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2.1.1. Prescreening block H|Zt
Underclad cracki& % 3A7IEX & 93
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test parameters® AA37] S AzH
300
/ V.
90
/,
I I PR S
40
Ny
unit : mm

;notch depth : 3, 5, 7, 11, 13mm
* notch angle © 90°

Fig. 1. Dimension and configuration of A-type
prescreening block

unit : mm

* notch depth * 3, 7, 11lmm
- notch angle to cladding surface : 5, 10, 15, 30
degree

Fig. 2. Dimension and configuration of B-type
"prescreening block
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unit © mm
- notch depth : 7, 13mm
- notch angle to welding direction : 5, 10, 15, 30,
45 degree

Fig. 3. Dimension and configuration of C-type
prescreening block
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unit © mm
tolerance . +1/64 inch

Fig. 4. Dimension and configuration of prescree-
ning construction block for DAC

Table 1. Chemical composition of base and clad materials.

Material C Si Mn P S Ni Cr Mo \4
Base Material 0.18 0.30 141 | 0005 | 0003 | 095 0.22 0.56 | 0.003
Staic 2 Lol 0012 | 037 | 164 | 0013 | 0001 | 1312 | 2386 | 015 | 0061
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Fig. 5. Lay-out drawing of demonstration block

Table 2. Crack depth and length of demonstra-

tion block (39} : mm)

Tl & | gol | Zo] (o]0 n
A | Cladding 5 | 253 0.198

B &k =3 | 10 449 0.223

C 146 | 549 0.266

D 18 | 50 0.36

E 11.2 | 25 0.448

F 14 | 499 0.281
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Tg| % & | ZHo]l | Aol |Rol/Zo] H]
G | Cladding | 13 | 4938 0.261
H (W& Ha | 15 | 50 0.30
I 7 | 202 0.347
] 35 | 248 0.141
K 18 | 50 0.36
L 10.1 | 499 0.202
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* The probability of detecting underclad
cracks

* The freedom from false calls

* The accuracy for flaw size measurements
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signal pattern from

(a) upper extremity
using 70° RL tran-
sducer

signal pattern from
(b) upper  extremity
using 50/70 milti-
beam trans-ducer

signal pattern form
(c) upper  extremity
using SLIC40 mu-
Itibeam transducer

Fig. 6. Signal patterns from upper extremity of
underclad notch using 70° RL, 50/70,

SLIC-40 transducers
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signals from sus-
pected area of 2.8
mm

(a) underclad notch
using 70° refracted
longitudinal wave
transducer  (Ref.
dB+20dB)

( signal from suspe-
cted area of 2.8mm
underclad  notch
using 50/70 multi
beam transducer

signal from suspe-
cted area of 2.8mm
(c) underclad  notch
using SLIC-40 mu-
Itibeam transducer

W

Fig. 7. Maximum signal amplitude from upper
extremity of 2.8 mm, 10° angled B-type
underclad notch

signals from sus-
(a) pected area of 6.2
mm underclad no-
tch using 70° ref-
racted longitudinal
wave transducer
(Ref. dB+20dB)

signal from suspe-
cted area of 6.2mm
(b) underclad  notch
using 50/70 multi-
beam transducer

signal from suspe-

(c) cted area of 6.1mm
underclad  notch
using SLIC-40 mu-
Iti beam transdu-
cer

-—

o

Fig. 8. Maximum signal amplitude from upper
extremity of 6.2 mm, 15° angled C-type
underclad notch
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Table 3. The results of crack length estimation

Transducers ' ' RMK

70 RL 50/70 Tandem SLIC—40 R
IND. No (dA)
N Length | X | Y | Length | X | Y | Length | X | Y | Zo]D
F 47 138 | 426 50 167 | 417 47 138 | 426 | & A
30 35 30 (499
K 53 285 | 758 70 290 | 740 48 285 | 758 | H 3
35 40 35 (50)

L 54 225 | 115 65 220 | 120 57 225 | 115 Z
45 47 45 (49.9)

J 25 618 | 370 47 613 | 380 25 618 | 370 2
26 24 26 (24.8)

I 23 614 | 772 45 620 | 747 22 614 | 772 2
18 27 18 (20.2)
C 57 | 725 | 145 70 720 | 747 52 725 | 745 | F &
45 - 35 45 (54.9)
G _ 50 1023 | 717 69 1035 | 685 47 1023 717 | 2 3
43 49 43 (49.8)
H 50 800 | 173 68 885 | 175 50 800 | 173 | % ¥
40 48 40 (50)
A 30 1025 | 184 45 1050 | 175 28 1025] 184 | & &
24 30 24 (25.3)

E 2% 453 | 231 45 484 | 245 28 453 | 231 2
20 25 20 (25)

D 53 474 | 577 47 500 | 585 42 470 | 577 Z
47 24 47 (50)

3.2.2. 2% Zo| £F(Crack length
estimation) ‘
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Table 4. The results of crack depth estimation

Transducer SLIC—50
IND.No [ M-PET M-SPOT| PMK {IND.No|M-PET IM-SPOT| PMK
K 60 13 38| G 46 10 |38
E | 42 8 &38| B | 4 8§ (43
D |56 | 151{+ | H/| 5] 14|33
I 20 6 |"H¥| C 48 12 | &3
] 20 * 4 A 24 4 4
F 46 12 |38 L 38 ELE
* 1 AlEgst Bt
- 20
g 18

¢ 2 4 [} 8 1B 12 14
SCREEN DMSION(SD)

Fig. 9. Corelation of M-SPOT with actual under-
claded fatigue crack depth

ESTIMATED UNDERCLAD FATIGUE CRACK DEPTH mm)

[ 5 10 15 "T20
ACTUAL UNDERCLAD FATIGUE CRACK DEPTH(mm)

=
03

—
[

. Corelation of estimated underclad crack
depth with actual undercladded fatigue
crack depth by M-SPOT.

Vol.13, No.2(1993)

ESTIMATED UNDERCLAD FATIGUE CRACK DEPTH(mm)

Ab TTreer rs-v T "\'o T 1.5 2°
ACTUAL UNDERCLAD FATIGUE CRACK DEPTH{mm)

Fig. 11. Corelation of estimated underclad crack
depth with actual underclad fatigue
crack depth by M-PET.
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Abstract It has not been performed to inspect the underclad cracking of nuclear
pressure vessel in Korea since there is no code requirements for inspection.
However, underclad cracks in nuclear pressure vessels have been reported since
the early 1970s. The aim of this experiment is to find the suitable ultrasonic
inspection techniques for underclad cracking. The various transducers, for example
70+ refracted longitudinal wave, 50/70 multibeam, SLIC-40, SLIC-50, are used in
this investigation. Experiments on prescreening blocks and a demonstration block
under the same condition as in the nuclear power pressure vessels show that the
70+ refracted longitudinal wave method is the best one for the length evaluation
and also gives a good signal pattern for detection of the crack, while the 50/70
multibeam transducer is more effective for the detection of underclad cracking. On
the other hand, the SLIC-50 transducer using M-SPOT(Satellite Pulse Obsefvation
Technique) and M-PET (Peak-Echo Technique) methods is the most effective one

for the depth of underclad crack estimation.



