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Abstract 

I will present some topics in ultrasonic measurement techniques in Japan, especially related to the 
academic activities of JSNDI. First topics is about phased array technique of sound field distribution 
and inspection image due to the experimental conditions. Highly reliable large-scale commercial FEM 
analysis code was applied to investigate for some measurement conditions as the results of the 
activities of a Committee in JSNDI. Second one is about guided wave investigations for inspection of 
the pipe elbows. Simulations and experiment were compared about the frequency dependence to find 
the effective inspection procedures in pipe elbow. Last one is about nonlinear ultrasound inspection 
techniques mainly by subharmonic imaging for the industrial structures improving the S/N ratio of 
defect echoes. As a forum for these discussion by researchers and engineers, academic activities of 
JSNDI contributes to the progress of nondestructive inspection technology. 
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1  Introduction 

The Japanese Society of Nondestructive Inspection (JSNDI) has high activities in the academic 

department relate to certification and education in the field of non-destructive inspection in Japan.              

In this study, I would like to introduce some topics carried out in each academic group of JSNDI 

especially about ultrasound. The academic 

organization of the JSNDI is shown in Fig.1 

[1].  Now we have 12 departments and 3 

research groups according to the 

measurement method or applied product.  

In this report, I will present some ultrasonic 

topics of guided wave, phased array, and 

nonlinear ultrasound which related to the 

Research Committee on Ultrasonic testing 

and Research Committee on Nonlinear 

Phenomena. In this presentation, I focused 

on following three topics related to above academic activities in JSNDI. 

2   Guided Wave                                                                                                                     

Guided waves have been expected as a long distance inspection screening method for large structures. 
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Fig. 1  Academic Affairs Division of JSNDI

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
28

1



15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore. 

 [Insert Assigned Paper Reference]  2 

However, since guided wave propagation behaviors are complicate comparing with the one of 

conventional ultrasonic measurements, we must 

select adequate propagation modes for the target 

defect of the structures and prepare the efficient 

measurement systems. In the measurement of 

piping, basic propagation mode of guided wave 

for straight pipe have been used for industrial 

inspection. However in case of curved pipe 

inspection, since the guided wave propagation 

behavior becomes more complicate and 

industrial use of guided wave consider to be 

difficult. Prof. H. Nishino of Tokushima 

University had been studied the details of guided wave propagation behavior of curved pipe structure 

experimentally. On the other hand, Dr. T. Furukawa of JAPEIC have been simulated the ultrasonic 

propagation using highly accurate Finite Element Method code to investigate the industrial ultrasonic 

flaw detection mainly for nuclear power generation structures. Both groups began to collaborate in 

JSNDI's guided wave research committee and accurate simulations using FEM code for curved pipe 

structures were applied and the analytical results were compared with experimental data. Their model 

of curved pipe structure is shown in Fig.2. The guided waves propagation amplitudes of 12 positions 

in curved section (elbow) were investigated considering the detection of defect on 12 positions. The 

amplitude distributions of transmitted guided waves depending on applied wave frequencies were 

shown in Fig.3. In case of 50 KHz, the energy of guided wave concentrates to the outer neck of the 

pipe as shown in Fig. 3, whereas the energy of guided wave concentrates to inner neck of pipe in case 

of 30 kHz transmission. Considering this analysis, they measured transmitted amplitudes of guided 

wave around the elbow of the specimen for above mentioned 12 positions experimentally. Measured 

normalized amplitude distribution for each elbow position was shown in Fig.4 and these results were 

compared with the analysis [2]. The experimental results agreed well to the analysis in Fig.3. As a 

result, for the inspection of curved pipe surface with unknown defects using guided wave, a stable 

Mag.

Fig.2 Guided wave measurement for Pipe elbows

Fig.3 Guided wave propagation amplitudes

Directly from transmitter 

to receiver

Around the 

elbow

The lower end of the 

piping specimen

Typical waveform for a pipe without defect

Fig.4 Experimental amplitude of guided wave at elbows
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amplitude guided wave transmission can be possible by combining the measurements of 30 KHz and 

50 KHz in frequency. 

3. Phased Array  

Ultrasonic Phased Array measurement became one of the most reliable industrial inspection 

method especially for nuclear power generation field in Japan as well and farther use for pipeline 

structures have been spread in Europe and the United States[3]. Now in Japan, NDIS (Standard of 

JSNDI) of "ultrasonic phased array words and terms" and "general rule of ultrasonic phased array 

testing method" relating to phased array technique have been proceeded. In addition, we have 

discused about academic problems of phased array, various informations about phased array and new 

industrial uses of phased array in the Ultrasonic Phased Array Inspection Research Committee 

(present chairperson is T. Mihara) in JSNDI. The phased array techniques apt to be a black box 

because precise acoustic image can be obtained easily without knowing the RF signal information. As 

the counterplane of these problems, we made following virtual experiments using commercial finite 

element method for accurate ultrasound transmission as a working group in this committee. 

Considering the several industrial applications, basic 

analysis models of 2 to 5 MHz for frequency, two-

dimensional array and two-dimensional analysis were 

chosen. Table 1 shows the specifications of the 

phased array and Table 2 shows the elastic parameters 

of the materials of steel. As the first analysis, Fig. 5 

shows the incident sound fields due to the controls of 

deflection angle and the focal length. Maximum 

amplitude of transmitting wave for each propagation 

time of the analyses were traced in Fig. 5. Although the transmission sound field was approximately 

controlled under any conditions, the central axis sound pressure clearly droped due to the interference 

at the condition of deflection angle of 0 degrees and the focal length of 10 mm. Regarding the focal 

length of 40 mm, focal length were clearly small comparing to 40mm, and the incident angle was 

shifted in the shallow direction of 60 degrees angled. These transmission behavior using phased arrays 

has already been reported in many academic papers, but we believe that this types of systematic wide-

range consideration for phased array and the visualized expressions of the results will still be required 

now. 
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Fig.5  Sound fields profiles for Phased Array
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As the second analysis, the influence on B-can defects image 

by the sector scan using the lateral holes specimen (ASTM 

E2491-08) as shown in Fig.6. B-scan image parameters here 

were shown in Table 3. B-scan images for the drill holes 

specimen at focal lengths of 10 mm and 40 mm were shown in 

Fig. 7. In the image of 10 mm focal length, the acoustic defects 

image spreaded and the amplitude became weak for deeper 

lateral holes, and it became difficult to identify the defect 

position. On the other hand, at a focal length of 40 mm, 

although the amplitude decreased in deeper holes, distinct 

defects image were obtained enough to identify the defect. 

These corresponded to the ultrasonic wave transmissions of 

the the focal length of 10 mm and 40 mm in the 

far sound field as shown in Fig. 5. As the last 

analysis were for phased array images of 

anisotropic materials. The industrial delay laws 

used to control the phase of phased array 

ultrasound imaging were all have been applied as 

an isotropic homogeneous material. However, 

since many industrial materials have some 

anisotropy due to rolling process etc., the detected flaw image by 

phased array might be distorted. Rolled steel was simulated with the 

elastic constant in Table 4[4] as a sample and applied to the lateral 

holes specimen model (according to ASTM E 2491 - 08) as shown in 

Fig. 6. Two types of anisotropic materials were considered for analysis 

with the velocity ratio of rolling direction and perpendicular to the 

rolling direction of 3% and 5%.  The analysis area was set to be able to 

measure the five lateral holes, and the transverse wave center 

refraction angle was 39 degree, using a phased array transducer with 

32 elements, a pitch of 0.5 mm, an element width of 0.4 mm, a 

transmission 

frequency of 5 MHz. 

Echoes from the side 

holes were imaged 

by phased array 

sector scan.  

Sector Scan

Absorption area

°

Fig.6 Drill hole specimen model

膅ａ䐢 Focal length 10mm (b) Focal length 40mm

Fig.7 B-Scope images of drill hole defects

 

Table 4. Anisotropic parameter  

V ratio 3% 5% 

Elastic 
Constant 
[GPa] 

C11 277.2 276.1 

C22 281.7 282.5 

C33 278.6 272.2 

C44 82.7 80.7 

C55 87.7 88.8 

C66 81.5 80.3 

C12 115.4 117.2 

C13 115.4 117.2 

C23 112.0 110.8 

Density 
×103[kg/m3] 

7.8 7.8 

 

 

 

 V ratio 3% 5% 

Velocity 
[m/s] 

Vertical 3377 3396 

45directi
on 

3245 3191 

 

Rolling direction Rolling direction

b) anisotropy 3% c) anisotropy 5% a) isotropic

Fig.8 Phased array image due to anisotropy
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Isotropic material with velocity of 3280 m/s was also analysed and accurate holes position can be 

obtained by acoustic image without error. On the other hand, flaw images of the anisotropic specimen 

were shown in Fig. 8 (b) and (c).Errors in flaw position were increase according to anisotropy in 

velocity, and obtained holes image gradually deviated to left side depending on holes depth.  We 

consider that above analytical results are useful for engineer to use industrial phased array and to 

estimate the defects quantatively.  Thus we plan to make a data base of industrial phased array image 

depending on the sevral structures, materials and applied acoustic parameter and so on.  

4.  Non-linear Ultrasound (Subharmonic wave) 

 Research group on non-linear phenomena 

in JSNDI have been studied mainly on 

non-linear ultrasound consists of 

superharmonics and subharmonics. Though 

the researchs on superharmonic and 

subharmonic wave researchs have been 

studied mainly as an academic interest [5], 

both methods still have several problems 

with regard to industrial application. The 

author has been investigated subharmonic 

wave inspection researchs and part of them 

was related to the research group of JSNDI. 

Although all crack tip detections using 

conventional ultrasonic inspection methods 

are almost accurate, some crack tips are sometimes difficult to detect because of lower signal to noise 

ratio (S/N ratio) of the crack tip diffraction echo.  Cause of the problem lelate to the crack closure or 

ultrasonic scattering noise from microstructures. In these cases, an nonlinear ultrasound techniques 

have been expected as a new inspection technique and we already developed the Subharmonic Phased 

Array for Crack Evaluation (SPACE) system [6] as shown in Fig. 9. Example of an advantage of 

SPACE measurement for closed fatigue crack inspection in aluminum alloy was shown in Fig.10.  

Left figure was the convensional linear acoustic image. Crack tip cannot detect due to the crack 

closure as 

shown in 

right optical 

microscope 

image and 

Fig.9  Fundamental setup of SPACE
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Fig 11 Advantage of higher amplitude ultrasonic for subrharmonic crack image 
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subharmonic image of center figure can clearly detect the crack tip. After the applying the SPACE to 

several industrial fatigue cracks and stress corrosion cracks only a few cracks were effective in crack 

tip detection comparing to the conventional linear ultrasonic inspection. We also demonstrated that 

larger amplitude ultrasound apt to be generated a subharmonic ultrasound in industrial crack 

inspection. To spread the applicable limitation to generate subharmonic ultrasound for many industrial 

cracks using SPACE, we considered that larger amplitude ultrasonic incident to a crack to arise a 

clapping in a crack surface must be required. We developed a large displacement ultrasonic 

transmission system to exceed the maximum transmission ultrasonic displacement of 30 nm on the 

crack surface. The advantages of developed larger amplitude SPACE were demonstrated in Fig.11 [7].  

Even in the case of cracks in which conventional SPACE was not effective in the center figure at the 

maximum incident displacement up to 30nm, larger amplitude ultrasound incident of 70nm ultrasound 

generate a subharmonic wave as shown in right figure.  By using this systems much more number of 

industrial crack tip become clear using SPACE. 
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