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Development of Depth Measurement Technique for Flaws
in Stainless Steel Weld Zones
with A Twin Matrix Array Ultrasonic Transducer
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Abstract Depth measurement technique with a twin matrix array ultrasonic transducer has
been developed newly. This technique makes possible to measure flaw depth from a position through
a weld of austenitic stainless steel in which region ultrasonic waves scattering is hard

This method is an ultrasonic phased array technique with two matrix array transducers which
perform as transmitter and receiver and have array elements arranged in 2 lines and 16 columns
respectively. With this method depth measurement testing for stress corrosion cracking (SCC) and
fatigue cracks on stainless steel weld pipe specimens were performed.

As the results: (O) Corner echoes and tip echoes from SCCs and a fatigue cracks could be detected
from the side through the weld of 25mm thickness stainless steel pipe specimens. () The largest
error of measurements from crack depth was 2.6mm, the mean error was -0.9mm. And the depth
measurements through the weld corresponded to those in base metal with the largest error of 1.5
mm. (O) The locations of three SCCs parallel to each other could be discriminated and crack depth
could be measured from both the sides of the weld. (O) Depth measurements for SCCs from both the
sides of the weld made possible to draw a profile of a crack, and the largest error from both the sides
was 2.6 mm

Keywords ultrasonic testing, phased array method, twin transducer, matrix array probe,
stainless steel, weld zone, fatigue crack, SCC

0 (@)oooooooooooo poooooooo



1. 00oo

ooooooodo, coooog, ooooo
oopoz2003000000, D00OO00DOOO0DOOO
oooooO0oOoOoooooo®, goooooo, o
O0o00oo0ooooDooooooooooooog
O0o00o0O, o0oooooooooooooog
o000, 0ooooooooooooooooo.

oooooooooooilioooooog, OO
goodgdo0000g0oooooo, ocoogg
O0o00oo0ooooDoooooooOoooooodg
O0o0o0ooooooo0o. oDooooooooog
oooooooooooooooo, oooooo
oooooooooooooo, oooooooog
0000000000000 0000000 ®e,
ooo0oooooDoooooooOoooooodg
oooooooooooooooo.

g0oo0ooooO0oo0ooO0ooooooooooog
gooooooog, oooooo, TOFRD (time of
flight diffraction) O, OO0 O00DOO0O0OOOOOOOO
O, J0000000ooooooooooooog
ooooodo, ooooobDOoooooooooog

oog®,
god, gogoooooobooooda, ogad
gogoooboobobobooooooooo, oooo

gooooboobobbobobooooooooooon
gooooboobobbboooooooooboo, ooo
obOoooOoooO, ooooooooobooooo
00000 ®, 000000000000 oooo
gogoooboobbbbooooooooooooo
U, goooooobobbboboooooooon
gbobgoooooo.

goooo, oooooobooboobobbbooogooo

Jihke 9 HINEE 12

PR 1
(b A1)

TNENORE) T
HE I DR T7 1)
(1) EBEB DR D A5

(2) BHEFHOER

i

233

gogooooboo, ooboooboobbooooooon
goooooboobobooooooooooobooo,
gooooboobbboboooooo, ogoooo
goooooooooobobooboobo. obo
gobooobooobooobbooobooobooDono
gogoobo, bboodoobobotbodg44mmiodn
000oooooooo ®©, gooooooooon
000000000000 00 (root mean square)
0003.2mmO0000000®O® OoO00oo00
goooooooo.

oboooooOoobOoobobooooooboon
ooo0, (0)oooOoooooooooooooo
gogoooooooboo, bbbooooooon
ooooopoooooogo, ()yooooooo
gogooooobobobbbbboboooooooon
goooooooooocbooboo, booobo
ooo.

2. 0000

21 OUO0O0Ooooooboobooo

oboooobOoobOoobobooobooooboon
ggodi1gogg. ooooooboboboo, ooo
oooooo @oooooo)y ooopooogooo
goooooboobo, oobobbbboooooooon
gooooboobboboo, bbboogoooooo
goboooboooboobboooboooboobo
O.1go0oopogdooooooo, b1o@)yoo
ggooooobobobbobobooooooooaon
gogoooobooobobooboooooo, oooooo
gooooboobbobooooooooobobo, 0o
gbhili0bobgobooooobobobobooboon

(3) BOAS LERDOMAGDE

01 gboboooooboobobobobooboooon



234

gcooooooooo. go, boog@yoooo,
gooooboobobbboobooooooooooon
gooooobb, bbbbboooooooooo
ooboobooobo. oboo, boboboobooboog,
oOooooo0oooooocbooboooobooOoooonoa
. godda, gooobobobboooooooo
gooooboobobbboboooooo, ooooooo
gooooboobobbboobooooooooooon
gooog.
gobooooooboooooooboooonog
coooo2000. 0000 QO)0, ODO0OOOO
gogooobooobob, obobbobbobooooooooo
gcoooooooooooooo. ocooo @)a,
gooooobobbbobooooo, oooooooo
gbobooboooboobobobooooooD.

7 LA T
[ 1

T LA PRk

e — BER E— A
BRI BRI
(1) &7 &k (2) V=77k#k
02 0O0O0O00OO0OOOOOOOOOOOOOOOOOO0O0

22 OO00O0OoOoooboboO

gooboooobooobobooobobil1ood
o.obooooboooo, oooo, booboooo
gogoooboobobbboooooooooooon
gooooboobobbbboooooo. ogooooo
gboboooboobobobooboz2000.
goooo, ooooooboobobbbooogooo
o, b0oobooboocbooobooboooog,
ooboooobobi100o0o0000o0o000oobo0o
oboooboobobooo. obobobosoboonod
obooooobooooobooooobooo, 320
gooooboobobbboobooooooooooon
oboboooooboboboooo.
goboooobooooooobooobo, ooood
obOoooooooboooboboooooooo, ooo
gogooboobbbooooooooobobobooog.
goooooobobobbobooooooooooon
oo, oooooobobbbbobooooooooo
oboogo.

U1 bobooboobooboboobo

0Ooooo0oO0o0oo0oOo 320
oooooooooo 1280
0o 00000, 00000
ooooo 0.5MHz 0 15 MHz
ooooo 00 60dB/0.1dBO 0 0 O
oooo 00 5us(5nsO0000)

goooooooon 100 MHz /50 MHz / 25 MHz / 12.5 MHz

02 0o0O0oOooooooobooooobobooooo

goooboobo gooooooo, oooboo

oooooooD (30,32,220 (DO000O0O0O0O0O)
101280 (0 0OOCOODO0O)

00000000 | 2x 16, 2x 11, 3x 10, 4x 8, 5x 6
x0Q° (00o0OoOooooo)
1x 32(000000)

gooo goo, oooooag,

gbooooooooobo

— R =

00000000000
gboooooooboooOxboboboooooogo
oo

23 LUudooooobooo

goooooobbbobooboooooooog, gg
gooooboobbobooog, oooooooo
gbobooooooooboobobooooobooog.
oo, ooooobooobooobooboobo
goOosSNOODOOooOoooooooboobooooono
.

gooooobobobobobbbbboboooogog
g3b0bb. ooooooooooooooooon
oo, oobooooobooobooboo, OO
000000, 000000000000A00¢
O, 00A1, Bl, A2000B200000000O0
gogoooboooboboboooo. booooooon
gooooboobbbbooooooo, ooooo
goob.00g00DbOO0O0OD, DDODOOOOO
Oo0ooOop.0pegdO0ODOOOOODO. O
gooo, oooobooobooobooboobo
ggooobooobobooooag, bogooaaoao
ggoooooboobbobbboboooooooon
0.

gogoooooooooooooooz2o, 0g




235

<~ MU 7 AT LA T

DOIRET-ECF
I %1% ) 2{[3]
é —

v ____ A K
[ 5A2 FERAL

AT 1A A X
(EAMTOE—LER)

E— A0
RS d,

E—LA0
FAAES d,

A% 77 TRl i
(BTt 7 T B — L EH)

03 Jboooooobooooooooobooooo

OO0010000 (0O2x16)0, 0032000
ooooboooboooooboboobobozbolnon,
gogoooboobobbboooooooooooon
goo. oooboo, bbobobboooooooo
gooooo, obobobobobooooogon
gogoooobbbog, bbooooooooo
ooboooo. oo, ooboooo, oboobooo
oooooobooobooboobo, oooooooo.
ggodoooobobobobobobobboogoogad
ogb4000.

e~ DY 7 2T LA il - BEE ]~ N U 7 AT LA PRl

- 2

U4 0OO0O0ooOOobOobOobOobooobooobooon

24 000

OooooOooooooooooosooo. O
ooooo, DooooooUooooUoOoooOoo
oooooooooo00, D0DoDo0oOoooDoO
OO00O. O0O00O (electric discharge machining,
EDM) OO0O0O, OOoOoooooseccoooo, O
ooo20000ooooo, oooi1000010d
OO0, 0ooooooOooooooobo. booo
o000, D0ooo00oooO0. booooooo
ooooooooooogogooo3ggg.

EDMOOOO0O, J00O0O0O0O00o0150000
oooooooog.

ooooo, OooooooooOo, oooooo
OoOEeEDMOOOOOOOO, DOOOOOOODOO
3joooooguooo, ogoooooogooo
O00. 000oooooooebMoOOOoOog, OO
0oo0oo0ooo00oooo0o. oooooog, ooo
ooooooooooooopooo. ooooo
O, 00000000ooooooooooood
oo00ooooOo0oooOoUoOooooOoOooooo
0O,000000000000000000000.

sCCU, Jooopoooooooooouoog,
goooooooooooooooooo, seecd



236

O3 ODOoooooooooooooooOooOon

000 oooo
O0R 00 = .
() X 000 EDMO OO0 oooo (1 scc (1)
00] (mm) w 00d | 001 | 0OOd | OOl | OOd | OOl
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
No. 1 3.0 18.5 1.6 16.7 2.9 14.0
159.3 15.0 80.0
[300A] No. 2 8.0 51.5 4.2 29.9 4.4 21.0
177.8 No. 1 5.0 31.0 4.8 27.9 5.0 56.6
25.0 100.0 .
[350A] No. 2 10.0 65.0 9.0 59.9 9.5 -(F2)

‘1I000000000000000000
‘20000000, 00000000000

. . il IITTT[TT
T y ' 0 100 1o
| |

!

|

(RN

! d

!

i R

....!... \ -

—_—e e ——— e — I__ ....... e — = = — - %

: — | EENRE

i

71 \

! |

|

i 06 DODOOOODOODOOOODOOOO
|

!

|

i A A 25 0O0O0OOO

W

obooooboooboobobooboooobogoon

m. goooooooo4000.

R
05 000O0000O0O0O0O0O0O00 04 DOOOOOD
ooooo 000 225MHz, 00O,
00, 00000. 000000, 0000000 20x16000000000000
0000000000000 . 0ooooo, 00 obopooog 320
000O00000000O0o0oO0oo0ooooooo ooo 300 0 600)
ooo. oooog 00000D0000DO0000n
oDooon

edl, obObOooobOOOoooOOoOoOoboDbOOond
obOoobO0oo0. Oooooooboooobooooo

gbobobooobo (0boboboboooo
gboboboobooobogoog

0O, 0000000000000O00OO0O00Oooo, 0ooooo0o0ooooooo
cooooOooOoooooooooooooboooog 0000000000 |000000001mmO00O
000000, 0000000000O0Oooooo OooooooQ oooo

0ooo. Oooooon O00o0O0oooooooooo

oooo




200 00000000000000 (15tx 300A,
25tx 350A) 0 EDMO OO O, OOOOOOO sccC
goobo, oobobobobooooooo. goooo
o, oobz22smMHzOOO0OO0O0O0O0OO, DOOOO
o0b020x1e00000000000002010
ugbooaog.

goooooooboboboooooo, ogod
goooobooboooboobooboobooobog,
gooobobobbbboooooooooboob. oo
obOoooo0oooooocboobooooooonoa
obOoooooooooo, oooooobooooo
gogoboobooogooooooboo. oooog,
gogooooobobbboobooooooooooon
goooob, ooobbbobobooooooooo
gbooooobooboog.

3. yunpooboougdg

25t 350 A0 000 EDMOOOO No.100 00000
0000000000000 7000. 00000
000000000000, 000000000,
0D0O03000060000000000000000
0O0. 0000000000000, 0004500
0000000000000. 000000000
00, 00000400000000000000
O0O00. 000000000000000070 @)
0O00. 0000000000000000000
000000000 @)000, 0004500000
0000000000000000000 @), 00
00000000000 @)O00. 0000 @)o,
000000000000 00000000000
00, 0000 @)0, EDMO0OO0O0000000
000000000000, )000000000
0Doooooog.

EDMOOOOOOOO0OC0OO0, 00000000
0000000000000, 000000000
0D000. 000000000000, 00000
00000000000000000000000
000000000000 00000000000
0D0000O0SNODOODOOOO0O0. 0000000
000000000000O0000, 000000
000000000, 000000 3.2d8000,
SNOO600000.

25tx 350A0 0000000 N0.100D00000
0000000000000 8000. 00000

237

oooooooooooooooooog, o770 @)
goboebMOobDoooboooboog, obogo
0, 83dB00. ODOOODOOOOOODOOODOO
oooooobO0oo00oboooooDbOooOO0as1dBOO
o, SNOO42000, O0OOO0OoooOoooOo.
25tx 350A0 000 SCC No.1OOOOODOOODO
oobooobooebDbO0o. oooboooooo
goooooooseccooooooo, oso @O
goooooobobobbbbboboooooooon
goO.sNOOz250000.

EDMOODOO, O0OO0OO0O0SCcoOoboonon
gbooooooboioboobo. ebMOOOOOOOOO
gogoooboooooobooo, oooobooooo
1.8mm, DO0O0OOOOO0OODOD 19mmO, OO
gooooobbbooo. oo, booooooo
goooooog, boboozmmbbO0OO. OOO
gooooo, oobooobooobod 7mm, OO
obooooooooboz2emmOOO000O000OO
go. oo, oooooobooooooooooo,
goolimmOOO0OO. SCCOOOOODOOOODO
gooboooobo, boobooooboodg-20mm, O
gboooooobooooo2zimmobogo. OO0, O
oooooooooboooob, OO0 1.5mmO
goo.

gobbooobboooobbooobbogo44
mmUd RMSO O 3.2mmO 000000, 0100000
goo. oobobooooon 2.25MHzDO2x 160 0
gooooooooooboooboobooo, o
gz6mm, OOOO0O009mmO, ODOODOOODOO
gbgoooodod.



238

JEHTF430~60JE D JEE T 8 452 DR
B S EAmE E— LI K 2B

4

Ji T #3455 O
ﬂfﬁ{%/ﬁi E—2

(b) fiifpr = —

(1) BRI & DRGSR

(a) Hpr=—

(b) fifB— = —
(2) WHERJERD D OLRERER

g7 OO0bOOoOOOooOOoOOobOOobOobon
(25tx 350A0 00 /EDMOI OO O No.1)

(1) I e (2) e Em
DYRE DB OHEE;
(a) (b) (b) (a)

=

I
(3) 57 DFH



iy
- R

= m,mm«xw«ﬂ“ﬂlﬂlmmnm H

ool

(a) a—F—xza—

s 4t neh MMJ\!‘“‘!‘“"

[Pulsers S6Y [ Gain: 19.008  DAC BASE Gain: 0.0 | | [

(b) dEpr=—
(1) BRI D OHRAE

| Pulser: S6¥ | Gain: 10,008  DAC BASE Gain: 3008 | | |

Ve

BT R

m”m-mwmwmmﬂmﬂ

ool

(b) #ipr=—
(2) EHEERM L ORE

o8 Oooooooooooooooogoo
(25tx 350A000 /70000 No.1)

239



240

_ _ : I
mn s el s A Mm«m{“‘ﬂw|

oz Ve b | B

(b) Si—==—
(1) BRI 5 OHRE

e o e Pt o ol

(o 0: Ve b | B

(a) Hza—

HMMM

(b) tip—=—

(2) BHEERM D DTG

o9 0oooopboooooooooogoo
(25tx 350A0 00 /SCCNo.1)




241

25tx 350A0 000 SCC No.2O 30O OO, O
oooooooooogog. OO 25tx 350A No.2

O EDM=RU v R ® EDMRAY vk EHEamM

0 kT EH B Wy IR sccibuonouonooboooooonooo. ooo

¢ scc B2kl & sScCcC TR R
KBTS =4, Amm — — KMaEEE3.20m goboooboooboobboooboooboobo
15.0 7 #1, O0O0OO0OO0OO0DOOO0OOOO#2, O0O0OO0O0O
/7 goooooooooobooobooo, ooobo

0000000#, 000. 000000000,
O0DO005S5mmOD0O0000, 0000000000
000000, 0000000000000000
ooo.
0000000000000000000000
00000000000 120013000. O 120
00000, 0000000000, 30000000
00D00000000D0000D0000O0, 000
O0. 013000000, 00000000000
. O, 00#, #£200000000, 0000000
4 00000000000D00000. #00000
0-0 5%%@@amﬁ° 190 0000000000D0000000000. #30
000, 0000000000000, 00000
OSNOD 2600000000, 00000000
00000000000, 00000000000
00, 00000000000000000.
— - 0 — + OO000sSmmO00OO0000O00O0OOODOOO,
O0#, #2000#00000000000 1400
0O.0000, 0000000000000D000
00D0000000D0. 0000, 0000000
0000, 0000000000 (0000000
" RMG4015) 0000000000000 DOO00O0O
A2 OO0. 00, 000000000000, 000
00D00000000D0000D000, 00000
0000000000, 0000000004+ 30mm
0O+50mmO0000000000000000O00O
000O00O00O000000.

10.0

R S FEAE (om)

5.0

010 ODOOOOOOOOO0ODOO0O booooo

BEERI[7 2 4
Syl

EHLHL | 0000000000000, 00000000

| 000000000000, 0000000 2.6mm,

VR R 2 0000000 12mmO00, DOOO0DO. 0O,

I;;@g&m D0D00000000000000000000

R 033mm, 0000000 08mmO00, OO0D0O
l- L oo.

011 25tx 350A SCC No.20 00O OOOOO



242

£ Ay Aoy

[Pulsers SV [Gain: 1506 WG BASE Gain: 3008 [ | [

(a) Ehtl~3a—F—xza—

R

|
ﬁ
1
| |
|
|
| |
|
2o o o o n0 AN A H |

[ 03 Vi 0 [ s
(b) EhtmH T 22—
l
|
i EJ“L
|l
|
:.
|
e ol nni e eterPrap AU
(Pulser: 95 [ Gain: 16008 DAC BASE Gain: 9008 | [ | 03 Vi 0 [ d
(c) Ehnteusio o —
|
i
P |
|
|
|
I
|
|
I
s ol iy N'Il.‘fvﬂﬂu'\-nm- A
[Pulser: 95 [ Gain: 15008 (OWC BASE Gain: 9008 | | [ 0 Vi 0 [ s

(d) Flgssmise =2 —

012 ODOoOoOooOOooOoOOOOOOOOOO
(25tx 350A0 00 /SCCNo.2/00000O0ONO)




EFgL

u by R ta

(b) Flhf1EH e = —

e |
a—f-1a— ﬂ :
FHlh#2 ':r'
a—f—1a- d |
I P
,mmrr'w"‘-f‘i\m"ﬁ
[Pulser: 95Y [ Gain: 19008 DA BASE Gain: 90.0a8 | | [ [ 05 ¥ 0 | d

(c) Bl —F—za—

[Pulser: SY [ Gain: 15008  DAC BASE Gain: 30.008 | | [

(d) Flra2s—=2—

013 ODoooooooooooooOooOOOn
(25tx 350A0 00 /SCCNo.2/0000O0OODOONO)

243



244

AL | Bl | Bl

20 VAR
C| RO T [ ] o o
15 | mEeRMUTIERS | A A A
£ [ \ ‘ —
g 1 A A A a
H , ‘ a
= 10 \/\./.\2 /.;A\ é ® é
X0 i —’—V\ . ./,A A
BS | A . -
5T A ;‘>< 0
o L v v b S
50 —40 —-30 —20 -10 0 10 20 30 40 50
J# 95 R ()
014 00000000000 25tx 350A000 SCCNo.20 000000 DOOODOOO
4. OJQOQO0O mmOO0, O00O0OOO0O. O0OOO, 00O

goobooooboooboooooobo20, 00
obb0ile00003200000000000000
oooooooboooz20100000, boooo
gooooobobbbooooooooboobo, oooo
gooooboobbbboboooooooooooo
obOoobOoobOooboooboooooOo. oooo
oOooooo0oooooocbooboooobooOoooonoa
ugboobdg. ogbobobobooodab.
(Hyoo2smmOOOOODOOOOODOODOOOO
oo, ooooooooooobobobobboo
goooooobobobbbbobobooogogo.
goooooooosccououg, oooooo
oooooooooboo, ooboooboooo
ggodoooooooooboobooboboboboooo
ao.
goooooooobbboobooooog,
gooooooobbb, bbb 26mm, ODOO
gooommioonO. OO, OOOOOOOO
oooooooobooooo, ocol1lsmmOOoO,
uboooooo.
oboooboooboooosccoonooooon
ooooob, ooooooooboobobobboo
U, 0odoooooooooobobobbboo
goooooboooob, booboooboooo
oobooooboooooboobooboon.
goobobbooooobooboobooooooooo
sccouono, ooooobooooooog
gooooooboobbboboooooog, o
goooooodzzemm, DOOODOO 1.2

(@)

oo, bbooobooobooobooobooon

goooooooo.

gooooooboboobobobbbobooogad
ggoooobooobobobooooooo, oooooo
g, 0gogooooobbobbbooooooon
gd, goooooobbbooo, boooooo
goooooooooobobobooboobobo. bo
U, 0b0oocbooobooocbooobooboobno
oobboooobooooboooboboooono20
ggoooboooboboobooooo, ooooooo
gooooobgobooooo.

oo, gooooooboobbboboooog, ogg
goboooboooboobboooboooboobo
goooo, pwROOOOOOOOOOODOODOO
ugboobodbooooboooodd.

ug

(O)y@)oooooo, booooooooo oo
00 (20040 0), (2004).

(O) J. A. Ogilvy, "Ultrasonic beam profiles and beam
propagation in an austenitic weld using a theo-
retical ray tracing model," Ultrasonics, 24[11],
337-347(1986).

(O0) E. Holmes,
stainless steel," Applied Material Research, 2[3],
1810 184(1963).

(0)y(@)oooOooD, DO000OO0O0ODOoOOO0Oo
gooooooooooboooooooono,
JEAG 4207-2004, (2004).

"Ultrasonic behaviour in austenitic



(O) M. T. Anderson, S. E. Cumblidge, S. R. Doctor,
"Through weld inspection of wrought stainless
steel piping wusing phased array ultrasonic
probes,” 16 th World Conference on Nondestructive
Testing, TS2.11.2, Aug.30-Sep.3, 2004, Montreal,
Canada (2004).

(0)(@)ODOOoOOOOD, 00D0O0D0OO0OOoO0D
00O NDIS 0603-2005 DO ODOOOoOooOoono
doooooooobooooouooooog,
(2005).

(O) ASME, Boiler and Pressure Vessel Code Section
XI, Division 1, Appendix O , Performance
Demonstration  for ~ Ultrasonic ~ Examination
Systems, (2004).

245



