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Abstract 
Coal is a complex resource and usually it varies within the same deposit. As far as applications are concerned the properties of coal are 
required to be checked. Acceptable and well-known methods are ingrained and these are widely used in laboratories worldwide. Amongst 
the techniques used the most commonly use technique is non-destructive technique (NDT) for detecting component and flaw 
characterization. Other than the flaw characteristics, parameter which is equally important to assess the structural integrity of engineering 
components is the material property. Researchers all over the world are working on extensive study to characterize, both microstructural 
and mechanical properties of materials by ultrasonic testing. This paper highlights the ultrasonic testing parameters useful for material 
characterization studies. In this paper we have presented our electronic system that has been developed for the measurement of velocity and 
attenuation of ultrasonic signal through coal sample which helps in characterization of coal.  
Key words: Ultrasonic, Coal, NDT, Velocity, attenuation  

1.Introduction 
Non-destructive testing techniques are extensively and very common technique employed for detection and 

characterization of flaws in the component. Other than the flaw characteristics, parameter which is equally 
important to assess the structural probity of engineering components is the material property. With the advancement 
in electronics and digital technology, testing parameters such as ultrasonic testing parameters, are affected by the 
changes in material properties [1,2]. It can be measured with a technique which is efficient enough to provide a 
reasonable confidence level.  

Coal is an extremely complex, heterogeneous material that exhibits a wide range of physical and chemical 
properties. The rapid increase in coal utilization in the twenty-first century led to the development of a variety of 
test methods for coal analysis so that it can be  related coordinately in coal composition with its performance and 
behavior during applications such as coal combustion and gasification. Over the years, new methods are continually 
being developed and accepted methods are modified/optimized to increase the accuracy of the technique as well as 
the precision of the results. However, by careful analysis of coal that the various aspects of coal usage can be 
achieved in an effective and environmentally acceptable manner. In this paper we have explained, one of the NDT 
method to calculate Velocity and Attenuation of coal sample which is probably first time used by any researcher, 
The pulse velocity of a material interdependent on its density and elastic properties, which in turn are related to the 
quality and the compressive strength of the material [3]. The properties of materials depend upon their composition, 
structure, synthesis and processing. Properties of materials depend strongly on the structure, even if the composition 
of the material remains same. The ultrasonic velocity and attenuation are the important parameters of the ultrasonic 
non-destructive technique of material characterization. When the ultrasonic wave propagates through the medium,  
some part of it‟s energy is attenuated by the disparate instrumental workings .They are categorized as thermal loss, 
scattering, absorption, electron-photon interaction, photon-photon interaction, and magnon-photon interaction etc., 
called as ultrasonic attenuation.[4] 
 
2. Material Characterization Techniques (NDT & DT) 

The two major classification of material characterization technique are non-destructive testing (NDT) and 
destructive testing (DT). Under destructive technique (such as: tensile testing, creep testing, impact testing, torsion 
testing, hardness testing etc.) of characterization the tested material or product cannot be used again. The 
destruction of test object usually makes this type of test more costly and tested material is normally of no use. Non-
destructive testing technique is a specific procedure whereby the service ability of materials or components is not 
impaired by testing process. The various methods like visual testing, liquid penetrate testing, magnetic particle 
testing, eddy current testing, radiographic testing; ultrasonic testing, leak testing, thermographs and neutron 
radiography are the NDT technique of material characterization. 

Among the various non-destructive testing and evaluation (NDT&E),ultrasonic signals  plays a key role in 
material characterization. Ultrasonic properties provide important diagnostic for micro structural properties as well 
as deformation processes in a material, controlling material behavior based on the physical mechanism. It also helps 
us to predict future performance of the materials. 

 
3. Basic Principles of Ultrasonic Testing 

The theory of ultrasonic propagation and that of audible sound are exactly the same. The only difference 
between them is that ultrasound cannot be detected by the human ear. Ultrasonic testing uses high frequency sound 
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energy above 20 kHz to make measurements. The wave velocity of ultrasonic waves can be determined by two 
modes of measurements: Through transmission and pulse echo. 

 
3.1 Pulse Echo  : The pulse-echo method, involves the detection of echoes produced when an ultrasonic pulse is 
reflected from a discontinuity. When ultrasonic pulse interacts with defect, there will be almost total reflection. This 
enables the relative amplitudes and time of flight of ultrasonic pulses to be use as a measure of integrity of the 
material under test. The pulse echo mode, as shown in Figure(1a), requires accesses to only one side of a test piece 
and a single transducers act as transmitter and receiver.        In pulse-echo angle beam techniques, the incident 
sound pulse enters the test piece at an oblique angle instead at right angles. In contrast to straight beam tests this 
approach eliminates echoes from the front and back surfaces and only display reflection from discontinuities that 
are normal to the incident beam. 

 
Figure(1a):Pulse Echo 

 
3.2 .Through Transmission: In through transmission, two transducers are used, one is the transmitter and the other 
one is the receiver shown in Figure(1b). The main application of transmission methods is the inspection plate for 
cracks and laminations that have relatively large dimensions compared to the size of the search units using two 
transducers. This is more commonly used method measures the transit time as well as the intensity of ultrasound. 
Display of transmission test data can be either oscilloscope trace or meter recordings. 

 
Figure(1b):Through Transmission 

  
4. WHAT IS COAL: Coal is a black or brown rock that can be ignited and burned to produce energy in the 
form of heat. Coal's chemical makeup is a complex mix of elements that include sulfur, carbon, oxygen, hydrogen 
and nitrogen, as well as small quantities of aluminum, zirconium and many other minerals. Coal is a special porous 
media that serves as a type of unconventional gas reservoir.There are several different types and ranks of coal. Coal 
is classified by degrees of hardness, moisture and heat content. Anthracite is hard coal, almost pure carbon, and 
containing the highest Btu content. Bituminous is soft coal, the most common type in the United States, used to 
generate electricity and to make coke for the steel industry; Lignite is the softest coal, has the highest moisture 
content and is used for generating electricity in certain parts of the country and for conversion into synthetic gas; 
Sub bituminous has a heating value between bituminous and lignite, and has low-faced carbon and high percentages 
of volatile matter and moisture Figure(2)shows the coal sample is prepared from coal block . 

 
 

Figure(2):Coal Samples 
 
5. Ultrasonic Velocity Measurement 

The measurement of ultrasonic velocities depends on propagating a dynamic pressure wave (pulse) through 
a material of known thickness and measuring the transit time of the emerging acoustic pressure wave. After 
measuring the transit time of wave, Ultrasonic Pulse Velocity is calculated by dividing the thickness of material to 



the transit time. The measurement has been carried out using an ultrasonic device “ The Proceq Tico ultrasonic 
instrument ” . A direct method is used for the measurements. The ultrasonic device measures the  Velocity of the 
prepared Coal samples by knowing the  thickness or distance between the two parallel external surfaces of the 
samples in which acoustic wave travel. The distance between the transducers is calculated using digital vernier 
caliper. For automatic display of the pulse velocity in the measurement screen, the distance between the transducers 
must be input with an accuracy of 1 % using the rtqs keys. 
Input settings in the Menu and then press the “End” key. 
• Apply coupling paste to contact surfaces of the transducers and to the points on the object to be measured. 
• Press “Start” key. 
• Position transducers exactly on the measurement points and press down. 
 During the measuring time, only t is displayed. As soon as the measured value is stable for 3 seconds, a beep is 
heard and the pulse velocity is displayed under v. 

 
Figure(3): Experimental Set-up for velocity measurement 

 
 
Velocity is calculated in m/sec according to the equation  
Velocity= (Thickness/ Transit Time of Wave) 
6. Ultrasonic Attenuation Measurement 
A typical ultrasonic testing system consists of a pulser/receiver, transducer, and display devices. High voltage 
electrical pulse is produced by the pulser/receiver which is an electronic device. The transducer, which can 
transform the mechanical energy into electrical energy and vice versa, generates high frequency ultrasonic energy. 
The sound energy propagates through the materials in the form of waves. Through transmission is preferred in coal 
because of its highly attenuative nature. Attenuation is the reduction in the energy of the wave as it passes through 
the medium. 

 The laboratory set up used for the NDT ultrasonic test is shown in Figure(4). The Coal samples are placed 
between the transducer, through BNC cable. The transducer is mounted on the two ends of a sample as shown in the 
Figure(4). Glycerin is used as a couplant of ultrasonic vibration through transducer and Coal surfaces. The DPR 300 
Pulser /receiver of JSR Ultrasonic (USA) have been used to generate high voltage pulse. 

 
Figure(4):Experimental Set-up Attenuation Measurement 

Ultrasonic transducer is connected to the pulser via cable which converts electrical energy to ultrasonic wave that is 
propagated through a test sample. The receiving transducer is used to detect acoustic pulses that have propagated 
through test sample. The receiving transducer is connected to the Digital Storage Oscilloscope. A pair of 
MODSONIC transducer of 54 KHz has been used as a transmitting and receiving transducer. Attenuation 
coefficient α, is calculated in dB accordance to equation  
α = (20 log(Vi/Vo) )    -----------------  (1) 
where, 
           Vi is the input Voltage 
          Vo is the output Voltage 



 
7.Conclusion : 

From the experimentation carried out it is observed conclude that the thickness and transit time affects the 
velocity of ultrasonic wave in the coal. As ultrasonic sound wave propagates through coal sample it gets affected, 
depending upon various properties of coal sample.  The ultrasonic sound energy after propagating through coal 
sample is received by another ultrasonic transducer which is fixed on other side of coal sample. This received signal 
may be used to extract various properties of coal either by using analog signal processing technique or by using 
digital signal processing or by using simple statistical method. 
In this work the researcher has tried to Develop Electronic System for measurement of ultrasonic Parameter of Coal 
Sample.  
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