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Application of Phased Array Ultrasonic Transducer to Pipe and Tube Testing Field
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Synopsis :

Specific flaws or defects on the inner surface of pipe were unable to be detected by
existing non-destructive methods. The authors have developed a modernized
non-destructive tester using ultrasonic phased array elements, and this non-destructive
tester can inspect the inner surface flaws or defects. Linear array probe consists of
ultrasonic vibration elements sliced into 128 bits and its sensitivity characteristics are
kept constant within 0.4 dB. The linear array probe is mounted in a bathtub at the site
and pipes are arranged in a spiral on the bathtub. At that time, the pipes are scanned
electrically by the linear array probe. Ultrasonic echo signals are processed by computer
and displayed by the B + C scope. This advanced inspection method is applied seamless
pipe including stainless steels field and it is inspecting inner surface flaws at a high S/N

ratio.
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Application of Phased Array Ultrasonic Transducer

to Pipe and Tube Testing Field
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Synopsis:

Specific flaws or defects on the inner surface of pipe were unable
to be detected by existing non-destructive methods. The authors
have developed a modernized non-destructive tester using ultrasonic
phased array elements, and this non-destructive tester can inspect
the inner surface flaws or defects. Linear array probe consists of
ultrasonic vibration elements sliced into 128 bits and its sensitivity
characteristics are kept constant within 0.4dB. The linear array
probe is mounted in a bathtub at the site and pipes are arranged in
a spiral on the bathtub. At that time, the pipes are scanned
electrically by the linear array probe. Ultrasonic echo signals are
processed by computer and displayed by the B+C scope. This ad-
vanced inspection method is applied seamless pipe including stainless
steels fields and it is inspecting inner surface flaws at a high S/N

ratio.
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Scattering Forcusing

Fig. 1 Propagation of ultrasenic beam

Skin effect Magnetic flux

Fig. 2 Magnetic flux flow on magnetic leakage flux test
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Fig. 3 Presentation of ultrasonic scope
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Fig. 5 An example of B scope projection {Scan mode: 8 bit
groop, 1 bit shift)

Table 1 Specifications of linear array probe

5C2-161 J-128 ch
Lead titanate

Type

Sensor material

Sensor dimensions

Elements

256 mm length x 16 mm width
128 bit
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Vibration- e ; o bit -
Lens , } * Lens
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Fig. 4 Testing principle by linear array probe
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Lens material Poiyether resin

Focal distance 60 mm in water
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Fig. 6 Distribution of sensitivity and phase between sliced
elements
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Fig. 8 Ultrasonic sound field distribution by phased array method
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Table 2 Conditions of inspection

Material Seamless tube
60.3~193.7 mm
3.0~320 mm

240 mm/rev max.

QOutside diameter
Wall thickness
Distance of scew

Rotating speed 1 500 mm/s max.

Table 3 Specifications of outline tester

Frequency of sensor 5 MHz
Channels of sensor 128 channel
Repeat frequency 18 kHz max.

More than 30dB

8 elements at the same time

Amplifier gain
Driven element

Delay time between each

elements

Duration of scan

Display and presentations

0~300 ns
From I to 4 elements

Recorder and cross section
profile display

w61

Rotating directiqn

\ {1 mis)

. Traveling direction (240 mm/rev)
N N,
. Ultrasonic

\
N, .
By beam trace
\ \

\‘
3 Y
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Linear array probe

Water tub

2

Fig. 9 Schematic structure of on-line apparatus
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Rotating velocity : Viev=1000 mm/s
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Fig. 10 Relationship between repeat frequency and duration
of scan
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Defect: Necking defect (410 m X 2 mm depth)
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Fig. 11 An example of on-line detection result of necking
defect of 13 Cr stainless steel pipe
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