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Development of Round Bar Inspection by Phased Array Ultrasonic
Techniques

Daisuke Mori and Kenichi Kaneshige

Synopsis

Various nondestructive testing techniques have been applied to steel products in manufacturing processes. Ultrasonic
inspection is an important method to evaluate inclusions in round bars. The phased array ultrasonic technology allows electronic
scanning, which is typically an order of 3 to 10 times faster than conventional raster scanning. And the small wave fronts can
be time-delayed and synchronized for phase and amplitude, in such a way as to create an ultrasonic focused beam with steering
capability. This is why inspection of the high-speed and high discrimination capability is enabled. This paper describes results of
development of phased array ultrasonic technology for round bars.

(1) Development of curved phased array probe.

(2) Determination of inspection scanning pitch.

(3) Development of position aberration prevention equipment.

(4) Sensitivity correction of circumference direction.

(5) Defect discrimination method of between surface and under surface.
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Table 1. Inspection target.

Item

Object and Target

Detction

FBH(Flat Bottom Hole): 1.5
Signal/Noise=6

Repeatability

+1dB (at the time of a dynamic test)

Object material

Configuration:round bars
Surface:black bar

Diameter
Length

Diameter ¢ 20~65mm==1mm
Length2 ~6m

Inspection field

100% volume inspection
(Inspection with Longitudinal and Shear Waves)

Inspection velocity

200mm/sec.
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Fig. 4. Reflecting power of FBH vs. SDH.
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Table 2. Simulation results of inspection speed.

Inspection velocity(mm/sec.)
Inspection method | UT Beam steering velocity ratio
Round bar Round bar Round bar
Dia.20mm Dia.40mm Dia.60mm
Volume Focus | Electronic scan 242.8 150.9 102.2 x10
Phased Array Electronic scan 994 50.6 342 X3~4
Conventional UT .
(Routation scan) Mechanical 250 124 15 1
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Fig. 5. Components of test equipment.
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Table 3. Specification of array probe made as
experiment.
Item Target
Form Curved concave array

Center frequency (—6dB) TMHz+=10%

Acoustical impedance matching water (1.5 MRayl)

Pulse duration (-20dB) =450 ns

Number of elements 128ch

0.5mm(small size) ,

El it itch .
ISR (e 0.6mm(large size)

37.5mm(small size) ,
62.5mm(large size)

Mechanical focusing
(Radius of curvature)

15 mm

Width of elements

Elementary pitCE / Width of

elements

Number of
elements -
@
@
-

Individual =

elements Radius of curvature

Fig. 6. Explanation of circle array probe.
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Fig. 8. Theory for deciding water path.
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Fig. 16. Circumferential direction range of longitudinal and shear wave and example of oscilloscope waveform.
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Fig. 18. Presumption of propagation path of under

surface defect and surface defect.
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