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Development of the Phased Array Ultrasonic Testing Technique for
Nuclear Power Plant's Small Bore Piping Socket Weld
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Abstract Failure of small bore piping welds is a recurring problem at nuclear power plants. And the socket weld
cracking in small bore piping has caused unplanned plant shutdowns for repair and high economic impact on the
plants. Consequently, early crack detection, including the detection of manufacturing defects, is of the utmost
importance. Until now, the surface inspection methods has been applied according to ASME Section XI
requirements. But the ultrasonic inspection as a volumetric method is also applying to enforce the inspection
requirement. However, the conventional manual ultrasonic inspection techniques are used to detect service induced
fatigue cracks. And there was uncertainty on manual ultrasonic inspection because of limited access to the welds
and difficulties with contact between the ultrasonic probe and the OD(outer diameter) surface of small bore piping.
In this study, phased array ultrasonic inspection technique is applied to increase inspection speed and reliability. To
achieve this object, the 3.5 MHz phased array ultrasonic transducer are designed and fabricated. The manually
encoded scanner was also developed to enhance contact conditions and maintain constant signal quality.
Additionally inspection system is configured and inspection procedure is developed.
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Fig. 2 Directivity plot for steering angles at 0.4 mm
pitch and 40 mm depth focus from front of
elements

Fig. 3 The 3D modelling of probe and wedge for
phased array ultrasonic beam field computation
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Fig. 4 The beam computation results from designed
phased array probe and wedge

Fig. 5 The 3D modelling for phased array ultrasonic
flaw response computation
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(a) Sectorial scan

(b) C-scan

Fig. 6 The flaw response modelling result for 25.4 mm
OD socket weld pipe

Table 1 Specification of phased array ultrasonic

transducer
Parameter Design Value
Frequency 3.5 MHz
No. of elements in primary axis 16
Primary axis pitch 0.4 mm
Inter element spacing 0.05 mm
Width of element 7.0 mm
Total active length 9.5 mm

Table 2 Specification of wedge for phased array
ultrasonic transducer

Parameter Design Value
Wedge angle 35°
Wedge length 18 mm

Roof angle 0°
Wedge width 11 mm

Wedge sound velocity 2,337 mls

Contour 12.7 mm
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Fig. 7 Hand driving manual encoded scanner for
small bore socket weld piping
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Fig. 8 Detail information of EDM flawed specimen

Fig. 9 Design drawing of 3/4" flawed socket weld
specimen

Fig. 10 Photo of manufactured flawed socket weld
specimens

Table 3 Detail information of the flaws contained
flawed specimens

No | Orient. Flaw Flaw Size(mm)
TYPe || ength | Depth | % Depth

1 Circ. Crack 5.91 1.85 47

2 Circ. VLOF 7.79 2.05 53

3 Circ. Crack 8.22 0.71 18

4 Circ. VLOF 16.84 2.00 36

5 Circ. Crack 1054 | 231 42

6 Circ. HLOF 14.73 3.81 69
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Table 4 Experimental parameters

Parameter Setting
Gain 40 dB
Digitizing frequency 50 MHz
Inspection mode Pulse-echo
Steering angle 35°~80°
Angle resolution 1°
Voltage 80 V
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Fig. 14 Experimental results for EDM flawed specimen
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Table 5 EDM notch depth sizing evaluation results

(unit: mm)
No Ci'r(':. Actual(mm) Measured(mm)
Position | ength | Depth | Length | Depth
1 0° 7.0 3.81 7.4 3.6
2 90° 7.0 3.05 7.0 31
3 180° 3.0 2.03 35 1.9
4 270° 2.0 1.75 3.0 1.6

Fig. 15 Signal analysis result of 3/4" socket weld
flawed specimen

Fig. 16 Signal analysis result of 2" socket weld
flawed specimen

Table 6 Thermal fatigue crack length sizing evaluation
results(unit : mm)

No Type Actual Measured Error
#1 Crack 5.91 5.5 0.41
#2 VLOF 7.79 6.7 1.09
#3 Crack 8.22 6.0 2.22
#4 VLOF 16.84 17.0 -0.16
#5 Crack 10.54 12.0 -1.46
#6 HLOF 14.73 14.0 0.73
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