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• Task 
• Probe Characterization 
• Echo Calculation 
• Measurement Analysis  • Simulation Models  

• Numerical  
• Semi Analytical 

• Wave Propagation 
• Space Waves 
• Guided Waves 

• Applications 
• Space Waves, Imaging  
• Guided Waves 
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• Tasks: Probe Characterization, Echo Simulation, Signal Analysis and Imaging 

Reconstruction of a reflecting surface using SAFT 
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• Numerical Models 

1-dim. discretized matter model with mass point and springs 

F = D · dL/L m · a = F = 

shear tension t normal tension s 

discretized matter models for  2 and 3 dim. Simulation 
using FEM, BEM, FD, EFIT or SBFEM for example 

Simulation of all wave modes with EFIT  

EFIT-Berechnung von Mehbub ur Rahman, BAM 8.4, 2012 
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Point Source Synthesis  

Sound field and 

• Semi-analytical simulation models 

wave propagation of single wave modes 
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Standard Probe 

Number of elements  1 

Angle of incidence fixed 

Point of focus fixed 

Angle of skewing fixed 

Movement of beam fixed 

Top View 

Number of elements  N (4) 

Angle of incidence variable 

Point of focus variable 

Angle of skewing fixed 

Movement of beam 1D (x) 

Top View 

Phased Array Probe 

Number of elements  N² (16) 

Angle of incidence variable 

Point of focus variable 

Angle of skewing variable 

Movement of beam 2D (x,y) 

Top View 

Matrix Array Probe 

Principle of Phased Array Technique 
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kleiner Prüfkopf bzw. Einzelelement 

Principle of Phased Array Technique 

Longitudinal wave, wavelength 6 mm, 16 elements a = 3 mm, d = 45 mm 
total time delay 3320 ns, skew angle 25°   
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Principle of Phased Array Technique 

Longitudinal wave, wavelength 6 mm, 16 elements a = 3 mm, d = 45 mm 
spherical time delay distribution for focussing 
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Principle of Phased Array Technique 

Longitudinal wave, wavelength 6 mm, 16 elements a = 3 mm, d = 45 mm 
recursive time delay calculation for constructive interference at the focus point 

geom. focus  
 time delay 
distribution 
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Phased array probe 

Small divergence and large sensitivity 
for a known beam direction  

The angle aperture for SAFT is realized by a 
sector scan as large as the divergence of a 

single element of the PA 

Using phased arrays for SAFT reconstruction 

Phased array probe 

SAFT requires large angle aperture 
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Phased array 

probe movement  

angle scan at each 
measurement point 

Phased Array SAFT  

simulated reflector surface, the circles only mark the centre of single parts of the 
reflector surface 
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Reconstruction of the reflecting surface 

A(s,a) = Amplitude correction function (sound path, angle of incidence) 

Phased Array SAFT  
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welding 

Container and test specimen 

Circumference scan, linear array 128 el., 
curved interface, 3.5 MHz, pitch 1 mm,  
angle ± 40°, c = 4700 m/s,  = 1.33 mm 
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SAFT reconstruction of  circular test 
reflectors (FBH) with 5 mm diameter 

Results,  flat bottom holes 

circumference scan 
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SAFT Reconstruction of the container wall containing flaws 
induced by bad welding parameters 

angle of incidence-40° to +40°, Stp 2° 

Results, „real“ flaws in the welding 

Sketch of the weld  

A 

 = 1.3 mm 

Finland 

cylinder lid 

A 
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Finland 

1 

Results, iron cast insert with side drill holes d = 1 mm 
DGZfP-Jahrestagung 2013, Dresden  
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Elastic waves in thin structures 

Superposition of longitudinal and shear waves causes complex 
superposition in thin structures → „guided waves“ 
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Finite Element Method (FEM) 

Arbitrary geometries can be discretized into small elements 

element 

nodes 
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Scaled Boundary Finite Element Method 
(SBFEM) 

Only the boundary of a geometry is discretized by line elements. 
The radial direction towards the geometry‘s center is described analytically 
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Direction of wave propagation 

SBFEM for waveguide modelling 
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For a homogeneous plate or cylinder, only the thickness direction is discretized 

h 



Interaction of guided waves with a notch in a 
plate 

SBFEM discretization – 198 dof 
Computational time: 20 s 

FEM discretization – 33888 dof 
Computational time: 2.5 hrs 

defect 
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Simulated displacements 

SBFEM converges to the same solution as FEM, often 
reducing the computational time by orders of magnitude  
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Wave propagation in three-dimensional waveguides 

FEM SBFEM 
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Mode shapes 
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Application in material characterization 
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Rautenberg 2012, PhD thesis 
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