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A Study on the Size Evaluation of Circular Flat Flaw with Indication by
Straight Beam Inspection of Ultrasonic Wave

Eungkyo Han, Kijoong Kim , Kookhwan Lee

ABSTRACT

In the straight beam inspection of ultrasonic wave, the method for evaluating flaw
size by AVG diagram is useful as a method for the quantitative evaluation of results of
ultrasonic flaw detection.

This study was carried out the measure the size of circular flat flaw with the inclina-
tion by straight beam inspection and could be decreased the error of application due to
the inclination of flaw by AVG diagram in consideration of correction coefficient.

From the result of the experiment, the error by means of the application of experi-
mental values to AVG diagram was increased as the inclination angle grows.

Also, it was increased the error of application as the detecting frequency and diameter
of flaw grows in the same inclination angle. In case of diameter of flaw 6mm, AVG
diagram could be applied to the inclination angle 3° for 5 MHz, 7° for 2.25 MHz, 15°
for 1 MHz in the range of 20% error and the theory was concided with the experiment to
5° for 5 MHz, 10° for 2.25 MHz, 15° for 1 MHz in the range of 10% error by correction
eq. (45) due to the inclination angle.

Therefore, it is considered that the results obtained from this study will be somewhat
helpful informations for the size evaluation of circular flat flaw with the inclination.

NOMENCLATURE

Bo : First bottom echo height of the very thin test plate

D,d : Diameter of transducer and flaw, respectively
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: Flaw echo height of fest piece

: Normalized diameter ( =d/D )

: Wave number ( =27,/ )

: Proportional coefficient determined by distribution of strength of the

sound pressure and the phase on the surface of flaw and at metal part

in contact with fransducer, respectively

4x 2

D? )

Sound pressure generated on the infinifesirmal area of flaw and

fransducer, respectirely

: Meah fransmitting sound pressure radiated from transducer

: Mean sound pressure generated on the flaw and transducer by reflection

of sound wave on the whole area of flaw, respectively

: Distance from the cenfer of transducer to the center of flaw and near
- sound field disfance, respectirely
F/By :

Ratio of F to By ( = 1Fp/Pol )
Coefficient determined by electro-acoustic efficiency, damping of

transducer and contact conditions

: Wave length
: Velocity potential of composite sound wave

: Inclination angle of flaw
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Table 1} Values of m,
G 7158 | 1.21 1.02 0.84 10,74
0.05 ] 1.00 1.00 | 1.00 0.99 1 0.99
0.1 0.99 0.99 1 0.98 | 0.97 1 0.96
0.2 0.96 0.93 ] 0.91 0.8710.84
0.3 0.91 0.85 0.80 0.74 1 0.74
0.4 0.84 0.74 0.66 0.65{ 0.83
0.5 0.76 0.61 0.55 0.75 ] 1.23 )
Table 2 Values of m,
p 1 1.58) 1.21 | 1.02] 0.84 | 0.74
0.05 ) 1,00 § 1.00 1.00 { 0.99 |0.99
0.1 0.99 ] 0.98 0.98 | 0.97 {0.96
0.2 0.96 | 0.93 0.91 | 0.86 {0.82
0.3 0.91 ] 0.85 0.79 0.69 {0.60
0.4 0.84 { 0.73 0.62 | 0.44 10.29
0.5 0.75 1 0.58 0.41 | 0.18 | 0.24
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Fig. 8 AVG Diagram
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Table 3 Specification of Normal Probe

Rl e s

1Z 20N-F} 1 20 ceramic
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-F 5
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Table 4, Specification of test piece

Unit:mm
d x T ¢ (deg.)
100 120
7 15
6 130 150 0,3,5,7,10,
100 120
7 15
10 130 150 0,3,5,7,10,
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Table 5 Calculation conditions of straight beam
f A X n np
Probe Model
(MHz) (um) @ | x=100mm | x = 130mm | T=120mn | T=150mm
5Z 20N 5 1.18 84,7 1.2 1.5 1.4 1.8
2.25Z 20N 2.25 2.62 38.2 2.6 3.4 3.1 3.9
1Z 20N 1 5.9 16,9 5.9 7.7 7.1 8.9
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Table 6 Correction coefficient due to
inclination angle ¢ : cos(%dsingﬁ)

(a) d = 6mm

Unit=dB
f(MHz)
¢(<Eg,) 5 2.25 1
3 - 3.3 - 0.6 - 0.1
5 -13.9 - 1.9 - 0.4
7 - - 4.0 - 0.7
10 - - 10.3 - 1.4
15 | - - - 3.4
(b) d = 10mn Unit : dB
S (MHz)
4 (3%%.) 5 2.25 1
3 -14.0 - 1.9 - 04
5 - - 6.1 - 1.0
7 - - 20.2 - 2.0
10 - - - 4.4
5 - - ] -14.4

£TL AY A2 6mm 10mme] A WER
Bl A L5 Ao WE Re9E A4zt
o] o},

0 <as (5 dsing) < 1 ( 49— a )

Table T Range of inclination angle nece-
ssary for application of correction

coefficient cos(%dsinf )

(a) d =6mn
Unit :deg.
range of inclination angle (deg.)
5 MHz 0= ¢ < 5.1
2.25MHz 0= ¢ <12.5
1 MHz 0 ¢ (294
(b) d=10mm
Unit=deg.
range of inclination angle (deg.)
SMHz 0 = ¢ ¢ 3.4
3.25MHz| 0 < ¢ < 7.5
1 MHz 0 = ¢ < 17.2
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Table 8 Applicable. minimun diameter of

circular flat flaw by means of
correction coefficient

f d range of flaw diameter (mn)
5 MHz d> 0.6
2.25MHz d>1.3
1 MHz d> 2.95
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