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A Study of the Detection for Underclad Cracks of Nuclear Pressure Vessel

C. S. Park, H. S. Ahn and J. H. Park, K. H. Park

Abstract It has not been performed to inspect the underclad cracking in Korea nuclear plant since

there is no Code Requirements for inspection. However, underclad cracks in nuclear pressure vessels

were reported firstly in 1970. The objection of this study is to be established the ultrasonic inspection

techniques for underclad cracking. The ultrasonic inspection of bimetalic stainless steel weld is very

difficult by high attenuation and multiple scattering at weld surface and weld/base metal interface. The

various inspection methods using 70°refracted longitudinal wave, 50/70 tandem transducer, 45° and

60°single shear wave are compared. Experiments on limited specimens applied same condition to nuclear

pressure vessels shows that 70°refracted longitudinal wave method is the best one for the detection

of underclad cracks. 50/70 tandem transducer using SPOT(Satellite Pulse Observation Technique) is

more effective for underclad crack sizing than other sizing methods.
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Fig. 1 Nature of underclad crack.?
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Fig. 2 Section of clad plate showing cracks.®

Zeoll g vloa| A&
Wbl SN 9 A ol EAsts 2E T

Zahed Qo) 289 o) 71 de)
ol &5 o}, o] F4(carbon/stainless)

59, 53 9429 sB3lRe A¥dAE L AT ¢
A4 A (HEA FHAM F8~10mm FE) ©) =
&3 £494 2A2 S (near field) ) &3 Az

oy B A7} austenite stainless steel2% ZHa7b
AE®a ol 3 AAYE A% 289 o9

_43~



BRI Pk EEERREER

F Aoz REY AEH HHRAC oge A
Holch, wepd AFolA ol HBaE AFL A

Z317] A% AAZIES Agstn ged, 2 HA

2~ 0 o IR oy M M
e 70°22ERE  olgde PH(Fig 3T
1o
TRANSDUCER
L
00 - .
i
i PRESSURE PROFILE
1.0 YOS S TS S S N IO S N N S N N S N N
0.0 10 20 3.0 a0
FOCUS ZONE )
SR B RECEIVER
Rl S
Q TRANSMITTER
DEFECT "
1
TRANSOUCER

Fig. 3 Configuration of transducer for underclad crack

detection.”
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Fig. 5 Schematic illustration of the focused immersion
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Table 1. Chemical composition and mechanical prope-
rties of SA 508, CL.3

(wt. %)
—
Compositon C ] Si |Mn P S Ni ] Cr | Mo | V I Al | Cu
1 I
Heat | <025] <0.12| 1207 |<0025<0.025| 040/ | <025] 045/ | <006 - | -
150 100 060
Spec.
Product | <025| <0.12| 111/ |<0025<0025! 037/ | <031| 037/ | <006| - | -
159 103 068
"'T*‘»*';)" Heat | 0151 03 | 146 [0004 {0003 ] 092 | 021 | 054 | 0003 { 0003 | 0045
op!
| va |Produt| 018 | 03 | 141 {0005 |0003 | 095 | 022 | 056 | 0003 <0003 0060
Mech| Y5:020% |TS0Mpa) E1(%) [RA) | IMPACT+45C UpperSheu‘FATr RTNDT
Test | (Mpd) Goule) Jode) | © | (©
gec S35 | 5507725 | >180 | >380 |Ave.>4LMin>31|  >1M - a2
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Table 2. Submerged arc welding condition

Filler Metal Size Strip(60X0.5 mm)
Filler F-No 6

A-No 8

SFA No 59
Current Type DC
Current /650 A
Voltage 127V
Welding Speed 1.8 mm/sec
Pollitirity RP
Weaving Stringer
Over lap 8 mm
Stick-out Length 30 mm
Pre-heat Temp. 121 €
Post-heat Temp. 6217T, 405413
Interpass Temp. 170T

Table 3. Flux information

INT 101 (Wt, 0)
Si02 30%
Ca0

MgO

BaO 28%
K20

Na20

Al203

TiO2 30%
FeO

MnO 3%
F 6%
Cr 3%
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Table 4. Radiographic Testing condition

Specimen Thickness 56mm
Source to Film Distance(SFD) 100 cm
Exposure Time 11 min
Source Strength Co—60, 25 Ci
Screen (Pb) gg(éﬁt :: %015::3;111 :
Film Kodak AX-5
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+ Unground Condition
b) A8 ]
*+ Sonic Mark I
+ USK-7
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Le Croy 9400 Digital Osciloscope
o B3 A¥4
Carbon and Stainless Steel
Notch Depth . 2.5, 5, 10, 15mm
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Fig. 6 Flaw detectabilities of each transducers.
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Table 5. Amplitude variation by scanning direction

285 Ampl
No. Depth  DirectionA DirectionB  Transducer
1 Smm  69dB 63dB 70R 1
P9 DiectionA DirectionB __69B _ 50/70 Tandem
2 6mm  70dB 67dB 7R L.
78dB ] 73dB  50/70 Tandem
3 omm 7148 M 68d8 TR L
81dB 73dB  50/70 Tandem
Flaw
4 llmm 71dB 67dB  709R.1.

81dB 73dB  50/70 Tandem
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Fig. 7 Comparision of noise level in different surface

conditions.
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Fig. 9 Relationship between notch depth and doublet
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Table 6. Estimated results of underclad notch

N, Notch Depth | Measured] Caloutated | Measured Deviation

Dr(mm) SD SD' [Dn(mm), SD-SD’ Dn-Dn’ %
1 5 11 1257 | 3125| —157 —1875 —375
2 6 13 1333 | 5625 | —033 —0375 —625
3 9 16 1569 | 9375 | +031 +0375 +42
4 11 18 17.26 | 11875 | +0.74 +0875 +7.95

—{13 SD}—

Dn' = 6mm

Dn’ = 5mm
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