
Efficient Modelling of Guided Ultrasonic Waves 
using the Scaled Boundary FEM with Application 
to Composite Pressure Vessels 
Yevgeniya Lugovtsova, Jannis Bulling, Jens Prager 

yevgeniya.lugovtsova@bam.de  

22.02.2018 

mailto:yevgeniya.lugovtsova@bam.de


Motivation 
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State-of-the-art: 

 predefined life of 15 to 20 years by CEN 

and ISO 

 

Aim: “non-limited” lifetime by structural 

health monitoring 

 

Damage types: 

 cracks in the metal liner 

 clusters of broken carbon fibers 

 matrix cracking 

 

Type III composite pressure vessel  
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MCS International 
GmbH 



Ultrasonic Testing 
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Conventional Ultrasonic Testing Ultrasonic Testing by means of Guided Waves 
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Dispersion curves 
1 mm aluminium plate 
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Group velocity 

dispersion curves 

Phase velocity 

dispersion curves 

0 2 4 6 8

Frequency [MHz]

0

2

4

6

8

10

Ph
as

e 
ve

lo
ci

ty
 [k

m
/s

]
A0

A2

S2
S1

A1

S0

0 2 4 6 8

Frequency [MHz]

0

1

2

3

4

5

6

G
ro

up
 v

el
oc

ity
 [k

m
/s

]

A0

S0

S1 S2

A1
A2

Symmetric mode 

Antisymmetric mode  

Efficient Modelling of Guided Waves using the SBFEM with Application to Composite Pressure Vessels 



Guided Wave Propagation 
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Guided Wave Propagation 
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Numerical Methods 
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Finite Element Method Scaled Boundary Finite Element Method 



Numerical Methods 
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Coupling of SBFEM with FEM Modelling of a crack 
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Infinite domain 



Assumptions 
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I 
 

II 
 

III 
 

Diameter 

Thickness 
> 8 

IV 
 



Modes of interest 
6 mm Aluminium-CFRP Plate 
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Mode 
  

Frequency 
[MHz] 

Group velocity 
[m/s] 

Phase velocity 
[m/s] 

Wavelength 
[mm] 

1 0.14 2090 1680 12 
2 0.5 2570 2510 5 
3 1 2880 2770 2.8 
4 0.4 4980 5840 14.6 
5 0.48 3180 7040 14.8 
6 0.7 4240 5430 7.8 
7 0.87 5440 9950 11.4 
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Numerical model and set-up 
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Data Analysis 
2D Fourier Transform 
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Excitation of Mode 3 at fc = 1 MHz 
Propagating modes 
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CFRP side 
 

Out-of-plane components 

Aluminium-CFRP interface Aluminium side 
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Excitation of Mode 3 at fc = 1 MHz 
Reflection from a 1 mm crack in aluminium 
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CFRP side 
 

Out-of-plane components 

Aluminium-CFRP interface Aluminium side 



Modes of interest 
6 mm Aluminium-CFRP Plate 
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Mode 
  

Frequency 
[MHz] 

Group velocity 
[m/s] 

Phase velocity 
[m/s] 

Wavelength 
[mm] 

1 0.14 2090 1680 12 
2 0.5 2570 2510 5 
3 1 2880 2770 2.8 
4 0.4 4980 5840 14.6 
5 0.48 3180 7040 14.8 
6 0.7 4240 5430 7.8 
7 0.87 5440 9950 11.4 
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A 1 mm long crack can 
be found with modes 
having wavelength 
more than 2 mm! 
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Damage assessment in CFRP 
 

• Matrix cracks result in a 15% decrease in all elastic moduli* 

 

* M. Castaings and B. Hosten, ‘Ultrasonic guided waves for health monitoring of high-pressure composite tanks’, NDT & E International, Volume 41, Issue 8, 2008 
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Conclusion 
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• SBFEM: less computational effort for dispersion curves & guided waves 
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• Metal liner: characteristic crack-mode interaction 

• 1 mm crack: modes with wavelength > 2 mm 

• CFRP: damage can be monitored using the group velocity 
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