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S1 

The total impedance equation for the left side is expressed as Eq. (9),   
    and      can be described in Eqs. (S1) and 

(S2), respectively.   
   is the total impedance for the left side of the back mass with the screw bolt inside.      is the 

impedance of the head bolt. 
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The total impedance equation for the right side is introduced in Eq. (10).    ,  
  ,   ,     ,   , and   can be 

described by Eqs. (S3)–(S8), respectively.     is the total impedance for the flange section 1,     is the total impedance 

for flange section 2,     is the total impedance for the radius horn,      is the total impedance for the step horn,    is 

the total impedance for the combination of nut (N), step horn (SH), collet (C), and entered tool (T1),    is the total 

impedance for the overhanging tool. Here, B1, B2, and B3 are the label for the screw bolt that entered the horn, flange 

section 2, and flange section 1, respectively.  
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Charge constant: 
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Compliance: 
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Elastic: 
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Strain: 
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Table S1  Acoustic Impedance of the solid structure for different shapes (Zhang et al., 2019) 

Type Diagram Parameter Equation 

Exponential 
Shape 

 

 

 

  and    are the 
first and second 
areas of the cross-
section. 

  is the total horn 
length 
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Cylindrical 

Shape 

 

        

   and    are the 

first and second areas 

of the cross-section. 

  is the total horn 

length 
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 M
  indicates the acoustic impedance in the middle position for the T-shape impedance structure;  L

  and  R
  

are the left and right acoustic impedances for a T-shaped impedance structure, respectively. 

Based on the data graphed in Fig. 6, the exponential equation is (𝑦       e   4   𝑥); thus the   value for 

Table S1 is an exponential constant of  ≈        ⁄ ≈     . 
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