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Abstract: Ultrasound transducer can convert electrical energy to mechanical energy, and vice versa, but the efficiency will 
be limited by the driving frequency. This paper proposes the sweep type resonant frequency tracking for dual ultrasonic 
transducer system. The result shows that this method can detect the driving frequency of maximum efficiency and increase 
the power transfer. 
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I. INTRODUCTION 
 
Ultrasonic transducer can convert an electric signal to 
mechanical energy, and vice versa. The applications 
have been widely used in our daily life. For example, 
parking sensors, ultrasonic atomizer, nondestructive 
testing, etc. One of the usages is thedensityof 
suspended sediments measurement system 
extensively operated on detecting the quality of water 
on thereservoir[1, 2]. However, current system can’t 
detect high enoughdensity of sediments water 
because of low transmit power due to mismatching 
betweenpower source and transmitter. In attempt to 
elevate energy transfer between power source and 
transducer, study approach of this paper is based on 
resonant frequency tracking. This method is capable 
of enlarging power transfer when the frequency of 
driving signal is match resonant frequency under 
steady state of the transducer. Nevertheless, the 
resonant frequency floats owing to theunstable 
environment, temperature change and load[3]. As a 
result, driving circuit should equip up the ability to 
automotive detect the position of resonant frequency 
and synchronize the driving frequency as the same 
value. In contrast, mismatch might cause power loss, 
or even damage the transducer. The way to achieve 
resonant frequency tracking vary, the common way is 
to use phase-locked loops to track the resonant 
frequency when reactance is zero[3-8]. Nevertheless, 
in some situation might not exist zero reactance might 
not appropriate use this method. Besides, the majority 
of the way is based on matching single transducer, 
but many applications have two transducers acting as 
transmitter and receiver. Inthis case, resonant 
frequency tracking not only should consider the 
resonant frequency of the transmitter but also the 
resonant frequency of the receiver. Consequently, 
phase-locked loops might not suitable to apply in two 
transducers system.  
This paper proposes sweep type of resonant 
frequency tracking for the transmitter and the receiver. 
To achieve the resonant frequency tracking, 
theprinciple of operation is sweep frequency 
foraspecific range determined by BVD modelandset 

the driving frequency correlating to the maximum 
efficiency from thereceiver. Compare to inductor 
matching which can only match for specific 
transducer, this method can match any two transducer 
system which can highly improve the efficiency when 
need to replace the transducers in reservoir[9]. The 
result shows sweep type of resonant frequency 
tracking can detect the greatest value of power, 
elevate power transmission and increase dynamic 
range for thedensity of suspended sediments 
measurement system. 
 
II. DETAILS EXPERIMENTAL  

 
Fig.1.shows anequivalentcircuit of transducer known 
as BVD modelcomposing of serial RLC component 
and parallel with C0 capacitor[10].On the basis of 
theelectric feature, the current passed through RLC is 
proportional to the mechanical output. This modelcan 
define electrical behavior near resonant frequency as 
shown in Fig.2.In this diagram, 
impedanceremodelsalong with frequency changing, 
and six different frequency points can be defined in 
IEEE Standered[11-14]. Among these points, 푓  is 
resonant frequency and 푓  is anti-resonant frequency 
which regards as optimal transmitting frequency and 
receiving frequency respectively. These points can be 
calculated by formula below. 

푓 =
√

 ,   푓 = (푐+푐0)
푐 푐0 퐿

  

Fig.1. BVD model of transducer 
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Fig.2. Impedance response ofBVD model via different 

frequency and six different points near resonant frequency 
 

 
Fig.3. Impedance and phase of the transducers and resonant, 

anti-resonant frequency point of each transducer 
 

 
Fig.4. Transmitting and Receiving Signal 

 
Fig.5. Experiment environment 

 
Fig.6. Flow chart ofexperiment process 

For single transducer system, best transmitting 
frequency is resonant frequency 푓 and optimal 
receiving frequency is anti-resonant 
frequency푓 .Nonetheless, the system frequency can’t 
satisfy both 푓  and  푓 because transmitting frequency 
is the same as receiving frequency. Therefore, the 
optimal driving frequency of the system will waver 
between 푓  and 푓 .In two transducers system, 
transmitteris drived by the electric signal, then output 
the mechanical wavereceiving by the receiver. 
Accordingly, the resonant frequency tracking method 
should consider both transducers. In view of above 
perspective,optimal transmitting frequency 
willdepends on 푓  of transmitter, optimal receiving 
frequency will depends on 푓  of receiver. Thus, 
optimal driving frequency will waver in between 
the푓  and the 푓 . This range plays an essential rule in 
the dualtransducers system because it determinatesthe 
degree of power transmission. In wide range case, the 
voltage loss more energy before reaching the optimal 
efficiency point. On the contrary, the close range can 
get the better transmit energy because the voltage 
only drops a little beforefinding the optimal 
efficiency point. Besides, the sweep range is affected 
by temperature and environment. Consequently,to 
track the exactly point of resonant frequency under 
any situations, this paper proposes a way to sweep 
from 푓  to 푓  to seek for the optimal efficiency.This 
paper use Agilent 4294A impedance analyzer to 
measure the parameter of two transducers and use 
MATLAB to plot impedance and phase diagram as 
shown in Fig.3.This figure alsoshows the resonant 
frequency and anti-resonant frequency respectively. 
The experiment is performed under water,the 
transducers are fixed by the steel stand and distance 
between each other is twenty-five centimeters as 
shown in Fig.5. Experimental flow chart is shown in 
Fig.6.First, function generator outputs 2K burst rate, 
90 cycle square wave of 푓  frequency as shown in 
Fig.4. Second, using LEORY Oscilloscope to detect 
the value from receiver and record the peck to peck 
value as shown in Fig.4. Third, enlarge the frequency 
oftransmittingfrequency for 0.01Mhz and start from 
first step. The final step is set the frequency associate 
to largest efficiency as driving frequency. 
 
III. RESULTS AND DISCUSSION 
 

 
Fig.7. 푽풑풑from the receiver and the position of maximum value 

of each case 
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As shown in Fig.7., the result includes two 
arrangement of the transducers and the position of 
maximum value of 푉 . In case one, the quality factor 
is higher than case two because 푓  of transmitter and 
푓  of receiver is close to each other. Consequently, 
the power will loss less power till matches the 
maximum point. Moreover,this curve shows that the 
slight variation of frequency can seriously drop the 
power which can be demonstrated by efficiency of 
1.09Mhz is 40% higher than 1.05Mhz. On the other 
hand, range of 푓  and 푓  is faraway in case two. 
Hence, before finding the maximum efficiency,the 
power attenuatemorethan case one. This phenomenon 
provides a margin to design the power transfer base 
on different parameter of transducer. Furthermore, 
advantage of sweep type of resonant frequency 
tracking is the system will always find the maximum 
efficiency point for any arrangement.  
 
CONCLUSIONS 
 
In this paper, sweep type of resonant frequency 
tracking is proposed. This method can detect 
largerange of resonant frequency variation due to 
temperature or environment change. Additionally, 
this method can detect the optimal efficiency point, 
and increase the power transfer. Furthermore, via 
different arrangement of thetransducer, the power can 
become even better. The sum of the above, sweep 
type of resonant frequency tracking is appropriate to 
apply on transmitter and receiver system.  
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