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(54) METHOD FOR MODELLING VARIATIONS OF REPEATING PARTS OF A COMPONENT

(57) A computer-implemented method for modelling
variations of repeating parts (VRP) of a component
(CMP) comprising. To improve the modelling of compo-
nents with repeating parts (VRP) with variations addition-
al method steps are proposed as:
A) providing parameter sets (PRM) for part (VRP) con-
figurations (CFG) of a plurality of different of said parts
(VRP), wherein said parameters (PRM) of each param-
eter set (PRM) respectively define the part (VRP) con-
figuration (CFG) of a part (VRP),
B) selecting a selection (SCT) of said part (VRP) config-
urations (CFG),

C) providing a part (VRP) model (MDL) for each part
(VRP) configuration (CFG) of the selection (SCT), where-
in said part (VRP) model (MDL) relates forces (FRC) and
displacements (DPL) to locations of the respective part
(VRP),
D) building an approximator (APX), wherein said approx-
imator (APX) is provided for interpolating said part (VRP)
models (MDL) to approximate a part (VRP) model (MDL)
of a part (VRP) configuration (CFG) that doesn’t belong
to said selection (SCT) of said part (VRP) configurations
(CFG).
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a computer-implement-
ed method for modelling variations of repeating parts of
a component.

BACKGROUND OF THE INVENTION

[0002] Modelling variations of repeating parts of a com-
ponent needs to be done often in performance of engi-
neering tasks. For example, lattice structures, preferably
of the lightweight type, become more popular in particular
due to new production techniques like additive manufac-
turing, which enables easier creation of e.g. lightweight
structures with variations of repeating parts of the com-
ponent to be generated.
[0003] Lattice structures according to a narrower def-
inition are containing beams that are connected at joints,
most often by repeating a unit cell.
[0004] More general this invention is applicable to lat-
tice structures which comprise also porous three-dimen-
sional spatial structures formed and tessellated by unit
cells with different topological geometries. This kind of
lattice structure may be considered to belong to e.g. cel-
lular structures (including foam structure, honeycomb
structure and lattice structure).
[0005] If, for example, as a component a lattice struc-
ture with joints is considered these joints may be provided
as variations of repeating parts and they may have a
complex geometry. Such joints may conventionally be
hard to simulate accurately without a large computational
effort. Models required for industrially relevant applica-
tions may be highly detailed and may quickly become
unfeasible regarding availability of computation power.
[0006] Lattice structures are generally simulated with
the Finite Element Method (FEM). Here, the structure is
subdivided ("meshed") into a mesh of simpler geometries
called Finite Elements. These elements are more easily
discretized and after assembly the full geometry is cap-
tured. During the post processing, the performance of
the design can be gauged by looking at the simulation
results. The total stiffness and mass are often used in
topology optimization frameworks, stress concentrations
decide the fatigue life of the structure and an eigenvalue
analysis shows the dynamical behavior of the structure.
[0007] There are two types of mesh used for e.g. lat-
tices. The first is a solid mesh: the lattice structure is
subdivided into a large number of three-dimensional (3D)
elements (e.g. Simcenter Nastran’s CTETRA). Due to
the geometrical complexity of lattices, a lot of these ele-
ments are often needed. This method can therefore be
considered ’accurate but slow’.
The second mesh type is the one-dimensional (1D)
mesh: every beam in the mesh is replaced by a beam
element (for example Simcenter Nastran’s CBAR). Few-
er elements are thus needed, resulting in a much smaller

computation time. A problem with this approach is that
these beam elements are based on beam theory (Euler-
Bernoulli beam theory, Timoshenko-Ehrenfest beam the-
ory), which becomes inaccurate as the beams become
thicker.
[0008] Aspects of lattice modelling are known from: M.
Helou and S. Kara. Design, analysis and manufacturing
of lattice structures: An overview. International Journal
of Computer Integrated Manufacturing, 31(3):243-261,
2018. ISSN 13623052.
doi:10.1080/0951192X.2017.1407456.
Another prior art publication is: G. Dong, Y. Tang, and
Y. F. Zhao. A survey of modeling of lattice structures
fabricated by additive manufacturing. Journal of Mechan-
ical Design, Transactions of the ASME, 139(10), 2017.
ISSN 10500472. doi: 10.1115/1.4037305.
[0009] Some teachings of these publications may be
summarized regarding the field of the invention as fol-
lows. A major problem is that by replacing the beams
with one-dimensional elements, every joint is replaced
by a single point. However, these nodes contain a lot of
stiffness and mass. In bending-dominated lattices, they
also have a large influence on the fatigue life since that’s
where the highest stress occurs. There are some tech-
niques in literature that try to mitigate this problem by
increasing the beam thickness close to the joints, but this
is more a pragmatic but less accurate solution. Further,
there is no generally accepted way to determine by how
much the thickness then needs to change. This method
can therefore be considered "fast but inaccurate".
[0010] Currently, there exist methods for modelling
variations of repeating parts of a component in particular
for modelling a joint of a lattice structure. Such methods
may benefit from improvements. It is one objective of the
invention to improve the design process of components
with variations of repeating parts.

SUMMARY OF THE INVENTION

[0011] Based on the prior art described above and the
problems associated, the invention is based on the task
of improving the design process of a component com-
prising variations of repeating parts, like lattice struc-
tures.
[0012] The object of the invention is achieved by the
independent claims. The dependent claims describe ad-
vantageous developments and modifications of the in-
vention.
[0013] In accordance with the invention there is pro-
vided a solution for the above described problems by the
incipiently defined method comprising the additional
steps:

A) providing parameter sets for part configurations
of a plurality of different of said parts, wherein said
parameters of each parameter set respectively de-
fine the part configuration of a part,
B) selecting a selection of said part configurations,
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C) providing a part model for each part configuration
of the selection, wherein said part model relates forc-
es and displacements to locations of the respective
part,
D) building an approximator, wherein said approxi-
mator is provided for interpolating said part models
to approximate a part model of a part configuration
that doesn’t belong to said selection of said part con-
figurations.

[0014] Components according to the invention may in-
clude lattice structures, porous three-dimensional spatial
structures formed and tessellated by unit cells with dif-
ferent topological geometries, cellular structures like
foam structures, honeycomb structures and the like.
[0015] Herein, variations of repeating parts mean
structures comprising elements with similar function and
similar geometry which may partly be identical and partly
be different and which may be defined by a parameter
set defining the respective part configuration. The meth-
od according to the invention uses these variations of
repeating part as a new type of element which may be
called a "Parameterized Superelement" which can be
used more broadly for any structure containing a large
amount of parts with a similar (but slightly varying) ge-
ometry.
[0016] Forces may include linear forces like tensile
force, compression force, shear force and the rotational
equivalent of linear force normally termed as moment,
moment of force, rotational force or turning effect, tor-
sional force. Forces may further comprise pressure, area
forces, tensile stress, shear stress and compressive
stress.
[0017] Concurrently, for lattice design it is highly at-
tractive to use a topology optimization framework that
decides to put the right lattice at the right place. However,
optimization is an order of magnitude more complex and
therefore expensive than simulation. Optimization of the
highly detailed models required for industrially relevant
applications therefore quickly becomes unfeasible.
[0018] This invention unlocks the possibility of fast and
accurate simulation of e.g. lattices and may be even their
subsequent optimization. This is done by the method
steps defined by the claims - in other words by adopting
a reduction and interpolation technique that simulates
the e.g. lattice joints using so-called parametrized parts,
respectively said "Parametrized SuperElements (PSE)".
Furthermore, the invention may be applied to structures
that contain a large amount of slightly varying structures.
Currently available Finite Element Methods may be ex-
tended by the method according to the invention. Some
examples of components respectively said structures ac-
cording to the invention may be applied to (not limited to
these):

- truss bridges and tower cranes, since they can be
viewed as macroscale lattices;

- gas turbine rotors, since their blades all differ to pre-

vent resonance; and
- ship hulls due to their large amount of plates, rivets,

welds and beams in varying configurations.

[0019] According to a preferred embodiment of the in-
vention the step of:

(this is step C) providing a part model for each part
configuration of the selection, wherein said part mod-
el relates forces and displacements to locations of
the respective part,
comprises for each part configuration of the selection
the steps:

a. meshing a mesh of said part with solid ele-
ments,
b. generating a preliminary part model of the
meshed part by relating forces and displace-
ments to locations defining said solid elements
through a first part stiffness matrix,
c. identifying constraints reducing the number
of exterior degrees of freedom of movement by
constrained degrees of freedom,
d. generating said part model by reducing the
model order of said preliminary part model to
the remaining exterior degrees of freedom by
eliminating said constrained degrees of freedom
of said first part stiffness matrix resulting in a
reduced stiff-ness matrix,

and wherein step D) comprises building said approx-
imator by interpolating the reduced stiffness matrix-
es to extract the reduced stiffness matrix of a part
that doesn’t belong to said selection of said part con-
figurations.

[0020] According to another preferred embodiment of
the invention, the repeating parts may be joints of a lattice
structure.
[0021] According to another preferred embodiment of
the invention, the selecting of step B) may be done by
selecting all types of variations or by selecting only a
subset of the whole variation plurality. In case of subset
selection, the selection may be done randomly or by a
systematic approach. The systematic approach may be
done by varying parameters of the parameter set sys-
tematically. This variation may be done stepwise, maybe
in equidistant steps along the range of the respective
parameter if the range is limited with an upper and lower
limit. Instead of equidistant steps logarithmic step widths
or other step withs may be used, in particular if one pa-
rameter is not limited. The number of variations may be
limited to a predefined number per parameter and the
steps width may be defined by parameter range divided
by number of steps. The resulting variation number may
be the product of all number of respective parameter var-
iants.
[0022] According to still another preferred embodiment
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of the invention, the step of reducing the model order is
done using a Guyan reduction resulting in a reduced stiff-
ness matrix. In computational mechanics, Guyan reduc-
tion, also known as static condensation, is a dimension-
ality reduction method which reduces the number of de-
grees of freedom by ignoring the inertial terms of the equi-
librium equations and expressing the unloaded degrees
of freedom in terms of the loaded degrees of freedom
(GUYAN, J., Reduction of stiffness and mass matrices,
R. , AIAA Journal 3 380--380 (1965) ht-
tps://doi.org/10.2514/3.2874).
[0023] According to still another preferred embodiment
of the invention, the interpolating of step D) uses Canon-
ical Polyadic Decomposition. This tensor rank decompo-
sition is one generalization of the matrix singular value
decomposition applied to tensors [F. L. Hitchcock (1927).
"The expression of a tensor or a polyadic as a sum of
products". Journal of Mathematics and Physics. 6:
164-189].
[0024] The invention relates also to a computer-imple-
mented method for optimization of a component com-
prising repeatedly carrying out an optimization step by
the computer-implemented method for modelling varia-
tions of repeating parts of a component according to the
preceding description and/or the features as defined by
the claims for several variations of the component and
subsequently comparing the results of the modelling with
regard to predefined performance factors to identify start-
ing configuration for the next optimization step. This op-
timization may be carried out as long as predefined target
performance factors are reached. The optimization may
also follow parallel tracks with different starting variations
of the component and may interchange the variation fea-
tures according to a predefined optimization strategy.
[0025] The invention relates also to an additive man-
ufacturing method for generating a component with var-
iations of repeating parts, wherein a design step com-
prises a method according to the above defined invention
respectively to one of its embodiments, wherein a sub-
sequent generating step is done according to a design
generated by said design step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Embodiments of the invention are described,
by way of example only, with reference to the accompa-
nying drawings, of which:

Figure 1 shows a flow diagram of a method according
to the invention.

Figure 2 shows a flow diagram of a method according
to the invention for modelling a component.

Figure 3 shows a flow diagram of a method according
to the invention for generating an approxi-
mator.

[0027] The illustration in the drawings is in schematic
form. It is noted that in different figures, similar or identical

elements may be provided with the same reference
signs.

DESCRIPTION OF THE DRAWINGS

[0028] Figure 1 shows schematically a computer-im-
plemented method for modelling variations of repeating
parts VRP of a component CMP according to the inven-
tion comprising the steps of:

A) providing parameter sets PRM for part VRP con-
figurations CFG of a plurality of different of said parts
VRP, wherein said parameters PRM of each param-
eter set PRM respectively define the part VRP con-
figuration CFG of a part VRP,
B) selecting a selection SCT of said part VRP con-
figurations CFG,
C) providing a part VRP model MDL for each part
VRP configuration CFG of the selection SCT, where-
in said part VRP model MDL relates forces FRC and
displacements DPL to locations LCT of the respec-
tive part VRP,

a. meshing a mesh MSH of said part VRP with
solid elements SOE,
b. generating a preliminary part VRP model PPM
of the meshed part VRP by relating forces FRC
and displacements DPL to locations LCT defin-
ing said solid elements SOE through a first part
VRP stiffness matrix SMX,
c. identifying constraints CTS reducing the
number of exterior degrees of freedom EDF of
movement by constrained degrees of freedom
CDF,
d. generating said part VRP model MDL by re-
ducing the model order ORD of said preliminary
part VRP model PPM to the remaining exterior
degrees of freedom RDF by eliminating said
constrained degrees of freedom CDF of said first
part VRP stiffness matrix SMX resulting in a re-
duced stiffness matrix RSM,

and wherein step D) comprises building said approx-
imator APX by interpolating the reduced stiffness
matrixes RSM to extract the reduced stiffness matrix
of a part VRP that doesn’t belong to said selection
SCT of said part VRP configurations CFG,
E) generating a reduced component model RCP by
using said approximator APX for several parts VRP
of said component CMP and combining the resulting
reduced stiffness matrices of these parts VRP with
other models of elements of said component CMP.

[0029] Said approximator APX may be considered a
Parametrized Superelement PSE.
[0030] Figure 2 shows a simplified illustration showing
some steps of the method according to the invention for
modelling a component CMP, here a lattice structure
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LTS. The usage of the approximator APX respectively
the Parametrized Superelement PSE according to the
invention during lattice simulation, enables the efficient
and accurate simulation of e.g. the diamond lattice DIA
shown. The illustration shows the diamond lattice DIA
structure being simplified to beams BMS and joints JNT
(shown exemplary for one joint JNT). The joint JNT, being
a specimen of the general part PRT according to the in-
vention, is modelled as a Parametrized Superelement
PSE and after doing so for all joints JNT the initial dia-
mond lattice DIA structure is modelled. Finally, a reduced
overall model OVM is obtained for the component CMP
by combining all Parametrized Superelements PSE of
the component CMP together with other element of the
component. For the application of lattice structure simu-
lation, the method according to the invention may be part
of a procedure which may simulate the beams BMS with
1D elements but which models the joints JNT according
to the invention as Parametrized Superelements PSE.
[0031] The invention is suitable to lattice structural de-
sign due to the large number of joints JNT with a complex
geometry. The invention can also be applied to for ex-
ample truss bridges (because such a bridge contains a
large number of beams and joints JNT) and, more gen-
erally, any structure that contains many parts with a com-
plex geometry (cars, planes, ...) which are similar but
comprise variations being defined by the parameter sets
PRM for part VRP configurations CFG. Essential steps
of the procedure illustrated comprise:

1. the joint JNT is modelled by meshing it with solid
elements
2. constraints CTS are added to reduce the number
of exterior degrees of freedom (EDF).

According to a preferred embodiment connection faces
of joints JNT of a lattice structure may be assumed to
remain straight, which may result in a reduced number
of remaining exterior degrees of freedom RDF, e.g. in six
degrees of freedom per face. A subsequent reduction
step may reduce the model order ORD to the exterior
degrees of freedom EDF. This is done preferably by using
a Guyan reduction (also known as substructuring, static
condensation, substructuring, ...) which results in a re-
duced stiffness matrix similar to what would be achieved
by an analytical element but applicable to more difficult
geometries. Due to the computationally expensive reduc-
tion, a fast approximator APX on basis of a selection SCT
of said part VRP configurations CFG may be built to ex-
tract the reduced stiffness matrix of a part VRP that
doesn’t belong to said selection. For a large number of
joint configurations, the reduced matrices are generated.
Then, they are interpolated in order to be able to extract
the reduced stiffness matrix of a joint with parameters
that are not previously simulated. In this case, the Ca-
nonical Polyadic Decomposition may be used since it
eliminates all parameter dimensions, allowing for a 1D
to 1D interpolation (e.g. illustrated in: https://www.tensor-

lab.net/doc/cpd.html).
[0032] Preferably a combination of the above steps en-
ables an efficient calculation of the reduced stiffness ma-
trix RSM that depends on the parameters of the complex
geometry it represents.
[0033] Figure 3 shows steps of the method:

A) providing parameter sets PRM for part VRP con-
figurations CFG and B) selecting a selection SCT of
said part VRP configurations CFG as an input IPT
for the next step,
C) a.&b.: providing a part VRP model MDL for each
part VRP configuration CFG by meshing with solid
elements SOE. Generating a preliminary part VRP
model PJM of the meshed part VRP by relating forc-
es FRC and displacements DPL to locations LCT
defining said solid elements SOE through a first part
VRP stiffness matrix SMX (steps a.(meshing a mesh
MSH of said part VRP with solid elements SOE),
b.(generating a preliminary part VRP model PJM of
the meshed part VRP as a first part VRP stiffness
matrix SMX)).
C) c.&d. Constrain with e.g. the straight face as-
sumption and reduce to the remaining exterior de-
grees of freedom RDF. Generally, higher order face
constraints can also be used to make a Parametrized
Superelement PSE. E.g. 8 external nodes EXN and
6 degrees of freedom (DoF) respectively remaining
degrees of freedom (RDF) result in a 48x48 stiffness
matrix for the Parametrized Superelement PSE.
D) Build a fast approximator APX by repetition of the
previous steps and interpolating IPL the reduced
stiffness matrixes RSM to extract the reduced stiff-
ness matrix of at least one part VRP that doesn’t
belong to said selection SCT of said part VRP con-
figurations CFG. One technique used may be pref-
erably static condensation also known as the su-
perelement approach or substructuring. Afterwards
an interpolation step is required to construct the ap-
proximator APX of the reduced stiffness matrix RSM
provided as an output OPT of the method. A pre-
ferred implementation uses the Canonical Polyadic
Decomposition CPD.

[0034] Although the present invention has been de-
scribed in detail with reference to the preferred embodi-
ment, it is to be understood that the present invention is
not limited by the disclosed examples, and that numerous
additional modifications and variations could be made
thereto by a person skilled in the art within the definitions
of the claims without departing from the scope of the in-
vention.
[0035] It should be noted that the use of "a" or "an"
throughout this application does not exclude a plurality,
and "comprising" does not exclude other steps or ele-
ments. Also, elements described in association with dif-
ferent embodiments may be combined. It should also be
noted that reference signs in the claims should not be
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construed as limiting the scope of the claims.

Claims

1. A computer-implemented method for modelling
variations of repeating parts (VRP) of a component
(CMP) comprising:

A) providing parameter sets (PRM) for part
(VRP) configurations (CFG) of a plurality of dif-
ferent of said parts (VRP), wherein said param-
eters (PRM) of each parameter set (PRM) re-
spectively define the part (VRP) configuration
(CFG) of a part (VRP),
B) selecting a selection (SCT) of said part (VRP)
configurations (CFG),
C) providing a part (VRP) model (MDL) for each
part (VRP) configuration (CFG) of the selection
(SCT), wherein said part (VRP) model (MDL)
relates forces (FRC) and displacements (DPL)
to locations of the respective part (VRP),
D) building an approximator (APX), wherein said
approximator (APX) is provided for interpolating
said part (VRP) models (MDL) to approximate
a part (VRP) model (MDL) of a part (VRP) con-
figuration (CFG) that doesn’t belong to said se-
lection (SCT) of said part (VRP) configurations
(CFG).

2. Method according to claim 1, wherein step C) com-
prises for each part (VRP) configuration (CFG) of
the selection (SCT) the steps:

a. meshing a mesh (MSH) of said part (VRP)
with solid elements (SOE),
b. generating a preliminary part (VRP) model
(PJM) of the meshed part (VRP) by relating forc-
es (FRC) and displacements (DPL) to locations
(LCT) defining said solid elements (SOE)
through a first part (VRP) stiffness matrix (SMX),
c. identifying constraints (CTS) reducing the
number of exterior degrees of freedom (EDF) of
movement by constrained degrees of freedom
(CDF),
d. generating said part (VRP) model (MDL) by
reducing the model order (ORD) of said prelim-
inary part (VRP) model (PPM) to the remaining
exterior degrees of freedom (RDF) by eliminat-
ing said constrained degrees of freedom (CDF)
of said first part (VRP) stiffness matrix (SMX)
resulting in a reduced stiffness matrix (RSM),

and wherein step D) comprises building said approx-
imator (APX) by interpolating the reduced stiffness
matrixes (RSM) to extract the reduced stiffness ma-
trix of a part (VRP) that doesn’t belong to said selec-
tion (SCT) of said part (VRP) configurations (CFG).

3. A computer-implemented method according to
claim 1 or 2, wherein the repeating parts (VRP) are
joints (JNT) of a lattice structure (LTS)

4. A computer-implemented method according to
claim 1, 2 or 3, wherein the selecting of step B) is a
random selection (SCT).

5. A computer-implemented method according to at
least preceding claim 2, wherein the step of reducing
the model order (ORD) is done using a Guyan re-
duction resulting in a reduced stiffness matrix (RSM).

6. Method according to at least one of preceding
claims 1 - 5, wherein said interpolating (IPL) of step
D) uses Canonical Polyadic Decomposition (CPD).

7. Method according to at least one of preceding
claims 1 - 6, comprising an additional step
E) generating an reduced component model (RCP)
by using said approximator (APX) for several parts
(VRP) of said component (CMP) and combining the
resulting reduced stiffness matrices of these parts
(VRP) with other models of elements of said com-
ponent (CMP).

8. Additive manufacturing method for generating a
component (CMP) with variations of repeating parts
(VRP), wherein a design step comprises a method
according to at least one of the preceding claims,
wherein a subsequent generating step is done ac-
cording to a design generated by said design step.

14. Computer-system (CPS) being adapted to car-
rying out a method according to at least one of pre-
ceding claims 1 - 6.

Amended claims in accordance with Rule 137(2)
EPC.

1. A computer-implemented method for modelling var-
iations of repeating parts (VRP) of a component
(CMP) comprising:

A) providing parameter sets (PRM) for part
(VRP) configurations (CFG) of a plurality of dif-
ferent of said parts (VRP), wherein said param-
eters (PRM) of each parameter set (PRM) re-
spectively define the part (VRP) configuration
(CFG) of a part (VRP),
B) selecting a selection (SCT) of said part (VRP)
configurations (CFG),
C) providing a part (VRP) model (MDL) for each
part (VRP) configuration (CFG) of the selection
(SCT), wherein said part (VRP) model (MDL)
relates forces (FRC) and displacements (DPL)
to locations of the respective part (VRP),
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D) building an approximator (APX), wherein said
approximator (APX) is provided for interpolating
said part (VRP) models (MDL) to approximate
a part (VRP) model (MDL) of a part (VRP) con-
figuration (CFG) that doesn’t belong to said se-
lection (SCT) of said part (VRP) configurations
(CFG).

2. Method according to claim 1, wherein step C) com-
prises for each part (VRP) configuration (CFG) of
the selection (SCT) the steps:

a. meshing a mesh (MSH) of said part (VRP)
with solid elements (SOE),
b. generating a preliminary part (VRP) model
(PJM) of the meshed part (VRP) by relating forc-
es (FRC) and displacements (DPL) to locations
(LCT) defining said solid elements (SOE)
through a first part (VRP) stiffness matrix (SMX),
c. identifying constraints (CTS) reducing the
number of exterior degrees of freedom (EDF) of
movement by constrained degrees of freedom
(CDF),
d. generating said part (VRP) model (MDL) by
reducing the model order (ORD) of said prelim-
inary part (VRP) model (PPM) to the remaining
exterior degrees of freedom (RDF) by eliminat-
ing said constrained degrees of freedom (CDF)
of said first part (VRP) stiffness matrix (SMX)
resulting in a reduced stiffness matrix (RSM),

and wherein step D) comprises building said approx-
imator (APX) by interpolating the reduced stiffness
matrixes (RSM) to extract the reduced stiffness ma-
trix of a part (VRP) that doesn’t belong to said selec-
tion (SCT) of said part (VRP) configurations (CFG).

3. A computer-implemented method according to claim
1 or 2, wherein the repeating parts (VRP) are joints
(JNT) of a lattice structure (LTS)

4. A computer-implemented method according to claim
1, 2 or 3, wherein the selecting of step B) is a random
selection (SCT).

5. A computer-implemented method according to at
least preceding claim 2, wherein the step of reducing
the model order (ORD) is done using a Guyan re-
duction resulting in a reduced stiffness matrix (RSM).

6. Method according to at least one of preceding claims
1 - 5, wherein said interpolating (IPL) of step D) uses
Canonical Polyadic Decomposition (CPD).

7. Method according to at least one of preceding claims
1 - 6, comprising an additional step
E) generating an reduced component model (RCP)
by using said approximator (APX) for several parts

(VRP) of said component (CMP) and combining the
resulting reduced stiffness matrices of these parts
(VRP) with other models of elements of said com-
ponent (CMP).

8. Additive manufacturing method for generating a
component (CMP) with variations of repeating parts
(VRP), wherein a design step comprises a method
according to at least one of the preceding claims,
wherein a subsequent generating step is done ac-
cording to a design generated by said design step.

9. Computer-system (CPS) being adapted to carrying
out a method according to at least one of preceding
claims 1 - 6.
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