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Sizing Accuracy Improvement of Defects in Cast Austenitic Stainless Steel
Using Post Processing Phased Array UT
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Abstract

Phased array ultrasonic testing (PAUT) has performed an important role for plant maintenances. However,
many parts of cast austenitic stainless steels are difficult to be inspected by UT owing to their noises from large
grains. We have been noticing that depending on the PAUT conditions, (e.g. incident angles and focal depths),
the tendency of echoes from defects are different from that of grain noises. Thus we have developed new PAUT
system which can analyze the tendency of echoes from comprehensive PAUT conditions. Moreover, in order to
minimize the inspection time on-site, we have combined the algorithms and the full matrix capture (FMC) data
acquisition system which can obtain full pattern raw waveforms. By synthesizing raw waveforms, any PAUT
conditions could be arbitrary constructed off-site. In this paper, principles and setup of the system would be
shown. Furthermore, results of performance verification using slits which fabricated in thick cast austenitic

stainless steels would be represented.

Keywords: Ultrasonic testing, Phased array UT, Post processing, Cast austenitic stainless steel,

1. #

JFF BT, MVEEMNEREND 7T v M
GRS I TR, JEERRA I & LTS
RS (UT: Ultrasonic Testing) 73A< FWVHILTUD,
T, BREAESEREIETTA, 74— ARSI e 8%
BPEBICE VAL T = — A RT LA @BH RS

(PAUT: Phased Array Ultrasonic Testing) #ffii. ftiEd
SEESGE U T =T NEZ AT A HIR T 1 —
TICEZ D> T, ISR —ADBMEZTETND
[L,2], FHIFTIIRET T MZBWTE, 27U R
TRBERSCHIEEER B (CRD: Control Rod Drive) ~~77
DU TIAL T F a— T CE S 3], FEEE L

i

EHESE LIAME, T 235-8523 FAIETTIR 1 X2 HIHT 8,
(KR BE B - BT AT AR 2 —
E-mail: setsu.yamamoto@toshiba.co.jp

FC&7e, LnL7ens PAUT 13, #MRERZ &>
KGN TBE R DO N7 0 — T RENRE = L I
PR T o U ABHHO S IR SR O ) A X
DIKRBE&HBIREE = E s ST a7
REINTI o7,

BHEZRE 0 LTl RS b E TR T 57
LRI TINTa—TM], BT 4y MoV T R
a— (V) LIRIRICAE DR B Al E VD 2
LIZED, ZOUEENHHIVTETZ[5,6],
REERSoA— AT A N AT 2 U AFHAO X 9 7K
{EUT=RIR a R oRtg . ZDOUED T DIk 2 72485
WRENTEEN, ZNHDELIE, FRITE L T
=7 %H05, b LUFHEEDO T v —T 0 b5
TR ERE LT A R Rfgma—%#5 L7201
DT LI THHDOTHY | KxIIKE D W
TE D, — T, MBUIE U2 T B —T OVED IAHSOFF

-253 -



MAEORBRED NI 72D,

EBH DT, SHERINEREEITOPALE B E L CEs
DT b A T a—TERHNVTHELNEHDO ) =7 A%y
UAERIND ) A R & RMa 2 —Z 0T D AR A B L
7eo RIS A R &R bEC o —iE OYERHT A7
WEIRD Z LIER L, EEROWRESM B3R G
Pri) s AT L, SREEOZ MM 2R 5 =
LT, REDOHRTH - TH /A R L KIMaHH5 rTRE
LD, LinL, BRESMHEHET 2 L CHISGOMRAEIC
TS AR LM HRENAE TS, £2 T, TNET
T8I U LD EEMTEER] TR E S ST &
NG DERIEZFRIRACINGR L Y 7 U =T ETEED
PRSI R EAS DR A MUBEAR9,10] &, FakolE
TT N X LEHAEET- PAUT AT LR LT, =
UL Y| BUGCTORERZIECTZ L7 R
RS OFHmAS TR 70D, Fio, [EESEHOT—X
DFONDRMEZ A LT, IR A SO T
517= B-Scope 2 A% L C SN LbDmE g 2455 TR 1
BRT D, AT, VAT AOFEFRORE R AR5
LB, A—ATFA P AT U L AFHAPISGEA LT
G (AU > b)) COMRERRERRZ /R~

2. AERE

AE D7 v —% Fig L \Rd, AL, A YAk
ZHBIT DA/ F R . A7 YA N CORALEL
D 2 BEFEET Do WIERTIL, T LA T e—T7%
RS nHOFFDH B 1 OT OV TREKEZRE
L. FHAB SR OO LB S 2 2 CoH#E T G-l
~FETn) TEZETDHIEITED, nXn ¥ OERF
w195, T ZC, MBEHSERAIEhE T 5 5B T A

(2975 2 & T RER BN D Z A3 TR V1],

KRUAT BHZORREE T L CD, A 71 bl
T, (1) 878 LTRGBS U 7Bz L
TN TERIEZ BT 5 Z LI L W iRERITAZ LD
B-Scope #1535 A7 v 7, (2) fREHIZIT D a—if
FEOBRGIET AR EEZ I 2 27 7 (3) BRIEGIHET
DI LMD B-Scope g2 BT 2 AT > 7 INHAL
Do A7HA MBI DIIGER OV TEER T 2, (1)
DAT » FZBWTCUL, FrEOEEEITABL L0 +—
T3 ARSI AR 9~ D IAERFRTRS L OSSR THEEICHE
o> C, APgE A i E) L CAZAREES L, B-Scope 215

‘ Probe set and matching confirmation ‘

On-site \
‘ Full-matrix raw wave acquisition ‘

‘ Wave synthesizing ‘

\
‘ B-scope construction ‘

Off-site < - _‘ -
‘ Echo intensity extraction ‘

0=0+A0
—
‘ @ dependency of echo intensity calculation ‘
\
‘ B-scope image merging ( 6, ~ 6, )
\

‘ Defect detection and sizing ‘

Fig.1 nspection flo chart

%, ZOy, BRGIHITAOFEZ g, 15 g \ZED, HY
ZAO ET D, (2) EFLAT > 7 THEBILE B-Scope 128
V2 R EEGEIHI S H L CE O a—E AR L,
R A PR A, Ml = o —iREE & U7 iR DR
TR SN D, = 2T, =a—iEOE U
MEBETH LT, /A R & RMaTOFRBELAUE D
EOHBIE D, (3) bk LI EEIT Ak 25 E
L. AEEOBEIEITAEIE (Z 2 Tldg, 77bg, £TEL,
ThZhe, Lg% 6,<6, <6, <6, PRIHZINIZT) &
HER L, Y5%EPH B-Scope &k d% Z & TSN Lo
UV B-Scope MG HALD, EMYEALEITFICHE R AR A
THE(ET DB O ARIES L IZZET 5 TFM
(Total Focusing Method) Z5DBMGLIk & 5e70 0 | ARELAf
TR OAERHOE A BN L CHRTRETH D, Z
DIz, JERD 45" TR 607 HRIG &\ o 7RG
DOIERAEFE LT-F F. SN HDE B-Scope 2455115 D
DR Ch D, Fio, BB EN R DR T
i BIOARRIED L 0 ICECOREE AT DA T
I AGHERRIRIC L > CHEEABE L, M7 L bR
—DROBDIRNGEDN DD, COBLENG S, TED
PRGIRHT A 28I L CARRATREZRAR S AT AT, BARG

- 254 -



LTI BIVRWRKEOBRHICARI T 5 AIREED $ B,

3. HEREE

3.1 KEEK

g L7= PAUT v A7 AOBE&X% Fig.2 |2~ T, S5
FRIHUEHR 3 Yot UT 241& (T-PA256 (3D)) &MV /e,
T-PA256(3D)I 3, 256ch D/ ULH L — %A L, ik
256ch DT LA Fa—7 ZlERENE L 72 PREN FTRETh
%, Fiz, BHEIPNEFEREZ A LTIV, 256ch X 256¢h
DEAEWET U Ny N TE D, ZOBE, 2T —
X &M 500MB ZHEZ D REFEE 2 DGERH LT, K
7 7 A MEEEAR 2 T miE T — 2RI AR T H T &
TPC ~DTF —H{asEE 500MB/s 23281 L7=, PCZi
SIEEEEAT T A AT 5 GPU = MK AL
B EdE B AT K T LT,

HWHERA MUWBRZTTH 56, BEROXERT 1 %1
DI AND DN, AR AT LTI A RN ZBKE 9
HFAHE 1ch 76 266ch £ TEEISED biLd, A
SCTIE, I 1ch 2 WA L. 3ch Z#HVW=5E67T
FESRA L UTo, F7-. 3ch A (RIS 9~ D8 A LR
LD &5, BRI T 2o T,

Tu—712i, 128ch DU =77 LA (FulyERE 2
MHz, > 0.85mm, B17hE25 mm) ZEH L, 7
LA 7a—7 LEBRMAORNIL 45mm DR Z R TKE
T L, KRB X DBREZ1To7

Detector(T—PA2?6(3D))

= o Control signal o =
O—] Waveform ©
O data
GPU unit High-spee_zd dgta
transfer circuit
Array probe

O

Water

“i‘i//él

R
Cast stamless steel specimen

Fig.2 xperimental setup

3.2 HERK

AREARTORFRE TN AR R 238N U 7 sk OO
A% Fig3 1”d, sBRAR BN L SUS3L6L F AT L
AP E U, SRR 51 mm, K& 250 mm, B
ITIE40mm & L7-, EDM 2 Y » N, ZEX85mm,
1706 20 mm, BHOWE 1 mm DINOSEE L, 38R
PHEFHANC 5 mm THIALEIEA Uz, SR &
7pnekRigm (b)) 1, Y R IR MITAML
720, Filme Lz,

Top view S5
5 J\E g
DM slit
Front view
o
L1
125
250
[mm]
Fig.3 D slit fabricated specimen
4. FERHER

4.1 EDM X 1) v FMRERADAIERER
EDM 2V v b &8N U7 BRADRIER R4 Figd | OR
T, TITORTDIE, 2 TROLNAEREZ R A ML
LTHERRL L= U =7 A% % > B-Scope T 5, Fig4(a)
ITEEIT 1ch Z W56, Figd(h)lZax(E1C 3ch & v
A THY ., T B-Scope DIFEEITAIL 25 |
[FIRESRENRE 1 (BRI AERTIED $uk32ch sy L
7eo T, ENEND B-Scope (ZEBITHY T NTA v
IEA Y w MmEbT 21— DR EfEDY 50% & 72 5 5 Tt —
L7z, ZORESR, 3ch BHEIED /A XYGEfiEss 1ch B4EHE
DZEIUTK LN UL FOEE R~ 2 L sl

F72, leh bt & 3ch EDZENEIUDNT, AT »
s L ORI/ A XOPREIEST A% Figh 1=
7, Fig5@TiL, AV v MigH—==— Fig5b)li%/ A
AOBRGEITARGEEEZRT, AU v MEYALE X
B-Scope HIODIHR, /A AHIMBEIBI TAHROPT & LT,
Z 2T, Leh HMEREORE R AR LIZDITE Y .5 LOFERR,

-255-



3ch IMERFDOFERZ R LT2DDS, ARE DI T D, A
U MihldkEHHIZRWTH 25° (1 TR A D

- 100%
- 50
€
E - 0%
%
=]
=]
100
110
12()_I ] 1 1 1 [ 1 1 I I I I 1 1 1
-50 40 -30 -20 -10 -0 10 20 30 40 50 60 70 80 90
x direction [mm]
a cope image of slit 1ch
- 100%
50
- 0%

z direction [mm]

B e S e R
-50 40 -30 -20 -10 -0 10 20 30 40 50 60 70 80 90
x direction [mm]

Signal [%]

Time lus]

b cope image of slit 3ch
Fig.4 easurement results of slit in cast austenitic stainless

specimen

E—I PMEONTIR,. A REEBLORFRIZEN T
W2 ' — 7 R S TpinoTz, Eio, SR THCCHn
ZHES 5 &, 1ch 24F, 3ch i3 & bITimi— = —(3H]

W67 B2 MBI ST, 3ch DSR2 —3REE D J7 73
&<, LehizxtLC38fEThote, — T, /A RE
1% 1ch BHERFCH 3ch HMERFCH R E AoE NG LT,
BRTH L1 LonEDe) o7, ZORERED 5
EHPTARAFECHR T, BIsE T OB a2 Th 5
Z otz

T ‘ :
| || Lol ]| potleh
- EEL T LT | e 3¢h
E 6+ i ._é,o'.'é‘ 1 i O.T‘°;¢:,_. i
2 41— Iérd L ety mas e o adio e i W S B o9 S
E 2 Sl e W*‘Hm
—t [ i
- aasall p] ]

0~ ' ! ' ! ! { { ! 1 1 ' ' v ' {
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Refraction angle [deg]

a efraction angle dependency of slit tip echo intensity

10 1 T T
o) Il
-, | | | 5 48538 01ed 4 it Bha{ pacide) e | w1y
- EEEN —e-3ch
s |
E. 6-.":&;"“"”7"‘"“*‘ g BTy B Iy e B
Z 4- 1 M“‘\.—m_ 7"”'9-:-4».:.-0—8’"—1"Fv.é.n;c
£’ |
i 1 1 y

0-, | i { T T 1 1 ' ; 1
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Refraction angle [deg]

b efraction angle dependency of noise intensity
Fig. Analy ing result of refraction angle dependency of

echo intensity

WIZ, 2 T CiEFE L= B-Scope ML D ARG HIZ DU
TihD, 22 TIEBch KEOT—F Z i, i Thg,
20, 9 %30 . A0x 1 & LTHGHREZAML
72, Fig6 \ZZDERGERA 7, Fig.6(a)l ZHMZINHE
BOFERTH Y | FigbDO)IIA L AT L% AT LI-
BRGERTH D, TNEH B-Scope HHIR LT=DIE,
B HBHRIETTE Z 351 D REEITE T B, MRSERIRER T
3. AV Mg & a—F o= a— 2Nz CERmiT <
DRI A ZADEIRE TR Sz, £0—F, KA
T LNCAR LR T, FR60 ) A PRSI A
U NGRS & o —F D 2 —DADAI IS LT E
7

ZIHDORERIN G . ABAMIK MG 2 — L [RZEOTRE
ZH ORI A ROIRBSATRECTH D . AT 2 L AN
DBEFERER) A CTh D Z E SR TE T,

- 256 -



“\ Specimen
bottom

Corner

i ol

a scopeimage Averaging

2 direction [mm]
2 direction [mm]
£

10 20 30 40 50
x direction [mm]

b scopeimage erging
Fig. improvement of scope using plural refraction
angle conditions

5. #&
AT, A% L OB A RIFACIER LY 7 b

uji

07 L CERORISRIRRA 5 A MBI

BERPTAITIL U TR — & ) A XTI b R
2B ZEERH LIZEET VT XA ERAE T PAUT
VAT BTN TR,

A AT DEHNTAT U ASHIMEA LAY >
N CMERBRRGIE AT o 7o, B E I BRI RN RhE 3 2 3
F% 1ch 205 3ch (ZHINEW7=Z & T, AU v M=
a—REENS 38 [FIZIA 975 2 E SR CE T, ETo, B
[ZA Y M= 2 —iREE O B L OO e BREE HTA
25" ZHuLNZ, B-Scope AR LTc & A, RIS A XD
KIS S0, A Y > Mg & 2 —F 720 230 ) SN
e b sz,

KU AT AL, T a—BEORERIT AR 2 T
TELMREE AT D2 00, HUIZAT VL ASHIICE
F5 UT @SN ke m] EEE 57200 e, ZivE TR
BRSO EIZEE SV TR LTz A XL Kifa%

FRI BRIV CTHE TE DR T vy L ko
TR, A VU TREON EICEETE D aReMED &
2o

LRIT. R AT DA E RSB REINEDFE
KRB L, EOERMEERRGEEL T,

SE

[1] #AREKR. ek, NG, dR— R
A EATHE IR L USEE, A AR
43k, 87(793). 1984, pp.1341-1346

[2] I. Komura, S. Nagai, H. Kashiwaya, T. Mori and M. Avii ;
Improve Ultrasonic Testing by Phased Array Technique
and its Application, Nuclear Engineering and Design, 87,
1985, pp.185-191

[3] I. Komura, S. Nagai and J. Takabayashi ; Water gap
phased array UT technique Technique for inspection
Inspection of CRD Housing/Stub  tube  Tube
weldmentWeldment, Proc. of 14th Int. Conf. on NDE in
Nuclear Industry, 1996, pp.305-310

[4] S.Mahaut, O. Roy, C. Beroni and B. Rotter; Development
of Phased Array Techniques to Improve Characterization
of Defect Located in a Component of Complex Geometry,
Ultrasonics 40, 2002, pp.165-169

[6] R. Long and P. Cawley ; Phased Array Inspection of
Irregular Surfaces, Review of Progress in Quantitative
Nondestructive Evaluation ,25, 2006, pp. 814-821.

[6] =ML, AR, BaEa. —Aiih, e,
A, REWG— « #hif AR ORE / A/VER DR
G RRER 7 = — R 7 LA BB RGN OB,
AR 7 IAREHSZE S, 2010,
pp.50-54

[ ZZefseism CERk 24 AR5 | MNATBAE N 7]
LSRRG, 2013

[8] M. Komai, M. Izumi, H. Karasawa, N. Satou, T. Suzuki,
M. Maruyama, T. Shioyama, T. Terashima, S. Nagai, M.
Tamura and S. Fujimori; Development of Under Sodium
Inspection Techniques for FBR(3), Proceedings of ICON
6, 1997, ICONE6-6122

[91 C. Holmes, B. Drinkwater and P. Wilcox: The
post-processing of ultrasonic array data using the total
focusing method, Insight: Non-Destructive Testing and
Condition Monitoring 64(11), 2004, pp.677-680

- 257 -



[10] P Frz, “FH OIEE B CH— gt o
> 7RG A A U T HIGELAIRIE > & 0D R A AR,
FERIERAT 56(6), 2010, pp.277-283

[11] H. Karasawa, T. Ikeda, S. Matsumoto, T. Hamajima and
H. Isobe; 3D-SAFT ULTRASONIC INSPECTION
EQUIPMENT “Matrixeye TM”, JRC-NDE 2009, 2010

-258 -



