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1. INTRODUCTION 
 
The safety diagnosis of nuclear power plants is always interested and the development of safety 
diagnostic techniques has been developed by many researchers and engineers. (Cheng et al, 2004) (Lee et 
al, 2016, 2017) In the case of nuclear reactors, ultrasonic inspection for conventional local inspection has 
been applied. (Yamamoto, 1992) (Savall et al, 1999) (Luk et al, 2006) The advanced phased array 
ultrasonic flaw detection techniques have been developed techniques in local. However, it is difficult to 
carry out regular inspection in case of a technique for inspecting the inside of the reactor where the access 
is limited. In addition, it takes a long time to diagnose after occurrence of a defect, which is a great risk of 
an accident. This problem can be solved by using interface wave which is one kind of guided ultrasonic 
waves. Interface waves are characterized by a wide range of diagnostic fields in materials of different 
boundary conditions. In this study, the ultrasonic characteristics propagating from the outside through the 
reactor and propagating along the nozzle is used for the diagnosis. Also, the defect of the weld was 
diagnosed by using the interface wave propagating along the interface between the CRDM(Control Rod 
Drive Mechanism) nozzle and the reactor upper head. 
 
  

 
 

Figure 1.  A schematic of nuclear reactor vessel head weld 
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2. INTERFACE WAVE 

 
Surface waves are guided ultrasonic waves that propagate along the surface in semi-infinite bodies. The 
interface waves applied in this study are characterized by propagating the characteristics of different 
material. We have applied an external reactor vessel and internal CRDM nozzle to Stainless steel 316, 
taking into account physical properties similar to actual nozzle. The displacement and stress of the 
interface wave are defined as Eqs. (1) and (2).  
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By applying the continuous of displacement and stress at the interface between two materials as the 
boundary condition, the displacement distribution in the thickness direction can be calculated. Figure 2 is 
a schematic representation of the propagation of the interface wave. (Rose, 1999) 
 
 

 
Figure 2. Interface wave propagation 

 
 

 
3. DEFECT LOCATION AND SIZING IN THE NOZZLE WELD 
 
The specimen used in this study is a cylindrical shrink fitted pipes. Figure 3 shows the experimental setup 
used in this experiment. A 1.0 MHz transducer is used for the excitation frequency and a specially 
designed transducer wedge is used in this experiment. The wedge is designed to easily collect signals by 
fabricating a contact surface with a curved surface, which is useful for diagnosing defects in a cylindrical 
structure. The excited guided ultrasonic wave propagates and received by transducer and some signal is 
reflected off the edge of the nozzle. It can be confirmed that the guided ultrasonic waves propagate 
sufficiently and signal attenuation is confirmed at the welded part. 
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Figure 3. Experimental setup for interface wave inspection for shrink fit structure 
 
 
4. NUMERICAL ANALYSIS OF CRDM NOZZLE 
 
Finite element model is carried out to analyse the shape of interface wave propagation for CRDM nozzle 
weld diagnosis. We conducted an analysis study using commercial software ABAQUS CAE 6.12. Table 1 
and 2 shows the material properties and the analysis condition used to model the nozzle and upper head. 
 
 

Table 1: Material properties of stainless steel 316 
 

Material  Stainless steel 316 

Density 7990 kg/m3 

Young’s modulus 193 GPa 

Poisson’s ratio 0.25 

 
Table 2: Analysis condition of numerical model 

 

Frequency 1.0 MHz 

Wavelength 0.0027 m 

Mesh size 0.00027 m 

Element type 
CPE4R 

(plane strain condition) 

 
 
For the accuracy of the analysis, a cross sectional shape was implemented as a 2-D model. The numerical 
model was composed of three parts in total. CRDM nozzle, upper head and welded part respectively. The 
boundary condition was set to the same condition as the actual specimen. For precise analysis, the 
conditions were applied considering the wavelength. The defect model is shown in Figure 4.  
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(a) (b) 

 
(c)  (d) 

 
Figure 4. Defect part of CRDM nozzle numerical analysis model : (a) Nondefect, (b) Defect #1,  

(c) Defect #2, (d) Defect #3, #4 
 
5. COMPARISON OF FE ANALYSIS AND EXPERIMENT 
 
The numerical analysis results for the CRDM nozzle weld diagnosis were compared with those of actual 
specimens. In case of non defect, it is confirmed that the amplitude of the signal reflected from the upper 
head edge and the section where welding starts is relatively large. Figure 5 is compares the experimental 
and numerical results. The positions of the defects can be accurately grasped by comparing the positions 
of the reflection signals generated by the defects. 
 

 
(a)                                                                (b) 

Figure 5. Compare result data : (a) Numerical results , (b) Experimental results 
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6. CONCLUSION 
 
The welds of the CRDM nozzle is inspected using guided ultrasonic waves. The existence on the shrink 
fit nozzle stuructures are investigated by numerically and experimentally. So, numerical and experimental 
results show good agreement. This results show the possibility of the shrink fitted nozzle weld inspection 
by interface wave. 
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