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Abstract

Radial basis functions (RBF) mesh morphing is a well established approach to quickly update an existing finite element analysis
(FEA) mesh so that new shapes can be adapted and related performances explored. The RBF in fact allow to adapt the volume
mesh maintaining a good quality even for substantial changes of the shape. New shapes imposed at FEA domain borders can be
controlled by direct parameters (mesh based or CAD based) or by deformation fields resulting from the physics. In this paper we
explore how the last approach can be exploited according to two different strategies: the biological growth method (BGM), which
consists in adding/removing material according to the local stress at surface, the adjoint method, which consists in moving inward
outward the surface according to the surface sensitivities.

The FEA solver ANSYS R© MechanicalTM in combination with the mesh morphing software RBF MorphTM was adopted for
this purpose. The BGM implementation is the one implemented in RBF Morph, the adjoint solver is the one implemented in the
topological optimisation tool by ANSYS.

Automatic shape sculpting applications are demonstrated on a simple geometry, a thick plate with simple load conditions, and
on an industrial part.
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1. Introduction

In industrial production and design, optimisation can be the key to success for a product. Through optimisation
of the product, an enterprise can maximise earnings by limiting costs and raw material usage. Optimisation tasks
can be very challenging, because while seeking for an optimal component configuration, designers have to maintain
its compliance to the task it is designed for (e.g. strength and functionality requirements). In last years numerical
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simulations provided a valuable tool to virtually test several configurations in order to verify performances indexes and
shorten time needed for the identification of the optimal one. The Finite Element Method (FEM) is widespread adopted
to accomplish the optimisation task: a virtual numerical model reproduces not only shapes of the real component, but
also loads and constraints representing real working conditions. The main drawback of this approach is that for each
geometrical variation a new FEM model is required to be built and, specially with complex geometries, this task can
become time-consuming.

A valuable alternative to model regeneration (a task that includes both geometrical description of the component
and the model remeshing)is mesh morphing (de Boer et Al. (2007), Biancolini (2011) and Staten et Al. (2011)). This
technique allows the user to modify model nodes positions with no need to re-mesh and to re-execute model set up (i.e.
material, load and constraint definition). This method proved to be a valuable tool not only in computational structural
mechanics (CSM) and computational fluid-dynamics (CFD), but also in other engineering applications (such as ice
accretion simulations as in Biancolini and Groth (2014)).

Biancolini and Cella (2010) used mesh morphing to study an aeroelastic application that can be tackled adopting
pressure mapping methods (Biancolini et Al. (2018)) or modal shapes embedding (Groth et Al. (2019)); mesh
morphing allowed also to perform shape parameterisation in an optimisation study (Cella et Al. (2017)). In Biancolini
et Al. (2018) mesh morphing was successfully adopted in the parameterisation and study of crack shapes: in the cited
work authors proposed an automatic procedure to simulate the crack growth and propagation; the same approach was
then proven for the case of near-surface defects (Dai et Al. (1998)) in the study by Giorgetti et al. (2018).

Mesh morphing was also successfully coupled with an adjoint solver in Groth et Al. (2018): exploiting adjoint
information on model surfaces, stress levels were successfully optimised in an gradient based optimisation procedure
characterised by high computational and optimisation efficiency.

Recently mesh morphing was successfully coupled with an innovative optimisation approach, the biological growth
method (BGM). This method mimics the behaviour of biological tissues which grow where a surface stress concen-
tration arises. In Porziani et Al. (2018) the authors used BGM, driving the shape optimisation according to surface
stress levels and applying them according to a traditional manufacturing process.

In the present work the mesh morphing technique is applied to industrial components optimisation driving the shape
modification using both the BGM method and adjoint sensitivities on component surfaces, with different optimisation
goals. Numerical simulations are performed in the framework of ANSYS WorkbenchTM finite element analysis (FEA)
tool, using RBF Morph mesh morpher based on radial basis functions (RBFs). BGM data are evaluated inside RBF
Morph, whilst adjoint sensitivities are evaluated using ANSYS Topology Optimisation tool.

1.1. The Biological Growth Method

The Biological Growth Method (BGM) can be described as a shape optimisation method based on surfaces stress
levels. The method replicates the behaviour of biological structures as tree trunks and animal bones, which evolve
by adding biological material at surface locations where an activation stress level is located. Heywood (1969) and
Mattheck et Burkhardt (1990) extended this concept in reverse direction: material can also be removed from surfaces
locations if stresses are lower than a certain level. Thanks to photoelastic techniques Heywood (1969) proved that it is
possible to reach a uniform stress distribution along the boundary of a stress raiser if the boundary shape is modified
according to BGM method. Mattheck et Burkhardt (1990) presented a 2D study capable to predict the shape evolution
observed in natural structures: this approach was applied in CAE based optimisation of a plate with a circular hole
and with a chain link. Authors computed the volumetric growth (ε̇) proposing a relationship between the von Mises
stress (σMises) and a threshold stress (σre f ). According to authors, threshold stress has to be chosen depending on the
allowable stress for the specific design (1).

ε̇ = k
(
σMises − σre f

)
(1)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prostr.2020.02.064&domain=pdf
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tration arises. In Porziani et Al. (2018) the authors used BGM, driving the shape optimisation according to surface
stress levels and applying them according to a traditional manufacturing process.
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locations if stresses are lower than a certain level. Thanks to photoelastic techniques Heywood (1969) proved that it is
possible to reach a uniform stress distribution along the boundary of a stress raiser if the boundary shape is modified
according to BGM method. Mattheck et Burkhardt (1990) presented a 2D study capable to predict the shape evolution
observed in natural structures: this approach was applied in CAE based optimisation of a plate with a circular hole
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In Waldman and Heller (2015) a more complex model for layer addition was proposed, in order to be applied in
optimisation of holes in air-frame structure, when multiple stress peak location are identified. Proposed formula is
reported in (2):

d j
i =


σ

j
i − σth

i

σth
i

 · s · c , σth
i = max(σ j

i ) if σ j
i > 0 or σth

i = min(σ j
i ) if σ j

i < 0 (2)

The more complex model allow to move the i-th boundary node of the j-th region by a distance d j
i , computed using

(2), where σ j
i is the principal stress on the plane tangent to the surface to be modified, σth

i is the stress threshold, c is
and arbitrary characteristic length and s is a step size scaling factor.

In the present work an improved implementation of BGM is used that is available as a standard feature of RBF
Morph software, as illustrated in Biancolini (2018). The implemented algorithm defines the node displacement
(S node BGM) in the direction normal to the surface, amplitude of displacement is evaluated using (3), where σnode

is the stress evaluated at each node, σth is a threshold value for stress defined by user, σmax and σmin are respectively
the maximum and the minimum stress value identified in the analysed nodes set. In order to limit the mesh distortion,
which in mesh morphing can occur, the parameter d is defined as the maximum offset between the nodes on which
the maximum stress is identified and the nodes on which the minimum stress is identified. The d parameter is defined
by the user: low values require more BGM iterations to evolve the shape, high values could lead to distorted shapes;
a trade-off should be set according to experience and best practices.

S node BGM =
σnode − σth

σmax − σmin
· d (3)

With this implementation, nodes can be moved either inward and in outward direction if stress on each node is
lower or higher than the defined threshold value respectively.

The BGM implementation available in RBF Morph allows the user to perform shape optimisation according to
different equivalent stresses and strains, as reported in Table 1.

Table 1. Stress and strain types available in the RBF Morph implementation of BGM.

Stress/Strain type Equation

von Mises stress σe =
√

(σ1 − σ2)2 + (σ2 − σ3)2 + (σ3 − σ1)2

Maximum Principal stress σe = max(σ1, σ2, σ3)
Minumum Principal stress σe = min(σ1, σ2, σ3)
Stress intensity σe = max(|σ1 − σ2 | , |σ2 − σ3 | , |σ3 − σ1 |)
Maximum Shear stress σe = 0.5 · (max (σ1, σ2, σ3) − min (σ1, σ2, σ3))
Equivalent Plastic strain εe =

[
2 (1 + ν′)

]−1 ·
(
0.5
√

(ε1 − ε2)2 + (ε2 − ε3)2 + (ε3 − ε1)2
)

1.2. Overview of adjoint method for structural problems

Adjoint methods allow to obtain with a single evaluation the sensitivities of an objective function with respect to
a set of parameters. The sensitivity of the performance can be evaluated in the three direction for each mesh node,
allowing to obtain the influence of a given shape parameterisation (Papoutsis-Kiachagias et al. (2015), Papoutsis-
Kiachagias et al. (2016)) or a new one (Groth (2015)). Adjoint methods are widespread used in fluid dynamics
applications (Nadarajah and Jameson (2001), Newman and Taylor (1999)), but can successfully applied in CSM
applications, working directly on problem describing physics. It is possible either to differentiate the discretised equa-
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tions of finite elements ( (Brockman and Lung (1988), Yatheendharr and Belegundu (1993), Francavilla et al. (1975)),
or to derive the equations prior to their differentiation (Dems and Mroz (1983), Dems and Haftka (1988)); these ap-
proaches are called, respectively, discrete adjoint method and continuous adjoint method. In the case of the discrete
method the optimisation can be driven by an objective function in the form:

Ψ = f (X(u), u) (4)

in which the independent variable X is the structural displacement and the function 4 is directly and indirectly influ-
enced by parameter u. Its variation in function of this parameter can be expressed as:

dΨ
du
=
∂Ψ

∂u
+
∂Ψ

∂X
∂X
∂u

(5)

Terms ∂Ψ
∂u and ∂Ψ

∂X reported in 5 can be easily evaluated knowing the analytic expression of Ψ. The last therm, ∂X
∂u ,

can be evaluated via the direct method or the adjoint method. Consider for example the static problem that can be
described by the equation:

KX = F (6)

For this problem, the variation with respect to parameter u is:

K
∂X
∂u
+ X
∂K
∂u
=
∂F
∂u

(7)

This equation can be rearranged in the following form:

K
∂X
∂u
=
∂F
∂u
− X
∂K
∂u
. (8)

Similarly to (6), it is possible to consider (8) as the equation of a static problem structure with stiffness K but this time
subject to a fictitious load equal to ∂F

∂u − X ∂K
∂u . It is possible to obtain the displacement field ∂X

∂u that can be employed
to solve equation (5), obtaining:

dΨ
du
=
∂Ψ

∂u
+
∂Ψ

∂X
K−1
(
∂F
∂u
− X
∂K
∂u

)
(9)

The procedure described above is the direct method for structural sensitivity calculation. In case it is necessary to
evaluate sensitivities with respect to more than one parameter, a new calculation for each additional parameter has to
be performed.

In the adjoint method we add an additional variable with respect to the direct method, the adjoint variable, that can
be seen as a Lagrange multiplier (Belegundu (1985)) of the constraint (6) in the Lagrangian built together with (4).
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can be evaluated via the direct method or the adjoint method. Consider for example the static problem that can be
described by the equation:

KX = F (6)

For this problem, the variation with respect to parameter u is:

K
∂X
∂u
+ X
∂K
∂u
=
∂F
∂u

(7)

This equation can be rearranged in the following form:

K
∂X
∂u
=
∂F
∂u
− X
∂K
∂u
. (8)

Similarly to (6), it is possible to consider (8) as the equation of a static problem structure with stiffness K but this time
subject to a fictitious load equal to ∂F

∂u − X ∂K
∂u . It is possible to obtain the displacement field ∂X

∂u that can be employed
to solve equation (5), obtaining:

dΨ
du
=
∂Ψ

∂u
+
∂Ψ

∂X
K−1
(
∂F
∂u
− X
∂K
∂u

)
(9)

The procedure described above is the direct method for structural sensitivity calculation. In case it is necessary to
evaluate sensitivities with respect to more than one parameter, a new calculation for each additional parameter has to
be performed.

In the adjoint method we add an additional variable with respect to the direct method, the adjoint variable, that can
be seen as a Lagrange multiplier (Belegundu (1985)) of the constraint (6) in the Lagrangian built together with (4).
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The adjoint variable, multiplied for the stiffness matrix, allows to obtain the adjoint equation:

Kλ =
∂Ψ

∂X

T

(10)

That is the same structure of (6) with a fictitious load equal to ∂Ψ
∂X

T
. Obtained displacements are then employed in (9)

obtaining the following equation:

dΨ
du
=
∂Ψ

∂u
+ λT

(
∂F
∂u
− X
∂K
∂u

)
. (11)

Using the adjoint method allows to perform only one calculation, no matter how many parameter are used, because
(10) is not dependent from parameter u, but only form Ψ.

Direct and adjoint methods are then efficient depending on the case: if the number m of objective functions Ψ
is greater than the number p of parameters u (m � p ), the direct method is advisable, whilst if the number p of
parameters u is greater than the number m of objective functions Ψ (m � p), then the adjoint method is preferable.
Dealing with shape optimisation, having thus three parameters for each node involved in the optimisation, the adjoint
method is the best option

For the applications illustrated in this work, the adjoint data used to drive the shape modification are obtained from
the ANSYS Topology Optimisation tool, which is based on the theory described above. The adjoint sensitivities are
computed by this tool in the form of a nodal topological density (ρ), a parameter that is defined in the range [0; 1]
and which define if the surface around each node has to be moved inward or outward to meet the objective function
requirement.

1.3. Recalls on Radial Basis Functions

RBFs are mathematical functions used since 60s as interpolation tools for scattered data (Davies (1963)). An
exhaustive examination of RBF theory and method can was given in Porziani et Al. (2018). An RBF used to interpolate
scattered scalar values at source points xki in the space Rn can be expressed as in (12).

s(x) =
N∑

i=1

γiϕ
(∥∥∥x − xki

∥∥∥) + h(x) (12)

x are the points at which the function is evaluated (the target points). ϕ is the RBF: a scalar function of the Euclidean
distance between each source point and the target point considered. γi are the weights of the radial basis which are to
be evaluated by solving a linear system of equations and N is the number of points to be processed. Several RBF can
be adopted: typical RBF are shown in Table 2, in which r =

(∥∥∥x − xki

∥∥∥). In (12) the polynomial h is added to guarantee
the existence and uniqueness of the interpolation function.
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RBFs can be applied to mesh-morphing to evaluate a vector field of displacement: this can be realised by interpolating
separately each displacement component:



sx(x) =
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γx
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3y + βx
4z
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sz(x) =
N∑

i=0

γz
iϕ(‖x − xi‖) + βz

1 + β
z
2x + βz

3y + βz
4z

(13)

In a mesh morphing RBF problem, source points are the nodes on which the user prescribes the known displace-
ment. It is worth to remark that the effects of the morphing action on the whole domain (numerical model) can be
limited by imposing a zero displacement to nodes that wrap the interested area or volume.

Table 2. Most common RBFs.

RBF type Equation

Spline type (Rn) rn, n odd
Thin plate spline rnlog(r), n even
Multiquadric (MQ)

√
1 + r2

Inverse multiquadric (IMQ) 1√
1+r2

Inverse quadric (IQ) 1
1+r2

Gaussian (GS) e−r2

1.4. Automatic surface sculpting

The overall optimisation procedure can be accomplished by connecting the adjoint and BGM data from numerical
simulation with the mesh morphing tool RBF Morph. Thanks to this tool, it is possible to prescribe on surface nodes
two kind of offset: a fixed surface offset and a driven surface offset (see Fig. 1). In both cases the software can identify
the surface normal evaluated at the node position and can use it to impose the node a normal displacement, inward or
outward. Through the fixed value surface offset, the nodes on the model surface will be translated by the same value,
along the local surface normal.

By using the driven value surface offset, it is possible to define for each surface node a movement along the surface
normal direction, whose intensity is defined according to a sculpting function defined on the node itself. When using
a sculpting function based on the BGM approach, equation 3 is used by defining the stress/strain type (see Table 2),
the threshold value σth and parameter d. If adjoint approach is used to drive the surface sculpting data from topology
optimisation tool is used. This data consists of a nodal topological density ρ, which is defined in the range [0; 1] and
is used to decide if a the node has to be maintained or removed from the topologically optimised component. This
data can be used considering that if a node has to be removed, the surrounding surface can be moved inward to obtain
the same effect. Nodal topological density data can be then used by interpolating it and using it to define the sculpting
function. In case the interpolating function is an irrational function (see Fig. 2), the sculpting function is defined as
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The overall optimisation procedure can be accomplished by connecting the adjoint and BGM data from numerical
simulation with the mesh morphing tool RBF Morph. Thanks to this tool, it is possible to prescribe on surface nodes
two kind of offset: a fixed surface offset and a driven surface offset (see Fig. 1). In both cases the software can identify
the surface normal evaluated at the node position and can use it to impose the node a normal displacement, inward or
outward. Through the fixed value surface offset, the nodes on the model surface will be translated by the same value,
along the local surface normal.

By using the driven value surface offset, it is possible to define for each surface node a movement along the surface
normal direction, whose intensity is defined according to a sculpting function defined on the node itself. When using
a sculpting function based on the BGM approach, equation 3 is used by defining the stress/strain type (see Table 2),
the threshold value σth and parameter d. If adjoint approach is used to drive the surface sculpting data from topology
optimisation tool is used. This data consists of a nodal topological density ρ, which is defined in the range [0; 1] and
is used to decide if a the node has to be maintained or removed from the topologically optimised component. This
data can be used considering that if a node has to be removed, the surrounding surface can be moved inward to obtain
the same effect. Nodal topological density data can be then used by interpolating it and using it to define the sculpting
function. In case the interpolating function is an irrational function (see Fig. 2), the sculpting function is defined as
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Fig. 1. Surface offset options available with RBF Morph mesh morphing tool

in equation 14, where S node ad j is the nodal displacement normal to the surface and d is the maximum displacement
defined by the user.

S node ad j =

0.5
(

(ρ − 0.5)
0.5

) 1
3

+ 0.5

 · d, with ρ ∈ [0, 1] (14)

a) b)

Fig. 2. Function used to interpolate sensitivity data: a) linear function, b) irrational function

2. Applications description

In this section two applications of the proposed optimisation procedure are presented. As stated before, numeri-
cal models of these application were realised adopting ANSYS Mechanical as FEM tool (pre-processor, solver and
post-processor); the adjoint data adopted to drive the mesh morphing shape update came from ANSYS Topology
Optimisation tool; BGM procedure and mesh morphing procedure were managed by RBF Morph ACT Extension for
Mechanical.
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2.1. Simple thick plate

In order to understand the approach simple mock-up applications are very useful. For simple cases of BGM the
reader can refer to Porziani et Al. (2018). In this paper the first illustrative example, whose aim is the illustration of
the functionality of adjoint method coupled with RBF based mesh morphing, is a simple thick plate, as depicted in
Fig. 3a.

a) b)

Fig. 3. Simple thick plate: a) geometry, b) first mode shape

The plate is realised using the material properties in ANSYS Mechanical for structural steel and natural modes of
the free and un-damped structure are extracted with a normal modes eigenvalues analysis. The first mode shape and
first six natural frequencies are reported respectively in Table 3 and Fig. 3b.

Table 3. Simple thick plate natural frequencies

Mode n. Frequency [Hz]

1 1457.3
2 1542.3
3 3159.1
4 3799.8
5 3816.2
6 4514.7

2.2. Industrial component

In the second application presented in this work, an industrial component is analysed and the optimised. The
baseline configuration of this component is depicted in Fig. 4. Since the confidentiality of this industrial component
the authors are not allowed to give detailed information about dimensions, loading and constraint conditions and
material characteristics.

The optimisation strategies tried to minimise the stress values in the zone identified by number 2 by applying shape
modification in zone identified by label 1 in Fig. 5.

3. Simple thick plate optimisation

For the simple thick plate optimisation set-up, the main goal were:

• obtaining a first natural frequency higher than 1220 Hz;
• around 50% overall mass decrease.
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Fig. 4. Industrial component geometries

Fig. 5. Industrial component optimisation zones

The topological optimisation tool gave as result the shape reported in Fig. 6, which is based on the nodal topological
density ρ.

Fig. 6. Simple thick plate optimised by topological optimisation tool

According to what explained in section 1.4, nodal topological density has been interpolated using the linear and
irrational interpolation functions (see Fig. 2) and using a d parameter value equal to 15 mm, the resulting optimised
shapes are reported in Fig. 7a and Fig. 7b respectively.

Result obtained with optimised model are depicted in Fig. 8 and summarised in Table 4. The first optimisation
requisite (first natural frequency higher than 1220 Hz) is satisfied using both interpolation functions. Regarding the
50% mass reduction, it has to be noted that using the linear interpolation for nodal topological density the decrease
is around 20%, whilst using the irrational interpolation the mass decrease is around 17%. This is due to the fact that,
whilst with the topological optimisation, which effectively removes elements, and consequently material, the 50%

10 S. Porziani et al. / Structural Integrity Procedia 00 (2019) 000–000

a) b)

Fig. 7. Simple thick plate optimisation results: a) using linear interpolation; b) using irrational interpolation

mass reduction a realisable target, with the adjoint driven surface sculpting the nodes are only moved, no element is
effectively eliminated and the mass reduction amount is therefore lower than the expected value.

a) b)

Fig. 8. Simple thick plate optimised first mode shape: a) using linear interpolation; b) using irrational interpolation

Table 4. Simple thick plate result comparison

Mode n. Baseline Frequency [Hz] Linear interpolation frequency [Hz] Irrational interpolation frequency [Hz]

1 1457.3 1315.6 1351.5
2 1542.3 1402.2 1440.7
3 3159.1 2579.7 2616.5
4 3799.8 3238.1 3273.3
5 3816.2 3314.0 3344.7
6 4514.7 3820.0 3874.0

4. Industrial component optimisation

4.1. Adjoint driven surface sculpting

Results for the adjoint driven mesh morphing optimisation applied to the industrial component are here presented.
The applied method allowed to obtain interesting results in terms of mass reduction aiming at maintaining unchanged
the stress levels. Acting on the component zone highlighted in Fig. 9a, the mesh morphing driven by topological
optimisation tool adjoint data allowed to obtain a stress reduction of 11.7% in terms of maximum stress.
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Fig. 9. Industrial component zone 2: a) morphed mesh zone; b) resulting stress distribution

4.2. BGM driven surface sculpting

On the industrial component, also the BGM optimisation approach was applied. With this approach, the aim was
to decrease stresses at specific hotspot locations in an automatic way. The procedure was applied on three different
stress hotspots, which are represented in Fig. 10 on the industrial component geometry.

a) b) c)

Fig. 10. Industrial component zone 6: a) stress hotspot 1; b) stress hotspot 2; c) stress hotspot 3

According to what illustrated in section 1.1, for each hotspot the BGM set-up was realised using the values for σth

and d reported in Table 5.

Table 5. Parameter set-up for BGM optimisation

Location σth d [mm]

Hotspot 1 0.5 · (σmax + σmin) 3
Hotspot 2 0.5 · (σmax + σmin) 3
Hotspot 3 0.5 · (σmax + σmin) 1

The entire BGM procedure has been iterated 6 times, allowing to obtain stress reduction at specified hotspots. In
Fig. 11, Fig. 13 and Fig. 15 the baseline mesh configuration for the three hotspots is compared with the optimised
mesh configuration: a geometrical surface, highlighted in green, is reported to ease the comparison.

The stress concentrations at the three hotspot were reduced by the BGM automatic procedure, as depicted in Fig.
12, Fig. 14 and Fig. 16 respectively by 2.76%, 7.85% and 8.12%.

5. Conclusions

In the present work two procedures for automatic optimisation were presented. The first procedure allows to op-
timise a component shape thanks to the adjoint solution: at the computational cost of an additional solution, all the
surface sensitivities with respect to one or a set of objective functions are obtained and can be used to generate a

12 S. Porziani et al. / Structural Integrity Procedia 00 (2019) 000–000

a) b)

Fig. 11. Industrial component hotspot 1: a) baseline mesh configuration; b) optimised mesh configuration

a) b)

Fig. 12. Industrial component hotspot 1: a) baseline stress distribution; b) optimised stress distribution

a) b)

Fig. 13. Industrial component hotspot 2: a) baseline mesh configuration; b) optimised mesh configuration

a) b)

Fig. 14. Industrial component hotspot 2: a) baseline stress distribution; b) optimised stress distribution

sculpting function which moves nodes on the numerical model surfaces in the normal direction. The second proce-
dure presented, based on the biological growth method, uses the surface stress levels to identify numerical model
zones on which material can be added or removed and use this information to move in the normal direction, inward
or outward, surface nodes. This procedure results in a stress peaks minimisation and in a more uniform distribution of
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Fig. 12. Industrial component hotspot 1: a) baseline stress distribution; b) optimised stress distribution

a) b)

Fig. 13. Industrial component hotspot 2: a) baseline mesh configuration; b) optimised mesh configuration
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a) b)

Fig. 15. Industrial component hotspot 3: a) baseline mesh configuration; b) optimised mesh configuration

a) b)

Fig. 16. Industrial component hotspot 3: a) baseline stress distribution; b) optimised stress distribution

stress levels in the component. These two approaches were successfully coupled with RBF based mesh morphing, in
order to apply a displacement field on interested nodes according to data from adjoint and BGM procedure.

The proposed automatic workflows were first illustrated using a simple thick shell and then tested on a complex
industrial component, on which different optimisation locations were identified. The proposed procedure allowed to
reach optimised shapes matching different objective functions in an automatic way, with a minimal effort from the
user. The framework adopted was composed by ANSYS R©WorkbenchTM with RBF MorphTM ACT extension, which
provided an integrated tool to the user in which perform optimisation task.
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Fig. 15. Industrial component hotspot 3: a) baseline mesh configuration; b) optimised mesh configuration

a) b)

Fig. 16. Industrial component hotspot 3: a) baseline stress distribution; b) optimised stress distribution

stress levels in the component. These two approaches were successfully coupled with RBF based mesh morphing, in
order to apply a displacement field on interested nodes according to data from adjoint and BGM procedure.

The proposed automatic workflows were first illustrated using a simple thick shell and then tested on a complex
industrial component, on which different optimisation locations were identified. The proposed procedure allowed to
reach optimised shapes matching different objective functions in an automatic way, with a minimal effort from the
user. The framework adopted was composed by ANSYS R©WorkbenchTM with RBF MorphTM ACT extension, which
provided an integrated tool to the user in which perform optimisation task.
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