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Abstract. Ultrasonic testing is performed for welds of the reactor vessel and pipes, 
etc. as an in-service inspection in nuclear power plants.  
 Complex configurations and the possible occurrence of acoustic anisotropy in a 
dissimilar metal weld with Ni-based alloy in a nozzle of a reactor vessel and the main 
coolant pipe made of cast stainless steel necessitate that the inspection techniques be 
advanced and the inspectors be experienced. Many kinds of techniques have been 
developed including those that use a large aperture focused transducer and a phased 
array. The UT method applied to an ISI in NPPs is a pulse echo technique to detect an 
acoustic discontinuity. 
 The fitness rule for NPPs requires sizing of flaws (cracks) with high accuracy to 
evaluate structural integrity in NPPs. A tip echo method with the pulse echo technique 
is applied for depth sizing of the detected crack. It is difficult to distinguish the tip 
echo from the other noise echoes in the weld mentioned above and to detect a closed 
crack in an acoustic continuous condition with contact of crack surfaces despite 
material discontinuity. 
 The incident wave changes the contact condition of the crack surfaces causing 
distortion of the wave form. This wave form distortion generates a high harmonic 
wave with a frequency that is a multiple of the incident frequency. Therefore it is 
expected that the crack surface, which cannot be visualized by a conventional pulse 
echo method, can be visualized by the higher harmonic wave. 
 In this paper, we report the test results obtained using the higher harmonic 
ultrasonic wave method to detect, visualize and measure cracks, specifically caused 
by stress corrosion cracking (SCC) in the DMW and fatigue cracks in the CASS. 

1. Introduction  

The fitness rule for NPPs requires sizing of flaws (cracks) with high accuracy to evaluate 
structural integrity in NPPs.  

A tip echo method with the pulse echo technique as conventional method for an ISI in 
NPPs, is applied for depth sizing of the detected flaw. It is difficult to distinguish the tip 
echo from the other noise echoes the possible occurrence of acoustic anisotropy in a 
dissimilar metal weld with Ni-based alloy in a nozzle of a reactor vessel and the main 
coolant pipe made of cast stainless steel. 
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Many kinds of techniques have been developed including those that use a large aperture 
focused transducer1) and a phased array method2). These advanced UT method are based on 
a pulse echo technique to detect an acoustic discontinuity. 

It is desirable and practical to apply various methods based on different principles to 
evaluate the flaw depth. 

The incident wave changes the contact condition of the crack surfaces causing distortion 
of the wave form. This wave form distortion generates a high harmonic wave with a 
frequency that is a multiple of the incident frequency. Therefore it is expected that the crack 
surface, which cannot be visualized by a conventional pulse echo method, can be visualized 
by the higher harmonic wave3). 
 The authors try to test applicability of the higher harmonic wave method to NPPs as one of 
the most useful and promising methods. 

In this paper, we report the test results obtained using the high harmonic ultrasonic wave 
method to detect, visualize and measure cracks, specifically caused by stress corrosion 
cracking (SCC) in the DMW and fatigue cracks in the CASS. 
 

2. Test method 

2.1 Specimens  

Figure 1 shows a Ni-based alloy weld specimen.  This specimen simulated the weld on a 
nozzle (943mm OD, 77.5mmt) of an actual reactor vessel. The nozzle was made of carbon 
steel as the nozzle and it had stainless steel as a safe-end. The two SCC were manufactured 
perpendicular to the nozzle weld line on the inner surface of the nozzle. The targets 
manufactured size of the SCC were 5mm and 10mm depth. 

Figure 2 shows a example of cast stainless steel specimen. The specimen was a block 
made from a centrifugal cast stainless steel pipe (69mmt) and the fatigue crack was 
manufactured on the inner surface of the pipe. The target depths of the fatigue cracks were 10, 
20, 30, and 50% of the specimen thickness. 

2.2 Measurement system  

Figure 3 shows a schematic diagram of the testing system. We used a large amplitude 
continuous sine wave signal generator (RPR-4000, RITEC). We could sample a high 
harmonic wave arbitrarily by selection of a suitable cut-off frequency on the high-pass filter 
for the signal received by the transducer. 

We visualized the cracks by normal incidence from the specimen inner surface and 
the angle beam incidence from the specimen outer surface using the immersion technique. 
 



3 

  
Fig. 1. Ni-Based alloy weld specimen 

 
 

 
Fig.2 Cast stainless steel specimen 

 
 

 
Fig.3 Immersion higher harmonic imaging system 
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3. Test results 

3.1 Ni-based alloy weld specimen 

Figure 4 and 5 show examples of images from the crack side (vessel nozzle inner surface) for 
the SCC.  

We used the following conditions: 5MHz frequency, 9.6mm diameter element, 
51mm focus length transducer with 194V applied voltage, 5MHz-2cycle sine wave by 
normal incidence, and the received echo with 10MHz high-pass filter.  

We could detect the SCC on the C-scope image clearly and we also recognized the 
surface of the SCC in the direction of the depth clearly on the B-scope images. We measured 
a depth of 4.2mm and 4.1mm from the B-scope image for the small and large SCC. 
 
 

 
Fig.4 Scan image of small SCC  in the Ni-based alloy weld specimen 
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Fig.5 Scan image of large SCC  in the Ni-based alloy weld specimen 
 

3.2 Cast stainless steel specimen 

Figure 6 and 7 show examples of images from the crack side (pipe inner surface) for the 
fatigue crack of 10% and 50% thickness depth.  

We used the following conditions: 2.25MHz frequency, 25mm diameter element, 
152mm focus length transducer with 240V applied voltage, 2MHz-3cycle sine wave by angle 
incidence of 10 degrees, and the received echo with 4MHz high-pass filter.  

On the B-scope image, the surface (thickness direction) was drawn with an angle due 
to drawing the vertical direction in the direction of the angle beam path.  

We could detect the fatigue crack on the C-scope image clearly and we could also 
recognize the surface of the SCC in the direction of the depth clearly on the B-scope images. 
We measured a depth of 31mm from the B-scope image for the for the fatigue crack of 50％ 
thickness depth. 
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Fig.6 Scan image of fatigue crack 10%t in the cast stainless steel specimen 

 
 

 
 

Fig.7 Scan image of fatigue crack 50%t in the cast stainless steel specimen 
 

4. Conclusion 

We visualized the flaws (cracks) in the Ni-based alloy weld and cast stainless steel 
specimens by a higher harmonic ultrasonic method. We could detect the flaws on the images 
and measure their depth with good accuracy. In particular, recognition of the flaw and its 
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surface on the image is a distinctive feature of the higher harmonic method, and something 
that the pulse echo method does not have.  

Next, we are going to evaluate testing conditions and the procedure to apply the higher 
harmonic ultrasonic method in the field. 
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