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Inspection Technique for CUI (Corrosion under Sumitomo Chemical Co., Ltd.
Insulation) by Using Fiber Optical AE Sensor Process & Production Technology Center
Toyokazu Tapa
Hidehiko Suetsucu
Hisakazu Mor1

Corrosion under insulation (CUI) is one of the degradation phenomena that have become a serious problem in
recent years especially in chemical plants that have been operating for a long time. Development of a CUI inspection
technique which doesn’t require the removal of insulation and which is applicable to explosion-proof petrochemical
plants is strongly needed . So we focused attention on optical fiber Doppler sensors which already have the explo-
sion-proof characteristics, and we tried to develop a new CUI inspection technique using them. The development
of this new inspection technique is explained.
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Inspection Testing (UT)  Testing (ECT)  Testing (RT)

method  Ultrasonic guided
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Pulsed ECT Real-Time RT
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internal fluid
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Inspection
P Not good Not good Good
accuracy

ERIEZF 2010-1

ETFETIRERESE N, 20720, kil -k
SIZ Wikt 2 LD 4 L C oM 4 % < O FE T
fToTW5H, LEOEHE 72 TamEARE %
fTo72& LTEIEREMBRINSDIE. 1000 RHLD
N2~3RAFEETH D . FEFITRIEN N LA
e X Tna,

2. FODERWAEAEE=Z42 2T DERES

W CUlDAE M A MEFT LML T 2720, B
EAEDOBMRIZIEH L7z, Fig. 2ICAEORAEA =X
LDA X =VRERT, FTHELIEEOEITICX
O RS IS AR BN R) O HEER EILA
AT D, ZOREIZNRIZEZL TV TAT LRI
X —DUN R L LRI X h B, Z O
I HIES 2 5 500kHz O RIS T H 5 7289
JEOFEIICEE T Z Mo TS, Lids
T, AE¥ V4T, RGBS 2wk
ZAEE LTRAIT S Z &2k 5T, RO E K
HT2ZENTES, ThbHAEDRIMN S N7z flE
D AR O - BfEBREZ1T5 2 & T, CUlK
HOMEE LT EILNTEDLEEILND,

N Corrosion Tubercles
AE sensor

of Iron Rust

AE (audible sound~about 500kHz)

B 1mage of AE technique

AEBERBEOET=2) vV Z7IZERTED, 2V
DIEM O JE Fr G & 1 —E CHRRICHEH X T
WA, FEEIZIEIMRA LR B B, AETEIZIZZ N
FTEIVRIOL VSRV NTE A, O, IR
B, BE. NI OE#EE 5 EOREE S TR
W, QB VVORKEEE LEo L9 5L, i
MBI & e B 7280, /4 ZOEIRBGER & Ex 5 7
LT E R, @F — T DINERE S 4 XM
B RFREOMHSA T LW, OB TH
5, @OEAREHPAAR S N5 & & & - s
bHbd, TZTINGDOMBEAFRT 272912, W
HEINHT 74 /35— AEFHZEH Lz,

W7 7 AN—IFWET XA T LD A4 A — VAR,
KT 7AN—DF T 7= REFHTHZLIC& -
T VB ELTHWAZETES, 5, KT 74/3—
WIS & FEC, B DR ARG Sz &
I T 7 AN E o TRELMT2ET 2

37



KIF7AN—AE (FPA—-RF74vIITIvar) eE>REMTEEDOKREHIN

(Fig.32M), ZDLXFy 75 —hFizkn., JEW

Bromfric2ibd 5 &, ZUBROFEBEEAIEE v T
—SROARIZE D, E1D X 12hbbbT T L
NTED,
Light source Optical fiber
fo P fi=fo~fa

BGEEEN Model of Doppler effect of optical fiber

-

=ﬁ—7%~ﬂ (Eq. 1)

L7235 T, 2RO RIBES 1 & AT FEHE
for S fa 3 LIE LTEAD L, fildEq.2E 5%,

m=ﬂ-{} (Eq. 2)
ZHEEQ3ITRLZEDOARIZED ., f1IdEq 4D
SIZETIENTE S,

C=fo- % (Eq. 3)
.0 _fo 1 dL

fa=fo- A T (Eq. 4)

Eq. 41, 7 7 4 73— Ok # g & 60k o Rk

ZiHE L TR TA2ZENTELZLERLTNS,
Thbb, KT 743N - OJRBRZE RS & wARS Z

IZkoT, K774 =12lb o7z, OFA (Gl
WRINZEAE) 2T 2L k5, 20D
OB T AN L ZBED K v 77 —zhR
ERHLZZE2 Y ELTFOD £ Y Y2 TH
% (Fig. 42H), ZoXxrHiE, BEEED, »O%
FHfir b DZIEEVERIZT 5720, k7743 —%
T4 NIRIZEBENZE DT, 7 74 35— DfE#EE 12

WElL2=HhnEshsZ e, 1Hz~1MHz & 255
WML TH B Z L. —200C5 5 250C F TL A

WMEHHEFFOZ LR ENRBELTETFLN D,
ik\ﬂmtyﬁwﬂﬁ'0w1m®%ﬁﬁﬁfﬁ
3. QmaER: 4 2 E, @PENETE XA
ﬁ%ibaw\@ﬁﬁ%Mﬁﬁﬂ%\®ﬁnﬁm%
BERD., BENFTFohs, Lzr->T, FOD+
VHEHWSZ LT, EL kO U RIAE ©
VHDOREO~OIZONTIRFEBIZ R+ 5 Z &
MWTED,

Fig. 512 CUIDNT 7 A )N—AEE=4 ) V7Y
2T LDA A=V ERT, FFRRMEFEO L — 4 —

N: number of turns
Sensor
(fixing)
out
—>
in _
fo-fa
fo

BEE  Principle of FOD sensor

Measurement circuit (Laser Doppler Vibrometer)

Optical fiber oM
| \ L fo
—gA——{ ]
Corrosmn fo Light source
A 4
) FOD Sensor Acousto-Optic |: ML
Modulator (AOM) f 2)
fo+fu
fo—fa - fa
fo-fa > > » Output Voltage
HM fu+fi p
AE caused by flaking of rust etector
6000
3.00E+08
-~ 4000
E;. 2.50E+08
- The noise and AE are sorted. £ 2000
T 200E+08 E
S L50B+08 g 0
& ! S 2000
+  1.00E+08 . R
2 o | Fast Fourier = 1000
£ 5.00E+07 - NL\M transform (FFT) -
0.00E+00 PORVION L Vowr -6000
0 50000 100000 150000 200000 500 1000 1500 2000
Sampled data Frequency (Hz) Original data Time (usec)

B 1mage of optical fiber of CUI

38

FRALZE 2010-1



KI7AN—AE (FPA—-RT4vIITIv>ar) eE>REMTEROKRERM

Ky 75 —4REF OFIE A & R o DS H3 A Gt
&N 5, FOD & v HIZ AGF & M7= e 308 B i e =
#Ehs SIS L CTHET B AE & 3%213 L TR E A
fo—flZER T B, —H. dHllEEClEI~NT a5 4 v
Tk E O CHBRBA AR RIS 5, BERmIC
X AOM (e A 12 & 0 s m (80MHz) D
WA MA, fo+mIZE#HEND, T LT, Y
M\ 5 DL — =K & EHHEK 2 65 DL — ¥ =k
DB D + 1 VB, REEE THLABM X
n, FVERSBIZ K> TEEVICEREh TS h
5, TOEEHEONLFIE T — 2 12 5 BR AT
(FFT) % F T Bl R, 23 2~ bouos
U =R BT - 214 mT B, 20X BIEE
fEtrd . A X EEERKOAE %5553 5 5l & L
THEETH S,

3. CUIREREDEODEY V7 v TEE
INETHT 74 735— AEIH FUPREARENCPE S &
HDOW 5 ATEIKOF 74 & TOIEIZH %4, CULD

FHEIC WS - FEIT kv, 22T, 205 &
Y7 7 4 /38— AEIZ & B CULR & HAh O B S A Al RE T
HBEMERGT S92, Fig.6IZRdT &I AEEY Y
7y TS EAESLL 72, 5m oD R E WA 12 AR &
EDOT. BAEONEICIE, INEEEGEIC & - Th#k

Iy ) I VHERRIE TS, £42CULER
RIS BEXE L2012, L) EFENLENED
BREICTH P RAMIAB L =ik £, X512y
V2 v & 360~70COMEUZ & 5T, ATMIC
A5, FODX VY42 ZDEY I T v 7
Bl OO EICHREL T, ZOBEHMN» 50
AEIZHAS 37— 2 & UEL 7=,

S OBEIZIE. 65mDKT 7 4 /3N — &Rk D 2
A NARIZHEA B 72, HIROFERIOFOD + v 4 %
Hw7= (Fig. 72M), Zot v 4 3BT 7
AN—ZHRETHZLIZE ST, BEPIEHIZEL
BoTWBIZEMHMTH %, INFHRTH HI128 0
2bHoF, T 2RO E T RIAE Y v 4 &
A%, 8 L ZhU ELOZEREEFH-> T3,

Accerelate the corrosion

pure water + salt
+70°C heating

intentionally

Silicon oil heating

device in piping FOD sensor

N

Insulation Carbon steel piping

m Mock-up piping for CUI inspection investigation
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e R

‘

Fixed by U-shaped bolt

FOD sensor installation
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Flange
FOD sensor
‘ Fixed by screw clamp =

Install and remove easily
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