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Abstract: Ultrasonic transducer is used to generate and receive ultrasonic wave. As an important part of the 
ultrasonic testing system, the performance of ultrasonic transducer is so important that determining whether the 
testing result is precise or not, so it is one of the key factors to ensure the quality of flaw detection. In view of 
the problems such as enormous equipment and complicated operation, low degree of digital exist in the present 
traditional ultrasonic transducer testing system, we established a set of digital ultrasonic transducer detecting 
system that can meets the practical requirements. Computer technology, automatic control technology and 
modern signal processing technology are applied in this system. Using the time-frequency analysis technology 
based on FFT, the testing method and module are built up to realize the measurement of time-frequency 
response parameters and sound field parameters. Through the Time-frequency characteristics and sound field 
characteristics testing of the commonly used typical transducer, and analyze the experimental data. The result 
confirms that the proposed method is validity and practicability. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

Ultrasonic test is widely used in industrial such as 
inspect weld, vane wheel, seamless steel pipe, steel 
rail, plane structure etc. [1-6]. Ultrasonic transducers 
play an important role in ultrasonic testing system 
since they both generate and receive the ultrasonic 
waves [7], so the quality of ultrasonic transducer 
directly affects the accuracy of ultrasonic inspection 
results, meanwhile due to a variety of reasons 
ultrasonic transducer’s properties suffer from 
attenuation and failure during the process of in using. 
If the inspector continue using the ultrasonic 
transducer without realizing these situations, it easily 
cause wrong inspection or missing inspection, so in 
order to guarantee the reliability of detection 
precision, we need measure the characteristics of 
ultrasonic transducer quickly and conveniently. 

At present, most ultrasonic testing system for 
ultrasonic transducer include A-scan ultrasonic 
transmitting/receiving device, oscilloscope, 
attenuator, and spectrum analyzer, using this way 
needs many equipment, exorbitant price, require 
manual calculation, so there are many disadvantages 
using this way such as complex operation, lower 
utilization rate and complicated data processing, all 
these reasons can affect the result of evaluating 
ultrasonic transducers’ characteristics. Especially in 
the area of sound field measurement, the 
disadvantages is more obviously, for example, it 
require manual test, highly labor intensity, lower 
degree of automation, big personal error. Therefore, 
we need research and development digital automated 
ultrasonic testing system of evaluating characteristics 
for ultrasonic transducers based on computer 
technology to compensate these disadvantages which 
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existed in traditional testing way, so as to improve 
the reliability and efficiency of ultrasonic  
transducer test. 

 
 

2. System General Structure and 
Function Module Partition 

 

The ultrasonic testing system uses a pulse 
reflection method, and the overall structure diagram 
is shown in Fig. 1. The system can be divided into 
two parts: hardware subsystem and software 
subsystem. 

 
 

 
 

Fig. 1. Logical structure of ultrasonic testing system. 
 
 

3. Hardware Subsystem Design 
 

According to different functions, hardware 
subsystem is composed of three parts: mechanical 
structure, electrical control system, ultrasonic 
acquisition card [8]. 

 
 

3.1. Mechanical Structure 
 

In order to ensure that the ultrasonic transducer 
can arrive at any detection position of the water tank, 
three coordinate motion mechanism is adopted in the 
system, the mechanical structure of the device mainly 
consists of the following several parts: water tank 
support frame, X, Y, Z three-axis motion mechanism, 
transducer clamping device and water tank. The size 
of the three-axis motion mechanism is designed 
according to the size of water tank. The maximum 
working range of the system is 1200×500×800 mm, 
X, Y, Z three-axis motion mechanism is controlled 
by servo motor, AB shaft motion by manual adjusted, 
and the experimental equipment is shown in Fig. 2. 

 
 

3.2. Electrical Control System 
 

During the testing process, we need adjust the 
movement of ultrasonic transducer according to the 
relevant position of the flat hole on the standard 
calibration block, especially when testing the water 

immersion ultrasonic transducer, this requirement for 
the motion precision is much higher. It is hard to 
control the position of ultrasonic transducer when 
transducer makes automatic scanning around the ball 
target. It is very critical for the system to solve this 
difficulty. The main mission of the electrical control 
design is determining all hardware environment of 
electrical subsystem so that it can complete the 
mission quickly and accurately after receive the 
order. Electrical control system is composed of 
multi-axis motion control card, motor, encoder, limit 
switch and zero point switch. The structure frame of 
electrical control system is shown in Fig. 3. 

 
 

 
 

Fig. 2. Mechanical structure of ultrasonic testing system. 
 
 

 
 

Fig. 3. Structure frame of electrical system. 
 
 

3.3. Ultrasonic Acquisition Card 
 

Ultrasonic signal of traditional analog ultrasonic 
flaw detection instrument is generated and received 
by hardware circuit, it is mainly used in manual 
inspection for low cost and simple structure, but it is 
difficult to express colorized pictures, while increase 
the possibility of missing inspection. 
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Compared with traditional ultrasonic detection 
instrument, digital ultrasonic flaw detection system 
based on PC and ultrasonic card has these advantages 
such as quick inspection speed, higher inspection 
precision, higher reliability and good stability, at the 
same time it can gather and save data fully and 
objectively, also post-process the data. Therefore, we 
chose multi-channel ultrasonic pulse 
transmitting/receiving card based on PCI bus to 
generate and receive ultrasonic signal. The ultrasonic 
card is shown in Fig. 4. 
 
 

 
 
Fig. 4. Ultrasonic card based on PCI with 4 channels. 
 
 

4. Software Subsystem Design 
 

Software subsystem is a very important part for 
the whole testing system, not only for motion control 
of ultrasonic transducer, but also ultrasonic signal 
transmission and acquisition, so the performance of 
software subsystem directly affects the property of 
whole system. 

Combine with present commonly used software’s 
development method and design ideas, we divide the 
software subsystem into relatively independent, 
single function module in accordance with the 
principle of from-top-to-down, stepwise refinement. 
On this basis, we adopt the method of hierarchical 
design, software subsystem can be divided into 
physical layer, network layer, driver layer, data 
analysis layer and application layer according to the 
form top to bottom principle, every layer can 
transmit data and message each other through the 
communication interface. The function of each layer 
is provides certain server for its upper layer, and the 
technical details of how to implement the services of 
a layer is hidden. Through this way can reduce the 
complexity of system design, it is convenient for 
system development, maintenance, and upgrade. 
Software subsystem uses C/S software architecture, 
as shown in Fig. 5, the database server and Win XP 
operating system are installed on Industrial Control 
Computer, the system software complete the mission 
of generating and receiving ultrasonic signal by 
controlling ultrasonic card in the form of COM 
components or DLL dynamic link library. In analysis 
layer, we analyze the ultrasonic echo signal through 
the method of time domain, frequency domain and 
the acoustic field signal with the signal processing 
technology, and get the specific parameter 

information of ultrasonic transducer, then send this 
information to user as the form of report or graphics. 

Software subsystem is mainly composed of basic 
information setting module, online detection module, 
ultrasonic transducer motion control module, data 
post-processing and system help module. The 
structure frame of system function module partition 
is shown in Fig. 6. 

 
 

 
 

Fig. 5. Software subsystem structure. 
 
 

 
 

Fig. 6. Software subsystem function module. 
 
 

5. Experimental Results and Analysis 
 
In this paper, we choose water flat transducer as 

an example to illustrate the effect of the system, and 
the transducer is shown in Fig. 7. 

 
 

5.1. Time-domain Testing  
 

Time-domain response is used to characteristic 
the damping parameter of ultrasonic transducer, it 
directly affects the inspection ability of ultrasonic 
transducer, especially the longitudinal resolution, so 
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it is necessary to test time-domain response of 
ultrasonic transducer. Time domain features of 
ultrasonic transducer are mainly characterized by 
peak number of pulse waveform, waveform 
periodicity and the pulse duration time [9-10]. 

Time-frequency analysis mainly adopts fast FFT 
transform, firstly we adjust the parameters of the 
ultrasonic card and make sure that its waveform is in 
the best position, secondly we set the gate 
information get time domain data, frequency domain 
analysis and the analysis results can be saved, the 
analysis process flowchart as shown in Fig. 8, and 
the testing result is shown in Fig. 9. 

 
 

 
 

Fig. 7. Ultrasonic transducer. 
 
 

 
 

Fig. 8. Time-frequency analysis flowchart. 
 
 

5.2. Frequency-domain Testing 
 

Frequency-domain characteristics of the 
ultrasonic transducer are mainly composed of the 

peak frequency, high frequency and low frequency, 
center frequency and bandwidth. The process of 
frequency-domain testing is same as time-domain 
testing, and the waveform and parameters as shown 
in Fig. 10. 

 
 

 
 

Fig. 9. Time-domain response. 
 

 

 
 

Fig. 10. Frequency-domain response. 
 
 
5.3. Sound Field Testing 
 

For the water flat ultrasonic transducer, sound 
field features include directivity, near field acoustic 
beam length, acoustic beam width, cross section 
pressure, beam spread angle, on- axis pressure, etc.  

The flowchart of sound field testing is shown  
in Fig.11. 

The testing result is shown in Fig. 12 and Fig. 13. 
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Fig. 11. Sound field testing flowchart. 
 

 
 

Fig. 12. Cross section pressure. 
 

 
 

Fig. 13. On- axis pressure. 
 
 

6. Conclusions 
 

Experiment results show that ultrasonic 
transducer characteristic testing system can meet the 

requirements of digital and automation proposed by 
user, it can use the powerful processing capacity of 
PC to complete these mission such as real-time 
storage of ultrasonic transducer testing signal, signal 
denoising, various properties calculation and 
subsequent process and analysis. This system can 
effectively reduce the labor intensity of inspector and 
greatly improve the inspection efficiency and 
detection quality. 

 
 

Acknowledgment 
 

This project is supported by National Natural 
Science Foundation for Young Scholars of China 
(Grant No. 51205265) and Sichuan provincial 
Science and technology support program of China 
(No. 2011GZ0280). 
 
 

References 
 
[1]. Liu Gui-Min, Ma Li-Li, Nondestructive testing 

technology, National Defence Industry Press, 
BeiJing, 2010. 

[2]. Zhao Xiu-Fen, Yin Guo-Fu, Su Zhen-Wei, Yan Han-
Bing, Wang Ying-Guo, Development of Ultrasonic 
Testing System for Large Cylindrical Parts, Journal 
of Sichuan University (Engineering Science Edition), 
Vol. 40, 2008, pp. 173-177. 

[3]. Liu Qing-Yang, Yin Guo-Fu, Zhao Xiu-Fen, Zhou 
Li, Research on water ultrasonic fault detection 
system for thin- wall and small-diameter steel tubes, 
China Measurement & Testing Technology, 2008, 
Vol. 34, pp. 110-113. 

[4]. Liu Yang, Xiang Zhan-Qin, Tang Zhi-Feng, 
Application of laser-induced ultrasound on rail flaw 
inspection, Machinery Design & Manufacture, 
Vol. 10, 2009, pp. 60-61. 

[5]. Wang Wu-Tong, Ultrasonic transducers and their 
properties required, Non-destructive Test, Vol. 19, 
1997, pp. 79-82. 

[6]. Yang Chen-Long, Research of Automated Ultrasonic 
Non-destructive Test of Large Complex Geometry 
Composite Structures in Aeronautic Industry, 
ZheJiang Universtiy, HangZhou, 2005. 

[7]. Zhu Ke-Yi, The Research on Analysis and 
Measurement in Frequency and Acoustic Field of 
Water-Logging Ultrasonic Probe, ZheJiang 
University, HangZhou, 2006. 

[8]. He Ming-Ge, Zhao Xiu-Fen, Yin Guo-Fu, A 
digitalized detecting system for evaluating 
characteristics of ultrasonic search units, Technology 
and Test, Vol. 11, 2011, pp. 112-116. 

[9]. GB/T 18694-2002. Non-destructive testing – 
Ultrasonic inspection-Characterization of search unit 
and sound field. 

[10]. ASTM E1065-2008, Standard Guide for Evaluating 
Characteristics of Ultrasonic Search Units. 

 

___________________ 
 

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 
 


