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Simulation of Time of Flight Diffraction Signals for
Reactor Vessel Head Penetrations
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Abstract The simulation of nondestructive testing has been used in the prediction of the signal characteristics of
various defects and in the development of the procedures. CIVA, a simulation tool dedicated to nondestructive
testing, has good accuracy and speed, and provides a three-dimensional graphical user interface for improved
visualization and familiar data displays consistent with an NDE technique. Even though internal validations have
been performed by the CIVA software development specialists, an independent validation study is necessary for the
assessment of the accuracy of the software prior to practical use. In this study, time of flight diffraction signals of
ultrasonic inspection of a calibration block for reactor vessel head penetrations were simulated using CIVA. The
results were compared to the experimentally inspected signals. The accuracy of the simulated signals and the
possible range for simulation were verified. It was found that, there is a good agreement between the CIVA
simulated and experimental results in the A-scan signal, B-scan image, and measurement of depth.
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Fig. 2 Open housing TOFD probe

Table 1 Specification of open housing transducers
Freq. Refracted Beam
CH. Type (MHz) Angle Direction
1 TOFD 5 55° Circ.
2 TOFD 5 40° Axial
3 TOFD 5 50° Circ.
4 TOFD 5 35° Axial
5 0° 2.25 0° Radial
253 Ade T =4 Z=of ALY Table 1

¥ vk 47) TOFD Ad-
(probe center separation, PCS)®] 24 mmo|1 F&
A= Aol 025791 T GEAE AREITHTL
113 33 TOFD A€

151-7-11. 7‘%1

QFureko 7 Hlo] A

27

43 A AK(cire. shooting) &3 A4
& AEse, 2, 49 TOFD A4
Al(axial shooting) AMEZ A7k
Pl Agsie su o0 Ade &
olgstel BETI SHR AW, BE
BAel A AA 9 (interface fit zone)©]
Z(leak pathyE BAFEE] S8l ARgHL
A % sl 2e03A AY 5 @
ol A WA= AgS AASH7Iel A%t
7 499 TOFD e tla] A&z o)A

o
A

)
rr

Hy Hgf
& o
N
E

il

o

| o
o o)
ﬂHN'

of m MY

k)
(r o

it
o

2

o ¢ o f Ar g X o o fu H
w © 5=
) e ofy
ot 4 O e
(g

ol
o2
ol

CIRCID
NOTCH. Q

CIRC OD 180°
NOTCHS. D,EF ‘

AXIAL OD
NOTCHS. GH,I

AXIAL ID/OD
NOTCHS. M,N

CIRC OD
NOTCHS. O,P

R2.377
45° I 315°
CIRC OD AXIAL ID
NOTCHS. AB,C 0° NOTCHS. J K,L
(a)
360 @ e
315° — 4 % i
L K J
270° — — _
N M
225° — < o [
I H G
180° — |
Q
(b)
135" — +
F E D
P o (©
90° — t
c B A @
40° — t
0 0°

(b)

Fig. 3 Configuration of calibration block for RVHP
ultrasonic inspection, (a) side view, (b) roll-out

view
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Fig. 4 CIVA modelling of various notches in calibration
block for RVHP TOFD inspection

Table 2 Description and dimension of notches

.. Height Length | Width

Notch Description (inch) (inch) (inch)

A Circ. OD 0.040 0.250 0.006

B Circ. OD 0.202 0.500 0.014

C Circ. OD 0.607 0.500 0.018

D Circ. ID 0.040 0.250 0.006

E Circ. ID 0.202 0.500 0.014

F Circ. ID 0.607 0.500 0.018

G Axial OD 0.040 0.250 0.006

H Axial OD 0.202 0.500 0.014

I Axial OD 0.607 0.500 0.018

J Axial ID 0.040 0.250 0.006

K Axial 1D 0.202 0.500 0.014

L Axial ID 0.607 0.500 0.018

M Axial ID 0.405 0.500 0.014

N Axial OD 0.405 0.500 0.014

(0] Circ. OD 0.101 0.500 0.009

P Circ. OD 0.405 0.500 0.014

Q Circ. ID 0.405 0.500 0.014
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Fig. 5 CIVA modelling of TOFD probe, (a) circ.
shooting channel (ch. 3), (b) axial shooting
channel (ch. 4)
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(b)
Fig. 10 B-prime scan image along scan line (d), (a)
experimental result, (b) CIVA simulation result

160
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Fig. 11 B-prime scan image along scan line (e), (a)
experimental result, (b) CIVA simulation result

(b)
Fig. 12 B-prime scan image along scan line (f), (a)
experimental result, (b) CIVA simulation result
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Table 3 Measurement of depth

Notch Description Depth(inch) Er?or
Actual Meas. (mils)
A Circ. OD 0.9725 N/A N/A
B Circ. OD 0.8105 0.8102 0.3
C Circ. OD 0.4055 0.3984 7.1
D Circ. ID 0.04 N/A N/A
E Circ. ID 0.202 0.1334 68.6
F Circ. ID 0.607 0.6086 -1.6
G Axial OD 0.9725 N/A N/A
H Axial OD 0.8105 0.7955 15.0
I Axial OD 0.4055 0.4268 -21.3
J Axial ID 0.04 N/A N/A
K Axial ID 0.202 0.1869 15.1
L Axial ID 0.607 0.5897 17.3
M Axial ID 0.405 0.3867 18.3
N Axial OD 0.6075 0.5897 17.8
(0] Circ. OD 09115 09117 -0.2
P Circ. OD 0.6075 0.6086 -1.1
Q Circ. ID 0.405 0.3966 8.4
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