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Abstract - This paper presents the effect of variables affecting ultrasonic wave transmission in Ultrasonic Testing (UT), 
which is a non-destructive test method used to detect flaw within material. The principle is based on transmitting sound 
energy and receiving an echo signal reflected from the flaw in the material. The decision judging of the severity of the flaw 
is based on the height of the reflected signal. However, the height of this reflected signal is not only depended on the size 
and orientation of the flaw, it may effect by various variables which make the evaluation of result meet more complicate. In 
this paper, the variables which are frequency, surface roughness, types and ingredients of couplant, and time of inspection 
were studied. The reference point used to compare the variation is at 80% of full screen height receiving from back wall 
echo when using a probe frequency of 2.25 MHz at the grinding surface and by using glycerin as the couplant. The results 
show that the variables affecting the reflected signal height arrange in order are surface roughness, time of inspection, 
frequency,  ingredients of couplant and the error from an operator. It makes the amplitude of the reflection signal 
reduceapproximately75, 50, 12, 12 and 6% respectively. The advantage of this paper is to know an impact level of the 
variables those influence the height of the reflected signal. It also recognizes the effects from ingredients of paste and the 
period of testing time. 
 
Index terms - Ultrasonic wave, Propagation path, Couplant, Frequency, Paste, Surface roughness 
 
I. INTRODUCTION 
 
Ultrasonic testing (UT) using pulse-echo technique is 
normally transmits and receives ultrasonic wave by 
using a single or double crystal called Piezoelectric. 
The principle is based on generating an ultrasonic 
pulsed wave which is reflect by a discontinuity and 
then displays the flaw echo reflected by the reflection 
object. The most importance factors are the size of 
the area and the orientation of the reflection the area. 
The result of the examination is normally evaluated 
and judged from the height of the reflected signal. 
However various influence factors can be effected on 
the signal level. From the previous researches, the 
effect of couplant [1] surface roughness[2], different 
of material such as carbon steel and luminium[3] 
AISI and SAE 4340 steel [4] were studied. In this 
research two types of probe frequency were 
employed. The effect of echo height obtained from an 
operator error will be raised to compare. The 
ingredient of couplant which is paste (mixing 
between water and flour)will be studied. The effect of 
period of time of paste applying were carried out. 
Moreover the severity of impact level will be arrange 
in order. 
 
II. THEORIES 
 
Theories of ultrasonic testing and ultrasonic variable 
effecting on echo high can be described as follows; 
 
2.1ultrasonic Testing 
Ultrasonic testingis a method of characterizing the 
thickness or internal structure of a test piece through 
the use of high frequency sound waves. The flaw 

echo will be shown between the back wall echo and 
the initial pulseas illustrated in Pic. 1. 

 
Pic.1Ultrasonic test using pulse–echo technique with echoes 

displayed.[5, 6] 
 

This research uses the Pulse-echo technique. The 
probe is a normal probe (or straight beam) which 
generates the longitudinal wave. The probe isdirect 
contacted with the surface workpiece. The theory can 
be divided into 5 parts. 
 
2.1.1 Couplant  
It is the substancethat replaces the air gap betweenthe 
probe andthe workpiece. Becausethe air impedance is 
very different from the impedance of the probe and 
the workpiece, it cause the sound wave cannot 
transmit from the probe to the workpiece. A good 
couplant must contain following features:i). Do not 
harm the workpiece, the probe and the operator. ii) 
Spread throughout the work and no air gap. iii). Can 
be attached to the inspection surface and can be 
removed easily after used. iv). Good impedance 
matching between the probe and the workpiece. 
 
2.1.2 Sound Attenuation 
Sound attenuation is acrucial factor in reducing 
reflected signal height. The sound amplitude reduces 
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when sound energy moves through the medium. The 
attenuation of sound depends on two main factors; 
beam divergent and material attenuation.The beam 
divergent results in a wider distribution of energy, 
which makes lower energy level along the 
propagation distance. The material attenuation is due 
to the scattering of the sound waves while moving 
through grain and the reflection atthe grain 
boundaries.  The attenuation of energy can be written 
as [6]. 

A = A0exp(-αx) (1) 
Where: 
A = the amplitude of sound at position x, 
A0 = amplitude of sound at beginning x = 0 
α = attenuation coefficient (Neper) / distance 
 
2.1.3 Acoustic Impedance  
Acoustic impedance depends on the density and the 
sound velocity of material. The equation can be 
described as below; 

Z = ρv                              (2) 
Where: 
Z is acoustic impedance (Kg / m2 x 106). 
ρ is the density of the material. (Kg / m3). 
v is the speed of sound waves in the material. (M / s) 
When using paste as the couplant, its density can be 
changed by different mixtures of water and flour. It 
causes changing of the ratio of the wave transmission. 
When the sound wave travels propagate through two 
intermediaries in the direction that sound waves 
perpendicular to line between the two interfaces, the 
sound wave show perfect transmission when the 
impedance of those two mediums are close to each 
other. Vice versa when the acoustic impedance is 
very different, the sound wave exhibit poor 
transmission.The incident, reflected and transmitted 
of sound wave between two mediums is as shown in 
Pic. 2. 

 

 
Pic.2Transmission and reflection of sound waves. 

 
2.2 Factorsaffecting Toheight Of The Reflected 
Echo Signal 
 
Beyond the size and the orientation of the 
discontinuity within the material itself, the height of 
reflected signal may change with the following 
factors. 

2.2.1 SURFACE ROUGHNESS [8-10] 
In this research, the surfaceroughness will be varied 
from smooth to very rough. When sound wave 
incident on surface between the two mediums that are 
not 90 ° or not perpendicular to surface, it causes 
mode conversion. In the other word, one form of 
wave energy can be transformed into another form. 
For example, when a longitudinal waves hits an 
interface at an angle, some of the energy can cause 
particle movement in the transverse direction to start 
a shear (transverse) wave. Refraction also occurs in 
the second solid material. Refraction is the change in 
direction of propagation of any wave as a result of its 
traveling at different speeds at different points along 
the wave front. Reflection and refraction in two 
materials are as illustrated in Pic. 3. 
 

 
Pic.3Reflection and refraction of sound waves 

 
Picture 4 shows the longitudinal waves incident on 
the rough surface. There are two types of reflection 
waves take place; longitudinal and transverse waves 
due to mode conversion. In second material two types 
of refraction waves owing to different speed and 
mode conversion. It cause scattering and interfering 
to each other.  
 

 
Pic.4Scattering and mode conversion of sound waves 

 
2.2.2 Type And Ingredients Of Paste [7-9] 
Two types of couplant generally used in UT are 
glycerin and paste (mucilage). Glycerin contains very 
low contaminate such as fluoride or collide which 
accelerates corrode in material. It is widely accepted 
to use in most code and standard but its cost is high. 
So pasteis sometimes used instead of glycerin. Paste 
is a compound between water and flour. As 
mentioned above, sound energy well transmit from 
one media to the second media due to the impedance 
matching. Impedance of paste is influenced by water 
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contained. The density of paste is highly based on the 
amount of water. 
 
2.2.3 Time Of Paste Appling [7] 
As mentioned in Section 2.2.2, the potential effect of 
paste is its ingredients between flour and water. It 
depends on the proportion of mixture. In this paper, 
changing of paste property over the time is 
investigated. The amount of water contained can be 
evaporated, and this certainly effect on changing its 
density. 
 
2.2.4 Probe Frequency 
The frequency of probe is one variable affecting to 
wavelength. The relation can be shownbelow. 

 V = λxf   (3)  
Where: 
Vis velocity of sound (meters per second) 
λ is the wavelength (meter) 
fis the frequency (per second or Hertz) 
From the equation (3),the testing sensitivity is related 
to wavelength. The higher the frequency, the shorter 
the wavelength.Most ultrasonic testing is performed 
using frequencies between 0.2 and 25 MHz, with 
contact testing generally limited to 10 MHz and 
below. In this paper, often uses in UT testing in metal 
at frequency of 2.25 and 5 MHz will be employed. 
 
III. EXPERMENTAL SETUP 
This research used JIS G3106 SM490A , low carbon 
steel, size 30 mm wide, 150 mm long and 60 mm 
thick. Its dimension and shape are as shown in Pic. 5. 

 
Pic.5 Dimension of specimen 

 

 
Pic.6 Shape and surface of specimen 

 
The different surface roughness are shown in Pic 
6.;No1.: grinding surface (GS), No2.: primary surface 
(PS),No 3.:  polishing by sand paper surface (PSS). 
No 4. : fine turning surface (FTS).and No 5.: rough 

turning surface (RTS) respectively.The experiment 
setup was divided into 4 parts. 
 
3.1 EFFECT OF SURFAFE ROUGHNESS. 
The reference point used to compare the variation is 
at 80% of full screen height receiving from back wall 
echo when using a probe frequency of 2.25 MHz at 
the grinding surface and by usingglycerin as the 
couplant. The probe is placed at the center of the 
grinding surface specimen (No 1). Adjust the 
equipment power (Gain in the unit of dB) until the 
first echo high is located at 80% of screen full screen 
high (80% FSH),The first and the following echoes 
are as shown in Pic 7. 
 

 
Pic.7 Setup at 80% FSH as the referent point 

 
After that using the same set up and measure the echo 
high obtained from the other four surface roughness.  
All of the echo highs were measured in percentage of 
FSH for three times and carried out the average value. 
Then the ultrasonic probe was changed from 2.25 
MHz to 5MHz, and used as the new reference point. 
 
3.2 Effect Oftype And Ingredients Of Couplant 
The ingredient of paste were varied the ratio of flour 
and water as follow;  1: 5, 1:15, 1:25, 1:35, 1:45, 
1:55, 1:65, 1:75, 1:85, and 1:95 by volume 
respectively. The referent point is set at grinding 
surface and adjust the back wall echo height at 80% 
FSH. The first set of the experiment uses 2.25 MHz 
and then vary the paste composition for all ten 
compositions. Record the average of three of the 
percentage of the echo high. After that retest all 
conditions by using 5 MHZ probe.   
 
3.3 Effectof Time Appling Of Paste 
Three ranges of paste compositions were selected to 
test the effect of applying time on the back wall echo 
height. High intensity (low water) which is the ratio 
of flour and water is at 1: 15 and 1: 25. While 
medium intensity is at 1:55 and low intensity is at 
1:95 respectively. 
 
The grinding surface workpiece was selected to use in 
experiment. Glycerin was first used as the couplant 
and the echo height was set at 80% FSH after that the 
test was retested every three hours for 9 periods. Both 
2,25 and 5 MHz were employed. Retest all conditions 
with low, medium and high intensity of paste. 

1 2 3 4 5 
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3.4 Effect Of Probe Frequency 
The experiment was carried out through high 
frequency ultrasonic energy. This experiment changes 
the frequency from 2.25 MHz to 5 MHz, which will 
follow the steps in the same order as frequency of 
2.25 MHz, and test it with all the variables. Then read 
the height of the signal and record the results. Created 
graphs for analysis and comparison of experimental 
results. 
 
3.5  Comparison of Variation of Various 
Variables. 
The results of all experiments are compared with the 
standard values referenced by the tests in Section 
3.1.1. The reason is to compare the effect of various 
variables and arrange them in order. All parameters 
are effect of surface roughness, type and ingredients 
of couplant, time of couplant and frequency 
respectively. 
 
IV. RESULTS AND DISCUSSION 
 
4.1 Effect Of Surfafe Roughness. 

 
Pic.8 effect of surface roughness 

 
Pic. 8 Shows the effect of surface roughness on the 
echo height.  It was found that the height of the 
reflected signal was inversely proportional to level of 
increasingsurface roughness. The reason is already 
explained in topic 2.2.1, the surface roughness make 
change the incidentangle of the sound wave not 
exactly perpendicular to the interface. Mode 
conversion and refraction at the surface can cause 
wave interference and scattering. However at the 
primary surface and at 2.25 MHz, the echo height is 
slightly higher than the reference point.  
4.2 Effect Of type And Ingredients Of Couplant 

 
Pic.9 effect of type and couplant ingredient 

Pic. 9 Shows the effect of type and ingredient of 
couplant. It was found that, compare to glycerin, 
paste provided slightly lower back wall echo signal 
almost every composition. The variation is quite low 
and not highly significant to the results. Probe 2.25 
MHz exhibit slightly higher signal. Back wall echoes 
received from using glycerin are very stable. 
Moreover it is easily move out after the test. The 
unstable signal obtained from paste may be from the 
inhomogeneous of the paste. In addition, rust can be 
occurred on the specimen after test. Different paste 
compositions effect on its viscosity. It causes 
different felling to push, pull or scan the probe. It can 
be suggested that the paste composition is not very 
sensitive to the echo height.  In practical the 
composition that provides the proper scanning speed 
may be selected. 
 
4.3 Effect of Time Of Paste Applying 

 
Pic.10 effect of applying time at 2.25 MHz 

 

 
Pic.11effect of applying time at 5 MHz 

 
Pic. 10 and 11 were demonstrated the effect of 
applying time of probe frequency at 2.25 and 5 MHz 
respectively. Glycerin showed consistency back wall 
amplitude echo over the period of time. For paste at 
different ingredient, it was found that at the 
composition 1:5 exhibited the same trend. At the fifth 
period the echo high drop sharply. For another 
compositions, the signal level were slightly decrease. 
The air bubble was found in paste after fifth period of 
1:5 composition. It may cause the signal drop down 
dramatically. The viscosity of the glycerin is still 
constancy over the period. The bubbles in paste are 
revealed in Pic 12. 
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Pic.12bubbles in paste 

 
4.4 Result Of Variation Comparison Between 
Various Variables. 

 
Pic.13 Result of various variable 

 
Pic. 13shows the results of variation variables. The 
variation caused by the operator is also included. The 
error of the operator was found out by take the 
average of variation of each test. After that the 
percentage of the variations were carried out by using 
the reference point at probe frequency of 2.25 MHz at 
the grinding surface and by usingglycerin as the 
couplant. The results show that the variables affecting 
the reflected signal height arrange in order are surface 
roughness, time of inspection, frequency,  ingredients 
of couplant and the error from the operator. It 
makesthe amplitudeof the reflection signal 
reduceapproximately75, 50, 12, 12 and 6% 
respectively. 
 
CONCLUSIONS 
 
The summarize of the paper are as follow;The most 
influence factor effecting on the echo high is surface 
roughness. The maximum reduction amplitude is 
75%. 
1. Effect of applying time of paste is high at the 
composition between water and flour at 1:5. It causes 
amplitude reduction by 50%. 

2. Probe frequency and the different composition of 
paste reduces the echo high at the same level at 
approximately 12% 
3. The variation from the operator is the lowest error. 
It is approximately 6 % 
4. Glycerin appears consistency viscosity for all 
along periods of the experiment. Comparing to the 
use of paste, it is easier to move out after the test.  
The benefit of the paper is to show the effect of 
various parameters on reflected signal. The variation 
of signal by using paste, which often uses in 
application, was also reported. Using paste do not 
cause very high variation for nearly all of ingredient. 
However, in high intensity or low water contained, 
the huge variation may be take place after using the 
long period of time.  
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