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ABSTRACT 
This study aims to measure the inner surface roughness of pipes. A proposed method separates the reflected wave to 
multiple waves with different企equenciesby bandpass filters. Then, th巴methodcalculates multiple attenuation variabl巴S
from the waves. This paper compares experimental attenuation variables with theoretical curves to confirm the potential 

of the separation method. 

1. Introduction 
A piping network in nuclear power plants is one of the 

important components to maintain the health of the plant. 
Corrosion in the pipe causes a severe accid巴ntsuch as the 
burst of the pipe. Hence, measurement devic巴sshould 
monitor and detect corrosion. In corrosion monitoring, 
inspectors mainly measure the pipe wall thickness. 
However, the inner surface of th巴pipeis not smooth and 
has roughness. Poulson review巴dthe development of 
roughness due to flow accelerat怠dcorrosion (F AC) and 
its effect on mass transfer [l]. Kain reviewed the forms 
and mechanisms of FAC [2]. From these reports, 
thickness measurem巴ntis not enough to monitor the 
partial d巴gradationof the pipe. The monitoring of both 
the thickn巴ss and roughness seems effective for 
evaluation of the pipe. 

An inspector measur回 pipe-wallthickness by an 
ultrasonic transducer. The pulse-echo method determines 
the thickn巴ssfrom the time of flight of the ultrasonic 
wav巴 andits velocity. On the other hand, Nagy et al. 
derived an attenuation equation of reflect巴d and 
transmitted ultrasonic waves due to the rough surface [3]. 
Ogilvy modeled a reflected wave from rough defects 
inner an object [4]. These mod巴lsindicate that the back 
surface roughness of the pipe can be measur巴dfrom the 
reflected ultrasonic wave in theory. A practical 
measurement method is required to measure the 

roughness of pipes in an inspection. 
This study proposes a measurement method of the 

inner surface roughness of pipes. The proposed method 
separates the reflected wave to multiple waves with 
different frequencies by bandpass filters. The method 
calculates multiple roughnesses from the waves and 

finally averages them. This paper compares experimental 
attenuation variables with theoretical curves. 

2. Method 
We consider a reflection of an ultrasonic wave and 

assume that the back surface is rough. The rough back 
surface sca仕巴rsthe ultrasonic wave as shown in Fig. l. In 
a general manner, we will assume that the attenuation is 
given by a decreasing exponential law as follows: 

r = roe-f(h) 、‘．‘
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Fig. 1 Transmitted wave and reflected wave from 
rough back surface. 
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where r0 and r are the amplitud巴 reflection
coe首icients at the flat and rough back surfac巴s,

respectively, and f (h) is an attenuation function to be 
det怠rminedin relation with the roughness parameter h. 
h is a root-mean-squared value of the surface. 

Let us consider the reflections at the flat and rough 
back surfaces. The flat back sample is for the reference 
sample. Ifwe obtain the first and second reflections from 
the back surface, the following equation is derived [5]. 

(2) 

where RJst, R5nd, R15t and R2nd are the first and 

second reflections企omthe flat and rough back surfaces, 

respectively. Hence, we define an attenuation variable: 

{3 = l倒＝ -f(h). 

In regard to the attenuation function f (h), Nagy et al; ・ 

derived the following equation [3]. 

f(h) = 2k2h2, (4）ふ

wher巴 kis the wav巴numberof the ultrasonic wave. The 
frequency and velocity of the ultrasonic wave determi回

the wav巴number.The山 rasor山 velocitydepe山 ont~1 
material of the pipe. If a probe transmits an ultrasom 
wave with a well-focused企巴quency,we might obtain th 
roughness with high accuracy based on the equation ( 4} 

po 
q
J
 

つ臼



；〕~.r
 

AA
山口
υ

川

1
げ
川
口
V

U
H
H
H
H
H
V
 

l
N
I
M
M
I
 

t
i

－－－円十
ii・1
0 0.5 旬、5 2 

T師、aSχ106  

(a) Echo from flat surface. (b) FFT spectrum. 
Fig. 2 Typical experimental data ofreflected wave. 
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Fig. 3 Schematic of roughness measurement method. 

However, an ultrasonic probe generally has a frequency 
band of a specific width. For example, Fig. 2 (a) and (b) 
show a typical echo from a flat back surface and its 
frequency spectrum by a fast Fourier transformation, 
respectively. Although the ultrasonic wave is excited by a 
5-MHz probe, Fig. 2 (b) has a bandwidth in frequency. 
Hence, the ultrasonic wave includes waves with different 
frequenci巴s.This result is not along with the assumption 
which the ultrasonic has a specific frequency shown in 
equation (4). 

To obtain an ultrasonic wave with a well-focused 
frequency, we separate measurement data into a set of 
filtered data by bandpass filters (BPFs). A schematic of 
this separation shows in Fig. 3. The BPFs separate the 
measurement data into three data with differ巴nt
frequencies. The separated data determine the amplitudes 
of the first and second echoes企oma rough back surface. 
The parameter f3 is calculated based on them and the 
amplitudes of a flat back surface. Finally, a set of f3 

determines the roughness parameter五．

3. Results and Discussion 
The experimental instrument was composed of a 

pulser-receiver device (JPR-600C, Japan Probe Co. LTD) 
and an L-wave probe (SCION, 5 MHz, Japan Probe Co. 
LTD). Specimens were three carbon steel blocks which 
had 20 mm in thickness and an area of 40×40 mm2. One 
for reference data had flat surfaces. The other specimens 
were given two sets of different periodic flaws, 
simulating roughness, on one side by a machining proc巴SS.

In experiments, we obtained echo signals from the flat 
and rough back surfaces. The bandpass filters (MATLAB 
R2018a, The MathWorks, Inc.) separated the 
巴xperimentaldata into three data with central企equencies
of 4.5, 5.0 and 5.5 MHz. We determined the amplitudes 
of the first and second echoes of the separated data and 
calculated the attenuation variable P from them. Fig. 4 
shows the relationship between p and the attenuation 
function expr巴ssedby equation (4). 
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(a)4.5 MHz. (b) 5.0 MHz. 
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Fig. 4 Experimental d且taand theoretical curve. 

In Fig. 4, th巴 4.5-MHzdata were not sensitive to 
roughness and the 5.0・MHzdata were very sensitive. The 
5.5-MHz data were close to the theoretical curve. The one 
S巴tof measurement data generated the three data sets. 
However, their tendencies were di託erent.These results 
implied that the separated data might includ巴individual
information regarding the back surface・ based on their 
frequencies. In this experiment, a narrow band probe of 5 
MHz obtained the first and s巴condechoes. If a broadband 
probe obtains data, it is possible to apply bandpass filters 
with a wide range and to make many separated data. 

4. Concluding Remarks 
This paper proposed th巴 roughnessmeasurement 

method with bandpass filters. The experimental 
attenuation variables showed different tendencies with 
the frequency of the filter. In th巴乱itureworks, we will 
reveal the relationship between th巴 separateddata 
measured by a broadband probe. 
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