
- 26 -

IXth NDT in PROGRESS

October 9–11, 2017, Prague, Czech Republic

MODELLING OF ULTRASONIC SCATTERING IN POLYCRYSTALS 
AIMING FOR TOOLS TO SIMULATE MODELLING OF ULTRASONIC 

SCATTERING IN POLYCRYSTALS  AIMING FOR TOOLS TO 
SIMULATE EXPERIMENTS IN NDT&E

Sigrun HIRSEKORN 1, Dascha DOBROVOLSKIJ 2, Martin SPIES 3

1 Rehbachstraße 126, Saarbrücken, Germany, E-mail: sigrun.hirsekorn@gmail.com
2 Fraunhofer ITWM, Kaiserslautern, Germany, E-mail: dascha.dobrovolskij@itwm.fraunhofer.de
3Fraunhofer IZFP, Saarbrücken, Germany, Germany, E-mail: martin.spies@izfp.fraunhofer.de

Abstract 
Numerical simulations of ultrasonic propagation and nondestructive testing and materials characterization procedures 
must comprise microstructural scattering phenomena. This objective requires a convenient microstructural scattering 
model allowing the simulation of ultrasonic time signals, e.g. backscattering signals (A-scans), flexibility in 
shape and macroscopic material inhomogeneity (local microstructure variations, defects, etc.) of the considered 
component, and the evaluation of analytical scattering coefficient formulae ensuring fast simulation 
algorithms. A general theoretical approach delivers the analytical basis. A 3D model for the numerical realization of 
proper statistical grain distributions for single-phase macroscopically isotropic polycrystals is developed, and 
ultrasonic backscattering signals are numerically simulated using the analytical scattering coefficient formulae 
provided by the theory. 
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1. Introduction
Ultrasonic scattering at grain boundaries in polycrystalline structures causes sound velocity 
dispersion and attenuation. These effects as well as the amplitudes of scattering waves can be 
used for materials characterization, but concomitant hamper defect detection and evaluation 
because the so-called grain noise superposes defect signals, and velocity dispersion corrupts 
defect positioning. Hence, ultrasonic signal evaluation and numerical simulations of ultrasonic 
propagation and nondestructive testing and materials characterization procedures must 
comprise microstructural scattering phenomena. This requires a convenient microstructural scattering 
model capable to simulate ultrasonic time signals, e.g. backscattering signals (A-scans), flexibility 
in shape and macroscopic material inhomogeneity (e.g. local microstructure variations, defects, 
etc.) in a component, and analytical scattering coefficient formulae allowing fast simulation 
algorithms. 
Statistically distributed single scatterers the ensemble averaged scattering energy flux densities of 
which reflect the microstructural noise of a test block may be used as scattering model [1]. Then, 
the convenient numerical simulation procedure is point source synthesis of waves stemming from 
the scatterers mimicking structural noise, potential defects, and reflections at the sample surfaces. 
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2. Theoretical approach

2.1 Mathematical formalism based on the general elastic dynamic equation of motion 

The general equation of motion of ultrasonic waves in inhomogeneous materials described by the 
displacement vector s(r,t) �̂�(�, �) = ∑ 

�� (C��� ��(�, �)
�� ) −  2

�23
�,�,�=1 �(�, �) = 0, C��� = (C1jk�, C2jk�, C3jk�),  (1)

contains position dependent second order elastic constants Cijkl = Cijkl(r) and density  = (r) [2] 
(xi are Cartesian coordinates). In general, this equation cannot be solved exactly. In order to derive 
an approximate solution, a virtual homogeneous medium with position independent material 
constants may be defined, which reflects well the macroscopic behavior of the real material so that 
its microscopic inhomogeneity may be considered as a small deviation from the virtual medium. 
The equation of motion of ultrasonic waves in the virtual material is �̂0��(�, �) = ∑ 

�� (Cjkl
0 ��0(�, �)

�� ) − 0 2
�23

�,�,�=1 ��(�, �) = 0, Cjkl
0 = (C1jkl

0 , C2jkl
0 , C3jkl

0 ),     (2)
�̂ = �̂0 − �̂1 ,    << 1 ,   C����(�) = Cijkl

0 � Cijkl
' (�) , (�) = 0 � ′(�) .  (3)

Then, perturbation theory may be applied using the displacement vector s0(r,t)) in the virtual 
medium as zeroth order solution of Eq. (1). 
Eqs. (1) to (3) yield a series expansion of the the displacement vector s(r,t), the Born series �(�, �) = {1 − �̂0−1�̂1}−1��(�, �) = {1 � �̂0−1�̂1 � �̂0−1�̂1�̂0−1�̂1}��(�, �) � �(3),  (4)
which, up to the nth order in the inhomogeneity, is its Born approximation of nth order. 
Generally, only statistical information about the microscopic inhomogeneity of the material, as 
there are size, shape, and orientation distribution of the grains and maybe also of secondary phase 
inclusions, is available via macroscopic material parameters. Thus, we have to aim for the ensemble 
average, i.e. the statistical average respective the microscopic inhomogeneity, of all quantities, here 
marked by angled brackets, and a convenient choice may be to define the virtual material by the 
ensemble averaged material constants:  Cijkl

0 = < C����(�) > , 0 =< (�) > .  (5a)

In a general theoretical approach [2], ultrasonic scattering wave energy flux densities generated by an 
incident wave in microscopically inhomogeneous media and the related structural noise scattering 
coefficients are derived from the infinite Born series presentation of ultrasonic displacement vectors 
which fulfil the elastic dynamic equation of motion of the media. The quantities are ensemble 
averaged respective the microscopic inhomogeneity and analytically evaluated for macroscopically 
isotropic single-phase polycrystals. Metallographically determined grain size distributions of single-
phase polycrystals without texture are exploited for the numerical realization of proper statistical 
scatterer distributions. A 3D model is used to represent the arrangement of scatterers. Applying the 
analytical scattering coefficient formulae provided by the theoretical approach described above, 
ultrasonic backscattering signals are numerically simulated. 
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- Born approximation of the ultrasonic waves, which implies weak and single scattering as well

as validity limitation for large values of wave number times linear dimension of the microscopic

inhomogeneity, i.e. limitation to the Rayleigh and resonance region,

- Far field approximation of the outgoing scattering waves (the distance of the point of

observation to the origin of an outgoing scattering wave must be larger than the linear

dimensions of the scattering volume) leading to outgoing spherical waves,

- The linear dimensions of the microscopic inhomogeneity have to be much smaller than the linear

dimensions of the considered scattering volume (in order to fulfill the statistical conditions for

ensemble averaging).

The intensity (or total energy flux) per unit area time averaged over one vibration cycle of

a harmonic displacement field s(r,t) as given in Eq. (4) is (* indicates conjugate-complex) [3]

f
i
(r) = iω

4
∑ (ij(�) s

j
(�)

∗ − ij(�)
∗
 sj(�))3

j=1

,    i = 1,2,3;   f(r) = (f
1
(r),f

2
(r),f

3
(r)).  (6)

Hooke’s law relates the stress tensor ij(r) to the deformation tensor kl(r) and the displacement 

vector s(r), and, exploiting the symmetry of the elastic constants Cijkl(r), we obtain the position 

dependent total energy flux per unit area including its flow direction as �(�)  =  iω
4

∑ Cjkl(�) (∂ sk(�)

∂xl

sj(�)
∗ − ∂ sk(�)

∗
∂xl

 sj(�))3

j,k,l=1

.  (7)

The Born series of the propagating wave, Eq. (4), allows its presentation as infinite series in the 

microscopic inhomogeneity of the material: 

The ensemble averaged displacement vector s(r,t) in the material follows from Eq. (4): < �(�, �) >=< {1 − �̂−0 �̂1 1}−1 > ��(�, �) == {1�< �̂−0 �̂1 1 > �< �̂−0 � ̂̂ �− �̂1 1 01 1 >}��(�, �) � �(3).  (5b)The ensemble averaged scattering wave intensities are derived from Eq. (4), the complete solution of the equation of motion in the inhomogenous material containing the incident and all scattering waves. This approach avoids excluding effects of close packed scatterers already at the starting point and ensures consistent abidance by the used approximations: 
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 = ω ∑ ( (� (� ∗ −  (� ∗ (� ) ,    = = ( )  6
 

 �(�)  =  ω ∑ (� (∂ (�
∂

(� ∗ − ∂ (� ∗
∂

(� ) .  7

The ensemble averaged displacement vector s(r ) in the material follows from Eq. (4): < �(�, �) >=< {1 − �̂−0 �̂1 1}−1 > ��(�, �) == {1�< �̂−0 �̂1 1 > �< �̂−0 � ̂̂ �− �̂1 1 01 1 >}��(�, �) � �(3).  (5b)The ensemble averaged scattering wave intensities are derived from Eq. (4), the complete solution of the equation of motion in the inhomogenous material containing the incident and all scattering waves. This approach avoids excluding effects of close packed scatterers already at the starting point and ensures consistent abidance by the used approximations: 
< f 2(r)> =< f 2> = ∫ d

 3
r' < f

V

 2
(r')> .   (10)

The integrand < f
V

2
(r')> is the energy flux density of either incoming or outgoing waves respective

to the origin of the coordinate system r’. The radial flow direction discriminates between both 
cases. Because of the energy balance, the total energy flux of both have to be the same [2]. The 
ensemble averaged energy flux density of outgoing scattering waves < f

V

 2
(r)

+
> in the far field

(r) normalized with the energy flux per unit area of the incident wave (Eq. (9)) provides with 
the scattering coefficient K(,,) defined in [Eq. (1) of 4], the upper index K (K=k, κ) indicates 
the incident wave type, longitudinal and shear, respectively: ‘K(,,)ddV is the total power at 
angular frequency  scattered by grains within the volume dV into the solid angle d at direction 
(,) per unit incident sound intensity’: (< f

V

 2
(r)

+
> er) /(f 0 eK) r

1

r2
K(,,)  = 1

r2
(

L
K(,,) � 

T
K(,,))  .       (11)

Here, (r,,) are the spherical coordinates related to the Cartesian coordinate system (x1,x2,x3) by 
x1 = r sin cos, x2 = r sin sin, x3 = r cos, the origin of which is the centre of the scattering 
volume dV, er (radial direction) and eK are the propagation directions of the outgoing scattering and 
the incident wave, respectively. 

L
K(,,) and 

T
K(,,) are the coefficients for scattering into

longitudinal and transverse waves, respectively. They are related to the far field amplitudes 
AL

K(,,) and AT
K(,,) of outgoing longitudinal and transverse spherical waves [4] by


KS

K (,,) = n < |AKS

K (,,)|2
>

vKS

vK

 ,   KS=L,T;       (12)

n is the number of scatterers per volume, vKS
 and vK are the sound velocities of the scattered wave 

and the incident wave, respectively. The origin of the outgoing scattered waves is the centre of a 
scattering volume dV, the far field ultrasonic scattering coefficients η

L
K(ω,ϕ,ϑ) and η

T
K(ω,ϕ,ϑ) and

amplitudes AL
K(ω,ϕ,ϑ) and AT

K(ω,ϕ,ϑ) are presented in a coordinate system with its origin there
(Fig. 1 in [2], analog definition to those of second phase inclusions in homogeneous materials [3]). 

2.2 Analytical evaluation for single-phase macroscopically isotropic polycrystals 
In single phase polycrystalline materials, the density is constant, i.e. in Eq. (3) ρ’(r)=0, and the
position dependency of the elastic constants Cijkl(r) is caused only by the single crystal anisotropy 
of the material and the different orientations of the grains. For macroscopic isotropy, i.e. without 

It is innately independent of position and of the microscopic material inhomogeneity, i.e. not 
affected by ensemble averaging. The higher order terms of f(r) are due to the scattering waves. 
Macroscopic homogeneity causes position independence in the ensemble average. If the virtual 
medium material constants are those of Eq. (5a), the ensemble averaged first order term becomes 
zero, and the second order part <f 2(r)> is the one of lowest order in the microscopic inhomogeneity. 
The ensemble averaged total energy flux due to scattering waves is the volume integral of 
the corresponding ensemble averaged energy flux density, < f 

V

2
(r')> in 2nd order approximation,

The zeroth order term f 0(r) is the intensity of the incident plane wave s0(r)=eP exp(‒Kr), wave 

vector K=Ke =K(nK1, nK2, nK3), polarisation eP=(nP1, nP2, nP3):  f 0(r) =  iω
4

∑ C���0 (∂sk
0(r)

∂xl

sj
0(r)∗ − ∂sk

0(r)∗
∂xl

sj
0(r)) =3

j,kll=1

ωK
2

∑ C���0
nPjnPknKl =  f 03

j,k,l=1

.  (9)
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Gij(r)= − 1
r

[xixj

r2
g(r)+δijh(r)] , δij = {10 �� � = �� ≠ � , ;    G(r)=(Gij(r)) , (15a)

g(r)=
1

4πρω2r2
[3(1+��) − x2]e−ix

kr

r , (15b)
h(r)= − 1

4πρω2r2
[(1+��)e−ix

kr

r − (r)2
e−ir] . (15c)

G(r) is the Green’s function tensor in the monochromatic case: �(r, �) = �(r) ���� , �0(r, �) = �0(r) ���� , (15d)
= 0, k and  are the wave numbers of compressional and shear waves, respectively, in the virtual 
homogeneous isotropic material. The wave numbers are related to the material properties via the 
wave lengths λL and λT and the sound velocities vL and vT of compressional and shear waves, 
respectively, by k=2/λL=/vL, κ=2/λT=/vT; 0vL

2 = C11
0

, 0vT
2 = C44

0  and 

C11
0 = Ciiii

0 , � = 1,2,3;   C12
0 = Ciijj

0  , C44
0 = Cijij

0 , �, � = 1,2,3, ��;   C11
0 − C12

0 − 2C44
0 = 0.     (15e)

The far field approximation of the Green’s function 

Gij(r)= − 1

r
[xixj

r2
g(r)+δijh(r)] →r→∞ − k

2
4πρω2

xixj

r2

�−�kr

r
+

2
4πρω2

(xixj

r2
− δij) �−�r

r
(15f) 

depicts spherical waves. Ensemble averaged products of two elastic constants at positions r and r’, 
respectively, are zero if both positions point into different grains. For r and r’ pointing into the 
same grain, the results for hexagonal and cubic single crystal symmetry are given in the literature. 
The general representation of the ensemble averaged products is [2] < Cijkl

' (r)Cmnop
' (r’)>=W(r‒r’) < Cijkl

'
Cmnop

'
>,    (16a)< Cijkl

'
Cmnop

'
> = <CijklCmnop> ‒ <Cijkl >< Cmnop> ,   <Cijkl >= Cijkl

0 , (16b)
where Cijkl and  Cmnop are from the same grain. W(r−r’) = exp(−r−r’/l) is the probability that r 
and r’ point into the same grain. It is related to the effective grain volume and to the mean free path 
length between two grain boundaries d by 

Vg eff = ∫ d
3

r W(r) = 8l
3 =  d

3 , d = 2 l  . (16c)
The equations given above allow the analytical calculation of the scattering coefficients defined by 
Eq. (11) for single-phase macroscopically isotropic polycrystals. The results are presented in [2]. 

�0 �̂1�(r,t)= − ∑ ∂
∂xj

3

j,k,l=1

(Cjkl
' (r)

∂xl

) ,   Cjkl

∂uk(r,t) ' (r) = (C
'
1jkl(r), C'

2jkl(r), C'
3jkl(r)) ,  (13)

L̂0

‒1�(r,t)= ∑ ∫ d
3

r'Gj

3

j=1

(r-r') uj(r',t) ,    Gj(r) = (G1j(r),G2j(r),G3j(r)),            (14)

texture, the orientation distribution function of the grains is constant. The operator 1 and the 
inverse operator −̂1 applied to the arbitrary position and time dependent vector u(r,t) are [2]
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echo technique. Between both measurements, the transducer position was shifted by a few mm, 
only. The local microstructure caused the differences in the signals. Figures 1b and c reveal the 
basic assumption of the approach. We consider a macroscopically homogeneous (here single-
phase) polycrystalline material as a package of single scatterers, the grains, and apply spatial 
tessellation, i.e. a three-dimensional space filling polyhedron mosaic, in which each single cell 
represents a grain and acts approximately as a spherical scatterer with the same volume as the grain. 

(a)  (b) (c)
Figure 1: (a) Two ultrasonic A-scans measured in pulse-echo technique at two different neighboring surface 
positions of the same CuBe2 alloy specimen using a longitudinal wave transducer of 2.25MHz frequency. 

(b) Incident plane wave (wave vector �) propagating into the positive �3-direction and being scattered at statistically
distributed scatterers in the sample; in the far field, the scattere d waves outgoing from a scatterer (scattering volume
dV, e.g. at position �1) are spherical, scattering wave vector ��, propagation into the positive radial (er-)direction.
(c) Micrograph of an Inconel 617 alloy sample [6]; a single scatterer (grain) is, in a plane, approximated by a red

circle, the contribution of the single grain to the backscattering signal is approximately given by the scattering waves 
of a volume equivalent sphere. 

A variety of different spatial tessellations provide with many diverse possibilities of modeling 
microstructural grain distributions. The best result will be obtained by analyzing the real material, 
extracting the important characteristics of its microstructure, and choosing the most 
appropriate model capable to reflect the real material’s microstructure. We apply a Laguerre-
Tessellation based on non-overlapping sphere packages in order to model single-phase 
polycrystals. This approach was proved to be one of the most reasonable model in delivering the 
best fit of the Coefficient of Variation (CV) of realistic grain volume distributions [5]. Moreover,  
Laguerre-Tessellations yield appropriate numbers of facets per polyhedron. Other well-known 
tessellations, as e.g. the Voronoi-Tessellation [6], fail in mimicking these essential characteristics 
of polycrystalline materials.
Characteristic parameters of the microstructure of a sample may be acquired by metallographic 
image analysis. Here, we investigate a sample of the material Inconel 617 alloy (Figure 1c). Its 
effective mean grain diameter is d = 300��, the actual grain diameters depict a typical log-normal 
distribution (specific mean value μ, standard deviation σ) [7]: 

3. Numerical simulation

3.1 Microstructural model of polycrystalline materials 

We present a general procedure how to generate a three-dimensional model of a polycrystalline 
microstructure and to fit its parameters to a real material. Such a model enables three-dimensional 
calculations of microstructural scattering effects, i.e. the so-called structural noise, in ultrasonic 
measurements. Figure 1a shows two ultrasonic signals measured at a CuBe2-specimen in pulse-
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algorithm needs as input the number of spheres �� and the distribution of the diameters of the 
spheres in order to be able to pack them as densely as possible in a given volume �. The packing 
density �� is the filled volume fraction that can be achieved by the algorithm. The mean volume of 
the spheres in � is given by ��� = ����, and the sphere package specific parameter is ��� = ����̅� . In [8], 
it was proposed to choose the parameters ��� and ��� as��� = exp (� � �22 )   (18a) ��� = √(exp(�2) − 1) exp(2� � �2) .   (18b) 

This formulation allows controlling the shape of the log-normal distribution in order to obtain a 
dense random non-overlapping sphere package. The theory behind is a marked Poisson Point 
Process (PPP), which stems from the Stochastic Geometry, and is studied in detail in [10]. This 
algorithm realizes virtually a PPP in a 3D volume. A PPP is defined by its so-called intensity ��, 
the number of required random events. A realisation of a PPP results into a unique pattern. This 
process is a very convenient approximate model for polycrystalline microstructures because the 
recrystallization process, too, is random by its nature. 
As an example, Figure 2a shows a PPP pattern of �� = 100. In the next step, the Force-Biased-
Algorithm assigns a mark to each point, which, in our application, is a sphere diameter d belonging 
to the log-normal distribution �(�|���, ���) with the random variable �. The algorithm composes
iteratively the distribution of the spheres by rearranging their positions and adapting their 
diameters. The procedure stops as soon as the packing density �� is hit (abort criterion). Figure 2b 
visualizes an example of a package of 5000 randomly distributed non-overlapping spheres. Then, 
as proposed in [5] and [8], each sphere centre generates a cell with facets between the neighbouring 
cells, the  Laguerre-Tessellation, which yields a reasonable microstructure fit. Figure 2c shows an 
example containing 500 cells. The different sizes of the cells are clearly visible. 

(a) (b)     (c)     (d)
Figure 2: (a) A realization of a PPP of �� = 100. (b) Sphere package of 5000 non-overlapping spheres with

a packing density of �� = 40%, computed by the Force-Biased-Algorithm. (c) A visualization of a  Laguerre-
Tessellation of 500 cells. Different colours mark different cells. (d) exemplifies a cell with its centre at the apex of 

a pyramid formed by one of the facets of the cell. The cell volume is the sum of the volumes of all pyramids defined 
by each of the facets. 

  �(�|�, �)=
1��√2� exp (−(ln � − �)22�2 )    . (17)

�We fit the polycrystalline microstructure by fitting the shape of the log-normal grain diameter 
distribution. Its characteristic parameter �� = � has been studied extensively in [7] and [8]. 

First, we have to reformulate the log-normal distribution due to our modelling approach based on 
packing of random non-overlapping spheres realized by the Force-Biased-Algorithm [9]. This 
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Since we have fitted the model by the sphere package specific parameter, an additional step is 
required. For the application of the scattering theory formulae, we need the effective radius of 
each grain, i.e. calculating the volume Vcell of each cell in the  Laguerre-Tessellation and using 
the diameters of the volume equivalent spheres. We iterate over all facets belonging to 
one cell, compute the sub-volumes of the pyramids (see Figure 2d), and obtain the effective 
cell diameters  ����� = 2 ∙ √3�����4�3   .   (19) 

These have to be used for the explicit calculation of the scattering coefficients of all �� cells. 

3.2 Computation of backscattering coefficients 

Figure 3 shows backscattering coefficients in dependence on the effective grain diameter for 
incident plane compressional and shear waves, respectively, and outgoing spherical scattering 
compressional and shear waves, respectively, calculated via the formulae given in [2] for different 
frequencies. The material is a pure nickel alloy [2, 4]. 

Figure 3: Computed backscattering coefficients versus effective grain diameter for different frequencies, 
incident plane wave, equiaxed randomly oriented pure nickel (see also [2, 4]). 

Numerical signal computations have to comprise many different steps: 
- The simulation has to be carried out within a 3D grid which, in our application, is a computed

spatial  Laguerre-Tessellation based on 2 ∙ 104 randomly distributed spheres with log-normal
diameter distribution representing a polycrystal of d = 300�� effective grain diameter. First,
we consider a volume of 73 mm3. We concatenate the tessellation in each spatial direction (x, y 
and z) three times obtaining a volume of 213 mm3 with 5.4 ∙ 105 randomly distributed
scatterers.

- The sample material is polycrystalline Inconel 617, the single crystal constants of which are
C11=243.2 GPa, C12=163.05 GPa, C44=134.3 GPa, and its density is ρ=8360 kg/m3.
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- The simulations are carried out for three measurement frequencies (f=1, 2.25 and 4 MHz) and a
circular transducer of 6 mm diameter. These parameters determine the required discretization
in agreement with the sampling theorem (Nyquist-Shannon-Theorem) and thus, mainly dictate
the computational effort. Both, the spatial discretization of the transducer area as well as the
frequency discretization describing the transducer bandwidth have to be taken into account.

- The wave field generated by the transducer has to be computed at all scatterer positions
according to the Kirchhoff evaluation [11], with as well as without microstructure scattering.
We use Auld’s Theorem [12] in order to calculate backscattering as a response of a spatially
unique composition of scatterers.

- Calculations are required for all frequencies necessary to discretize the transducer bandwidth.
- The results achieved in the frequency domain are Fourier-transformed in order to obtain time

signals.

The proposed numerical simulation of ultrasonic signals require high computational efforts and 
long-lasting running times. The simulation of backscattering signals in polycrystalline Inconel 617 
is under progress. Results will be presented at the workshop. Figure 4 exemplifies results from 
previous experiments at pure nickel alloy with an effective grain diameter of d = 190��. 

(a)  (b)  (c)
Figure 4: (a) Simulated backscattered signals for 20 generated Laguerre-Tessellations, testing frequency 0.5 MHz: 

single A-scans (left) and absolute amplitude of the average of 20 A-scans (right). (b) Results of similar virtual 
experiments carried out for different frequencies: comparison of the decay of computed averaged backscattered 

signals. (c) Simulated A-scan for one Laguerre-Tessellation when a back wall is present, testing frequency 1 MHz. 

4. Summary and prospects
This paper presents a general theoretical approach delivering the analytical base for the numerical 
simulation of ultrasonic propagation in microscopically inhomogeneous media and 
nondestructive testing and materials characterization procedures in complex structured materials 
and components. Analytical evaluation of the formal results is carried out for single-phase 
macroscopically isotropic polycrystalline materials. A numerical simulation tool is developed 
containing a 3D model for the numerical realization of proper statistical grain distributions 
and the implementation of the analytical scattering coefficient formulae provided by the 
theory. The tool is used for the numerical simulation of ultrasonic backscattering signals. 
Numerical simulations using statistical scatterer distributions will never reproduce an actually 
measured ultrasonic time signal, but will yield signals which a virtual sample with the 
same macroscopic behavior as the real sample under consideration might generate. Simulated 
ultrasonic time signals reflect the interference pattern of the statistical distribution of the 
scatterers involved, while measured A-scans reflect the interference pattern of the special grain 
arrangement along the sound path comprising orientation, shape, and size of each grain. But, 
simulated ensemble averaged properties and macroscopic behaviour mirror corresponding 
experiments. 
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Future work will be the application of the simulation tool to cases of industrial interest, the 
extension of the analytical evaluation of the general theoretical approach in order to include 
multi-phase and/or textured polycrystalline materials as well as fiber-reinforced materials or the 
like, and finally, the implementation of the analytical results into the simulation tool and further 
applications. 
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