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Measurement of the Crack Height using the Two-Probe
Ultrasonic Diffraction Method.

Jae Ok Lee, Seung Kyu Lee and Young Kil Kim

Abstract The optimum test conditions of measuring the crack héight were determined
for the two-probe ultrasonic diffraction method. The applicability and the accuracy of
the two-probe ultrasonic diffraction method on the inclined artificial cracks and the fatigue

cracks were evaluated. It was possible to measure the height of the normal and inclined

artificial cracks with the maximum error of &+ 0.5mm with the two-probe ultrasonic

diffraction method.

It was found, however, that the accuracy of this method in mea-

asuring the height of the fatigue crack depends on the degree of closure of the crack

tip. It was desirable to choose a refraction angle as small as possible,but the angle

should not be so small that the distortion of the lateral waveform became appreciable.
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Fig. 1. Dimensions and Shape of test blocks.
a) Normal slit b) Fatigue crack
¢) Inclined slit
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Fig. 2. Schematic diagram for ultrasonic flaw
detection and time measurement system,
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Fig. 4. Schematic diagram for the measurement
of crack height, H, with 61° and 6% long-
itudinal-longitudinal mode,

b) front surface normal slit
Fig. 5. Estimation accuracy of normal slit height
made by various array modes.
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Estimation of normal slit height made
by various array modes for

Table 1.

Array mode| Refracted | Range of slit | Max. | Mean
angle height (mm) error | error

(degree) (mm) (om)

SS 45 2.1-14.8 0.8 0.4
CcC 61 2.1-14.8 1.1 0.4
cC 69 2.1-14.8 0.4 0.2

a) back surface normal slit

Array mode| Refracted |Range of slit | Max. | Mean
angle height (mm) error | error
(degree) @) | ()
SS 45 9.9-14.8 0.6 0.5
CcC 61 2.1-14.8 L5 0.8
CC 69 2.1-14.8 0.5 0.2

b) front surface normal slit
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Fig. 6. Estimated error of the slit height as a
function of the diffracted angle for vari-
ous time measurement error,
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Table 2. The fatigue crack height estimated by 6%
longitudinal-longitudinal mode.

Actual Crack Estimated | Error
height (mm) | location height (mm) | (mm)
back 1.3 0.3
1.0
front 1.3 0.3
back 3.4 0.1
3.3
front 3.2 0.1
back 5.4 0.2
5.2
front 5.1 0.1
back 7.0 0.5
7.5
front 6.7 0.8
back 9.7 1.3
11.0
front 9.1 1.9
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a) Cross section of the central part of the
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Table 3. The inclined slit height estimated by
69° longitudinal-longitudinal mode,

A Actual Crack Estimated | Error
§ height (mm) | location height (um) | (mum)
§ it back 5.3 0.5
? ) front 4.4 0.4
o back 8.7 0.1
- 8.6 front 8.1 0.5
o
- back 0.9 .
10.7 ac 1 0.2
front 10.7 { 0.0

b) Crack height observed at both sides of
the specimen. Arrows indicate the tip 4. 4 =2
of the fatigue crack,
=5 p=A
Fig. 8. Views of a fatigue crack observed at L3 22 AEE A4S + Urh,
the different sites of the specimen. 1) AspA 7S
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