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Development of Measurement Technique for Crack Depth in Weld Zone
of Thick Stainless Steel Pipe with Ultrasonic Phased Array TOFD
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Abstract Phased array TOFD (time of flight diffraction) method which makes possible to
detect tip diffraction echoes and measure crack depth in an austenitic stainless steel weld zone with
a thickness of more than 25mm to which region it was difficult to apply ultrasonic test due to
scattering of ultrasonic waves has been developed.

The developed method uses a single array transducer to have a short distance between incident
points of transmitter and receiver in order to propagate ultrasonic waves in shorter pass in the weld
region. Transmitting and receiving ultrasonic beams from a single array probe can be set a crossing
point and a focal point at desired depth. This method makes possible to scan with 16 kinds of
combination of crossing points and focal points of ultrasonic beam at a time.

We have examined fundamental characteristics of depth measurement with electric discharge
machining slits on base metal of a stainless steel with a thickness of 35mm.

As the results: (O) We could measure the slit depth with 0.2mm error from the slit depth with a
estimating method of a lateral wave propagation time with back wall echo. (O) The largest error of
the depth measurement from the slit depth with the ultrasonic beam crossing point set at the 4mm
different point from the tip of the slit was 0.3mm. (O) The largest error of the depth measurements
due to the difference of focal point depth of ultrasonic beam was 0.2mm. (O) The highest tip
diffraction echo could be observed with the ultrasonic beam cross point set at the tip of the slit. The
difference of 4mm between the cross point and the tip of the slit caused attenuation of tip diffraction
echo height in -6.8dB.

Furthermore We have measured a depth of electric discharge machining slits, fatigue cracks and
stress corrosion cracking (SCC) on stainless steel welded pipe specimens with a thickness of 35mm.
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As the results: (J) We could detect the tip diffraction echoes which have a signal noise ratio with
more than 2.4 from the fatigue cracks and SCCs. (J) The largest error of depth measurement from
the fatigue cracks and SCCs were 0.2mm and 1.6 mm respectively.

Therefore we have evaluated that this newly developed phased array TOFD method had ability of
depth measurement with high accuracy and was applicable to depth measurement of cracks in

stainless steel weld regions with the thickness of up to 35mm.
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