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Knowledge of broadband transducers is a new technology in the field of sonar science. Considering that 
Iran has sea water resources, its importance becomes more and more. In this article, after studying the 
performance of the kinds of transducers in the field of sonar transducers, a proper broadband transducer 
with the specific impedance and acoustical characteristics that can send and receive signals, is designed, 
simulated, fabricated and tested. At first, overall dimension of a broadband transducer with lumped 
parameter model and electrical equivalent circuit model was approximated and then, with increasing the 
degrees of freedom of analytical models, all characteristics of the optimum transducer parts were 
obtained in order to have a large bandwidth. By using  finite element software (COMSOL 
Multiphysics), the designed model was simulated and the obtained results have been compared with 
analytical design solution. Finally, the transducer was fabricated and tested in order to validate the 
modeled and simulated data by comparing them with practical ones. The obtained experimental results 
showed that the simulation with COMSOL Multiphysics can predict the resonance frequency and 
maximum transmitting voltage response (TVR) of the broad bandwidth transducer with  reasonable 
precision. The prediction error of resonance frequency and maximum TVR by COMSOL is 3.8% and 
5.7%, respectively. The use of lumped parameter and electrical equivalent circuit models gives an initial 
approximation for transducer dimensions, but in determination of the resonance frequency and the 
frequency of maximum TVR has a higher error in comparison with the finite element method. 
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Fig. 1 The lumped parameter model of a piezoelectric 
transducer with one degree of freedom [8] 
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Fig. 2 The electrical equivalent circuit for the lumped 
parameter model of figure 1[8] 
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Fig. 3 The lumped parameter model of a transducer [2] 
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Fig. 4 The electrical equivalent circuit of a transducer in 
sending state [2]  
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Fig. 5 The electrical equivalent circuit of a transducer in 
receiving  state [2] 
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Fig. 6 Schematic view of the designed transducer 
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Fig. 7 Thedimensions of  tail mass (right) and head mass (left) 
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Fig. 8 The dimensions of  Piezoelectric ceramic PZT-8 (right) 
and copper electrode (left)  
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Fig.  9 Two views of simulated Tonpilz transducer in 
COMSOL Multiphysics software  
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Fig. 10 Total structural displacement of the transducer in 
millimeters at frequency 21 kHz 
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Fig. 11 Sound pressure level (SPL) in the water domain in 
decibels and perfectly match  layer at frequency 21 kHz 
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Fig. 12 The Receiving Voltage Sensitivity (RVS) of the 
simulated transducer 
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Fig. 13 The fabricated transducer  
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Fig. 14 Impedance analyzer set  
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Fig. 15 Schematic of the transducer acoustic test set-up  
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Fig. 16 Comparison of the measured electrical impedance of 
the  fabricated transducer with the designed and simulated 
ones 
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Table 1 Electrical comparison of the designed transducer with 
the real one 

 
  

) kHz(  
  

) (  
)   19.75 4000  

  23.8  3700  

  +20.5  -7.5 

  19 4250  

  -3.8  +6.3  
 

  

Fig. 17 Comparison of the measured TVR of the  fabricated 
transducer with the designed and simulated ones 
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Table 2 Acoustical comparison of the designed transducer with 
the real one  

 TVR 
)dB( TVR )kHz( 

  128.1  19.5  

  131.4 23.8  

  +2.5 +22 

  135.5 21  

  +5.7  +7.6 
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