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Abstract

Non-destructive inspection of weld metals in carbon steel and stainless steel pipes become more

important if high reliability of power plants are to be maintained. Flaws in the weld metals, i.e. porosity

or cracks, may be produced by weld condition changes and then grow due to up by thermal stress

repetitions. If non-destructive inspections of the flaw sizing and recognition in pipe welds are possible,

reliability evaluations and residual life estimations of each pipe can be improved. Based on this

background, the authors applied an acoustical holographic method to weld metal inspections. In the

present work, flaw sizing and recognition capabilities of the acoustical holographic inspections were

compared with those of conventional radiographic testing and the ultrasonic tip-echo method.

Ultrasonic inspections with normal, 45 and 70 degree angled beams were made for flaws in weld metals

of SGV410 steels and SUS316 stainless steel. The capabilities of the acoustical holographic method as

determined by the above inspections are as follows. For porosity in 28 mm thick weld metals, the

holographic method with a normal beam can detect and represent the flaws as spherical images,

although sizing is overestimated, making it inferior to radiographic testing. For cracks in the weld metals,

the sizing errors in the holographic method with 45 and 70 degree angled beams are confirmed to be

superior to those of the tip-echo method.

1. INTRODUCTION

Non-destructive sizing and recognition of flaws in weld metals of pipes which have been

put into service was very important for power plant safety considerations. Acoustical

holography has been developed to improve lateral and range resolutions for flaw sizing and

flaw recognition from ultrasonic images.

In the present work, flaw sizing and recognition capabilities of acoustical holographic

inspections were compared with those of conventional radiographic testing and the ultrasonic

tip-echo method.
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2. THEORY OF ACOUSTICAL HOLOGRAPHY

2.1. Construction and reconstruction of a hologram

Figure 1 shows the concept of hologram construction though ultrasonic inspection and

flaw image reconstruction from the hologram [1]. The acoustical hologram was constructed by

spatial interference fringes between reference waves and object waves reflected by the flaw.

The reconstruction waves pass through the pattern on the hologram and are diffracted to

construct the flaw image. The position where the image is focused on is the same as the flaw

position.

In the present work, the hologram construction procedure was changed to use digital

signal processing which makes hologram fringes through a time coincidence measurement

between the object reflected pulse and high frequency clock pulses instead of reference waves

[2]. The new method has two advantages. First, it is to be able to use wide band transmission

pulses which remarkably reduce the range resolution in comparison with that of narrow band

transmission pulses. Secondly, it is able to make a minute hologram by making the frequency of

the clock pulses higher than that of the ultrasonic waves. This can improve lateral resolution in

the reconstructed images. The reconstruction flaw images can be obtained by computer

reconstruction [3] with numerical calculation of wave interference.
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FIG. I. Concept of acoustic Holography.

2.2. Configuration of the inspection system

The acoustical holographic inspection system consists of an automatic scanner,

holographic signal processor and a mini-computer imaging unit, as shown in Figure 2. The
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signal processor can process signals of flaw echoes at a maximum repetition transmission cycle

of 500 Hz. It records the inspection data at each scan position, separated by 0.125 mm, onto

floppy disks. Inspection data corresponding to a holographic signal consist of the scanning

positions, coincidence signal (plus or minus), echo heights and propagation time that are

measured by 32 MHz clock pulses. A mini-computer imaging unit is used for automatic data

processing including computer image reconstruction. The operator can obtain

three-dimensional flaw images on the display of the unit at any convenient time. The scanner

drives the ultrasonic probe with a rectangular scan path on the plane surface. Its speed is

changeable from 15mm/s to 60mm/s. The probe holds several kinds of point focus type

transducers which can be inclined for normal and angled beam testing. The resonant

frequencies of the transducers are 5 MHz for inspections of SGV410 steel and 2.25 MHz for

SUS316 stainless steel.

3. ULTRASONIC IMAGING EXPERIMENT

3.1. Test pieces and flaws

Carbon steel SGV410 and stainless steel SUS316 were chosen as the test piece materials

because they are the main metals for piping components which are effected by thermal stress

cycles, resulting in possible formation of fatigue cracks. The test pieces were flat plate shapes

and have a weld region at the center, as shown in Figure 3. All test pieces were 28 mm thick.
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FIG. 2. System configuration for acoustical Holographic inspection.
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FIG. 3. Geometry of test piece (unit: mm).

3.2. Flaw imaging

Porosity in the weld metals was imaged by holographic inspection with a normal focused

beam and an immersion method. It may note that the holographic inspection method can

realize crack images like the actual shape and which are correctly positioned.

3.3. Flaw sizing

Sizes of porosity were measured by holographic inspections with a normal focused beam

and conventional radiographic tests. The maximum length of the image was measured as the

porosity diameter in both methods.

Sizing results of porosity obtained by acoustical holography indicate that porosity sizes

obtained by holographic inspections are overestimated against the real sizes, thus tendency in

the sizing in SUSS 16 stainless steel is greater than that in SGV410 steel. The tendency will be

caused by increment of amplifier gain to receive the reflection waves which are strongly

attenuated in the stainless steel welds.

Sizes of cracks were measured by each non-destructive method, i.e. acoustical

holography with angled beams, ultrasonic tip-echo method and conventional radiography.

4. DISCUSSIONS

4.1. Comparison with results by radiographic testing

It is clear that the deviations from the real sizes in the measurements by radiography are

smaller than by the holographic method, and the deviations for radiography do not change

independently of the weld materials.
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4.2. Comparison with results by tip-echo sizing method

The sizing error in SUS316 stainless steel is much greater than that in the SGV410 steel.

The reason may be the same as for holographic sizing of porosities. Holographic sizing

capability for the fatigue cracks in weld metals is proved superior to that of the tip-echo method.

5. CONCLUSION

Flaw sizing and recognition capabilities of acoustical holographic inspections were

compared with those of conventional radiographic testing and the ultrasonic tip-echo method.

The nondestructive inspection methods were done to detect and image flaws in weld metals of

SGV410 steel and SUS316 stainless steel. The capabilities of the acoustical holographic

method, as obtained from the experimental results, were as follows.

For porosity in 28mm thick weld metals of SGV410 steel and SUS316 stainless steel, the

holographic method with an normal beam could detect and represent the flaw as a spherical

image, although its sizing was inferior to that of radiographic testing.

For the cracks in the weld metals, the sizing capability in the holographic method with 45

and 70 degree angled beams was confirmed to be superior to that of the tip-echo method.

The research was carried out by the Japan Power Engineering and Inspection Corporation

(JAPEIC), which was entrusted by the Ministry of International Trade and Industry of Japan

(MITI).
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