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Fig. 1. Scaled boundary coordinate [27]
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Fig. 2. Solution procedure of Scaled Boundary Finite Element Model 
(SBFEM)
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Fig. 3. Geometry of studied configurations a) piezoelectric patch b) piezoelectric patch attached to aluminum structure c) The 
perforated piezoelectric patch d) cracked piezoelectric patch 
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Fig. 4 Geometry discretization a) piezoelectric patch b) piezoelectric patch attached to aluminum structure c) perforated 
piezoelectric d) cracked piezoelectric patch
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y A

Fig. 5. Averaged relative error of the first 50 eigen-frequencies of the piezoelectric patch obtained by scaled 
boundary finite element method and finite element method

Table 1. The piezoelectric and aluminum properties [4]
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sin 2 30000 * 1 cos 2 6000f t t t

Table 2. 1st-5nd and 46nd -50nd natural frequencies of piezoelectric 
patch obtained by scaled boundary finite element method and finite 

element method

Fig. 6. Frequency response in the form of displacement in y direction at point A using harmonic excita-
tion in the same direction and point for piezoelectric patch (frequency range 0 to 35 kHz)

y A
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A

Fig. 7. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thickness of 4.8 mm
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Fig. 8. Averaged relative error of the first 50 eigen-frequencies of the piezoelectric patch attached to aluminum 
structure obtained by scaled boundary finite element method and finite element method

Table 3. 1st-5th and 46th -50th natural frequencies of piezoelectric 
patch attached to Aluminum structure obtained by scaled boundary 

finite element method and finite element method

3484 3463



3476

Fig. 10. Transient response of y direction of displacement in point A using harmonic excitation in the same direc-
tion and point for The piezoelectric patch attached to Aluminum structure (0 to 300 ).

y A

Fig. 9. Frequency response of y direction of displacement in point A using harmonic excitation in the same direction 
and point for The piezoelectric patch attached to aluminum structure (frequency range 0 to 35 kHz).
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Fig. 11. Averaged relative error of the first 50 eigen-frequencies of the perforated piezoelectric patch obtained by 
scaled boundary finite element method and finite element method

Table 4. 1st-5th and 46th -50th natural frequencies of the perforated 
piezoelectric patch obtained by scaled boundary finite element 

method and finite element method
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y A

y A

y A

Fig. 12. Frequency response of y direction of displacement in point A using harmonic excitation in the same 
direction and point for the perforated piezoelectric patch (frequency range 0 to 35 kHz)

y A

Fig. 13. Transient response in the form of displacement in y direction at point A using harmonic excitation in the 
same direction and point for the perforated piezoelectric patch (0 to 300 

S
 )
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Fig. 14. Averaged relative error of the first 50 eigen-frequencies of the cracked piezoelectric patch obtained by scaled 
boundary finite element method and finite element method
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Fig. 15. Frequency response of y direction of displacement in point A using harmonic excitation in the same direction 
and point for the cracked piezoelectric patch (frequency range 0 to 35 kHz)

y A

Fig. 16. Transient response in the form of displacement in y direction at point A using harmonic excitation in 
the same direction and point for the cracked piezoelectric patch (0 to 300 S  ).
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