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Development of the advanced phased array UT technique for accurate sizing of cracks in the nozzle
welding
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Recently, preventive maintenance tasks for welding of safe-end nozzles of reactor vessels and steam generators of
PWRs in Japan had been carried out sequentially. Before the maintenance tasks, inspection services were carried out
and several crack indications were found by eddy current testing (ECT). These indications were found in the welding
which made by 600 series nickel base alloy and evaluated as stress corrosion cracks which were oriented to the axial
direction of the nozzle. Then investigations to evaluate the depth of cracks were carried out by ultrasonic testing
(UT) from inner surface of the nozzles. However they were difficult to evaluate the depth of cracks due to the high
attenuation of the ultrasonic propagation caused by large grain structure of welding. And also it was required high
resolution near surface region for accurate sizing. Therefore development of advanced phased array UT techniques
specialized for the sizing at this portion was carried out. This paper reports the development status and verification
test results, Firstly simulations of the ultrasonic propagation in the welding were carried out to optimize beam
profiles of phased array probes. Next prototype probes were manufactured and verification tests were conducted o
evaluate the accuracy of depth sizing. It is shown that the developed techniques have high sizing accuracy for
artificial stress corrosion cracks in the welding.

Keywords: Ultrasonic Testing, Dissimilar Metal Welding, UT Sizing, Phased Array, Matrix Phased Array
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Fig.2 Actual defect profile of Reactor Vessel
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Table1 Probe Specification (for shallow Defect)

Type TRLPA
Probe Size 20X 15725
Probe View

Circular type

Rectangular type

Fig.3 Simulation Model and Result of
TRL Matrix PA

Table2 Probe Specification for Deep Defect

Circular Type Rectangular Type
(Old Model) (New Model)
Type TRL Matrix PA TRL Matrix PA
Probe Size $66%80 60xX47x50
Probe View
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Fig.5-1 Test result for shallow SCC
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Fig.5-2 Test result for Middle Depth SCC
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