 Fig. 6 is a view showing a scattering diagram obtained
by double logarithmic expression of the frequency
distributions obtained in Examples, and regression lines.

Fig. 7 is another view showing the number of AE hits
per 30 minutes in Example 1 after the corrosion is removed.

15 Fig. 8 is a view showing a frequency distribution of
AE hits relative to maximum amplitude values in Example 2.

Fig. 9 is a cross-sectional view showing schematically
a mock-up piping used in example of the present invention.
Embodiments for Carrying Out the Invention

20 [0016]

In the presént invention, the "equipment" includes
towers and vessels, piping, valves and plugs and a heat
exchanger and so on to which the insulation is attached,
that is, towers and vessels, piping, valves and plugs and a

25 heat exchanger and so on which are covered with the



commer ci al | yavai | abl econt act medi um Ast he "commerci ally avail abl e cont act
medi um', Sony Coat (Tradenanme: nade by Saan Gas N chi go Corporation) which
is 5 comwenoilal4Bissavail abl e as a nmedi um for the ultrasenroridieves7det ecti on
and an adhesive Aronal pha (Tradenane: made by Konishi Co., Ltd.) can be
exenplified. Further, the FOD sensor maygbe attached to the equi pment
before attaching the insulation when building a chem cal plant, or it may
be 10 attached to the equipnent in an existing chem cal plant. The tinme
when the FOD sensor is attached may be any tinme before conducting the
met hod for ;jinsAeGLigpg the corrosion under insulation. Since the durability
of the FOD sensor is very high, it is preferable that the FOD sensor is
15al ways ('t ra%tmi]s, constantly or not-tenporarily) installed in the
equi pnment from the viewpoints of reducing the man-hours and the cost for
di sassenbling the in ation. 019] Two.or _nore the FOD sensors ar
preferably instglnl edEHéO irﬁe?}hcégeq%%oﬁnen n§8e€ﬁéf’9t hec?]ﬁ]é%%%:?rilon ot
corrosion under. insul ation_gan be_conducted efficiently in_the equipnment
whi ch ext edd§YF&rO8 \/\Pa‘éoﬁﬁéﬁgort? or q'ée | BRGSERt aﬁB@?X"i’%nnurﬁ)e&u % he
FOD sensors attached to_the equipnent_is not limted as |ong as the FCOD
sensor rec@PrdSathe PRBPISI cEEESPYI | FARd FRESAtbetS mﬁ/t%g%%cﬂec‘i%d a
optimally WD 2011/ 043444PCT/ JP2010/ 067696 11 dependi ng on the size (or
wi dth) or ENEIRERGEAF Jha MIEHRIGHNentOMhi R FiIBALoBFeESt@® ldshese for
i nspection. For exanple, the nunber of the FOD sensors may be sel ected
consi der i ng™t REtednect iSignp lof thige AEOD igiiadoands (idle el muhamdritosdeon in
t he equi prrent can be detected. [0020]

thereof are recorded, the noise AE sgignals are removed, a

frequency distribution of the resultant number of the AE
10 hits relative to various maximum amplitude values is
determined, a regressign line of the AE hits relative to
the maximum amplitudes is determined from a scattering
diagram obtained by double 1logarithmic expression of the
frequency distribution, and existence or nonexistence of
15 the corrosion is determined based on a gradient of the
regression line.
[0018]
The site of the equipment to which the FOD sensor is
attached is not particularly limited, as long as the site
20 is one where the FOD sensor can keep contact with the
surface of the equipment, that is the surface of the
equipment (e.g. the pipe at the site).
A method for attaching the FOD sensor to the equipment
is not 1limited to a particular one, as long as the FOD

25 sensor can keep contact with the surface of the equipment.



Here, the FOD sensor and the AE detection nethod which are enployed in the
i nspecting corrosion under insulation according to the present

met hod f or

i nvent i orwvere1idesani bed 10in detail below. [0021] [1l. FEDTERMH®DN7696

FOD sensor

is a sensor which utilizes a Doppler effect of an optical f

The
i ber,

and can detect strain (elastic 15 wave ofgchange in stress caused by the
strain) which is applied to the optical fiber by reading a nodul ation
frequency of a light entering into the optical fiber. [0022]

20Her e, t he above-nenti oned" Doppl er effect”is described with reference to

The Fdb dedso? Pb OQKthﬁS&aﬁbEHPI SHP R RIcgh e R Lo L1d ect

change) in

Fig. 1.

of the optical fiber. For exanple, when a

velocity C

(Toht sour B9 i C%é%%ﬁ%—???ﬂ&%}%/oagésgﬂ%kcﬁktfhﬁfgffb%ré)
I d b

Frequency oFS i ' R RRRBRE cne RIS T 25 e b
Stormul a of CHEBEIR ol det A R s e

5

10

15

20

25

commercially available as a medium for the ultrasonic flaw
detection and an adhesive Aronalpha (Tradename: made by
Konishi Co., Ltd.) can be exemplified. Further, the FOD
sensor may be attached to the equipment before attaching
the insulation when building a chemical plant, or it may be
attached to the equipment in an existing chemical plant.
The time when the FOD sensor 1is attached may be any time
before conducting the method for inspecting the corrosion
under insulation. Since the durability of the FOD sensor
is very high, it is preferable thet the FOD sensor is
always (that 1is, constantly or not-temporarily) installed
in the equipment from the viewpoints of reducing the man-
hours and the cost for disassembling the insulation.

[0019]

Two or more the FOD sensors are preferably installed
in the equipment so that the inspection of corrosion under
insulation can be conducted efficiently in the equipment
which extends over a wide area or for a long distance. The
number of the FOD sensors attached to the equipment is not
limited as 1long as the FOD sensor receives the AE

successfully and the number may be selected optimally

(or

ght wave havi ng an acoustic

m a
1is

| er



C 0Ofl Cf ff wherein, fo is a frequency of an
incident light, fl is a frequency after nodulation, Cis an acoustic

vel oci ty wOQ01/i4Bi4¢ an el ongati on speed of the optical PCDHIP201)/0IBY
Assum ng that the frequency of the incident light is nodulated fromthe
frequency fo by fd and becones the frequency fl after the nodul ation, an
anount of frequency 15nodul ation fd of the optical fiber is expressed as a
formula (2). [0025] fd fo --(2) wherein fo is a frequency of an
incident light, fd is an 20anount of frequency nodul ati on of an opti cal

2011/ bas44 EERTPIbR07 067086 T3 tept ) 2al Tiber. Flozey Tergeif! oENendld
ptical fiber. [0026]
equipment which is an objective of the inspection. For
example, the number of the FOD sensoré may be selected
considering the sensitivity of the FOD sensors such that
5 any corrosion in the equipment can be detected.
[0020]

Here, the FOD sensor and the AE detection method which
are employed in the method for inspecting corrosion under
insulation according to the present invention are described

10 in detail below.
[0021]
[1. FOD sensor]

The FOD sensor is a sensor which utilizes a Doppler
effect of an optical fiber,‘and can detect strain (elastic

15 wave or change in stress caused by the strain) which is
applied to the optical fiber by reading a modulation (or
change) in frequency of a light entering into the optical
fiber.
[0022]

20 Here, the above-mentioned "Doppler effect" is
described with reference to Fig. 1.

Fig. 1 is a block diagram for explaining the Doppler
effect of the optical fiber. For example, when a light

wave having an acoustic velocity C and a fequency £fg 1is

25 entered into the optical fiber 1 from a light source 2, the



Further, when a formula of wave indicated by a fornmula (3) is used, the
anount of frequency nodul ation fd of the 5Soptical fiber can be expressed as
a formul awO02p11/48Q27] C = ./0 A, -(3) wherein fo is a PceEgeaneye6% i s an
acoustic velocity and 2\ is a wavelength. 10 [ 0028] v foldl, fd fo ==
;17. dt - -(4) wherein fo is a frequencysof an incident light, fl is a
frequency after nodulation, Cis an acoustic velocity, t is 15a tinme, L is
a length of an optical fiber, and dL/dt is a change in length of the
optical fiber over tine. [0029] Forrmul a (4) indicates that the

el ongat i O”r??;’ﬂc%quri%“etri QN ;$PAG RYa de2f P Cl?éng[éﬂ)% Fa D& dei Lot £6h as

20t he anou of frequency nodul ation of the I1ght wave. In
speed v. Assuming that the frequency of the incident light

is modulated from fg3 to £7 by the Doppler effect, the

frequency f, after the modulation can be expressed using a

5 formula of the Doppler effect, as a formula (1).

[0023]

C—v )
fi=merfo=tfomg fo o)

wherein, fg i1s a frequency of an incident light, fl is a

frequency after modulation, C is an acoustic velocity and v
10 is an elongation speed of the optical fiber.

[0024]

Assuming that the frequency of the incident 1light 1is
modulated from the frequency f£fg by fg and becomes the
frequency f, after the modulation, an amount of frequency

15 modulation fg of the optical fiber 1is expressed as a
formula (2).

[0025]

fd=.fo% cen(2)

wherein fg 1s a frequency of an incident 1light, f4 is an

20 amount of frequency modulation of an optical fiber, C is an

acoustic velocity and v 1is a elongation speed of the



ot her words, the strain (elastic wave, change in stress and WO
2011/ 043444PCT/ JP2010/ 067696 14 so on) which is applied to the optical
fi ber canybeotalssemtied by readi ng the anmount of frequencycigdrhabéass fd of
the optical fiber. [0030] 5Further, when the FOD sensor is constructed such
that the optical fiber is stacked (or pi}ed) by being wound into a coil,
the sensitivity of the sensor can be inproved due to a large value of L in
the formula (4) and the sensor can receive the signals in all directions.
10[ 0031] [2. AE detection nethod] A Laser Doppler Interferonetry
provi ded witdtithg RORsSensor is used for detecting the AE. Thus, the Laser
Doppler Intéerferometry provided wiwth the FOD sensor is 15 described with
ref erence tﬂﬁﬁﬁﬁlock di agram of Fig. 2. The Laser Doppler Interferonmetry is
mainly provided with, in addition to the FOD sensor 3, an optical fiber 4
whi ch is connected .to the.FOD sensor .3 | i ght source 5 ich inputs_an

S T A e T O RS T

i nput |ight into the optica I ber ects the

amount of {rgauency. o LaLl g btvesn AR quLaut hoabioLLg e St

The light source 5 is a laser which utiljzes a 25sem conductor, a gas or
the li%ke, &RFLIladditdd 8 iR FFRF S ARG L FEL/D4SHUPET 92010/ 067696
[0027]

C::fo./’L 0 ={3)

wherein fg is a frequency, C is an acoustic velocity and A

is a wavelength.

10

[0028]

f =f.l=ﬁ.;,=~l_.d1‘ o e (4)
¢ e C A dt

wherein fg 1s a frequency of an incident light, £ is a

frequency after modulation, C is an acoustic velocity, t is
15 a time, L is a length of an optical fiber, and dL/dt is a

change in length of the optical fiber over time.

[0029]

Formula (4) indicates that the elongation and

contraction speed of the optical fiber can be detected as

20 the amount of frequency modulation of the light wave. In

other words, the strain (elastic wave, change in stress and



15 |l aser beam (a coherent light) as the input light into the optical fiber
4. A wavelength of the input light fromthe |ight source 5is not limted

to a partwoubswossyae, and may be of (or within) a visibl eclriyghtionesge or a
infrared 5regi on. The sem conductor |aser of which wavelength is 1550 nmis

preferable since it is easily avail able.;}0033] The detector 6 can
detect the anount of frequency nodul ati on between the output |ight fromthe
optical fiber 10 4 and the input light fromthe Iight source 5 and is
preferably of a | ow noise type capable of detecting the acoustic eni ssion.

[0034] The Jasel)Doppl en | 0t erfigsof %dstfhlérts B&Eligﬁg\éieﬁfgerl%%trb@n AOM

7 (Acoustic Optical Mdulator),”™a half mrror Ivers a portion of

the input I4 akf JM | LV t | | i ght
modul ated By RS RITT 1o e he e e B P AR e of o Concnt | Shal

constructi%& %nd ad%H%gg_t mpdul ate the 20 frequency fo of the input

light to a freﬁﬁ%ﬁ%@ l'f]:'r(f:')r'(\/\/nerein fmis an anmount of change in

frequency g%g gﬁy be a positive value or a negative value). [0035]
When the FGS°3&isor 3 receives the AE which occurs due 25to0 fl aking or

cracki_ng caused by the corrosion in the W 2011/043444PCT/JP2010/ 067696 16
5 Further, when the FOD sensor 1s constructed such that

the optical fiber is stacked (or piled) by being wound into
a coil, the sensitivity of the sensor can be improved due
to a large value of L in the formula (4) and the sensor can
receive the signals in all directions.

10 [0031] |
[2. AE detection method]

A Laser Doppler Interferometry provided with the FOD
sensor 1is used for detecting the AE. Thus, the Laser
Doppler Interferometry provided with the FOD sensor is

15 described with reference to a block diagram of Fig. 2. The
Laser Doppler Interferometry is mainly provided with, in
addition to the FOD sensor 3, an optical fiber 4 which is
connected to the FOD sensor 3, a light source 5 which
inputs an input 1light into the optical fiber 4, and a

20 detector 6 which detects the amount of frequency modulation
between an output light from the optical fiber 4 and the
input light from the light source 5.

[0032]
The 1light source 5 is a laéer which wutilizes a

25 semiconductor, a gas or the like, and is adapted to input a



equi pnent, the optical wave having a frequency of fo which is entered into
the FOD sensor 3 fromthe optical source 5 via the optical fiber 4 is
nodul at eawOaotig3fatequency "fO0 - The nodul at ed optical REVEPRENETEUL | Nt o
the detector 5 6 via the optical fiber 4. In the detector 6, a nodul ation
conponent (the anmount of frequency nodulgtion of the optical fiber) fd is
detected by an optical heterodyne interferonetry. The detected nodul ation
conponent fd is converted to a voltage V by a FV converter (not shown) and
10 is output fromthe Laser Doppler Interferonetry. The frequency of the

out put si gnalselrS Ja@n abodbhdPektiz 1t gnahouts 294k kHiput 1ight into the

Theout put si gnal front heLaser Doppl er ~ Interferometry is recorded in a
recording apdianal ySiserladeviLe,dne Whetnt B daka 1RHACCISigRE FWdnaly/si s
are conducted. [0036] In the presSent iInvention, exisStence or

nonexi st en I 1c0Si I kN a er AE
200 t5- 1 ol ALPUS COTRE v TS Gl T Ut a1 BoBoof P HeAE egnare meY

F_or t.he Sl Qalont f“egi%?g‘)t%e Eggi?ﬁgsoiiaﬁt“%aqggé mogroraa hl fn‘r%ﬁcteeé m ned
time including predétermned tines béfore and after poi nt ~wheéen the
anplitude i s over 25the threshol valuel a Eriggekxégjntﬁ iglcougged as one
(or 201 £P343444PCTFIPDTIDT 91 7 §3ng ) g*g Eld= it wavef or m
nunber (a file number) is assigned to this signal. This _nunber is
sequentialP§5§e88rd§d£F83§Fﬁ§#%wFﬁﬁthétw&ﬁ Ta¥p FPIdERI* t he wavef or m
[0033]
The detector 6 can detect the amount of frequency
modulation between the output light from the optical fiber
10 4 and the input 1light from the 1light source 5, and is
preferably of a low-noise type capable of detecting the
acoustic emission.
[0034]
The Laser Doppler Interferometry is further provided
15 with an AOM 7 (Acoustic Optical Modulator), a half mirror 8
which delivers a portion of the input light to AOM 7 and a
half mirror 9 which delivers the input 1light modulated by

the AOM 7 to the detector 6. The AOM 7 1is of a
conventional construction and adapted to modulate the
20 frequency fp of the input light to a frequency (fg + £fMm)
(wherein fyy is an amount of change in frequency and may be
a positive value or a negative value).
[0035]
- When the FOD sensor 3 receives the AE which occurs due

25 to flaking or cracking caused by the corrosion in the



5About + 300 mV is selected as the threshold val ue, about 500 ps is
selected as a tine before the trigger point and about 1500 ps is selected
as a timewefhvarossdae trigger point and therefore about 20e9/ps10867%e ect ed
as atotal tinme for recording the waveform but not limted thereto. 10 In
general, the threshold value is selected, pased on a base noise which is
peculiar to the optical fiber AE sensor. The tinme (period) for which one AE
signal is recorded is selected so that the waveform of the AE signal can be
easily recognized. This tinme may be deci ded experinentally. 15[ 0037]

The si gnal e RAARD frrmdhe; ED S&RSOhal Df Pgefrbﬁd@%@f'd¥1ﬂ&’&ﬁ%be due
to the corrosion, the AE caused by the vibraftion of "equi pnment

(envi ronneqtsalzed{t%rseea 2 lfcmﬁ@yFé‘ﬁfS{éﬁs&Pe detection ‘8‘&%&%#0&5@?&0% For

this reason, e recordi ng and anal'ySi's devi ce condu at a-processi ng

Lo separ at ¢.Lhih CIYCONTPHA NG S FIEA de (18 F1d L8R pr90RES 1S

conduct ed. 0 the waveform anplitude re and aft@r the
trigger point, t r oot n uar.e. ((RVB). val ues expressed .25by the fornula
(5)°9re Bold nade BeuIEtre PR DR ash aTioy gL 07 R AT TE T 0 03
8 ] x.=1'2 - -Y-vI - - N 5 ) wherein the X1, , XN are the

respeétiveGaNBPiF@GE§HﬂiQ§l fibér(4. In the detector 6, a modulation

component (the amount of frequency modulation of the

optical fiber) £fg 1is detected by an optical heterodyne
interferometry. The detected modulation component f4 1is
converted to a voltage V by a FV converter (not shown) and
10 is output from the Laser Doppler Interferometry. The
frequency of the output signél is from about 10 kHz to

about 250 kHz. |
The output signal from the Laser Doppler

Interferometry 1is recorded in a recording and analysis

15 device 1in which the data processing and analysis are
conducted.
[0036]

In the present invention, existence or nonexistence of

the corrosion is determined based on the number of the AE

20 hits relative to the maximum amplitude values of the AE
signals.

For the signal obtained from the FOD sensor, a

waveform for a predetermined time including predetermined

times before and after a point when the amplitude is over

25 the threshold value (a trigger point) is counted as one (or



waveformand N is the nunber thereof. 5[0039] "N' is the nunber of
the anplitudes before (or after) the trigger point which anplitudes are
used for weterm4sisng the RMS value. "N' is selected so Phatpzoiv/eéricsdl e RVS
value is determned and is generally from 100 to 1000 or 10nore (for
exanpl e, about 2000). The waveformmwherein the ratio of the RVS val ue
before the trigger point to the RM5 value after the trigger point is a
predeterm ned value or less is renoved as the AE signal which is a noise
(hereinafter, this is referred to 15 as a "RVS5 processing”). The ratio of

the RVB valjues rig eSelmsteropt | nihd yacoaskdsrhnaguhbe rdagr 68 1of famsal  of
the noise. The ratio is suitably 1:2. In other words, when (the RVS val ue

before the jtyigaer point)/ (i N4l ue befjqr enﬁrhﬁe{“r'lggesrecﬂ%rmn)aifyz or
| ess, the signal nay be 20regarded as the noi se. An exanpl e of

gQ?sgegﬁrg%%hS|tf§ﬁ odﬁ%ﬁ?%%1??%§%44ﬁ$%7/Tﬁ%&T@?oZ%@?&H¥g%§83%g% (t nV

trigger pOk@&) d the waveform for 500 ps before the trigger point and
for 1500 ps aFter ‘he trigger point, that is, for 2000 ps in total is

recorded. The AE.signal Qwn in . Fi S_remai aft r t.he
pyoce(siL’Si ng, whi Eé’otu%e +7’6\E§? gn‘&Y §'ﬁ03ﬁ1 féﬁ)ﬁ% a§(%ﬁ%l S&d at]hlée’AE
si gnal Whl%% iS naoise by th e RNB e{oce55|n [[0041 xt the frequency
di stributi oHE £RE Hﬁnﬂ@r a time before the 'trigger point

and about 1500 us is selected as a time after the trigger
point and therefore about 2000 ps 1is selected as a total
time for recording the waveform, but not limited thereto.
10 In general, the threshold value is selected based on a base
noise which is peculiar to the optical fiber AE sensor.
The time (period) for which one AE signal is recorded is
selected so that the waveform of‘ the AE signal can be
easily recognized. This time may be decided experimentally.
15 [0037]

The signals obtained from the FOD sensor include, 1in
addition to'the AE due to the corrosion, the AE caused by
the vibration of equipment (environmental noise) which may
affect the detection of the corrosion. For this reason,

20 the recording and analysis device conducts data-processing
to separate this environmental noise.

Firstly, the filtering process 1is conducted. With
respect to the waveform amplitudes before and after the
trigger point, the root mean square (RMS) values expressed

25 by the formula (5) are determined respectively.



10 obtained AE signals (the AE hits) relative to various maxi num anplitude
val ues is determ ned. The range of the maxi num anplitude val ue and the
cl ass (thsowottdazafi the class) of the maxi num anpl it ude pcs/gophioosisdey and
evenly selected so that the recorded maxi mum anplitudes are 15i ncl uded.
The regression line of the AE hits relatiye to the maxi num anplitude val ues
is determned fromthe scattering di agram obtai ned by double logarithmc
expression of the frequency distribution. The scattering diagramis a 20
di agram wherein the both axes of the frequency distribution are indicated
by | ogaritheggpr ession and log (AE hits) is plotted to the Iog (nmaxi mum
frequency value). The regression line is determ ned by the | east-square
nmet hod. Exi stence or nonexi stence of the corrosion in the 25equi pnent is
determ ned or eval uate on [t Tadi — VO
2011/ 043444PCT/ JR201Q/ dz §-20 i =Y ion line. For exanple, when
the gradient is IéW@er (fmt ‘i s, steeperv relative to theshorizontal axis
(an X axis) of the diagranm than about -2, that is, in a clockw se
direction fromabout -2, determ nation that the 5 corrosion exists can be
made, in general.. In other words,, when an absol ute .val ue of. th r adi ent
value is & Sglﬁltnhzgr?ez?at'hé ‘det'erM F41 (;%rpet ﬁaetsﬁ%cg:léfoer 1% fiolntuex 5t% 1%
made. A particul ar gradient value used for determ ning the existence
of corrosi YRVR&EPTHe 3@ & diSnddeeByEhSFe ita18PL -10Ther efore, the parti cul ar
gradi ent value may be other than "-2". However, as long as the present
i nventtors H&P89t udi ed, the value "-2" can be used as the particul ar
gradi ent value for various types of equi pnent. 15Exanpl es [0042] The
met hod for inspddt'i nig Qe irutkserebethpyampranpldss beiforiee (Presdfier)
invention is not limted to these exanples. [0043]

the trigger point which amplitudes are used for determining

the RMS value. "N" is selected so that a reliable RMS
value is determined and is generally from 100 to 1000 or
10 more (for example, about 2000).

The waveform wherein the ratiQ of the RMS value before
the trigger point to the RMS value after the trigger point
is a predetermined value or less is removed as the AE
signal which is a noise (hereinafger, this is referred to

15 as a "RMS processing"). The ratio of the RMS values is
selected optimally considering the degree of removal of the
noise. The ratio is suitably 1:2. In other words, when
(the RMS value before the trigger point)/(the RMS value
before the trigger point) is 2 or 1less, the signal may be

20 regarded as the noise.

[0040]
An example of the recorded one AE signal is shown in

Fig. 3. An amplitude over +300 mV exist at a position of



20The follow ng devices were used. (1) FOD sensor: A comrercially
avai l abl e coil ed FOD sensor (nmade by Lazoc Inc., LA-EDS 65-07-M.) produced
by coil i ngotoe/apisscal fiber AE having a gauge | ength ofcehprmomioericss a
25stacked coil. WD 2011/043444PCT/ JP2010/ 067696 21 (2) Laser Doppl er
Interferonetry: FOD interferonetef{qg(nmade by Lazoc Inc., LA-IF-15-06-
CA-FC). Frequency to be neasured: 5 Hz to 1 MHz. 5The |light source

wavel engt h: 1550 nm sem conductor |l aser. (3) Recording and anal ysis device:
Recr odi ng devi ce (nade by Showadenki Corporati on, SAS—6000) 10[0044]

Bxampl e 1 500 ud0 (ERsUlatianenagon aIDYed.Ad omhan Al kilat on sheacter (an
é i n our

i nner di aneter I ch flurd was nove

Sensors (C@eéa} Q%E\%¥f§§géaﬁgfﬁk and for 1500 ps after the trigger

point, that is, for 2000 ps in total is recorded.
The AE signal shown in Fig. 3(A) is remained after the
5 RMS processing, while the AE signal shown in Fig. 3(B) is
removed as the AE signal which is noise by the RMS
processing.
[0041]
Next, the frequency distribution of the number of the
10 obtained AE signals (the AE hits) relative to various
maximum amplitude values is determined. The range of the
maximum amplitude value and the class (the width of the
class) of the maximum amplitude is optimally and evenly
selected so that the recorded maximum amplitudes are
15 included.

The regression line of the AE hits relative to the
maximum amplitude values is determined from the scattering
diagram obtained by double logarithmic expression of the
frequency distribution. The scattering diagram is a

20 diagram wherein the both axes of the frequency distribution
are indicated by logarithm expression and log (AE hits) is
plotted to the 1log (maximum frequency value). The
regression line is determined by the least-square method.

Existence or nonexistence of the corrosion in the

25 equipment is determined or evaluated based on the gradient



15 in a circunference direction with 90 pitches. The coat on an exterior
surface was renoved by a sand paper and the FOD sensors were attached to

t he exterworosursade with a heat-resistant epoxy resin-pasaeuobesyove and
fixed using an alum num tape which was affixed on the FOD sensors. 20[ 0045]
The corrosion having an area of about 328gmm x about 90 mm and a depth of
about 0.3 mmto about 0.5 mmwas found about 2.5 m above the FOD sensor of
chi. The corrosion was not found within 4 mfromthe FOD sensor of ch2. The
25corrosi on having an area of about 350 nm x about 65 mmand WO

2011/ 043444RCHIRZQLY QGEE26, 42 2 depidy WxAR0H, QurbdMRHO fhaierd: 0 g was

found about 2.5 m above the FOD sensor of ch3 and the corrosi on having an
area of ab abaut gg%#g%a t f 0 t ut
0.6 mﬂwasq%trt?éczloat aa(%oébngtl on %gégtggg thEhOO g stgﬁggzotﬁ@t}og?g%&m
fromand | rJgi ti t S fe rosi o

havi ng an g\ré{gla %fgg%out E? fe é)lé(‘%gur{': Bﬁgn’?n z%'rit)é’% dept hJ}E t g(%ut S'L(Bl gé

was found 3 05|t| n Wl S tnn he . di s anée of aboH %I]f‘ mand

| ower ri ght cI ative e D s@nsé’l B cH 6[266%?5?‘3 ton 5 tth

si gnal fromthe FQD sensor of Iltude was over the threshold val ue
(+/ - 300 mocortrt?él\ﬁé\/m%(ﬁ?rb %e’t‘% 't he 9??858& meﬁ‘t 560 B8 after
the trigger point, that is, the vvaveformfor the total 2000 ps was

15r egar ded "R 7 Sﬁlg%% velgsa Al the gpgddent Wé‘lr‘t?otl%re]@%%edﬁatrf@lt/al ues
(RV5 val ues) were determi ned for the wave shapes before the trigger point
and after the the ggserpeingt icas fdat ey CAPIRn \RaieTtet rﬁSZO“arf%n ng the
ratio of the RVB value before the trigger point to the RVMS value after the
trigger point wls Bartigulamegragsenenvpddicasusere hor sdeARISIiGHA0. FloD48]
The sequentially obtained AE hits for the respective 25FCD sensors with 30
m nut e i nt exidtenger eofhowrrosiking. mdy be determined experimentally.

10 Therefore, the particular gradient value may be other than
n-2n, However, as 1long as the present inventors have
studied, the wvalue "-2" can be used as the particular

gradient value for various types of equipment.

15 Examples
[0042]

The method for inspecting CUI is described by examples,
but the present invention is noﬁ limited to these examples.
[0043]

20 The following devices were used.
(1) FOD sensor:
A commercially‘available coiled FOD sensor (made by
Lazoc Inc., LA-ED-S 65-07-ML) produced by coiling the
optical fiber AE having a gauge length of 65 mm into a

25 stacked coil.



WO 2011/ 043444PCT/ JP2010/ 067696 23 When the corrosion existed near the FOD
sensor, the AE hits were | arge. Further, the frequency

di stri butwononfossdae total AE hits obtained fromthe FODpgenetrisookochi to
ch4 during 3 5hours relative to various nmaxi mum anplitude val ues was
determ ned (Fig. 5).The scattering diagrgam obtained by

doubl el ogari t hm cexpressi onoft hi sfrequency distribution was shown in Fig.
6. The regression line of the AE hits to the maxi num 10 anplitude val ues
was determ ned fromthe data of the scattering diagramby the |east-square

thereof 15 2 232 (%fgﬁsf ?é?fp?%?e%“ﬂ%%%w 26y whereiny i I og (AE
nits) and x i bog (Lo aRDLLE UdR Kl Ue) . L0050) hen et oo

corrosion (rust) occurrlng I was renmoved by cleanlng
operation ggqgﬁse signals fromthe FCD sensors were processed in the sane
manner as i'bed above. The sequentially obtained AE hits with
30 minute |ntervals for the respectlveAZOD sensors were shown in Fig. 257.

Wien the corrosiFGFHEEEMGC 88 feasedie 5 dadeck iz

5 The 1light source wavelength: 1550 nm semiconductor
laser.
(3) Recording and énaiysis device:
Recroding device (made by Showadenki Corporation, SAS-
6000) .
10 [0044]
Example 1
An insulation was removed from an air oxidation
reactor (an inner diameter of 3.8 m) within which a fluid
was moved, and four FOD sensors (chl to ch4) were attached
15 in a circumference direction with 90° pitches. The coat on
an exterior surface was removed by a sand paper and the FOD
sensors were attached to the exterior surface with a heat-
resistant epoxy resin-based adhesive and fixed using an
alumihum tape which was affixed on the FOD sensors.
20 [0045]
The corrosion having an area of about 320 mm x about
90 mm and a depth of about 0.3 mm to about 0.5 mm was found
about 2.5 m above the FOD sensor of chl. The corrosion was
not found within 4 m from the FOD sensor of ch2. The

25 corrosion having an area of about 350 mm x about 65 mm and



WO 2011/ 043444PCT/ JP2010/ 067696 24 However, the nunber of the AE hits is
significantly reduced conpared to the case where the corrosion exists.

Furt her, wbeofwwguency distribution of the AE hits obt aiPe@dPAUINETGIS hour s
relative to various maxi mum5 anplitude values was determned (Fig. 8).
The scattering di agram obtai ned by doublgxl ogarithm c expression of this
frequency distribution was shown in Fig. 6. The regression |ine of
the AE hits to the nmaxi mum anplitude val ues was determ ned fromthe data of
the 10 scattering diagramby the |east-square nmethod. This line (B) is

expressed Ry gt Hf fo”%'b%u(g)o anehnt ke giRdient. d ket erfs Iourl Gbod00bH vy =
-1.71x + 6.05 (7) 15wherein y is log (AE hits) and x is | og (nmaxi num

anpl i t ude K@'é&)ve [0052FoFXaRRLE 2 o MK~ 4Ry PLRENGMRSSRERPHRM S Hhown

in Fig. 9. 20 An insulation 13 was attached to a carbon steel pipe 10

houio0 50 S Lol ehD et il Shent ! £1aBeatent sk o
art|f|C|a|b¥3a%&pl r%&%%ﬂ "} 6 mm was found at a position which was in
5 the distance of about 2 m from and lower right relative to
the FOD sensor of ch3. The corrosion having an area of
about - 100 mm x about 50 mm and a depth of about 0.3 mm was
found at a position which was in the distance of about 1.5
m from and lower right relative to the FOD sensor of ch4.
10 [0046]

For the signal from the FOD sensor of which amplitude
was over the threshold value (+/-300 mV), the waveform 500
us before the trigger point and 1500 us after the trigger
point, that is, the waveform for the total 2OOQ us was

15 regarded as one AE signal.
[0047]

Next, the root mean square values (RMS values) were
determined for the wave shapes before the trigger point and
after the‘ trigger point respectively, and the waveform

20 having the ratio of the RMS value before the trigger point
to the RMS value after the trigger point was 1:2 or lower
was removed as the noise AE signal.

[0048]
The sequentially obtained AE hits for the respective

25 FOD sensors with 30 minute intervals were shown in Fig. 4.



order to generate CU efficiently.Specifically, pure 25water was
continuously dropped froma dropping device 11 to WO

2011/ 0434%6B0i/0lRi2910/ 067696 25 a surface of the pipe 1@crnprsuebe7@oddr oppi ng
anount that was finely adjusted to produce a wet state and a dry state
alternately. In addition, common salt wagzapplied to the surface of the
pi pe 10. Further, the silicone oil 5 circulating through the pipe 10 was
heated in a range of 60 Cto 70 C, in order to accelerate the corrosions

artificially [ 0053] The FOD sensor 14 was fixed by using a
U- shaped bwgeé%@@o%l@m&la;éﬁ ﬁéaer Shad thﬁ éé’&?sc?ft'éﬂ&';?dz hits
accel eration of corrosion. [0 he silicone oil was heated 3 hours

after the start jof Jhe AE deternlnatlon so that an oil tenperature was
rai sed. 153 Hours . ater, when the oil tenperature reached to 70 C, the oi

t enperature was l:k«%\:]%t At 7 hgf eé Cg/urgjrg%n Eh%fhe&%é”%o%‘;f%

silicone oil mas stoppéd ore enpera ureto r oom
t enper at ur ouId e_note the " 0il te vas deflned as a
t enper at ur %& YThgl %?%%Fh gk%ec | R Di T .

Furt her, the ci rcul tlon of the S|I|cone oi | throu h the pipe 10 was

conti rued RiCTaeats) Fﬁgaﬂéygrn¥ﬂafY%ﬁF?ﬂs W@%&@uﬁltém%&déPﬂﬁesgaﬁ?eﬁhé%ﬁ%r t he
silicone oil was heated or not heated. In this exanple, the counting of the
AE hits 25085 STIHARE ofF$9r 28 houFle SRBIGEINIAMABLIR ) PE6LAI6E7 06

double logarithmic expression of this frequency
distribution was shown in Fig. 6.
The regression 1line of the AE hits to the maximum
10 amplitude values was determined from the data of the
scattering diagram by the least-square method. This line
(A) 1is expressed by the formula (6) and the gradient
thereof is -2.23.
[0049]
15 y = -2.23X + 8.59 ... (6)

wherein y is log (AE hits) and x is log (maximum amplitude

value) .
[0050]
Then, all the corrosion (rust) occurring in the
20 equipment was removed by cleaning operation and the signals

from the FOD sensors were processed in the same manner as
described above.

The sequentially obtained AE hits with 30 minute
intervals for thé respective FOD sensors were shown in Fig.

25 7. When the corrosion does not exist, the AE is detected.



26 [ 0055] The signals fromthe FOD sensor were processed in the sane
manner as in Exanple 1, and the frequency distribution of the obtained AE
hits rel avDwe11/@344ari ous maxi num 5 anplitude val ues wagCagrmnmieregh The
scattering diagram obtai ned by double | ogarithm c expression of the
frequency distribution was shown in Fig.26. The regression |line of the AE
hits to the nmaxi mum anplitude val ues was determ ned fromthe data of the
scattering diagramby the | east-square 10method. This line (C) is expressed
by the formula (8) and the gradient is -2.67. [0056] y = -2.67x + 10.18 ...

(8) HMRRRIM Wt HeS b Mt ANt d Sid Off driveed JBHR ddieles
15val ue). [0057] Fromthe results of Exanples, the gradient of the

regressi on dghie ey 1208 d hake hen difle LorFasian &Xists and the gradi ent

is less than -2 when the corrosi on does 20not exist. Industri al

IAEEL: ;?ibio'ni %agcor }hner‘, the fre Té}‘?cfeh%@.rfi%ﬁltii%%pe&%i’?;%ec.ogrﬁosﬁf’{ls under
g to the present nvention nmakes It possSi eto
obtained during 3 hours relative to various maximum
5 amplitude values was determined (Fig. 8). The scattering
diagram obtained by double logarithmic expression of this
frequency distribution was shown in Fig. 6.
The regression 1line of the AE hits to the maximum
amplitude values was determined from the data of the
10 scattering diagram by the least-square method. This line

(B) 1is expressed by the formula (7) and the gradient

thereof is -1.71.

[0051]
y = -1.71x + 6.05 ... (7)
15 wherein y is log (AE hits) and x is log (maximum amplitude
value) .
[0052]
Example 2

A mock-up piping was prepared as shown in Fig. 9.

20 An insulation 13 was attached to a carbon steel pipe
10 having an entiré length of 5 m and a silicone oil which
was heated by a heater 12 was circulated through the pipe
10. Further, corrosion was artificially accelérated in
order to generate CUI efficiently. Specifically, pure

25 water was continuously dropped from a dropping device 11 to



WO 2011/ 043444PCT/ JP2010/ 067696 27 detect the corrosion under the

I nsulation sinply and precisely at a | ower cost. The cost required for

di sassenbiongiidagsgansul ati on upon the mai nt enance and t lpeToRmakesmpocan be

significantly reduced since the corrosion 5 inspection can be nmade w t hout
renoval of the insulation. The FOD sensoggcan be al ways installed not only
in a chem cal plant which has | arge-scal e equi pnent, but also in a plant
havi ng an expl osi on-proof area, such as a petrochem cal plant, since the
FOD sensor has expl osi on 10proof and durability. Therefore, the
resent inv | [ tili [ | [ [ '

P LN 1,00, GAN, 08 1)U Oﬁﬁ% Y13t g@&er a ﬁYﬁéﬁBﬂ;ﬁﬁ? nélrﬁ’?]@rﬁé £8a y,ch

require the inspection of corrosion un | nsul at the equi pnent .

15Descri pt if)j.r}leo_lfy RSB‘;‘?&SE%& W%@Edukgoég] wetl gp&tl.é:alanfdi ba?r dry2 state

alternately. In addition, common salt was applied to the

surface of the pipe 10. Further, the silicone oil
5 cifculating through the pipe 10 was heated in a range of 60

C to 70 °C, in order to accelerate the corrosions

artificially.

[0053]

The FOD sensor 14 was fixed by using a U-shaped bolt
10 about one month after the start of the artificial
acceleration of corrosion.
[0054]
The silicone o0il was heated 3 hours after the start of
the AE determination, so that an oil temperature was raised.
15 3 Hours later, when the o0il temperature reached to 70 °C,
the o0il temperature was kept at 70 °C for 16 hours and then
the heating of the silicone o0il was stopped to reduce the
oil temperature to a room temperature. It should be noted
that the "oil temperature" was defined as a temperature
20 indicated at the heater 12 for heating the silicone oil.
Further, the circulation of the silicone o0il through the
pipe 10 was continued during the determination of the AE
hits regardless of whether the silicone o0il was heated or
not heated. In this example, the counting of the AE hits

25 was conducted for 28 hours.
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[0055]

The signals from the FOD sensor were processed in the
same manner as in Example 1, and the frequency distribution
of the obtained AE hits relative. to various maximum

5 amplitude values was determined. The scattering diagram
obtained by double logarithmic expression of the frequency
distribution was shown in Fig. 6. The regression line of
the AE hits to the maximum amplitude values was determined
from the data of the scattering diagram by the least-square

10 method. This line (C) is expressed by the formula (8) and
the gradient is -2.67.
[0056]

y = -2.67x + 10.18 ... (8)

wherein y is log (AE hits) and x is log (maximum amplitude
15 value) .
[0057]

From the results of Examples, the gradient of the
regression line is lager than -2 when the corrosion exist
and the gradient is 1less than -2 when the corrosion does

20 not exist.

Industrial Applicability
[0058]
The method for inspecting corrosion under insulation

25 according to the present invention makes it possible to
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detect the corrosion wunder the insulation simply and
precisely at a lower cost. The cost required for
disassembling the insulation upon the maintenance and the
check-up can be significantly reduced since the corrosion
inspection can be made without removal of the insulation.
The FOD sensor can be always installed not only in a
chemical plant which has large-scale equipment, but also in
a plént having an explosion-proof area, such as a
petrochemical plant, since the FOD sensor has explosion
proof and durability.

Therefore, the present invention can be suitably
utilized in various industries which require the inspection

of corrosion under insulation in the equipment.

Description of Reference Numeral

[0059]

1 Optical fiber

2 Light source

3 Fiber optical Doppler sensor (FOD sensor)
4 Optical fiber

5 Light source

6 Detector

7 AOM

8 Half mirror

9 Half mirror



12Heat er 13l nsul ati on 514Fi ber optical Doppler sensor (FOD sensor) WO
2011/ 043444PCT/ JP2010/ 067696 29 CLAIMS 1. A nethod for inspecting corrosion
under i nswbabimazi equi pment cover edwi t hani nsul at i on, whipchijp26bewact eri zed
by: obtaining signals froma fiber optical Doppler sensor attached to
t he equi pment and counting a waveformfogga predetermned tinme before and
after a point at which an anplitude is over a threshold val ue, as one
acoustic 10em ssion signal, recordi ng the acoustic em ssion signals
and t he maxi mum anplitudes of the acoustic em ssion signals,

subj ecti ng {the @ggg§tic em ssion signals to a filtering process to renove
noi se acoustic signals, 15 determning a frequency distribution of the
nunber of the s%ggﬁghj%4&%aggkgined acoustic em ssion signal hits relative
to various maxi mumranpid t ude val ues, determning a regression |ine of
t he nunber .of t a%%pustic em ssion hits relative to the maxi num anplitudes
20from a scattering &iagran1mhich i s obtained by double

13 Insulation

5 14 Fiber optical Doppler sensor (FOD sensor)



| ogarithm c expression of the frequency distribution, and determ ni ng
exi stence or nonexi stence of the corrosion in the equi pnent based on a
gradi ent wbd whe@4sagression |ine. WD 2011/ 043444PCT/ JP20¢®/19%016/0676%80
according to claim1l1l, which is characterized in that the threshold value is
+/-300 nV and the waveform 500 ps before,§he point at which the anplitude
over the threshold value is obtained and 1500 ps after the point is counted
as sai d 5one acoustic em ssion signal. 3. The nethod for inspecting
corrosion under insulation according to claim1, which is characterized in
that the filtering process is nade bycﬂgiﬁ%nining root nean square 10

val ues of waveform anplitudes before and after the point at which the
anplitude over the threshold value is obtained, and renoving, as the noise
acoustic signal, the waveform having a ratio of the root mean square val ue
before the_point to gpe root nean square value.after the.poiqﬁ .S .

15pr edet er fi'ned VEAITEG §¥sstISHECTHT nEYhBA B PREFEC TR S 8%i Bh
under insul ati.on according to. claim3, wherein thiagredeternin%ﬁbvalue of

the ratio SEYRESRSot r&har 'Vt ue BRf or EPEHEAHEPRY t 0 "Bt He rodt nean
square value after the point is 1:2. 5. The nethod for inspecting
corrosi on GRAEACEREHZ&EG & ‘according to claim 1, which is characterized in
t hat when the gradient of the regression line is larger than -2, the

25det er mi nat i on OPRAL ARG EHITESiof €9 st sfikern@ptical Doppler sensor

attached to the equipment and counting a waveform for a
predetermined time before and after a point at which an
amplitude 1is over a threshold value, as one acoustic

10 emission signal,

recording the acoustic emission signals and the
maximum amplitudes of the acoustic emission signals,

subjecting the acoustic emission signals to a
filtering process to remove noise acoustic signals,

15 determining a frequency distribution of the number of
the sequentially obtained acoustic emission signal hits
relative to various maximum amplitude values,

determining a regression line of the number of the
acoustic emission hits relative to the maximum amplitudes

20 from a scattering diagram which is obtained by double
logarithmic expression of the frequency distribution, and

determining existence or nonexistence of the corrosion

in the equipment based on a gradient of the regression line.

25 2. The method for inspecting corrosion under insulation
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according to claim 1, which is characterized in that the
threshold value is +/-300 mV and the waveform 500 us before
the point at which the amplitude over the threshold value
is obtained and 1500 us afﬁer the point is counted as said

one acoustic emission signal.

3. The method for inspecting corrosion under insulation
according to claim 1, which is characterized in that the
filtering process is made by determining root mean square
values of waveform amplitudes before and after the point at
which the amplitude over the threshold value is obtained,
and removing, as the noise acoustic signal, the waveform
having a ratio of the root mean square value before the
point to the root mean square value after the point is

predetermined value or less.

4. The method for inspecting corrosion under insulation
according to claim 3, wherein the predetermined value of
the ratio of the root mean square value before the point to

the root mean square value after the point is 1:2.

5. The method for inspecting corrosion under insulation
according to claim 1, which is characterized in that when
the gradient of the regression line is larger than -2, the

determination that the corrosion exists is made.



