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Abstract: Facilities installation have been a subject of interest in the production engineering, business
management, communities of operational research, transport engineering and logistics companies.
The studies of facility location problems deal with questions of minimization of costs in the logistics
chain. In many situations, these problems are subject to limitations in the capacity of the facility. Due
to these restrictions, logistics demands must be satisfied in order to comply with certain financial
interests and meet the service level agreements. In this context, this work aims to evaluate the doubly
reactive GRASP procedure integrated with the path-relinking technique, designed to solve the
generalized uncapacitated p-medians location problem, using the balanced-sized clusters creation
approach, in order to verify the impact of this balance in the context of the total cost of transportation
service. The p-median problem refers to locate simultaneously the facilities at different areas, in order
to minimize the total transportation distance (and therefore the cost), among each distribution center
and the facilities allocated in a certain cluster, for satisfying the demands of its customers. Two
reaction parameters are used to control the search for solutions in the GRASP construction phase. The
simultaneous use of the two reactive parameters allows the creation of a discipline for the allocation
of the customers to the clusters: in general, the nearest customers are allocated first. It was also
investigated a relation between the size of the clusters and the median vocation index — an index that
establishes how close each province is to each other provinces — of each median, which are the centers
of distribution of each cluster. Besides that, it is verified that the clusters that contains medians with
better median vocation index tends to have more provinces assigned to it. For the evaluation of the
algorithm and the effectiveness of the balancing of the clusters and the median vocation index, the
data concerning the distances among all the provinces of Spain were used.
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Abstract: Multi-objective optimization plays a vital role in any engineering design problem. Ultimately,
a designer must make a trade-off between contrasting and conflicting design objectives. The current
approach to facilitate this trade-off is to solve an optimization problem, which yields a candidate
solution. This optimization problem usually entails the minimization of a given objective function
subjected to a number of constraints. Topology optimization has become a highly developed tool for
solving optimization problems, extensively used in the mechanical, automotive and aerospace
industries (Sigmund (2011)). Furthermore, gradient-based topology optimization has been proven to
efficiently solve fine-resolution problems, having thousands or even millions of design variables, with
only a few hundred function evaluations. However, the literature of topology optimization shows a
lack of multi-objective algorithms, limiting their application to single objective problems. Recently,
Munk et al (2017) introduced the smart normal constraints bi-directional evolutionary structural
optimization (SNC-BESO) method, showing that the method is able to produce smart Pareto sets in an
effective and efficient manner. However, the method is restricted to bi-objective optimization
problems and cannot yet handle multiple constraints. Therefore, if the method is to be successful, the
generated Pareto set must truly be representative of the complete optimal design space. Hence, the
Pareto set must not over represent one region of the design space, or neglect other regions. This study
offers a new development in the SNC-BESO method, which is a simple method for generating smart
Pareto solutions that are evenly distributed in the design space. An even distribution of Pareto
solutions facilitates the task of choosing the most desirable final design from the set of smart Pareto
solutions. The developments presented in this work are namely the ability to generate a set of evenly
distributed Pareto solutions over the complete Pareto frontier for multi-objective problems with any
number of objectives. Examples will be provided that show the SNC-BESO method applied to n-
objective problems, showing its ability to capture all regions of the feasible design space. Therefore,
generalizing the SNC-BESO method to all types of multi-objective topology optimization problems.
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Abstract: Topology optimization of steel and concrete composite based on truss-like material model is
presented. The initial design domain is filled with steel and concrete continuously. Structure is
analyzed by finite element method. The densities and the orientation of steel at nodes are taken as
design variables. The densities of steel are adjusted according to stress ratio method of fully-stressed
criterion; the orientation of steel are aligned along maximum principal stress directions. The
continuous material distribution field in every element is formed by the interpolation of the material
at the nodes belonging the element. Optimizing distributed field of steel, the volume of steel material
is minimized under stress constraint. The truss-like continuum constituted with steel and concrete
composite is optimized. Several numerical results indicate the numerical instability. More details of
manufacture and construction can be presented based on the truss-like material model. The position
and orientations of reinforcement of concrete are suggested by the optimization result. Hence, the
truss-like material model of steel and concrete is efficient to establish the distribution of steel material

in concrete.
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Abstract: Lattice structures are becoming increasingly popular in the context of additive
manufacturing. Thanks to the homogenization method, the topology optimization of such designs is
reduced to a more manageable parametric optimization problem. Since the resulting optimized
solution remains theoretical, several post-processing methods have been proposed to generate an
actual shape. However, the external border of these structures is generally ill-defined, which is a
strong limitation for industrial applications. Besides, in order to obtain a functional part, designs
featuring a protective external skin would often be privileged. Modeling such structures involves to
define on the one hand the global external shape, which can be implicitly described by a level-set
function, and on the other hand the inner distribution of the lattice, classically represented by a
homogenized material. We propose here to optimize simultaneously the distribution of the inner
lattice material and the external shape. The proposed strategy relies on coupling two well-known
methods in topology optimization, level-set and homogenization, while taking into account the
interface between the skin and the infill of the structure. We present several results in elasticity, in the
case of minimization of the compliance. Moreover, we emphasize the fact that this method enables to
consider a new range of loads on lattice structures, as hydrostatic pressure.
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Abstract: Rolling noise emitted by railway wheels is a problem that affects human health and limits the
expansion of the railway network. This problem is caused by the wheel-rail contact, and it is
predominant over the rest of noise sources from the vehicle/track system for the usual speed
conditions in urban areas. The minimization of rolling noise through changes on the wheel shape by
means of the finite element method is discussed in this work, which focuses on potential shape
modifications in existing wheels in the form of an optimal wheel web perforation distribution. Such a
modification is a cost-effective solution that can be performed in a relatively short term in already
manufactured and operating railway wheels. To this end, two objective functions with different
computational costs are studied and analysed with several configurations of a genetic algorithm-based
optimizer. Both approaches focus on minimizing rolling noise. Approach 1 is based on the minimization
of the area below the sound power vs. frequency curve of the wheel, and thus requires solving the
system dynamics. On the other hand, Approach 2 is based on the maximization of the natural
frequencies of the wheel in order to shift its resonances out of the excitation range, and therefore it
only requires a modal analysis. The acoustic radiation analysis is performed through the computation
of the normal surface velocities, using a time-domain approach and including a contact filter applied in
the track roughness, considered as excitation. Moreover, the structural requirements for fatigue
strength in wheels proposed by the optimizer are ensured according to actual standards. Results using
Approach 1 reflect that an optimized distribution of perforations on the web of a railway wheel, can
reduce significantly the sound power level in the entire studied frequency domain (0 - 5 kHz). This is
related to the high sensitivity of the acoustic radiation response with the perforation pattern. Such a
phenomenon appears to have a higher impact on noise minimization than that associated with the
reduction of the radiating surface due to perforations. The high reduction of the radiated sound power
is primarily due to the fact that certain wheel vibration modes with high acoustic contribution are
shifted out of the excitation range corresponding to the contact force, this effect being observed in the
best solution of Approach 1. Less significant sound power reduction is obtained with Approach 2,
although its associated computational cost is considerably lower.
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Abstract: Regarding acoustic attenuation, reactive silencers show a good behaviour at low to mid
frequencies, whereas dissipative silencers, i.e., those containing absorbent material, are used in
exhaust system applications due to their good performance in wide frequency bands, essentially at
high frequencies. The combination of both types of configurations results in the hybrid silencer
concept, which shows considerable attenuation in almost all the frequency range of interest. As an
initial approach, plane wave models with low computation cost can be employed for acoustic
attenuation prediction mainly at low frequencies. However, for more general problems with complex
geometries and heterogeneous absorbent material it is necessary the use of multidimensional
numerical analysis methods, such as the Finite Element Method (FEM). In the present work, an
axisymmetric acoustic model based on a FEM pressure formulation [1] is used in order to predict
sound attenuation in dissipative and hybrid silencers in terms of transmission loss (TL). Next, a
Topology Optimization (TO) gradient-based algorithm is implemented in order to get the maximum
attenuation in a certain target frequency range, assigning a different filling density to each element of
the central chamber, while keeping constant the total mass of absorbent material. The adjoint method
is used during the TO process in order to speed up the computation of the objective function
sensitivities with respect to the design variables (bulk density of each element or group of elements).
This TO method is combined with the geometry optimization of the dissipative and reactive chambers.
Thus, the implemented algorithm is capable of obtaining not only the optimal absorbent material
layout but also the optimal geometry of both chambers (radius and length) which maximizes the
silencer transmission loss. In order to combine both techniques, the Method of the Moving
Asymptotes (MMA) described in reference [2] is implemented. The FEM solver algorithm is validated
with experimental results available in the bibliography. Finally, it is demonstrated that the
optimization process results in substantial improvement of the silencer sound attenuation at the
target frequency range.
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Abstract: Alzheimer’s disease is a progressive neurodegenerative dementia in which the brain
accumulates amyloid plaques and generates neurofibrillary tangles. The disorder is common among
the elderly; hence, it is associated with the process of aging. Dementias impair memory and cognitive
skills. Imaging technologies of Positron Emission Tomography and Computed Tomography can reveal
the existence of plaques and tangles, which have become hallmarks of the disease. Amyloid beta is
cleaved from a precursor molecule in two stages. Normal amounts of protein amyloid beta have
beneficial value. An excess is toxic to neurons. In healthy individuals, amyloid beta is cleared from the
brain during sleep. With Alzheimer disease, clearance is inefficient resulting in clumping of amyloid
beta fragments into plaques. Current and future drug treatments of Alzheimer are directed at
curtailing production of amyloid beta, and relieving interference of signals between neurons. Two
drugs that are currently in clinical trials are designed to block the activity of beta-secretase, an
enzyme, to prevent cleavage. Another medication is aimed at mediating glutamate, a
neurotransmitter, necessary for memory and learning that controls the introduction of calcium in
nerve cells. From immunotherapy experience, a pill releases antibodies against amyloid beta to
enhance clearance through the dura. Eli Lilly announced failure of solanezumab which prevents the
formation of plaques. When compared with symptom-free volunteers who took a placebo and whose
initial scans revealed high levels of amyloid beta, there was no improvement in the decline of cognitive
abilities. The drug company concluded that amyloid beta may not be the cause of Alzheimer’s disease,
challenging the amyloid hypothesis. Microglia cells reside throughout the brain and spinal column.
They scavenge the central system for plagues and dead neurons. Overexpression damages neurons,
while their effectiveness diminishes with age. We shall discuss a therapy that utilizes an optimal
protocol: that which minimizes deviations from homeostasis. The loss of microglia efficacy resulting
from aging observed in a brain scan is compensated by an increase in dosage of the drug employed to
remove amyloid beta. We let A represent the incremental rate of amyloid beta resulting from
inefficient clearance, which is equal to aging rate a. Further, & defines the optimal dosage used for
protein removal. Then, A/c = a/c = §, where c is a constant. Following this strategy, any benefit derived
from normal levels of amyloid would be preserved, side effects avoided, and microglia would still be
active removing plaques that remain.
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Abstract: Water supply systems represent an essential component of the infrastructure in urban
populations worldwide. Water distribution systems are designed by sizing system components so that
they meet current and future demands to be provided at minimum required levels of water pressure
and quality. The cost of establishing newly-designed water supply systems is largely dedicated to the
supply and placement of pipelines. The sizing of pipelines is highly dependent on the amount of water
demands allocated to distribution nodes of the system under consideration. The current demand
allocation practices normally imply that there is perfect spatial correlation among the aggregated
demands, which is not essentially the case in practice. This assumption indicates that most users
follow a single diurnal pattern, which means that such users react simultaneously and in exactly the
same way during normal and peak demand conditions. However, the way users react in real-world
systems highly depends on many factors that differ from one user to another such as social habits and
financial constraints. Recent studies anticipated that low levels of spatial demand correlation can
result in significant savings of the capital cost of water supply systems. In this paper, an investigation
on the actual demand spatial correlation is carried out using field measurements of diurnal demand
patterns for different users in a residential area located in the city of Tripoli. Results showed that users
react independently and the correlation is far away from the perfect case.
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Abstract: Integrated Modular Avionics (IMA) systems are distributed real-time systems consisting of
computing modules connected by a communications network. A typical IMA system utilizes several
types of unified modules. Each module runs a set of periodic computational tasks on its central
processor (CPU). The tasks are grouped into partitions according to their criticality and data coupling.
Each partition is bound to a specific module. Data are transferred between partitions as messages.
Frequency of message transfer equals to frequency of the message’s sender task. Workload for an IMA
system is the set of partitions to be executed on it. CPU load for a task is the multiple of its worst-case
execution time (WCET) and frequency. Network load for a message is the multiple of its transfer time
and frequency. CPU load for a partition is the sum of CPU loads for its tasks. As different modules can
use different CPUs, a task generally has a specific WCET for every module, so CPU load by a partition
depends on the module. If two partitions are bound to the same module, messages between them do
not create network load. For each module, there is a specific upper limit on CPU load. Binding of some
partitions can be restricted to a subset of modules, e.g. those with graphical co-processors. To ensure
schedulability and scalability of an IMA system, the workload distribution problem is stated as follows:
assign partitions to modules so that the total network load is minimized, and the constraints on CPU
loads and partitions binding are met. In this paper, we represent this problem as a modified version of
the Multiple Knapsack Problem (MKP). Modules correspond to knapsacks, partitions to items, CPU
loads by partitions to item volumes, CPU load limits to knapsack capacities. ltem’s volume depends on
the choice of knapsack. Difference from the original MKP is that profit is assigned to pairs of items
(reflecting the network load by a pair of partitions); profit is considered zero if the two items are
packed in different knapsacks. The goal is to maximize the total profit. We present a branch and bound
algorithm for solving the modified MKP, including a new scheme for upper bounds calculation and
heuristics for search space reduction. Algorithm scalability is analyzed on data from real IMA systems.
The algorithm is implemented in a scheduling tool accepted for operation by one of the leading
Russian aircraft design companies.
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Abstract: Strained gridshells are reticulated shell structures that are erected from a flat grid of initially
straight laths. This construction method allows complex curved shapes to be built without requiring
specialized off-site manufacturing techniques. The design of strained gridshells is usually subdivided in
different stages. First, the overall shape is chosen by the designer. Next, a geometrical technique is
used to map a grid on the target surface. Subsequently, material and section properties are assigned
to the members of the grid and the bending of the laths is simulated. Finally, loads are applied to the
model and a structural analysis is carried out. These design stages have to be performed iteratively to
reach a satisfying design. In this paper, an optimization procedure is proposed that optimizes the
shape of a strained gridshell for a given grid of straight laths. The erection forces are chosen as the
design variables. These erection forces are optimized to minimize the so-called end-compliance, which
is defined as the inner product of the external loads and the resulting displacements. The method of
moving asymptotes is adopted and implicit dynamic relaxation [1] is used to solve the nonlinear
equilibrium equations, ensuring that the required computation time is acceptable. Nonlinear effects
such as buckling are taken into account by using co-rotational beam elements to model the gridshell
laths. It is shown that this approach allows the structure to be optimized to satisfy safety and
serviceability criteria for different load cases. Moreover, it is possible to account for practical building
constraints, such as a limitation of the number of nodes to be pushed or pulled during the erection
phase. Finally, also designer's preferences can be taken into account via constraint equations. In
conclusion, the proposed optimization approach leads to an optimized design while satisfying the
designer's preferences and potential buildability constraints. Moreover, the proposed optimization
approach simplifies the design process, as it is not necessary to iterate between different design
stages.
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Abstract: A globally effective approach to high-fidelity optimization problems based on
computationally expensive analysis lies in the exploitation of surrogate models. They act as cheap-to-
evaluate alternatives to the original high-fidelity models reducing the computational cost, while still
providing improved designs. Since several surrogate types can be available, a priori choosing the most
suitable one for a given problem is a difficult task for the user. Therefore, the aim of this work is to
investigate some online strategies that can help to select the “best" surrogate model, or to aggregate
several surrogate models by combining them. These strategies of selection and ensemble of models
allow to overcome the a priori choice of the type of surrogate model. Indeed, one unique choice of
surrogate model can not be suited to all kind of problems. Moreover, the same choice for all responses
(objective(s) and constraint(s)) can be inadequate since the different responses can have very different
behaviors and therefore require different types of approximation. Either in selective or combined
approaches, it is important to define adequate performance measures of the surrogate models. The
quality indicators used in this work are the ""Determination Coefficient (R?)"" and the ""Ranking/Relation
Preservation (RP)"". The metric R? gives a quantitative measure of the predictability of a surrogate
while the RP metric refers to the ability of a surrogate model to preserve the same rank of the
solutions with respect to the real function. Surrogate model selection methods consist in assessing the
performance of various surrogate models and select one of them. Our considered selection strategy is
based on the sum of these performance metrics. One drawback of a selection approach is that it does
not take into account complete advantage of the computational resources used to train the different
surrogate models. Therefore, the second approach consists in considering a combination of surrogate
models. The performances of the online selection and aggregation strategies have been demonstrated
in a Surrogate-Based Optimization (SBO) process in comparison with a classical SBO process exploiting
a static a priori chosen surrogate model. The results reveal that the selection and aggregation
strategies give globally better results in terms of convergence than a static surrogate model that would
be chosen a priori. Finally, being able to select a surrogate model or aggregate several ones for each
response (objective(s) and constraint(s)) at each iteration is a definite advantage of the considered
approaches.
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Abstract: Due to advances in manufacturing, particularly additive manufacturing, there is significant
interest in the design and optimization of macro-scale structures that are realized via spatially-varying
micro-scale lattices. Because the micro-scale feature size is 100x to 1000x smaller than the macro-scale
dimensions, a fully resolved optimization of the spatially-varying micro-scale lattice is not feasible.
Instead, a two scale off-line, on-line approach is proposed. The off-line step consists of highly resolved
finite element simulations of lattices with known topology, this is achieved using adaptive mesh
refinement to resolve the small features of the lattice. The results of these off-line simulations are
used to construct a surrogate model of the elastic response of the lattice. The on-line step consists of a
density-like topology optimization of the macro-scale structure, but with N decision variables per
element. These N decision variables define the variation of the lattice. If the lattice of interest consists
of rods, the decision variables are the radii of the rods. If the lattice of interest consists of spherical
inclusions e.g. a foam-like material, the decision variables are the location and radii of the spherical
inclusions. As another example, the decision variables can be the density and orientation of carbon
fiber for a chopped fiber 3D printer. The surrogate model must accurately capture the effective
stiffness of the lattice, including the most general forms of anisotropy. But it must also be efficient to
evaluate. Radial basis function approximation is well suited for approximating surfaces and fields in
higher dimensions. Radial basis function approximation can be of either interpolatory or regression
form, and for this this particular application the regression form is more suitable because it provides
smoother results with accurate derivatives which are essential for optimization. The regression form,
also known as a least-square fit, is a special type of neural network called a radial basis function
network. Results are presented for standard test problems such as cantilever beams, as well as for
real-world problems such as optimization of civil and aerospace structures. We quantify the benefits of
spatially varying versus uniform lattices, and anisotropic versus isotropic lattices.
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Abstract: The objective of this work is to present new computational optimization tools which can be
applied to obtain solutions of inverse homogenization problems related to elastic material design
satisfying structural requirements. The specific problem that is studied in this work consists of
determining the material micro-architecture, such that the elastic effective properties of this
heterogeneous material copy those of a target elasticity tensor. The spatial distribution of the hard
material phase within a given unit cell that satisfies the sought requirement is found through a rather
conventional topology optimization problem [1]. In particular, we use a methodology that is based on
a topology optimization algorithm using topological derivative and the level set function [2]. And the
specific tools that we have developed in this computational context exploit two aspects of this
problem: i) the symmetry of the target elastic tensor, and ii) the shape of the unit cell in where the
optimum topology is sought [3]. Therefore, we present a comprehensive analysis of the connection
between the target tensor physical features, i.e. its symmetry properties, and the material distribution
in the microstructure. According to this idea and assuming periodic micro-architectures, we analyze
several Bravais lattices and the plane wallpaper groups in order to study the way in which the
symmetries of these patterns are reflected in the homogenized elasticity tensor. We analyze the
Wigner-Seitz cells, i.e. the primitive cells, of the subjacent Bravais lattices that preserve all the
symmetries and the corresponding implementation of the plane wallpaper groups. Finally, using the
connection between physical properties and micro-structural patters, we propose a procedure for the
inverse problem that selects the most convenient external boundary shape of the unit cell in where
the topology optimization problem is solved, as well as the necessary geometrical symmetries to be
imposed to the material distribution within the unit cell that guarantee the symmetry of the
homogenized elastic tensor of the designed micro-architecture material. In the search of new extreme
material classes, the proposed tools aim to facilitate the inverse design by obtaining simple micro-
architecture solutions. [1] Bendsoe, M. P.,
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Abstract: A variational method is proposed to compute integral quantities along the characteristic
curves of a velocity field without the need for computing these curves explicitly on the spatial
discretization. Such needs occur for instance whencomputing shape derivatives of geometric
constraints built upon the sign distance function, which involves integration along normal rays of the
optimized shape. Here, we rely on a symmetric variational problem that can be solved conveniently
with the finite element method. The well-posedness of the formulation is established through a
detailed analysis of weighted graph spaces of the advection operator for C1 velocity fields. Our
working assumptions are fulfilled in the context of shape optimization of C2 domains, for which the
velocity field is a unit extension of the outward normal. The variational method is compared
numerically to direct integration along rays on several analytical examples. Implementation issues such
as curvature estimation or taking the skeleton of the ape into account are discussed. Finally, we
illustrate the use of our method to enforce conveniently maximum and minimum thickness constraints
in structural shape optimization.
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Abstract: The adaptive toothed variator represents the planetary gear mechanism with constant
engagement of cogwheels and with the variable transfer ratio. The variator is self-regulated
mechanism and it works without a control system. Basic difference of a gear variator is the mechanism
has two degrees of freedom and only one input. Definability of motion provides the planetary four-bar
closed contour creating additional power constraint with circulation of energy. The variator is created
on the basis of a discovery of Professor Ivanov K.S. «Effect of force adaptation in mechanics». The
essence of the discovery is a planetary kinematic chain with two degrees of freedom in which
cogwheels form the mobile closed contour, adapts for variable loading by an independent regulation
of motion speed of cogwheels in a contour under the influence of loading. For creation of gear variator
it is necessary to use brand new principle of act of the mechanism providing the variable transfer ratio.
This principle of act is based on energy circulation in the kinematic chain with two degree of freedom.
Energy circulation is provided with the toothed wheels forming a mobile closed contour placed
between input and output links of a mechanism. Intensity of circulation of energy depends on variable
output loading. This key property of the closed contour defines additional constraint which will
neutralize superfluous mobility of the closed contour. As a result the variable transfer ratio is provided
with variable output loading. Thus the gear variator will provide not only the variable transfer ratio but
also adaptation to a variable load. Adaptation is brand new property of the mechanism allowing to
work without a control system. The gear variator is the adaptive self-controlled mechanism. The
purpose of the present work to create the optimum design of an adaptive toothed variator performing
both necessary and sufficient conditions of adaptation and independent reliable start. The basic
theoretical regularities of creation of a gear variator, the description of a development type of a
variator and the test-bed, technique of conducting of tests and results of tests of the adaptive gear
variator are presented. The adaptive gear variator is the optimal on all parameters highly effective self-
controlled connecting gear which can be used for machines with variable technological resistance in all
branches of engineering from motor industry to a robotics.
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Abstract: The conventional systems of reorientation of a satellite tracking antenna in portable satellite
communications stations are based on serials robots, serial robots have three degrees of freedom and
are composed of several kinematic chains joined by rotational articulations. These characteristics can
affect the performance of satellite tracking since they limit their movements. For this reason, it is
proposed a Stewart platform towards the reorientation system that can accept accelerations and
higher speeds during its movement, support large loads that have a higher rigidity and precision to be
considered by six actors in parallel and finally, have a better follow-up of your six degrees of freedom.
The demand for precision for satellite tracking is high, to determine the accuracy of the Stewart
platform, a sensitivity analysis is performed that requires information on the design parameters that
must be considered to perform a task with precision. Through the numerical simulations with the
Matlab® software, it was found a range for maximum tolerances, varying the geometric parameters
and varying the definition of the design applications to satisfy the demand in the accuracy of the
application.
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Abstract: In recent years, the use of evolutionary computational techniques has become widespread in
many technical disciplines including, but not limited, neural networks and evolutionary algorithms.
From these techniques, in the field of global optimization, mainly the evolutionary optimization
algorithms are used. Because of this biological inspiration, the principle of genetic algorithms is easily
understood by non-mathematicians as well. However, from the mathematical point of view, the
evolutionary and genetic algorithms are just another representatives of stochastic optimization
algorithms. The aim of our research was to describe the basic properties of stochastic algorithms
including genetic algorithms, to select suitable candidates from the class of traditional stochastic
algorithms and to compare their behaviour with the genetic algorithms. The stochastic optimization
algorithms provide the advantage of efficient working even with such functions. An important criterion
for optimization is also the ability to parallelize a task. The optimization algorithms can be
implemented as a parallel system — we calculate the value of a purpose function at several points at
the same time. We can use this for some tasks (for example, if we have a device that can perform
multiple measurements at a time), but there are tasks, where this process does not provide any
acceleration. This feature of the task will be called the ability to parallelize a task. The paper will also
describe the specific described implementation and testing of selected algorithms on analytical
functions as well as functions mediated by artificial neural networks, which have been learned on
practice data and are intended, therefore, to simulate real problems in practice. Furthermore, the aim
of our research was also to select those representatives of traditional stochastic algorithms that would
be able to compete with the genetic algorithms by their accuracy or speed, to implement these
algorithms and to test them on specific data. The paper will provide description of the algorithms
where the algorithms will be compared from the theoretical point of view and such algorithms that are
suitable for comparison with the genetic algorithms will be selected. In addition, we will describe how
the specific methods have been implemented, how they have been modified compared to the basic
version, and how the constants of these algorithms have been set. Last but not least, the results of
testing of each algorithm on the practice data will be presented and, in the final phase, these results
will be analysed.
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Abstract: While developing new aircraft configurations, the designers have to consider the mission
performance based on the requirements on payloads, thermal boundaries, dynamic stability, control
effectiveness, and propulsion cycles limitations. Creation of conceptual geometries from simple
straight surfaces requires extensive design space exploration for achieving an optimal performance
while satisfying multidisciplinary requirements. Always innovative tools are needed for realizing
potential configurations with limited computer and manpower resources. In this research a
combination of modern optimization methods are integrated for shape and topology evolution of
structural components. A combination of global-local optimization with the possibility of multi-
objective trade-off solutions is considered. Cellular-division concept is inspired by the division of
biological cells in living organisms. The approach starts by taking the Genetic Algorithm (GA) generated
binary string (chromosome) for creating the base-line structural topologies using edge production
rules and geometric properties. Based on the edge production rules that are developed in cellular-
division with dynamic equilibrium, initial edges break points and regions are created. The approach
facilitates creation of several conceptual topologies that need to be optimized further, for meeting the
multi-physics design requirements. Based on the GA generated populations, many innovative
configurations have the potential to be candidate vehicles. Recently level-set based topology
optimization has gained popularity due to its advantages in providing smoother boundaries for
complex shapes, and also precisely satisfying the local constraints. The implicit boundary definition
allows complicated shape changes with a smooth description of structural boundaries, which avoids
the ambiguities of intermediate elements within the material domain as appeared in density based
method. Cellular-division created geometries need to be optimized for local constraints using an
optimization scheme. The proposed design framework integrates level-set method into the cellular-
division framework as a local optimizer to form a global-local design scheme with GA. At the global-
level, many potential configurations are created using the cellular-division as the initial designs and at
the local-level level-set method optimizes these initial designs for strict constraint satisfaction. A
combination of these two approaches with their individual strengths are synergistically integrated for
evolving a configuration from an open-ended design space. The presentation demonstrates the
framework using several benchmark problems of topology optimization and air vehicle structural
problems.
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Abstract: Many research efforts have been recently put to solve large-scale global optimization (LSGO)
problems by means of evolutionary algorithms (EAs). Unfortunately, standard EAs are usually not well-
suited for such LSGO problems and their performance declines once the number of variables increases.
This issue is mainly explained by the exponential growth of the search space and is referred as the
"curse of dimensionality". Cooperative co-evolution has been proposed to solve such problems
involving thousand of variables. This methodology consists in dividing the LSGO problems into several
subproblems, each of them being optimized in a round-robin fashion with an EA. The latter has proved
to be very efficient to solve a wide range of LSGO problems. Nevertheless, it often requires a huge
number of function evaluations to reach a suitable solution. This is somewhat problematic when the
function evaluation is computationally expensive. To overcome this costly issue and still get suitable
precision accuracy, one can take advantage of surrogate models. They act as cheap-to-evaluate
alternatives to the original high-fidelity models reducing the computational cost, while still providing
improved designs. This kind of optimization process, called surrogate-assisted optimization, has been
shown to be very efficient on small-dimensional problems but suffers from the curse of dimensionality
to solve LSGO problems. Indeed, this curse affects the EA optimization but also affects the quality of
the surrogate models. In this paper, cooperative co-evolution relying on dynamic random
decompositions is combined with surrogate-assisted optimization in order to efficiently solve high
dimensional, expensive and black-box (HEB) problems. The proposed algorithm is based on two pillars:
on the one hand, the achievement, in a limited number of function evaluations, of a satisfactory
solution required by the HEB nature of the studied problems; on the other hand, its potentially
scalable architecture by means of parallel function evaluations. Our study provides good results when
solving a wide set of benchmark problems with 100, 500 and 1000 variables. The benefit of the parallel
architecture is shown very attractive when comparing with a standard surrogate-assisted algorithm.
Furthermore, the presented algorithm is compared with the state-of-the-art algorithm SACCJADE. The
comparison has shown that our algorithm is very efficient to find a satisfactory solution with a very
small budget in terms of function evaluations.
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Abstract: Buckling load estimation of continua modeled by finite element (FE) should be based on non-
linear equilibrium. When such equilibrium is obtained by incremental solutions and when sensitivity
analysis as well as iterative redesigns are included, the computational demands are large especially
due to optimization. Therefore, examples presented in the literature relate to few design variables
and/or few degrees of freedom. In the present discussion a non-incremental analysis is suggested, and
a simple sensitivity analysis as well as recursive redesign is proposed. The implicit geometrical non-
linear analysis, based on Green-Lagrange strains, apply the secant stiffness matrix as well as the
tangent stiffness matrix, both determined for the equilibrium corresponding to a given reference load,
obtained by the Newton-Raphson method. For the formulated eigenvalue problem, which solution
give the estimated buckling load, the tangential stiffness matrix is of major importance. In contrast to
formulations based on incremental solutions, the tangent stiffness matrix is here divided into two
matrices, the stress stiffness matrix that is linear depending on stresses and the remaining part of the
tangent stiffness matrix. Examples verify the effectiveness of the proposed procedure. Buckling of
homogeneous (uniform density) 2D finite element models are in agreement with available analytical
1D results. The obtained optimized density distribution for a cantilever with central load corresponds
to improved bending stiffness, as expected. Then influence from eccentric load on a frame is reported,
and in addition to stiffness improvement the redesigns also stabilize by change of eccentricity.

Reference:
Pedersen, N.L., and Pedersen, P. : "Local analytical sensitivity analysis for design of continua with optimized 3{D} buckling
behaviour" Struct. Multidisc. Optim., 57:293--304, {2018}
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Abstract: The paper presents reliability-based design optimization of curved on plane I-section beam
with chain hoist load. This type of structures is one of the most common in industrial buildings. In case
of such an element stiffness against warping, which depends on the lateral bending resistance of the
flanges plays important role and have to be included in analysis. Such an analysis is made incorporating
Vlasov beam theory and large displacement formulation (second order theory). Material parameters
such as axial stiffness, flexural and torsional rigidity, transverse shear stiffness and warping stiffness
are assumed as random, as well as chain hoist load. Two approaches of uncertainty quantification are
considered. First, a standard way, in which parameters are modeled as random variables with log-
normal distribution and second, in which parameters are modeled as Gaussian random fields. Second
approach can be used when length varying properties are considered. Two-stages reliability-based
design optimization method is used. To compute the probability of failure reliability index method with
Hasofer-Lind index is adopted. Design point is computed with Abdo-Rackwitz-Fiessler algorithm.
Constrained optimization problem is solved using Genetic Algorithm.
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Abstract: Bolted connections are important components of steel structures and as such must be based
on good design and detailing. Popularity of bolted connections entails that their failure mechanisms
are thoroughly researched and adequately analytically described. A prerequisite for a robust and
reliable analytical description of a failure mode is a large base of results, collected experimentally or
numerically, usually via finite element analysis. FEM simulations are a common approach for research
purposes, but the modelling procedure can significantly influence result accuracy. One of the most
important parameters for successful convergence and accuracy is spatial discretization, i.e. mesh size.
Mesh size presents a delicate balance between accuracy, efficiency and convergence issues, especially
in bolted connection analysis where mesh quality amplifies these effects, through contact, material
and geometric nonlinearity. Sensitivity studies are, due to increased complexity of nonlinear
behaviour, often difficulty to interpret and time expensive, which is why in this study, based on
previous research, a mesh size optimization procedure is presented. This optimization is based on a
previously verified and validated numerical model parametric study, which produced a large enough
dataset of results. The numerical model is of a single-bolt lap connection, as such a connection
represents challenging problems in modelling, such as complex boundary conditions (rotation due to
longitudinal eccentricity), contact formulation, several possible failure mechanisms. Two-stage
optimization was performed in order to determine for which mesh size results of the numerical
analysis (bolt-hole elongation and load) converge to those obtained experimentally. The first step
included forming of an optimization model based on an artificial neural network (ANN). Results were
extrapolated and compared to those attained experimentally, which indicated that the mesh size of
0.87 mm would provide near optimal (experimental) results. However, estimated solving wall time was
significantly longer. In the second step, a nonlinear optimization model was structured in order to find
a mesh size for which the difference between experimental and optimization results would be equal,
whilst the optimization objective was to find a mesh size which requires minimal solving wall time. The
optimization model provided insights into mesh size quality to efficiency ratios and rendered that the
minimal difference between experimental and numerical results (1.57 %) can be obtained with a mesh
size of 2.19 mm. For this mesh size, the model estimated a solving wall time of 1.3 hours, instead of
the step one optimization modelling estimated 36 hours.
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Abstract: Composite structures are mechanical structures composed of fibers (carbon) and resin. In
the recent years, composite structures have taken a growing importance in the aeronautical industry.
Because they exhibit high performance properties and lead to a considerable weight reduction, they
can be an alternative choice in the design of many aircraft parts. The paper presents a methodology to
design such structure. A composite structure is made of a stacking of plies and the fibers in each ply
can be oriented in a specific direction (0°, 45°, 90° and 135°). If the structure is divided into zones, the
design variables will be the number of plies per orientation per zone. The mechanical performance of
the structure depends on the total number of plies and the percentage of plies per orientation in each
zone. The objective is to reduce its weight while satisfying some structural integrity constraints.
Moreover the stacking sequence of the plies must also satisfy some manufacturing rules. These
constraints are of combinatorial nature with respect to the design variables. A stacking sequence
generator is used to compute admissible stacking sequences with respect to these rules and which
correspond to the design variables. Given that an admissible stacking sequence does not exist for
every set of values of the design variables, a repair operator is proposed to cope with this problem. It
aims at changing the values of the number of plies in each orientations in order to guarantee the
existence of admissible stacking sequences with respect to the manufacturing rules. The approach to
solve this optimization problem using a surrogate based genetic algorithm. A repair operator, which is
the main focus of the talk, is presented to handle the manufacturing rules. An engineering application
is presented to show the advantages of this approach in terms of constraint satisfaction and
computational time. The application represents the design of an aircraft wing. The objective function is
the weight of the wing. The constraints are the stability of the wing, the Tsai-Wu failure criteria and
the manufacturing rules which are handled by the proposed repair operator.
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Abstract: Reduction of power losses and improvement of voltage profile in power distribution
networks has been often approached by methodologies such as distribution network reconfiguration
(DNR), capacitor bank placement and Volt/Var control [1]. Recently, optimal allocation of distributed
generation (DG) has been taken into consideration as a method for grid support due to its attributions
towards frequency drop stabilization [2], power loss reduction and voltage profile improvement [3].
Combination of multiple methodologies such as distribution reconfiguration and optimal allocation of
DGs have been proposed to increase the benefits [4], [5]; however, the practical complexity of
implementing such combination of methodologies increases significantly. The paper proposes a novel
algorithm for power loss reduction through DNR and optimization-based allocation of DG sources. In
this work, DNR is solved simultaneously with DG allocation. The problem at hand is a complex mixed-
integer task. A customized evolutionary algorithm has been developed with recombination operators
preserving a radial structure of the network, integer-based operators for DG placement, and floating-
point operators for handling their power output capacities. Comprehensive numerical validation
performed on standard IEEE 33- and 69-bus systems indicates that our methodology outperforms
state-of-the-art algorithms available in the literature in terms of the obtained power loss reduction.
Furthermore, it features good repeatability of results as demonstrated through statistical analysis of
multiple algorithm runs.

Refrences:
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Abstract: According to current estimations, a large amount of industrial capacity is get lost due to
solids handling problems while the energy consumption of solids handling consumes around 10% of
the annual global energy utilization. In such a framework, industries are thus looking more and more
into computational methods to study bulk materials and design better processes. Thanks to increasing
computer capabilities and more readily useable codes, Discrete Element Method (DEM) is nowadays
an available tool for industries. Even if DEM can treat also other powders processes like agglomeration
and fluidization, the present work focuses on powders handling and how can optimization techniques
help in studying this kind of processes through DEM. Optimization is always required to perform a
DEM analysis. In fact, due to the lack of powders rheological data and the number of parameters that
characterize the particles interaction models, a calibration step is a requisite to achieve significant
results from DEM. A methodology based on surrogate models to calibrate DEM using experimental
data measured in bulk physical tests is here detailed. It consists in the DEM reproduction of
experimental tests and the creation of suitable response surfaces of this virtualization. The proposed
approach reduces the calibration to experimental tests and optimization on surrogate models by
avoiding DEM simulations in the calibration stage each time a new powder is studied. Optimization can
also be part of a DEM based design process of a handling machine. There are few works in literature
on shape optimization coupled with DEM mainly due to computational efforts. A coarse-grained
approach to perform shape optimization with DEM is also proposed and applied to an industrial
component.
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Abstract: Monitoring consists of carrying out surveillance on and/or recording any variable under
study. It is not only a very useful technique in medicine (observation of a disease or any medical
parameters over time), but also in computing, social sciences, environment, industry, etc. Particularly,
it is an essential tool in the Quality Control (QC) of any process. For example, pollution monitoring in a
river can be very useful to locate any illegal discharge. In a similar way, traffic flow monitoring can help
to detect accidents or cars failed on the road. The design of a monitoring system is a very important
task in the QC process. In many cases, reliable estimations of the variables under study can be
obtained by using mathematical modelling (numerical simulation). If estimations are available, a
monitoring strategy giving representative measurement of these variables can be obtained by solving
a multi-objective optimization problem. The usefulness of this procedure can be shown, for example,
by designing a river quality monitoring system, using a 1D hyperbolic-parabolic system for the
numerical simulation. Another useful application of previous procedure consists of designing a road
monitoring strategy. In this case, the mathematical model is the 1D Lighthill-Whitham-Richards (LWR)
model, which can be combined with a 2D pollution model if air quality is also being monitored.

This work was supported by funding from project MTM2015-65570-P of Ministerio de Economia y Competitividad
(Spain)/FEDER. The fourth author also thanks the support from Sistema Nacional de Investigadores SNI-52768
and Programa para el Desarrollo Profesional Docente PRODEP/103.5/16/8066 (Mexico).)
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Abstract: Weight saving from aircraft structures has always been important in aircraft industry.
Introducing flanged lightening holes to the primary aircraft structures (e.g., wing ribs, fuselage frame
webs, and fuselage longerons) is a way to achieve weight savings. Cutting a hole on the structure leads
to a weight reduction but diminishes its strength. Therefore, forming the edge of the hole as a flange is
a common practice to regain the strength of the structure. In this study, lateral metallic beam from the
upper deck of Turkish Light Utility Helicopter (TLUH) with a predetermined geometry, loading, and
edge conditions is considered. Since sharp edges would cause undesirable stress concentrations, the
lightening hole geometry is considered to be an ellipse. The radii in the two axes of the ellipse, the
curvature coefficient, and center-to-center hole distances are taken as design variables. The optimal
values of these geometrical properties are sought by minimizing the structural weight as the objective
function, while maintaining the structural strength and stability at certain levels. Since structural
responses are computed through computationally expensive finite element analyses, surrogate based
optimization approach is followed. In this study, polynomial response surfaces, Kriging and radial basis
functions are considered as potential surrogate models. Kriging models with linear trend function is
found to be more accurate than other surrogate models to predict the structural responses of interest.
In preliminary design, the geometries of the all lightening holes are assumed to be identical. The
optimization resulted in 6.9% weight reduction compared to the initial design, without sacrificing
structural strength or stability. In the final paper, the geometric properties of the holes are not
assumed to be identical and further weight savings will be investigated.
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Abstract: Term "heavy metal" usually denotes any dense metal that is marked for its potential toxicity,
especially within environmental contexts. Heavy metals can be found naturally in the earth, but they
usually become hazardous as a result of anthropogenic activities. Toxic metals tend to accumulate in
living organisms as they are hard to metabolize and cannot be biodegraded. One of the main methods
for remediation of heavy metal-contaminated waters is phytoremediation, that refers to the use of
plants (algae in this particular case) to clean up water contaminated with hazardous chemicals.
Phytoremediation takes advantage of the ability of algae to adsorb toxic heavy metals from the
environment, resulting in higher concentrations than those in the surrounding water. In this work we
deal with the optimization of different issues related to phytoremediation techniques, by combining
mathematical modelling, optimal control of partial differential equations and numerical optimization
(in the spirit of several previous works of the authors devoted to similar environmental control
problems). In particular, we present a 2D mathematical model coupling the system for shallow water
hydrodynamics with the system of nonlinear equations modelling the concentrations of heavy metals,
algae and nutrients in large waterbodies. We also propose a full algorithm for computing the
numerical solution of the system. In this paper we are interested in two main aspects: (i) determining
the minimal quantity of algae to be used in the phytoremediation process, and (ii) locating the optimal
place for such algae mass. These questions are formulated as optimal control problems for this
scenario, and several numerical results for a realistic problem posed in "Ria de Vigo" (NW Spain) are
presented.

(The authors thank the funding from project MTM2015-65570-P of MINECO/FEDER (Spain). The support provided
by DHI with MIKE21 modelling system is also appreciated.)
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Abstract: The ever increasing need for higher resolution and quality imagery imposes stringent and
conflicting requirements on opto-mechanical instruments. In the state-of-the-art system engineering
thermo-mechanical design process, the optical performance is not considered directly. Each
component is designed and optimized separately to meet a priori defined deformation limits. To
further improve the system optical performance, the design space should be expanded by a tightly
integrated system design and optimization approach. This contribution uses gradient-based
Multidisciplinary Design Optimization (MDO) to couple all interacting subsystems as well as
engineering disciplines. We propose system-level optical performance metrics that drive the thermo-
mechanical optimization process, simultaneous optimization of all components for the combined
metrics and, the replacement of component-level constraints by equivalent system-level constraints.
The work focuses on the reduction of optical performance errors of multicomponent reflective optical
systems induced by (quasi)-static thermal loads. The thermo-mechanical design and structural
topology optimization of all components is driven by system-level optical performance metrics using a
full structural-thermal-optical performance (STOP) analysis. To determine system-level optical
performance, we use a simplified version of geometric ray tracing by constructing a linear operator
that describes the behavior of the optical system. The deformed surfaces are approximated by
polynomial least-square fits, from which optical errors and accompanying adjoint sensitivities are
derived. We optimize the material layout within given design domains using topology optimization,
providing a systematic, bottom-up approach with maximum design freedom without any prior
knowledge of the design. To demonstrate the benefit of our approach, we present a two-mirror case
study under thermo-mechanical disturbances. The integrated STOP design optimization procedure
taking into account all system components is compared to individual component optimization, while
subjected to the same (or equivalent) design constraints. In this case study, our proposed approach
resulted in a 95% spot size error reduction. The globally optimal performance of the coupled system is
always better or equal to the uncoupled optimization approach, as the feasible design space of the
system-level optimization completely encapsulates that of the individual component optimization. To
satisfy future multidisciplinary system requirements one should aim for considering and integrating
multiple components and physics simultaneously in the optimization process.
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Abstract: For shafts there are typically four failure modes taken into consideration during design,
these are; maximum allowable stress, fatigue, deflection and critical speed. Shafts are typically loaded
by three different load types; axial, bending and torsion separately or more generally in combinations.
In practical shaft design we have abrupt diameter changes where a fillet is applied. For fillets we don't
have infinite stresses but a stress concentration described by the stress concentration factor. The
stress concentration factor is typically available in charts in textbooks. The charts are given for circular
fillets and for the three different loading situations separately. Many charts are based on experimental
results from photo elasticity. The typical procedure for a combined load case is to find the maximum
stress resulting from each loading and from these maximum values calculate a reference stress (e.g.
von Mises). This is done although the maximum stress is not found in the same point for the different
load cases. Using this procedure we obtain a conservative estimate of the maximum stress. Structural
optimization is a mature science and optimization has been performed on shafts, but the result of
optimization has had limited impact on the practical shaft design. Also very few references are found
with optimization of shafts for combined load cases. The stress concentration evaluation is in the
present research performed using the FE method. For a successful application of shape optimization a
couple of points are important. The main aspect is that the shape (with the high stress)
parameterization is done separately from the design domain FE meshing, i.e. the nodal position in the
FE mesh should not be used as design variables. The shape can be described either analytically or
numerically. Which methods selected is not important for a successful optimization. In the present
research we use the ANSYS program and utilize the harmonic elements. This allows for 2D
axisymmetric models that can handle the non-axisymmetric loads or out of plane loading associated
with bending and torsion. The harmonic elements can also handle the in-plane loading associated with
axial load so the same model can be used for all three load cases.
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Abstract: This contribution focusses on topology optimization for additive manufacturing. In order to
ensure that the optimized design is immediately manufacturable, it is essential to take into account
the appropriate geometric constraints during the optimization. Two important constraints are
minimum length scale and maximum overhang angle. A minimum length scale is needed to ensure that
the condition on minimal printable feature sizes is satisfied, while an imposed overhang angle
eliminates the need for a temporary support structure. This contribution first shows that both
constraints cannot simultaneously be met by a straightforward coupling of existing methods for length
scale and overhang control. Next, a new filtering scheme is introduced, based on a specific
combination of spatial filters, which allows direct control over these constraints in a minimum
compliance topology optimization problem. A 2D benchmark problem and a complex 3D case study
are presented to demonstrate that the proposed filtering scheme successfully imposes a target length
scale in both the solid and the void phase of the design domain, while simultaneously allowing control
over the overhang angle.
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Abstract: Equivalent electric circuits are widely used in electrochemical impedance spectroscopy (EIS)
data modeling. EIS modeling involves the identification of an electrical circuit physically equivalent to
the system under analysis. This equivalence is based on the assumption that each phenomenon of the
electrode interface and the electrolyte is represented by electrical components such as resistors,
capacitors and inductors. This analogy allows impedance data to be used in simulations and
predictions related to corrosion and electrochemistry. However, when no prior knowledge of the inner
workings of the process under analysis is available, the identification of the circuit model is not a trivial
task. The main objective of this work is to improve both the equivalent circuit topology identification
and the parameter estimation by using a different approach than the usual Genetic Programming. In
order to accomplish this goal, a methodology was developed to unify the application of Cartesian
Genetic Programming to tackle system topology identification and Differential Evolution for
optimization of the circuit parameters. The performance and effectiveness of this methodology were
tested by performing the circuit identification on four different known systems, using numerically
simulated impedance data. Results showed that the applied methodology was able to identify with
satisfactory precision both the circuits and the values of the components. Results also indicated the
necessity of using a stochastic method in the optimization process, since more than one electric circuit
can fit the same dataset. The use of evolutionary adaptive metaheuristics such as the Cartesian
Genetic Programming allows not only the estimation of the model parameters, but also the
identification of its optimal topology. However, due to the possibility of multiple solutions, its
application must be done with caution. Whenever possible, restrictions on the search space should be
added, bearing in mind the correspondence of the model to the studied physical phenomena.
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Abstract: Density based topology optimization for fluid flows is commonly modeled using a porous
media approach i.e. either as a mixed Darcy-Stokes model or a Brinkman model. The solid material
phase (wall) is modeled by considering a porous media with vanishing permeability penalizing the fluid
velocity efficiently. The pressure is traditionally not represented equally well leading to problems with
defining proper pressure loads on interfaces and leakage over thin solid structures[1]. Furthermore,
the leakage is proportional to the permeability leading to ill-conditioning of the governing equation
system. The optimization problem is also affected by the vanishing permeability which increase the
non-linearity of response due to design changes. This paper presents an alternative to the porosity
models in terms of representing the solid phase by imposing boundary conditions for all edges of the
solid inclusion. The no-slip Dirichlet condition is imposed weakly using Nitsche’s method[2] to model
the solid phase and boundary. The influence of the stabilization parameter and design interpolation is
investigated and the flow and pressure representation near the boundary is compared towards
classical density based and boundary fitted methods. A benchmark using classical flow topology
optimization problems posed in the literature is setup and the strength and weaknesses are studied in
detail.

References:

[1] Kreissl, S., Pingen, G., & Maute, K. (2011). An explicit level set approach for generalized shape optimization of fluids with
the lattice Boltzmann method. International Journal for Numerical Methods in Fluids, 65(5), 496-519.
http://doi.org/10.1002/fld.2193

[2] Nitsche, J. (1971). Uber ein Variationsprinzip zur Lésung von Dirichlet-Problemen bei Verwendung von Teilrdumen, die
keinen Randbedingungen unterworfen sind. Abhandlungen Aus Dem Mathematischen Seminar Der Universitdt Hamburg,
36™ 9-15. http://doi.org/10.1007/8F02995904
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Abstract: The paper is devoted to the problem of trip demand estimation in a road network.
Commonly, when solving trip demand estimation problem researchers suppose the presence of so-
called a prior origin-destination matrix. Unlike such an approach we assume that the only input data
for trip demand estimation problem is traffic load on arcs. Thus, in this paper we intend to avoid using
a prior origin-destination matrix for trip demand estimation and show that in such a case one is faced
with the problem of combinatorial optimization. Computational complexity of appeared problem is
discussed. Heuristic procedure for solving the problem is proposed and it is applied to the test
example.
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Abstract: Advances in 3D printing technology make that structural optimization attracts recently a lot
of attention in many research and scientific centers around the world. Nowadays, researchers' efforts
are oriented rather towards structural topology optimization under deterministic forces with single
load conditions, however the design is based on linearly or nonlinearly elastic material. The last two
issues are critical in engineering practice since many deterministic optimal solutions are very sensitive
to changes in loading conditions and multiple loading conditions are more realistic. As it is known the
multiple loading conditions and the stochastic loading can lead for the same surrogate model. For that
reason topology optimization of the structures subjected to stochastic loading is one part of the
current research topic. Another issue is related to material properties, which often have to take into
consideration plastic characteristics of the applied materials and the load carrying capacity is limited. A
practical method for topology optimization of elastoplastic structures has been proposed by the
authors recently. One of the major advantages of the method is its straightforward applicability to real
engineering problems. Instead of traditionally used structural weight minimization subjected to
compliance constraint in our method constraints are imposed directly on stresses. The purpose of the
present study is to extend this method to the case of elasto-plastic topology optimization with some
probabilistic constraints. To this end, we assume that external loading acting on the structural system
under consideration is having stochastic nature, defined by its distribution type, mean value and
standard deviation. With the aim of our method the above problem is solved in a way, which assures
safety of the structures with given probability value. Although in the past there were some attempts to
solve the above mentioned problems analytically, they concerned rather simple academic examples.
The approach applied in the present study fully relies on computational methods in particular Finite
Element (FE) method and reliability methodology such as FORM, SORM or Monte Carlo. Additionally
since the number of FE analyses required to obtain optimal solution is enormous, some aspects of
multi-core computing will be discussed. The effectiveness of the proposed stochastic/elasto-plastic
topology optimization method will be demonstrated on benchmark problems including cantilever
structure and simply supported beam. Moreover, both structural systems will be represented by plane
stress finite elements and they will be subjected to stochastic load and linearly elastic-perfectly plastic
material.
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Abstract: Authors present a topology optimization procedure where a weighted sum between active
input power and static compliance is used to obtain anti-resonances of displacement at load points in
vibrating structures, at frequencies close to those of interest. The reactive input power, converted to a
relation between kinetic energy and potential energy, helps to improve the procedure. Several
examples are presented to illustrate the potential of the proposed method.
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Abstract: This paper reports the application of a method for optimising the predictive capabilities of a
computational fluid dynamics (CFD) tool used for consequence analysis in the process industries. The
objective is to investigate whether the procedure for surrogate-based optimisation of empirically
determined sub-grid model parameters is applicable to the gas explosion application of a CFD tool.
Furthermore, employing optimisation may detect model limitations, supporting the development of
complex CFD models. The optimisation problem is formulated to yield the best fit between relevant
outputs of a CFD model and corresponding experimental values for selected gas explosion
experiments. The wide range of experiments are organised in categories such that experiments from
each category represent similar physical phenomena. Optimisation for several campaigns within one
validation category was conducted successfully in former work (Braatz and Hisken, 2017; Both et. al.,
2017). However, in the application of the CFD tool, it might be impractical if for each category, there
exist different optimal parameter values. Running a simulation for a new gas explosion scenario with
the correct optimal parameter values would require identifying beforehand the category the scenario
belongs to. Hence, in the present paper, results of optimising for several experiments across different
validation categories are presented and discussed. It is shown that the optimisation process improves
the model predictions satisfactorily. Both, A.-L., Hisken, H., Riickmann, J.-J.,, & Steihaug, T. (2017).
Surrogate-based model parameter optimization based on gas explosion experimental data. Submitted
to and accepted by Engineering Optimization. https://doi.org/10.1080/0305215X.2018.1450399
Braatz, A.-L., & Hisken, H. (2017). Response surfaces for advanced consequence models: Two
approaches. Journal of Loss Prevention in the Process Industries, 49, Part B, 683-699.
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Abstract: Michat Nowak, Chair of Virtual Engineering, Poznan University of Technology, Poland Jan
Sokotowski, Institut Elie Cartan, Laboratoire de Mathématiques Université Henri Poincaré, France
Antoni Zochowski, Systems Research Institute of the Polish Academy of Sciences, Poland Biomimetic
topology optimization with multiple load cases The trabecular bone adapts its form to mechanical
loads and is able to form structures that are both lightweight but very stiff. In this sense, it is a problem
(for the Nature or living entities) similar to the structural optimization, especially the topology
optimization. The presented structural topology optimization method is based on the trabecular bone
remodeling phenomenon. The developed biomimetic topology optimization method [1] do not need a
volume constraint. Instead of imposing volume constraint shapes are parameterized by the assumed
strain energy density on the structural surface. Using this approach also the problem of compliance
optimization for multiple load cases can be efficiently solved. The results obtained from the multiple
load cases analysis are different than those for only one case. Due to unique features of the presented
biomimetic optimization method it is possible to find the solution, the stiffest structural configuration
directly for the multiple load cases problem. The stiffest design is obtained by adding or removal
material on the structural surface in the virtual space. The assumed value of the strain energy density
on the part of the boundary subjected to modification is related to the material properties. The results
of the 3D structural topology optimization for multiple load cases using the biomimetic approach will
be presented.

Reference

[1] Nowak M., Sokofowski J., Zochowski A., Justification of a certain algorithm for shape optimization in 3D elasticity,
Structural and Multidisciplinary Optimization DOI! 10.1007/s00158-017-1780-7, February 2018, Volume 57, Issue 2, pp.
721-734, 2018
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Abstract: The present study applies the method of combination of elementary mechanisms to the
evaluation of collapse conditions of planar frames. The col- lapse load is evaluated seeking the
absolute lowest value among all the mecha- nisms that can be obtained combining the elementary
ones. The optimization procedure is developed through three different bio-inspired optimization algo-
rithms. In particular, genetic, immune and ant colony algorithms are considered. Original codes
developed in the agent-based programming language NetLogo allow building into a virtual metrical
space and visualizing in the user interface every single mechanism and the correspondent collapse
load. The elementary mechanisms are then combined and the minimum collapse load, together with
the corresponding collapse mechanism, is obtained. Several applications have been performed with
reference to frames of different size subjected to a seismic load scenario consisting of horizontal forces
with increasing magnitude acting on each floor, and permanent vertical loads applied to the beams.
The collapse loads and related mechanisms, obtained by means of the proposed optimization
procedures, have been compared to the correspondent ones provided by nonlin- ear push over
analysis, showing a very good correspondence.
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Abstract: In this talk we combine topology optimization with constraints on the stability. Large strains
are considered and consequently we implement a hyper-elastic constitutive model. To trace the load-
path, the Crisfield path following method is used and in each load step we detect critical points. In
most topology optimization procedures the detection is performed by solving a linearized problems
which renders an eigenvalue problem. Another route is to solve an extended system where the
conditions forthe critical point directly is included. Both approaches will be considered in the
presentation. In void or nearly void regions, spurious buckling modes can be triggered which
compromises the solution. A common approach to overcome this problem is to modify the stiffness
matrix such that these buckling modes are eliminated. This modification comes with the risk of loosing
convergence rate in the Newton iterations. In this talk we will discuss a consistent scheme that is able
to reduce the risk of spurious buckling without compromising the convergence rate of the Newton
scheme. To demonstrate the procedure, numerical examples where structures are optimized for
maximum end-tangent stiffness and constrained in terms of stability are presented. This work
performed under the auspices of the U.S. Department of Energy by Lawrence Livermore Laboratory
under Contract DE-AC52-07NA27344.
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DESIGNING COMPLIANT MECHANISMS FOR ADDITIVE MANUFACTURING. CONTROLLING THE
MANUFACTURABILITY/FUNCTIONALITY RATIO THROUGH A FLEXIBLE OVERHANG CONSTRAINT.
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Abstract: The concept “Topology Optimization for Additive Manufacturing” is a recently coined
concept that refers to the complete engagement of topology optimization problems and additive
manufacturing processes. The idea of coupling both technologies through a specific overhang
constraint lies in the idea of a total design freedom, which classic manufacturing processes are unable
to reach. If any design can be build, this will enable a continuum “design manufacturing” process
eliminating prost-processing and any interference with the optimized geometry. In the field of
structures there are already some ground-breaking approaches, there aren’t however any regarding
the optimization of compliant mechanisms. The introduction of the overhang constraint within the
topology optimization formulation of compliant mechanisms yields a compromise or inverse relation
of functionality and manufacturability. The hinges of the flexible mechanisms are formed by a sharp
thinning of the material members and describe a shape that possesses many tangents with different
slopes, some of them showing not self supported contours. There is an inverse relation there for
functionality and manufacturability. If the hinge is to be corrected so that a direct 3D printing of the
mechanisms is possible, the global objective function will be harmed as the optimum-functional shape
of the hinge is set aside. This paper introduces the advantages of a flexible overhang constraint for a
more accurate topology optimization of 3D printed compliant mechanisms enabling intermediate
design for different manufacturability/functionality ratios, and analyses the consequences of fully
restricting scaffold structures respect to controlling and reducing them.
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THE ADAPTATION OF THE "EXPRESS-3D" CODE FOR THE HYPERSONIC FLOWS SIMULATION
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Abstract: The paper presents the experience of using the parallel program complex "Express-3D",
which implements an explicit finite-difference scheme, based on the quasi-gas-dynamic (QGD)
equations system, for modeling hypersonic gas flows. The last version of the code uses multi-block
non-orthogonal hexahedral grids [1]. Modeling of high-speed gas flows has some peculiarities. The
modeling of hypersonic flows around compression corners for different values of both the angle itself
and the angle of attack, showed that in the case of a continuous flow the calculation can be carried out
with the same parameters of the method as for the flows with moderate velocities. However, the
artificial viscosity, which allows calculations in the presence of strong shock waves (high Mach
numbers), can significantly distort the flow field in the subsonic region. To obtain the correct size of
the separation zone, it is necessary to modify the regularizers in the QGD system. Calculations showed
that the desired result can be achieved by optimizing the relationship between regularizers, analogous
to shear and bulk viscosities. In addition, at least at the beginning of calculations, it is preferable to use
the flux relaxation approach [2]. As a result, the algorithm allows to simulate gas flows in a wide range
of Mach numbers. Some results of using this code for the problems of the hypersonic flow / boundary
layer interaction are presented. The simulation results are discussed and compared with the known
experimental data. Parallel programs are realized for both the standard x86 architecture, and the
architecture of the CUDA graphics processors. A parallel implementation uses MPIl, shmem and CUDA
libraries. The efficiency of parallel implementation is investigated. The accelerations obtained on
different types of GPU are compared. Calculations showed that the increased volume of exchanges in
the case of non-orthogonal grids in comparison with rectangular grids leads to a significant drop in
acceleration on GPU's of the Tesla C20xx type. However, modern calculators with Kepler architecture
allow to achieve good acceleration without changes in the program code.
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AN ADAPTIVE FEASIBILITY APPROACH FOR CONSTRAINED BAYESIAN OPTIMIZATION WITH
APPLICATION IN AIRCRAFT DESIGN.

Remy Priem'”, Nathalie Bartoli”, Youssef Diouane'?, Sylvain Dubreuil'”, Thierry Lefebvre'")

“’ONERA, France
remy.priem@onera.fr, nathalie.bartoli@onera.fr, sylvain.dubreuil@onera.fr, thierry.lefebvre@onera.fr

2)ISAE-Supaero, France
youssef.diouane @isae-supaero.fr

Keywords: Bayesian Optimization. Constrained Optimization. Aircraft Design. Feasibility Probability.

Abstract: The multidisciplinary optimization of new aircraft configurations involves numerous design
variables and constraints. In this context, ONERA (the french aerospace Lab) developed a new
constrained bayesian optimizer, named Super Efficient Global Optimization (SEGO) based on Mixture
of experts (MOE). The latter employs gaussian processes to set surrogate models for the objective
function and the constraints taking into account both exploration (sampling from areas of high
uncertainty) as well as exploitation (sampling areas likely to offer improvement over the current best
observation). Concerning the constraints, only the prediction of these models is taken into account
during the optimization process. Thus, due to the error made by the surrogate model, the estimated
feasible domain can be not well approximated and hence leading to poor optimization results in some
cases. This issue is amplified once large-scale constrained optimization problems are regarded. In this
work, we propose different criteria for constraint handling based on feasibility probabilities (estimated
using gaussian processes). In fact, instead of using only constraints predictors the new criteria allow
the optimizer to explore unfeasible areas in terms of the constraints predictors. An adaptive
mechanism is also included to manage the minimum feasibility acceptance of possible enrichment
points.The obtained optimization strategy based on the use of the feasibility probabilities explores
better the feasible domain. Numerical experiments are carried out on a set of known test problems as
well as an industrial optimization problem.
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Abstract: In this paper the limiting performance analysis of a head protection helmet is performed. A
discrete model of the human head is used. A multiobjective optimum design problem is formulated in
order to minimize the risk of injuries in case of impact. Several injury criteria are minimized and are
required to remain below a safety threshold value. The optimal control force acting on the head is
found. The optimal control force is determined by the Direct MultiSearch (DMS) derivative-free
algorithm. The equations of motion are integrated at-once, as it is typical for static response, instead
of the traditional step-by-step integration. This fashion, displacement, velocity and acceleration
conditions can be imposed easily at any point in time.
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Abstract: The working environment for Helium Circulator in HTR (high temperature gas-cooled
reactor) is especial, high temperature about 523K and high pressure about 7MPa. So the efficiency of
the Helium Circulator’s impeller is extremely important. In the optimization process, the key is how to
choose the optimization parameters. At present, the blade loading parameters and meridional
geometry parameters are obtained easily through the 3D inverse design methods and the widely used
Bessel curves. The optimization design strategy was built by combining the Three-dimension inverse
design method, CFD analyses, Design of Experiment (DOE), Response Surface Methodology (RSM),
Multi-Island Genetic Algorithm (MIGA) on the basis of the isight platform. The optimization objective is
the impeller efficiency at the design condition. The input parameters are related to the blade loading,
blade lean angle at high pressure side and the meridional channel shape. For simplification, the
optimization was divided in two steps. In the first step, Blade loading parameters and blade lean angle
at high pressure side were selected as the input parameters to find the main influencing factors. Then,
the main influencing factors with the meridional channel shape parameters were set as the
independent variables. And the optimized impeller is obtained through the RSM model and MIGA
optimization method. The results show that the SLOPEH, NCH and THETA1 are the main blade loading
influencing factors. And YH and THETA2 are the main meridional geometry influencing factors. The
best blade loading distribution is the positive SLOPEH of high value combined with the negative
SLOPES. The positive NCH on the hub and shroud will improve the blade loading at the blade leading
edge. Small blade lean angle at high pressure side will promote the work at the trailing edge of the
impeller. The curve with the relative reduced curvature on the shroud is beneficial to the performance
of the impeller. The efficiency of the optimized impeller is 0.93% higher than the original impeller and
blade loading distribution on the blades is more uniform. So, the coupled methods turns to be an
efficient way for the complicated rotating machinery optimization.
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Abstract: Stability is an important issue in topology optimization, since results of the optimization are
often framework structures. If some trusses of these structures are subjected to compression, they
maybe buckle and the structure fails. Since Neves et al., Rahmatalla and Swan as well as Bendsge and
Sigmund demonstrated the use of linear buckling as structure response for the density method, this
application was not improved significantly. Their problems were -they used a material interpolation
scheme, which was not continuously differentiable, so that a smooth convergence was not ensured
(Neves et al.). -they have not treated spurious modes, which are buckling modes in low density regions
(Rahmatalla and Swan). -they have not considered or not allowed mode switching (Neves et al.,
Rahmatalla and Swan, Bendsge and Sigmund). The first buckling mode of the initial design does not
need to be the first buckling mode of the optimized design. During the optimization other modes can
be become the critical one. -they have not considered duplicated eigenvalues (Neves et al., Rahmatalla
and Swan). If two eigenvalues are the same, their sensitivities cannot be calculated separately. and for
all of them the lack of computing power to show realistic 3D applications. In this contribution a
continuously differentiable material interpolation scheme is explained to avoid spurious modes. It is
shown how to cope with several modes (mode switching, duplicated eigenvalues) and how to use
buckling safety as objective or constraint. The optimized structures are compared with results for
compliance design. It is shown, that it is not useful to use buckling and mass as the only structure
responses, because substructures subjected to tension can become very thin without a negative
influence on the buckling safety. Thus tensile stresses are not limited. Buckling and mass have to be
combined with other structure responses, like stress or compliance, to achieve a useful structure. Also
the combination with manufacturing constraints for deep drawing, as shown by Dienemann et al., is
discussed in this contribution. Therefore 3D structures with up to a million design variables are
presented. Neves MM, Rodrigues H, Guedes JM(1995) Generalized topology design of structures with
a buckling load criterion. StructOptim10:71-78 Rahmatalla S, Swan CC(2003) Form Finding of Sparse
Structures with Continuum Topology Optimization. JStructEng129:1707-1716 Bendsge MP, Sigmund
0(2004) Topology Optimization: Theory, Methods and Applications. Springer Dienemann R,
Schumacher A, Fiebig S(2017) Topology optimization for finding shell structures manufactured by deep
drawing. StructMultidiscipOptim56:473—-485
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Abstract: We are concerned with solving the plastic design formulation traditionally written as a linear
program and its extension that belongs to the so-called semidefinite programming to address linear
buckling. The optimization problems are modelled following the well-known ground structure
approach in which a finite set of nodes are distributed in the design domain and all the possible
interconnecting bars are generated. The main goal is then to determine the optimal cross-sectional
areas of these bars and obtain the lightest structure that can sustain a given set of applied loads. The
excessive connectivity of the nodes results in a huge number of potential bars making the optimization
problems computationally difficult for standard solution techniques. Therefore, we propose a
specialized primal-dual interior point method in which we employ several novel techniques. We apply
a member adding procedure where the problems are initially solved for minimal connecting bars and
subsequently members are added until the final optimal design is obtained. We additionally exploit the
algebraic structure of the problems to reduce the normal equations system originating from the
interior point algorithm, which are often assumed as the smallest possible linear systems by any
standard primal-dual interior point algorithms, to much smaller systems. Moreover, the already
reduced linear systems are solved using iterative methods instead of the more expensive direct
methods. Finally, due to high degree of similarity among the subsequent sub-problems in the last few
member adding iterations, we use a warm-start strategy to determine initial point and achieve
convergence within fewer interior point iterations. The efficiency and robustness of the method is
supported with several numerical experiments.
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Abstract: Porous structures include natural porous bodies (e.g. bones, wood, etc.) and artificial porous
bodies. The latter group is a class of functional-structural materials with the optimal index of physical
and mechanical properties due to their porous structure, including porous metals, porous ceramics
and polymer foams. The paper presents an application of the fast multipole boundary element method
(FMBEM) coupled with an artificial immune system (AIS) to the optimization of porous structure
effective elastic properties. 3D representative volume elements (RVE) of linear elastic porous materials
are modelled by the FMBEM, that only requires the discretization of the boundary. The FMBEM allows
one to model complex geometries with much lower number of degrees of freedom in comparison to
the finite element method that is usually applied in computational homogenization. Furthermore, the
computational complexity of the FMBEM is reduced in relation to the conventional BEM. In the
present research, 8-node Serendipity boundary elements with adaptive integration scheme are
applied. The FMBEM code is parallelized by the OpenMP standard. On the RVE external boundary,
displacement boundary conditions are applied, corresponding to a given strain state in the macro
scale. Averaged stresses are calculated by the integration over the external boundary. Effective elastic
constants of the material are calculated by using the averaged strains and stresses. Design variables
considered in the optimization problem, with appropriate constraints, describe the pore geometry.
The minimized objective function involves a metric that allows one to calculate the distance between
two elasticity tensors: a current solution and a reference tensor that defines the desired properties.
The optimization problem is solved by an AIS that is a computational adaptive system inspired by the
principles, processes and mechanisms of biological immune systems. AIS algorithms use the ability of
the immune systems to learn and detect pathogents in the solution of optimization problems in a
computational manner. The AlS does not need any information on the objective function gradient and
is suitable for multimodal problems. The algorithm is composed of the following stages: random
generation of memory cells, memory cells proliferation and hypermutation, B-cell objective function
evaluation, selection and crowding mechanism. Respective operations are performed iteratively until a
stop condition is satisfied. Details of the methods and optimization problem will be described in the
full paper.

Acknowledgment. The scientific research was funded by National Science Centre, Poland, grant no.
2015/19/B/ST8/02629.
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Abstract: The data fitting problem, that is, the problem of approximating a function of several
variables, given by tabulated data, and the corresponding problem for inconsistent (overdetermined)
systems of linear algebraic equations are considered. Such problems, connected with measurement of
physical quantities, arise, for example, in engineering, physics, etc. A traditional approach for solving
these two problems is the discrete least squares data fitting method. In this paper, an alternative
approach is proposed: with each of these problems, we associate a nondifferentiable (nonsmooth)
unconstrained minimization problem with an objective function, based on discrete absolute deviation
norm and/or uniform norm (sup-norm), respectively, that is, the problems under consideration are
solved by minimizing the residual using these two norms. Respective subgradients are calculated, and
a subgradient method is used for solving these two problems. The emphasis is on implementation of
the proposed approach. Some computational results, obtained by an appropriate iterative method, are
presented, and these results are compared with the results, obtained by the iterative gradient method
for the corresponding "differentiable" least squares problems.
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Abstract: Metaheuristic optimization algorithms are characterized by stochastic behavior, making each
optimization run unique. In addition, metaheuristic algorithms are usually governed by a number of
control parameters that require problem-specific tuning. Many publications on metaheuristic
algorithms lack the kind of rigorous statistical convergence assessment that is needed to compensate
for the above uncertainties, making it impossible to assess the optimality of the resulting design or the
effectiveness of the optimization method. In this contribution, we propose a method to assess the
performance (i.e. the ability to find the best known solution and the associated computational cost) of
a metaheuristic algorithm that takes into account the influence of its control parameters. First, a large
number of simulations (independent optimization runs) are performed, where the values of the
control parameters are randomly selected from predefined sets of realistic possibilities. Next, for every
value of every control parameter, the corresponding subset of simulations is considered in order to
infer the relevant conditional performance statistics. As a example, the approach is used to assess the
performance of the genetic algorithm built into matlab for a 25-bar truss test case. It is observed that,
for the algorithm and the test case considered, the majority of the control parameters have little
influence on algorithm performance.
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Abstract: Common Structural Rules for Bulk Carriers and Oil Tankers (CSR) issued by IACS provides
requirements for loads, hull girder strength, hull local scantling, prescriptive buckling, etc. Literatures
show that there are lots of studies on mid-section structure optimization of Qil tanker. However the
design constraints in these studies are usually simple instead of considering a wide variety of
requirements in CSR, thus the optimization results are not very practical for engineering applications.
Since the requirements in CSR are complicated and updated continuously, software by classification
societies is designed and used to assess the prescriptive requirements of the CSR. In this paper,
MARS2000 by BV is integrated and combined with methods of design of experiment (DOE) and
approximate model, to carry out a mid-section structure optimization of Qil tanker. The above strategy
and procedure provide an available and effective method for the mid-section structure optimization of
Oil tanker based on CSR prescriptive analysis.
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Abstract: Recently, the structural optimization has received a strong emphasis that leads in the
formulation of the objective function questions regarding the possible combination of various
materials. That is, the multi-material optimization in which these materials present different
characteristics between them. For example, those referring to the behavior of the material that can be
physically linear or non-linear, linear behaviors with different moduli of elasticity, different costs
depending on the volume to be used, different behaviors in tension and compression, and so on. The
topology structural optimization, particularly, has been receiving efforts in this direction and is
extremely adequate to address this type of problem. Another issue in this process is to include the
possibility of limiting the number of different materials to be used in the optimized final design. This is
an interesting aspect where the designer has the freedom to define a priori the maximum number of
materials to be used. In that sense, it will be possible to construct curves where the decision-maker
can choose between various possibilities, the one or those that are more interesting. That is, the
solution or solutions that present one, two, three, and so on, different type of materials. On the other
hand, this is not a trivial task and would require numerous tentatives to be made by the designer
making it virtually impossible to discover the desired solutions. The objective of this paper is to
propose a strategy to obtain solutions to structural optimization problems in sizing, shape and
topology, where the use of different materials will be incorporated in the formulation of the problem,
besides the possibility of the designer choosing the maximum number of these materials. The search
algorithm to be employed is the Differential Evolution and the control of the maximum number of
materials to be used is done through the use of cardinality constraints.
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Abstract: Paper for recycling is the most important raw material for the German paper industry. In
2016, 16.9 million tons of paper for recycling were used in Germany [1]. In addition to fibers and
chemicals, the production of paper requires large amounts of process water and energy. The recycling
material has a heterogeneous composition and needs to be purified before new paper can be
produced. In particular tacky contaminants, so-called stickies, lead to problems in the papermaking
process and reduce the quality of the product. For separating stickies from valuable fibres, fine
screening systems are used. The fine screening system typically consists of multiple interconnected
pressure screens. The design of such systems is highly complex, as many different system
configurations are possible and conflicting objectives need to be considered. A mathematical
optimization of the configuration and operational parameters was first done by Fligenschuh et al. [2]
in 2014. A mixed-integer nonlinear program was used to optimize the configuration and operational
parameters simultaneously. In this work, our goal is to extend this model and to provide practitioners
with access to our optimization approach. We extend the model of Fligenschuh by: (i) The volume flow
of the pulp suspensions is modeled to gain a more realistic representation and to be able to assess the
energy consumption. (ii) More system configurations are considered by allowing a splitting of the
connection between the different screens. (iii) The design parameters, e.g. slot width of a screen, are
taken into account in a dimensionless screen model. Thus, they can be included in the optimization
problem. Additional objectives, besides the quality and fibre yield, are the resource-consumption and
complexity of the system. The resulting mixed-integer nonlinear program is solved to global optimality
using exact methods. A software tool with graphical user interface is developed. It allows for a simple
formulation and adaptation of the optimization problem as well as a graphical presentation of the
results. Our tool can be seen as a decision support for engineers during planning and operation of such
systems and comparable industrial separation processes.

Reference

[1] Verband Deutscher Papierfabriken e.V. (2017): Papier 2017 - Ein Leistungsbericht. Bonn. [2] Fiigenschuh, A.; Hayn, C.;
Michaels, D.: Mixed-integer linear methods for layout optimization of screening systems in recovered paper production. In:
Optimization and Engineering 15{2), 533-573
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Abstract: The improved design of recirculated aquaculture systems (RAS) is needed facing the demand
for increased fish production as well as increased concern of fish wellbeing. Here, we make a step
towards use of computational fluid dynamics (CFD) for optimizing the design of fish tanks. The
proposed CFD based methodology allows the modeler (the designer) to manipulate both the tank
geometry and operating conditions, in order to minimize an appropriate objective function. The
objective function is quantifying multiple criteria, dealing mainly with the rearing conditions for fish (a
determined average velocity, low velocity variance and fast biosolids removal), and the cost of energy
and place. As an example of our methodology, we present one case study involving the CFD analysis of
three different RAS: (i) circular, (ii) rectangular multivortex without baffle, and (iii) rectangular
multivortex with an additional geometrical element, being the plate baffle between two water inlets.
Based on the simplified description of the flow field within each RAS geometry, the optimization of
either design and operating parameters is performed.
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Abstract: The adaptive vibration drive of solar panel contains input carrier, output carrier, input
satellite, input epicycles gear, output satellite and the internal block with two sun gears. In each block,
gears are connected by an elastic shaft. During operation, the elastic shafts transmit vibrational
fluctuations to the output carrier. The vibration drive provides reliable overcoming operational
overloads. The test-bed contains the motor connected through a compound shaft with the adaptive
drive of the solar panel, torque measuring instruments at the exit of the electric motor and an angle of
rotation of a shaft. The technical result consists in increase in accuracy of modeling of influence of the
solar panel with the drive on the spacecraft. In the proposed work, a vibration drive is synthesized
according to a given vibrational action, design and simulation of adaptive drive. The work is based on
the laws of mechanics.
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Abstract: Uncertainty quantification of identified parameters is an important feature when some
quality assessment of the results of model updating procedure is necessary, or when important
decisions depend upon these values. In this work, a modification of the conventional sensitivity
method is tested along with a Bayesian Monte Carlo framework for identification of system
parameters from experimental data, and their probability distributions. First, the updating procedure
uses a metaheuristic algorithm (derivative-free) and the Euclidean norm metric. Then, a modification
of Markov Chain Monte Carlo method called Transitional MCMC is applied to obtain an approximation
of the mean values and probability distributions of the updated parameters based on the scattering of
the experimental data. An example is presented with real structure experimental data for updating
discrete mass, stiffness and damping parameters, as well as a comparison with previous results yielded
by different methods, suggesting equivalent levels of agreement in the updated parameters, but with
the advantage of MCMC formulation being practically independent of parameters vectors.
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Abstract: Modern demands for safe and efficient infrastructure in urban areas make the construction
of tunnels unavoidable. However, tunnel construction is facing challenges due to complex ground
conditions and small depths of cover. Therefore, a finite-element- model based simulation of the
system behaviour is helpful to predict settlements induced by the construction what enables to
perform suitable countermeasures. Such simulation models needsto be validated with in-situ data.
Besides soil sampling, that allows a preliminary design of the ground conditions, it is helpful to install
sensors that will record the tunneling induced system response and to use this data for a back analysis
of the system parameters. Two issues have to receive sufficient attention in such a case namely (i) how
to use measurement data of an ongoing tunnel excavation to predict the system response in the
forthcoming cross sections in the same tunnel line; and (ii) how to design the measurement system in
a matter that it optimally allows to identify the relevant soil parameters. To address both aspects, the
present works applies the method of Bayesian Optimal Experimental Design (Bayesian OED) to a
synthetic Finite-Element model that simulates the construction of a shallow tunnel nearby a surface
structure. In the framework of a probabilistic scenario, the soil parameters are assumed to be initially
known as probability distributions. To identify their real values, synthetic noisy settlement data is
generated in positions that are defined according to the principles of OED, i.e. in a way that allows to
identify the relevant parameters with least possible uncertainty. As the tunnel excavation proceeds
gradually, after each excavation step a new situation (stress state, deformations, etc.) is faced. The
obtained data is used to update the knowledge about the parameters according to the principle of
Bayes’ theorem. Using this updated model and considering the next excavation step which is about to
take place, the initially defined OED is most likely to be not optimal anymore. Therefore, a new design
of the measurement set-up is needed that is defined again using the Bayesian approach: Considering
the current knowledge of the system, which measurement set-up will allow in the next step most
reduction of uncertainty after performing a parameter identification? This procedure is continuously
repeated, as long as the tunnel excavation is taking place in areas that may have a critical impact on
nearby infrastructure. Thereby, the parameters can be identified most precisely and efficiently.
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Abstract: Electric vertical takeoff and landing (eVTOL) aircraft for urban mobility are currently
receiving considerable attention due to their potential to change the way we move within and
between cities. Although electric aircraft are not a new concept, improvements in technologies like
batteries and autonomous control have made them significantly more feasible for short distance on-
demand transportation. However, this sector of the aviation industry is still in its infancy and there is a
lot of scope for development. In this work we focus on the trajectory of a distributed propulsion tilt-
wing eVTOL aircraft. Optimizing the trajectory of a tilt-wing aircraft provides an interesting challenge
because the transition from vertical to horizontal flight is a delicate balancing act in which the fans
need to provide sufficient thrust to maintain lift and accelerate while transferring the burden of lift to
the wings. Additionally, optimizing this phase is a unique design challenge because it requires
considering states in which the flow over the wing is separated. We use gradient-based optimization
methods and high-fidelity CFD, with actuator disk models for the fans to model the aerodynamics, and
optimize the trajectory of a selected eVTOL aircraft configuration.
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Abstract: It is common for aircraft design studies to begin with low-fidelity tools and move to higher-
fidelity tools at later stages. After early conceptual design stages, designers can take advantage of
developments in high-fidelity aerodynamic shape optimization, and more recently, coupled
aerostructural optimization to improve their designs. Over the past few years, our research group has
developed a framework that allows carrying out high-fidelity aerostructural optimization by coupling a
RANS CFD solver to an FEM solver that uses shell elements. In addition, we have recently developed
OpenAeroStruct, a light-weight and open-source tool for low-fidelity aerostructural optimization that
couples a VLM code to an FEM code that uses spatial beam elements. Due to their low cost, such low-
fidelity tools remain useful for design studies. In this paper, we present results from OpenAeroStruct
for the optimization of a transport aircraft wing and compare them to results from our group's high-
fidelity framework. Additionally, we describe the simplified wingbox model developed and
implemented with OpenAeroStruct for this work.
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Abstract: LNG hydraulic turbines used as the replacements of J-T valves play an important role in the
LNG industry chain. In this study, an optimization method for hydraulic turbine impeller was
established based on experimental design theory, the response surface approximation and genetic
algorithm. This study focused on design optimization for the improvement of the performance of a
LNG hydraulic turbine impeller by combining numerical analysis with DOE. The design variables of
impeller are selected for the optimization process, and their effects were analyzed through Latin
Hypercube Sampling method to select the final design variables that has major effects on the
performance. Based on the chosen design variables, the design optimization is performed to select an
optimized model through the RSM (response surface method) and NSGA-II genetic algorithm.The
structured grid system is generated through the ANSYS ICEM program. The dependence of the
numerical predictions with respect to grid is analysed. When the mesh number is beyond 2.57 million,
the head becomes stable. Thus the final grid number for calculation is selected as 2.89 million. The grid
numbers for the computational domains are: guide vane 1.37 million, rotor 1.2 million, inlet and outlet
0.16 million, respectively.The CFD software ANSYS FLUENT 14.0 is used to calculate the 3D turbulence
flow field of the hydraulic turbine. The flow is assumed to be steady, and the medium LNG is
incompressible and viscous. The turbulence model RNG k-g is chosen, and the interaction between
rotor and guide vane is considered with the multiple reference frames (MRF) method. The coupling of
pressure and the velocity is calculated with SIMPLEC algorithm, and the convection terms are
discretized with the two order upwind scheme. The boundary conditions of the total pressure at inlet
and mass flow at outlet were adopted.The efficient and head were chosen as objective functions, in
the first step, the sensitivity of design parameters about hydraulic efficiency and head were analyzed,
respectively. Then, the design parameters are chosen for the further optimization analysis. Response
surface method (RSM) is used to obtain the explicit expression between the design parameters and
the objective functions, then the NSGA-II genetic algorithm is used to obtain the Pareto Optimal Set of
Multi-Objective Optimization. Finally, the head and hydraulic efficiency of the optimized model rise by
1.5% and 3.2%, respectively.
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Abstract: Aerodynamic shape optimization studies will be presented with a primary focus on aircraft
wing design. Naturally, shape optimization problems experience drastic changes in geometry, which
means versatile parameterization techniques are required to maximise the available design space.
Different methods of parameterization will be presented including standard aerofoil definitions and
nodal control methods. These methods will be compared based on their ability to achieve complex
geometry from initial basic wing configurations (e.g. rectangular wing) and the performance of
subsequent designs. A typical objective function is to minimize the drag to lift ratio integrated over the
wing surface subject to geometric constraints. The aerodynamic problem is solved using a modified
version of MIRAS [1]. MIRAS is a software developed for wind turbine performance analysis based on a
three-dimensional panel method. Our analysis assumes the flow is inviscid, steady and incompressible.
The code is modified to calculate the gradients necessary for sensitivity analysis which is based on an
adjoint formulation. The motivation for this work is to develop shape optimization tools that can be
applied to future aeroelastic studies within the TopOpt research group. The long-term goal is to
combine these tools with structural optimization techniques to simultaneously produce external
geometric and internal structural designs with optimized aerodynamic and structural performance. [1]
Ramos-Garcia N, Sgrensen JN, Shen WZ (2016) Three-Dimensional Viscous-Inviscid coupling method
for wind turbine computations. Wind Energy 19:67-93
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Abstract: The classical variational problem of the aerodynamic optimization of the shape of a flying
configuration (FC) consists in the determination of the shape of its surface with fixed planform, in
order to have a minimum drag at cruise. This elitary FC has a fixed set of similarity parameters of its
planform, The global optimized (GO) shape of a FC consists in the simultaneous determination of its
optimal camber, twist thickness and also of the similarity parameters of its planform in order to have a
minimum drag, at cruise.This enlarged variational problem with free boundaries was solved by the
author by introducing a lower limit hypersurface of the drag coefficients of the elitary FCs belonging to
a class defined by their common properties This optimum-optimorum strategy of the author was used
for the determination of the GO shapes of three models, namely: the delta wing alone ADELA and of
two fully-integrated FCs Fadet | and FADET I, which are of minimum drag at cruising Mach numbers 2,
2.2 and respectively 3. The GO shapes of FADET | and FADET Il are here usedl for the design of two GO
space vehicle models for a suborbital touristic flight in space. A smaller and more rapid GO model can
up and go on the surface of a much greater and slower one and can be considered like a Saenger GO
variant.
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Abstract: The problems of computer simulating of technological processes are currently relevant and
demanded practice. Computer and supercomputer simulating allows you to explore the details of
complex technological processes with the necessary degree of detailing. However, the effective use of
high performance equipment is not a trivial matter. In the present paper, the problem of
implementing parallel computations for simulating the process of water purification by an
electromagnetic method is discussed. The problem of water purification is actual in many areas of the
economy, including the food and the medical industry. To solve it, natural experiments and
mathematical modeling based on hydrodynamic models are applied. In our study, the electromagnetic
purification process is described by a complex hydrodynamic model. The model includes the dynamics
of charged ions of iron and its salts that move in the water flow of the purification system. The task is
solved in a complete three-dimensional non-stationary formulation for real geometry conditions. The
resulting system of equations (obtained from the system of Navier-Stokes equations) is formulated in
terms of the vector potential of flow, the vortex, the concentration of impurity particles, and the
potential of the electric field. As the main numerical approach, an explicit scheme on time and a finite
volume method are used. The main numerical approach is realized on non-uniform triangular-
prismatic grid. A discrete model has a large volume of spatial mesh (several million cells and more), as
well as the complexity of real geometry. Therefore, the use of parallel computations on high-
performance multiprocessor systems becomes relevant. For parallel realization of the developed
numerical approach, the domain decomposition technique for area and load balancing for calculators
are used. As parallel programming technologies, MPl and OpenMP libraries were used. Approbation of
the parallel code was carried out on systems with central and vector processors Intel Xeon and Intel
Xeon Phi. Studies of efficiency and acceleration during parallel processing helped to determine the
optimum calculated configurations. The large volume of calculations of the simulated process was
carried out for several characteristic geometric forms of the purification system, and also for several
values of the water flow velocity and constant magnetic field. Within the framework of the computer
experiments, the flow features in the purification system were obtained and also the final value of
impurity concentration in a purified aqueous medium.
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Abstract: The focus of this work is to develop a topology optimization method including high-cycle
fatigue as a constraint. The fatigue model is based on a continuum approach, which uses the concept
of a moving endurance surface being a function of the stress history and back stress evolution. The
development of damage only occurs when the stress state lies outside the endurance surface. The
added advantage of using such a model is that, non-proportional loading histories can be used for
predicting fatigue quantities without involvement of any cycle-counting algorithms such as rainflow
counting. Furthermore, an aggregation function, which approximates the maximum fatigue value, is
derived and implemented. As the optimization workflow is sensitivity based, the fatigue sensitivities
are determined using an adjoint sensitivity analysis. By using this fatigue model, the predicted damage
has a history dependence, which is similar to elasto-plasticity and thus the adjoint solutions are solved
stepwise. The sensitivities obtained from the adjoint sensitivity analysis are verified by comparing
them to the sensitivities determined by global finite difference. The capabilities of the presented
approach are tested on several numerical models where a typical optimization problem is to maximize
the stiffness subject to high-cycle fatigue constraints.
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Abstract: Booster stations are used in buildings to supply higher floors with the needed pressure and
volume flow, if the supply pressure of the water supplier does not suffice. In high buildings, like
skyscrapers, they are usually needed to supply all floors with water. The energy efficiency of these
systems can be improved compared to currently used centralized systems by a decentralized topology
approach. To design these systems, mathematical optimization based on Mixed-Integer Nonlinear
Programming (MINLP) is a promising tool, which allows computing optimal topologies. In this paper,
we investigate the optimal topologies of decentralized water supply systems for skyscrapers, which
can be modeled by a tree-structured graph. We consider a multi-objective optimization problem. One
objective is the total sum of investment costs. The second is the power consumption of the whole
system. The underlying model consists of a two-stage variable system, where the binary first stage
variables represent the investment decisions, and the second stage variables represent integer and
continuous variables for the optimal control of the bought pumps. For optimizing the power
consumption, we use the rotating speed of pumps as the key variable to control the energy efficiency.
The selection of pumps and pipes are modeled by first stage binary variables. As an input to the
optimization program, we use a predefined set of pumps. For modeling the technical characteristics of
these pumps, we use polynomial functions and regression analysis. The underlying MINLP is solved by
state-of-the-art nonlinear solvers, like SCIP 4.0. As an example use-case, we apply the method to the
water supply of a specific real-world high-rise hotel building. We investigate the effects of different
sets of available pumps and compare the optimal topologies for different expected runtimes of the
system.
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Abstract: This paper investigates the simultaneous optimization of actuators' placements, control
parameters and structural topology of piezoelectric composite structures with surface attached
piezoceramic patches. Considering the fragile property that piezoelectric ceramics have, only regular-
shaped patch actuators are used here, which greatly facilitate the manufacturing process. Uniform
electrical voltages applied on each piezoelectric patch are taken as the voltage design variables for
simplifying the complexity of control system. Three kinds of design variables, i.e., the actuators'
locations, applied electrical voltages and host structural pseudo-densities, are optimized
simultaneously to improve the overall deformation precision. To freely place piezoelectric actuator on
the host structure surface regardless of coincident finite element in classic lamination theory (CLT), the
multi-point constraints (MPC) method is used here to simulate the perfect bonding between actuator
layer and host layer, which inherits the advantages of avoidance of remeshing process, analytical
sensitivity as well as efficient lamination description during the movement of actuators in optimization
iterations. For applying to spatially complex shape control, a modified shape error function based on
the relative error between computed and desired surfaces is used. The finite circle method (FCM) is
implemented to prevent the overlaps among the actuators and those between actuators and
boundaries of the global design domain. Finally, numerical examples with plane or curved host
structure are tested and discussed to demonstrate the validity and efficiency of this method.
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Abstract: Composite materials have gained prominence as an intensively used material in the
aerospace and mechanical industry due to their characteristics of stiffness and low weight. The
possibility of designing composite material specimens with continuous orientation of the fibers at the
ply level, following smooth contours, makes this material even more attractive, as it assess, in a more
rational way, the whole reserve of fiber stiffness in the directions of main loadings. This work presents
a methodology for the optimization of the dynamic behavior of composite materials by the definition
of a continuous fiber orientation. Parameterized curves are used to define the continuous orientation
of the fibers and the control points are assumed as design parameters during optimization. A Multi-
Objective Quantum Particle Swarm Optimization (MOQPSO) algorithm is used as an optimizer due to
desirable characteristics of good convergence and lower likelihood of being stuck in local minima. An
example of a composite plate is used to maximize the relationship between the first two natural
frequencies (mode veering) and the results compared to solutions assumed optimal. Another example
of multi-objective optimization of the composite plate material is presented and compared with
literature solutions (which uses an improved NSGA-II algorithm) taking into account the Tsai-Wu index
and the Practicality index (a value that defines the ease of execution of the continuous orientations of
the fibers). In the end, the results of the orientation of the fibers found in the composite material were
very similar to those reported in the literature, confirming the validity of the proposed methodology.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1088

MULTIOBIJECTIVE OPTIMIZATION OF VEHICLE SUSPENSION FOR ROAD IRREGULARITIES BY MOQPSO

(1) (3)

Ewerton Grotti”, Marcos Awruch®, Herbert Gomes®, Artur Dieguez Backes'

WYFRGS, Brazil
ewerton.grotti@ufrgs.br, arturbackes@gmail.com

@UFsM, Brazil
marcos.dfa@gmail.com

®rederal university of Rio Grande do Sul, Brazil
herbert@mecanica.ufrgs.br

Keywords: Multiobjective optimization,QPSO,vehicular suspension.

Abstract: This paper describes a study on optimization of a half-car suspension model using a novel
Multi-Objective Optimization based on Quantum Particle Swarm Algorithm (MOQPSO). Features like
diversity, convergence, and spread of solutions are desirable characteristics in obtaining the Pareto
front when performing Multi-Objective Optimization. The novelty of the algorithm relies on the main
advantages of the Quantum Particle Swarm metaheuristic that allows robustness, speed, and accuracy
of the solutions. Leader particles, an external archive for Pareto front and cluster avoidance by a
tolerance distance are implemented in the proposed algorithm. The algorithm is used in the
multiobjective optimization of a vehicle suspension and compared with a traditional algorithm (NSGA-
I). It is used simple sinusoidal bumps and road profile irregularities, which are generated following 1SO
8606 recommendations based on a model with spectral densities. Seat acceleration, suspension
working-space, and ground reaction forces are the multiobjective functions. Suspension stiffness,
damping, seat position are the assumed design variables. Comparisons with other authors are
presented and similar results are obtained. Some remarks are reported related to the extreme
solutions found on the Pareto front.
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Abstract: Sparse models are preferred in machine learning problems because of their computational
interpretability and it is seen in many applications such as in Google Page Rank, classification and
regression problems, in the method of Principal Component Analysis (PCA) that finds the most
important features and further applications in graphical models. In this study, we derive optimality
conditions for the quadratic problem which has cardinality constraint imposing sparse solution. Our
Quadratic model is a special application of ensemble pruning model in ensemble learning algorithms.
Here, we refer to our previous study on this application in ensemble selection for clustering problems.
The quadratic model proposed in this study optimizes trade-off between accuracy and diversity of
discriminant functions (classifiers) simultaneously so that the best candidates of ensemble are selected
for prediction step. The selection of the best classifiers in the ensemble is crucial for the overall
performance of ensemble learning algorithms since redundant/outlier solutions in the ensemble
library will decrease the overall prediction accuracy. In order to eliminate such candidates, both
accuracy and diversity are taken into account when selecting the best subset of the ensemble. The
cardinality constraint is further relaxed by considering various approximations such as L1 norm
regularization and student t-log likelihood approximations. Under these considerations and
approximations, we build optimality criteria for our quadratic optimization problem with a cardinality
constraint.
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Abstract: Fused deposition modelling (FDM) is an Additive manufacturing (AM) process where the part
tensile strength depends on process parameters like layer thickness, part build orientation and infill
density to name a few. Layer thickness is an important parameter and in this work, experiments were
conducted using specimens build as per ASTM D638 and ASTM D695 specification to find the effect of
layer thickness on the tensile strength and compressive strength respectively. A constitutive model in
finite element (FE) based on composite laminate theory was then developed using the experimental
data that considers the layer effect. An optimization framework was built using this FE model to find
optimal layer thickness for each layer without changing the total layer count. The design variables
were the layer thickness and the objective function was chosen to minimize the displacement with
dimensional constraint for the given loading condition. Sequential quadratic programming was used
for search. Example case studies are presented to illustrate the methodology and results.
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Abstract: The development and incorporation of novel technologies in the automotive industry such as
autonomous driving or steer-by-wire systems have accelerated technological change, increasing the
system complexity significantly and posing new engineering challenges. The simultaneous increase in
quality standards requires strict specifications to be propagated across the supply chain, from the
carmaker companies down to the automotive component suppliers. This challenge is exacerbated in
domains where the quality of a product can be subjective, such as in automotive acoustics. In
particular, the design and production of steering systems thus ceases to be a matter of simple
functionality, with considerable efforts dedicated to the understanding of the vibroacoustic interaction
of steering components. In the current work, we use optimization techniques to deal with a situation
encountered in the daily operations of one of the world's leading steering system suppliers,
ThyssenKrupp Presta AG, where quality requirements imposed on the vibroacoustic quality of the
steering gear need to be passed down to its subcomponents. Furthermore, only one subcomponent,
the ball nut assembly (BNA), is subject to an own vibroacoustical quality test, equivalent to the one of
the steering gear. In our work we quantify the BNA influence on the assembled steering gear by finding
optimal, low dimensional representations of their respective vibroacoustic signals in the equivalent
quality test. This is achieved by iteratively maximizing the correlation of projections of BNA and
steering gear order spectra under orthogonality constraints. The new, maximally correlated
representations for their characteristic order spectra allow an analysis of the BNA's contribution to the
steering gear's vibroacoustic behaviour. A first estimate on the attainable correlation is achieved by
linear Canonical Correlation Analysis (CCA). The estimate is updated using non-linear methods, such as
Kernel CCA (KCCA), which uses the kernel trick to solve the non-linear KCCA optimization problem. Due
to their high suitability as non-linear function approximators, deep neural networks can also be used
to find new, maximally correlated representations which are not restricted to reproducing kernel
Hilbert spaces with the corresponding kernels. We explore the performance of different neural
network architectures, optimize their hyperparameter via the Tree-structured Parzen Estimator
approach and establish the superiority of the Deep CCA technique in terms of attainable correlation.
Furthermore, the weight visualization enables the identification of key influence areas for which BNA
quality thresholds can be set, leading to a joint optimization of the monetary costs originating from
misclassified parts in both quality tests.
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Abstract: Shape optimization is a rather complex undertaking which involves many challenges but
nevertheless becomes a necessity in several industries. In shape optimization, the system subject to
optimization is usually described by partial differential equations. In engineering application of shape
optimization, the optimization problems usually contain multiple mutually conflicting objectives
functions, modeled by very different computational methods. This causes difficulties in engineering
applications of methods developed specially for solving a specific type of partial differential equations.
A generic method for solving such problems is to construct a numerical workflow with various
interconnected software. The optimizer controlling the shape variations within the numerical
workflow is also a major concern. Depending on the optimization problem, a different optimization
algorithm (genetic algorithm, gradient method,..) may be appropriate. In engineering shpe
optimization, the notions of geometry and shape are the ‘common denominator’ shared by all the
components of the engineering analysis and synthesis procedures. With an adequate geometry
parameterization, the number of shape variables can be reduced therby decreese the optimization
complexity. For engineering application, the obtained shape needs to be manufacturable. This means
that a generic shape described by for example B-spline surface is not fully applicanble and the
constraints can be implemented directly in the shape representation therby reducing the number of
variables. To obtain a simplified shape, it can be segmented into multiple patches described by simple
analytical functions. The aim of this paper is to develop a simplified geometry representation of a
generic shape (usually represented by a B-spline surface) as sets of simple partial shape portions. At
first, this was conducted using the results from an optimization procedure where a B-spline surface
was used. The optimized object was the blade of a vertical axis wind turbine. The shape in the
optimization procedure was described by a B-spline surface and the result is a complex shape which
cannot be described by a simple analytical function. The shape was subsequently partitioned by
several methods using approximation techniques. The performance (as defined by the optimization
procedure) of the initial shape (B-spline) is compared to the shape obtained by the simplified
geometry represented by a set of simple partitions. The same procedure was also analysed for using a
point cloud obtained from a 3D scanning. The promising results were discussed regarding the possible
reduction of shape variables.
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Abstract: The goal of the study is to develop numerical algorithms for the optimization of plated
structures. The formulation of the optimization problem is based on the global or local weak form of a
2D continuum, giving rise to the usage of either the finite element method or another. The results are
illustrated by the application of FEM and the element free Galerkin (EFG) method. In the latter, the
moving least squares (MLS) method is used to construct shape functions with compactly supported
weight functions, to achieve meshless approximations of system state equations. The direct method is
included to enforce the essential boundary conditions because of the lack of the Kronecker delta
function property of MLS meshless shape functions. Methods are compared in terms of computational
time, numerical issues, advantages and shortcomings, and overall applicability in general. From
optimization point of view, the goal is to minimize the volume, while ensuring a certain level of
stiffness and stresses. The solution is obtained by using both the homogenization method and
mathematical programming. The study is enclosed by illustrative examples of isotropic plates with
linear and nonlinear material behaviour.
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Abstract: In this paper, we investigate the ability of genetic representation methods to describe two-
dimensional outline shapes, in order to use them in a generative design system. A specific area of
mechanical design focuses on planar mechanisms. These are assembled of mechanical components,
e.g. multiple levers, which transmit forces and torques over their contour. The shape of the contour
influences the performance of the overall system. The genetic representations are based on floating-
point chromosomes, where each value maps to a specific parameter of a resulting shape. In order to
evaluate the performance of each representation method, a set of target shapes was defined. These
consist of simple symmetric and asymmetric shapes with edges and curves, and also of more complex
mechanical lever shapes, extracted from an automotive device. An evolutionary algorithm with
crossover and mutation operators is used to search for the best approximation of these target shapes.
The fitness function is based on two penalty values: first, calculated by comparing the area of a
candidate solution with the area of a target shape; and second, based on the intersection area
between a candidate solution and a target shape compared to the entire area of the target.
Experiments were undertaken to investigate the capabilities of the representations in terms of search
space coverage; compatibility with evolutionary operators; and the ability to produce shapes with
mechanical characteristics. The results show the benefits and drawbacks of using each of selected
methods of representation, and their suitability of reassembling different outline shapes.
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Abstract: Search and rescue of people in need after catastrophic events like earth quake areas, large
scale wildfires, hurricane zones or flood districts is dangerous and challenging for the rescue
personnel. Limited resources and reduced accessibility to danger zones even prevent rescue attempts
in total. New technologies to assist and keep safe the search and rescue teams while maintaining
maximal success rate are therefore desired. Autonomous drones and robots can provide helpful
assistance in locating and supporting injured persons. A particularly powerful aid can be expected if
the rescue drones act as a swarm of autonomous agents. Each agent follows a certain search protocol
and decides based on sensor input and information exchange with other agents and central command
which action it will take, for instance delivering first aid kits and utilities for victims still capable to help
themselves, requiring a rescue team for persons in severe danger or reporting casualties. In this
context, a rescue scenario based on simulated swarms of agents which can exchange data and energy
via charge transfer between their drive battery is discussed, including recharge and information
transfer at a base camp/central command. Agents in the swarm follow a certain ethical protocol. For
instance, they can act fully altruistically and give up all of their remaining charge when convinced that
a victim can be saved by their self-abandonment. The other extreme is maximal selfishness, the agent
only communicating the location of victims while preserving always enough energy to recharge at the
operation center or through altruistic robots. The protocol furthermore includes inter-agent
interactions and communications which will influence the individual agent decisions. We discuss the
optimal swarm ethics and its efficiency compared to standard rescue protocols. We also examine limits
and benefits in real world technical applications.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1098

FIRE RISK MODELING USING ARTIFICIAL NEURAL NETWORKS

(1) (1) (1)

Luiza Fernandes'”’, Marcelo Nero'”’, Rosangela Cintra‘z), Plinio da Costa Temba

WUEMG, Brazil
luizacintraf@gmail.com, marcelo.nero@gmail.com, temba.mobile@gmail.com

Nacional Institute for Space Research, Brazil
rocintra@gmail.com

Keywords: fire risk,neural artificial networks,inverse problems

Abstract: Forest fires cause many changes in environment and in climate, becoming a huge concern
related with environment, as your prevention and control. The fire risk calculation supports the
planning of activities to prevent forest fire, as it determines the probability of fire occurrence in certain
place. This article has the aim of mapping fire risk areas of Belo Horizonte city. The proposed modeling
is to create an artificial neural network with supervised training. A neural network to do the prediction
of most propitious fire areas is expected, where it can be introduced the input variables at any period
that desire to be determined. This estimate will provide the outline of priority areas for prevention
activities and allocation of brigade teams, seeking to minimize possible damages caused by fires.
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Abstract: Regarding optimization of structural components, topology optimization has become one of
the most popular methods to achieve significant reductions in mass and volume. The topology
optimization algorithm considered in this paper, the SIMP method, is described in Bendsge 1989 [1].
Topology optimization is an iterative process, which requires the Finite Element Method (FEM) to
obtain the objective function and gradients. A better performance of FEM can be achieved if all the
elements have a uniform shape. This is usually impossible with standard FEM where elements must fit
the boundary of the working space. In this work, we propose the use of the Cartesian grid FEM
(cgFEM) [2], instead of the standard FEM. The main features of this method are the use of Cartesian FE
grids independent of geometry and an efficient hierarchical data structure. The SIMP method has been
adequately adapted to the cgFEM framework, where elements can be cut by the boundary. In
addition, we propose the use of h-adaptative mesh refinement in the optimization loop as a way to
improve the accuracy in the definition of the contour of the component provided by optimization. The
iterative process begins with a mesh of uniform element size. SIMP convergence requirements are
relaxed to avoid a large number of iterations. Once this process reaches the prescribed convergence
level, the elements with intermediate density levels are refined, halving their element sizes, and a new
SIMP loop will then start. This process will be repeated until a minimum prescribed element size is
reached. The use of h-adaptative refinement leads to solutions that, being topologically similar to
those obtained with the initial coarse uniform mesh, have a high contour definition. This high quality
definition of the contour, where intermediate values of density are practically nonexistent, noticeably
simplifies the manufacturing of the topology-optimized geometries. [1] M. P. Bendsge, 1989. Optimal
shape design as a material distribution problem. Structural Optimization 1, 193-202. [2] E. Nadal, 2014.
Cartesian grid FEM (cgFEM): High performance h-adaptive FE analysis with efficient error control:
application to structural shape optimization. Ph.D. Thesis, Universitat Politécnica de Valéncia.
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Abstract: Technical components are usually well optimized regarding soft characteristics, such as
energy efficiency or reliability. However, simply combining these optimized components in a technical
system does not necessarily lead to optimal systems. Therefore, focusing on a system perspective
reveals new potential for optimization. To make use of this potential, we investigate an algorithmic
system design approach associated with the novel research area ‘Technical Operations Research’
(TOR). It is originated from engineering and developed in cooperation with mathematicians as a part of
the German Research Foundation (DFG) founded Collaborative Research Center (CRC) 805 'Control of
Uncertainties in Load-Carrying Structures in Mechanical Engineering’. TOR was developed to combine
technical and mathematical know-how in order to design optimal systems given a defined objective,
such as energy consumption or lifetime cost. These systems are not only designed to operate in one
fixed scenario which is usually associated with the maximum load. Rather, a full load profile is taken
into consideration. Following the insight of previous research results on fluid systems, we examine
thermofluid systems which can be interpreted as a fluid system with superimposed heat transfer. The
structure of such a system can be abstracted as a graph — more specifically, a flow network. We
translate the underlying optimization problem into a mixed-integer linear program which is designed
to obey the physical laws of thermofluid mechanics. Typically, fluid systems can be considered as quasi
stationary systems since their dynamic effects are mostly negligible. However, for thermofluid systems
this assumption does not hold because time-dependency is an issue as storage tanks for the heated
fluid gain importance. In order to handle the dynamic effects induced by the storage tanks, we further
introduce a continuous-time representation based on a global event-based formulation.
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Abstract: Gas transport and storage are just two vital elements to be considered when analyzing
potential solutions involving gas employment. The system efficacy and capacity usually figure out how
profitable the gas solution is. A known method for gas storage and transport is the adsorbed natural
gas (ANG). It consists in the adhesion of gas at a porous matrix by the adsorption phenomena.
Adsorption is an exothermic phenomenon, thus, when gas is adsorbed, heat is generated, heating the
system up. One issue regarding ANG engineering is the fact that increasing temperatures cause
adsorption capacity to diminish. To solve this issue, processes of controlling the temperature within
the vessel can be seen in literature. A temperature control method consists in placing phase change
materials (PCM) bodies inside the vessel. In literature, it is confirmed that placing PCM in an
adsorption vessel may improve its adsorption and desorption capability by lessening the overall
thermal amplitude throughout the cycle. Results vary by altering the total amount and position of PCM
bodies at the vessel interior. Employing an effective tool for optimized material distribution, for
example, Topology Optimization Method (TOM) is an increasingly attractive answer. Several studies
have been conducted about TOM abilities and implementations and it is currently known to be a
flexible method for material distribution inside a domain. In this work, it is studied the employment of
a topology optimization formulation capable of increasing efficiency of ANG tanks by optimizing PCM
distribution at the container inside. The modeled vessel includes a cylindrical vessel with adsorbent
substance in its interior that is vulnerable to a pressure growth at the inlet. The FEnICS library is used
to manage the differential equations problem and the routine is built in python. Sensitivities
calculation are performed by dolfin-adjoint libraries. For TOM, the Project Variable is the distribution
of PCM inside the vessel. By tackling the non-linearity caused by phase change periods, an analytic
solution to the phase change is linearized and implemented for the numerical process. Helmholtz filter
is implemented to remove intermediate values of PCM distribution. This implementation benefits TOM
when it avoids the necessity of adaptive mesh solutions, often essential when tackling phase shift
problems. By employing TOM, an ANG vessel with PCM is optimized. Optimization results are
presented and benefits that the optimization brings are discussed.
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Abstract: The objective of this work is to present recent advances in projection methods to obtain
high-resolution manufacturable structures from efficient and coarse-scale, homogenization-based
topology optimization results [1,2]. The focus of this work is on compliance minimization of linear-
elasticity problems, for which it is known that the optimal solution is in the space of layered materials.
In a very appealing approach Pantz and Trabelsi introduced a method to project the rank-2
microstructures from homogenization-based topology optimization, to obtain a solid-void design with
finite length-scale [3]. The microstructures are oriented along the directions of lamination such that a
well-connected design is achieved. This approach paves the way for coarse-scale topology optimization
where the projection can be performed on a high-resolution mesh, without a need for cumbersome
and expensive multi-scale formulations. In a recent work we have simplified the projection procedure,
and introduced procedures for controlling the shape of the projected design [1]. This allowed for high-
resolution (~1 million elements in 2D), near-optimal and manufacturable designs, obtained within a
few minutes on a standard PC. In the current work we will demonstrate extensions of the method into
three dimensions, and discuss the potential of the method over standard topology optimization
methods. Especially, with regard to the large savings in computational cost. Furthermore, the
application of the method in the context of infill design for coated structures will be discussed.
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Abstract: Simulation is a helpful tool for analysing and optimising certain problems in various different
scenarios. In urban area, traffic simulation could help optimising the placement of the traffic lights or
traffic signs. Typically, the simulation based mostly on the linear approximation of the distances and
speed. However, drivers’ behaviour could also influence the traffic situation resulting in traffic jam
which lead to delay on the arrival time on other drivers. In this work, a simulation framework that
focusses on the drivers’ behaviour is presented. Each driver is modelled as an agent which has some
driving attitude varying from careless driver to careful one. The simulation model a daily activity of
each agent, where it has a place to live and an office to work. The agents will then do their daily
activities which can be an ordinary day or some free day by visiting friends, cinema or shopping center.
Based on the daily activity situation the driving style will be influenced from a patient driver which
drives carefully to an angered driver that tends to become more careless. In this context, the
population and size of the city in addition to the drivers’ behaviour is discussed and the effects are
compared to the same population with normal driving behaviour as control group. Furthermore, the
simulation framework could be applied to different domain such as emergency situation like fire on a
building or a sinking ship. In these domain, agents’ behaviour could influence the whole rescue
situation based on the number of causalities. The simulation could help design optimal rescue path
and layout of the building as well as number of rescue boat and their placement on the ships.
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Abstract: Periodic arrays of solid structures such as pin fins are being included in more and more
micro-size fluid flow and heat transfer devices. Such arrays are beneficial towards device performance
since, in comparison to microchannel devices, they are able to further reduce the pressure drop and
increase the heat transfer rate between a flow and solid. In recent years, mathematical optimization
strategies such as topology optimization are increasingly being applied to microchannel flow devices in
order to pursue innovative designs with superior performance. These techniques optimize the material
placement of either solid wall or void channel in the entire design domain. Current topology
optimization methods require direct numerical simulation (DNS) of the flow and conjugate heat
transfer for proper resolution of the physics, which for large problems can become computationally
very costly. From a manufacturing point of view, devices containing periodic solid structure arrays are
more easily fabricated than optimized microchannel design topologies. However, at present no
comparable optimization methodologies exist to optimize the size or placement of solid structure
arrays in flow devices, with the aim of improving performance. In this research, we present a macro-
scale topology optimization method for flow systems consisting of an array of solid structures with
fixed position and shape, but varying size. The hydraulic performance of these devices is maximized by
optimizing the size of each individual solid structure. Since DNS of microscale features in a flow device
is computationally infeasible, the presented macro-scale method relies on solving the spatially filtered
Navier-Stokes flow equations. This allows us to capture the average flow features without solving all of
the detailed flow phenomena. To this end, the effect of the solid structures is modeled via an
interfacial force. The results of our method are compared to traditional cases of topology optimization
of fluid flow problems, and DNS is used to validate our designs and verify the accuracy of the
assumption of the interfacial force replacing the actual microstructures.
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Abstract: Object-relational database is a hybrid solution. During its constructing (physical projection),
problems are caused by three factors: ambiguity of transformations of conceptual model, multiplicity
of criteria in quality assessment, and a lack of constructive model. The authors of various engineering
developments have tried to understand the existing problems deeper and to offer their solutions.
Object-relational database structure S is formed by basic containers Ki i=1,...,k (object, relational, XML
tables) , data objects Oj j=1,...,z, object methods Mr r=1,...,m, object linking mechanisms Rt t=1,...,h,
constraints Cl I=1,...,g and object types hierarchies components Ht t=1,...,u. The designer of a database
must examine and assess a large variety of various potential solutions. The following database
structure optimisation problem must be formulated and solved. The object-relational database
structure S(K, O, M, R, C, H) needs to be optimized in admissible variation space G of database
structures. With the variation of these structural elements, it is possible to obtain various object-
relational database solutions with different qualities. For the automation of this process, a
constructive structure model is necessary that can be used in software. XML language is used for such
model development. The experience in the optimisation of topologies and forms has revealed the
disadvantages of parametric optimisation in the operation with structures. There is the analysis
provided of a set of parameters rather than the structure. In many cases it is not the same. It is
necessary that structure S variation space Q is created by possible structures rather than their
parametric models. When moving in this space from one structure to the next structure, there would
be the structures and not their parametric models analysed. It would permit better use of both formal
and informal assessments. It is necessary to define structure variation space Q to see it. For this in
work is used Transformation rules database. Various algorithms and approaches have been developed
for solving multicriterial optimisation problem. The most corresponding approach to design processes
is adaptive or interactive approach. Sequential, directed analysis of database structures is performed
in dialogue regime. At the end of each iteration, the designer provides the structure assessment and
wishes. A great deal is being devoted to the effective presentation of different type of sub results
(graphical and values) to the database designer (decision maker).
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Abstract: A comparative study between the multidisciplinary design optimization results of a regional
jet transport aircraft based on different fidelity aerodynamic models is presented. The optimization of
the wing structure of the aircraft is based on surrogate models of performance parameters for both
the objective function and constraints, for which the parameterized design configuration is used as
input. The performance parameters include mission fuel consumption, structural stress under
specified load cases, balanced field length for take-off and climb performance. A fluid-structure
interaction procedure is used to couple the aerodynamic and structural models and generate
databases with information about aerodynamic forces and moments accounting for aircraft
deformation and stress. The structural model consists of an equivalent beam model representing a
wingbox structure with varying thickness along span. The aerodynamic models consist of a potential
flow model with viscous drag corrections for the low/medium fidelity analysis and a commercial CFD
RANS code for comparison. A representative fuselage and tail configuration is use as a baseline
configuration of the aircraft. Systems mass distribution is also provided for the baseline aircraft
configuration. Propulsion is modeled using a provided engine database. A quasi-static calculation of
several operating points along the mission profile is used for integration of fuel consumption and
assessment of mission fuel consumption for configurations respecting the load cases and take-off
performance constraints. Results obtained for the two aerodynamic models are compared both at the
database generation phase as well as in the performance parameters, allowing for the understanding
of the influence of the aerodynamic model fidelity in the final optimized design. For the database
generation phase, deformation obtained from the different fidelity models will be compared in terms
of both displacement and wing twist, in order to understand if the coupling of differences in
aerodynamic predictions and corresponding deformations cause significant differences in the
aerodynamic efficiency and structural weight, particularly in an optimization context where the
structure flexibility has an increasing trend. In the mission analysis phase, the accumulated effects of
the previous results are compared in order to quantify the end line effect of the different fidelity
models in terms of operating costs (fuel consumption) and production costs (wing structural mass).
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Abstract: This contribution presents a formulation to guarantee manufacturability by 5-axis milling
processes in density-based topology optimization, and aspects of its implementation in a commercial
topology optimization environment. Considering manufacturing restrictions at an early stage in the
design process is important, as designs generated without such restrictions are likely to lead towards
design concepts that prove highly suboptimal when manufacturing considerations are introduced at a
later design stage. Various manufacturing constraints have already been developed for topology
optimization, for operations ranging from casting to rolling to additive manufacturing. However, for 5-
axis milling, which represents one of the most prominent and often used manufacturing techniques for
metal components, thus far no adequate approach was available. In this process, 3 relative
translations and 2 rotations are possible between a cutting tool and the workpiece. The amount of
possible operations forms a challenge in formulating an efficient manufacturing constraint for use in
topology optimization. In this contribution, we present our method to impose 5-axis milling
restrictions, using a filtering approach in a density-based (SIMP) topology optimization setting. Next to
presenting its formulation, we discuss ways to control the tool orientations and cutter geometry, as
well as implementation considerations for arbitrary meshes in a commercial software environment.
Numerical examples will be presented in 2D (3-axis milling) and 3D for the full 5-axis case, using
Autodesk Nastran.
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Abstract: Topology optimization problems are large-scale and non-convex, in which the initial design
plays an important role. Functioning as the starting point for the optimization algorithm, it influences
the quality and the computational cost of the final design. Although this is well known in the topology
optimization community, a homogeneous density distribution is traditionally chosen. As topology
optimization problems contain an abundant amount of local minima, problem specific initial designs
potentially yield better results. Soild-void designs results in slowly occurring and only slight
modifications by the optimizer. Generating an initial design using an evolutionary approach [1] proves
initial designs that outperform a homogeneous distribution exist, at a high computational cost. Thus
far, the influence of the initial design on the quality and total cost of the final design has not been
studied systematically. Furthermore, problem dependent initial designs are hardly used. A reason for
this might be the lack of a common, systematic method to investigate the relative initial design quality
differences. In this contribution, we present three novel ideas to address this gap. First, we define a
method to compare and rank the performance of different initial designs in a quantitative manner,
inspired on a method previously proposed for ranking optimization algorithms [2]. Second, we
compare two new initial design types that require little computational effort to generate, with the
conventional homogeneous distribution. The first consists of optimizing the unpenalized problem on a
coarsened grid. The second is physics-based, originating from Constructal Theory [3] Third, we
investigate the robustness of optimizers by initiating them with an explicitly chosen poor initial design.
The comparison of initial designs is performed using three standard optimizers (OC, MMA, IPOPT)
using a large set of established mechanical and thermal problems. However, the method can also be
extended to other problem types. As the initial designs are tested using a large problem set, their
performance ratio can be compared in great detail. One practical result is that for the IPOPT optimizer,
initial designs that outperform the homogeneous distribution in the objective exist for all investigated
problem cases. Another result is that OC performs poorly when starting from a poor initial design.
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Abstract: Reliability-Based methods have been established to take into account, in a rigorous manner,
the uncertainties involved in the analysis of engineering systems. The failure probability and the
reliability index are used to quantify risks and therefore evaluate the consequences of failure.
First/second-order reliability method (FORM/SORM) is considered to be one of the most reliable
computational methods to deal with reliability in engineering systems. Basically, the idea is to
overcome the computational difficulties in the determination of the reliability index and
approximating the constraints. In this contribution, a new methodology for the treatment of
uncertainties in engineering systems is proposed. This approach, called Second-Order Inverse
Reliability Analysis (SOIRA), consists in the use of first and second order derivatives in order to reduce
the number of objective function evaluations in relation to other classical approaches to deal with
reliability. In order to evaluate the proposed methodology, three reliability approaches (FORM, SORM
and IRA) are applied in two test cases: i) W16X31 steel beam problem and ii) beam problem. The
obtained results demonstrated that the proposed strategy represents an interesting alternative in the
treatment of reliability, in terms of results and number of objective function evaluations, in
comparison with those obtained by other classical approaches.
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Abstract: The optimization of multimodal functions is a challenging task, in particular when derivatives
are not available for use. Recently, in a directional direct search framework, a clever multistart strategy
was proposed for global derivative-free optimization of single objective functions. The goal of the
current work is to generalize this approach to the computation of global Pareto fronts for
multiobjective multimodal derivative-free optimization problems. The proposed algorithm alternates
between initializing new searches, using a multistart strategy, and exploring promising subregions,
resorting to directional direct search. Components of the objective function are not aggregated and
new points are accepted using the concept of Pareto dominance. The initialized searches are not all
conducted until the end, merging when start to be close to each other. We will describe the
algorithmic structure considered, present the main associated theoretical results, and report related
numerical experience that evidences the quality of the final solutions generated by the new algorithm
and its capability in identifying approximations to global and local Pareto fronts of a given problem.
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Abstract: Thickness constraint is an important geometrical constraint in topology optimization
methods. We present a novel approach of the thickness constraint based on the Fictitious Physical
Model (FPM). The FPM is formulated using the similarity of the dispersive coefficient in high order
homogenization [1]. The thickness constraint is represented using the solutions of the liner partial
deferential equation system. Its design sensitivity is derived using the adjoint variable method. Several
numerical examples are shown to confirm the validity and utility of the proposed method using the
level set-based topology optimization method [2]. The main advantage of the proposed method is the
allowance of thickness constraint violations during the optimization procedure. Furthermore, the
thickness is computed without computing minimum distances from the boundaries of target shape. [1]
G. Allaire, T. Yamada, Optimization of dispersive coefficients in the homogenization of the wave
equation in periodic structures, hal-01341082. [2] T. Yamada, K. lzui, S. Nishiwaki, A. Takezawa, A
topology optimization method based on the level set method incorporating a fictitious interface
energy, Computer Methods in Applied Mechanics and Engineering, Vol.199, No.45-48, pp.2876-2891
(2010).
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Abstract: Graph-based design languages aim at the holistic digital description of industrial products.
Such languages are based on the structure of natural languages, in which vocabulary and rules define a
language. Meanwhile, on the basis of such languages, a powerful engineering framework is now
available. This framework aims at computer processing rules and reuse of design and production
knowledge. Thus, it relieves product development engineers of routine work by generative means:
Domain-specific models such as finite element models and CAD geometry models are generated with
scripts (automatically) based on a central data model. The central data model is the core of the design
language and holds all information necessary to generate all domain-specific models specified in the
design language. This paper describes the use of this kind of design language for the embodiment and
dimensioning of a frame for a Formula Student racing car. In the Formula Student regulations, certain
load cases are specified and certain design rules are given by regulations. By representing the frame
geometry in a design language, it is possible to automatically perform a digital function proof which
always complies to the Formula Student regulations. The design can be automatically analyzed by
generating a finite element analysis (FEA) with regard to the load cases in the regulations. As a first of
its kind implementation, a sizing optimization for the tubes and plates of the car frame is automatically
performed. This implementation extends the optimization design language, which has been presented
at the WCSMO12 [1]. Being able to define both, topology optimization models and sizing optimization
models, the outlook describes future applications of the optimization design language. [1] Ramsaier,
M., Stetter, R., Till, M., Rudolph, S., Schumacher, A.: Automatic Definition of density-driven Topology
Optimization with graph-based Design Languages, Proceedings of the 12th World Congress on
Structural and Multidisciplinary Optimisation, Braunschweig, 5th -9th June, 2017
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Abstract: In this work, the synthesis of polyacrylamide based multicomponent hydrogels is modelled
using a neuro-evolutive technique which combines Differential Evolution (DE) algoritm and Artificial
Neural Networks (ANNs). The neural model is developed in an optimal form applying the DE
procedure, meaning the optimization of the weights, biases and architecture (number of hidden layers,
neurons in each hidden layer and their activation function). The data set used in modelling action
contains experimental data obtained in our laboratory. Based on the neural model, the process is
further optimized with DE algorithm in order to determine the optimum conditions of the synthesis
(time, temperature, monomer concentration, initiator, crosslinking agent, inclusion polymer, and type
of the polymer added) leading to the maximization of the reaction yield. In order to improve the
performance of the DE algorithm, different research directions were followed in this work: i) the use of
self-adaptability to automatically determine the optimum values for the control parameters of the
optimization algorithm; ii) the modification at step level of DE (chaotic maps for the initial population
and a modified mutation strategy that has a higher probability of providing better individuals); iii)
hybridization with Backpropagation and/or Local Search algorithm for the best solution found so far.
The simulation results indicated that the best model, as individual multilayer perceptron, has a (7:10:1)
structure, where 7 indicates the number of inputs (process parameters), 10 the number of neurons in
the hidden layer and 1 the number of outputs (reaction yield). The obtained errors are: 7.54% average
absolute error (AARE), 0.96 correlation (COREL) and 0.36 mean squared error (MSE) for training and
9.23% AARE, 0.967 COREL, 0.722 MSE for testing. Even this model can be considered satisfactory, a
stack neural network was developed, composed from three simple individual networks, also applying
the optimization with DE algorithm. In this way, the errors were reduced with more than 4%. The
optimization of the process, using the stack neural model, provides the working conditions that lead to
a reaction yield of 96%. Some restrictions were imposed to the reaction conditions for reducing the
material and time consumption. From the points of view of result accuracy and method accessibility,
the optimization method based on ANN and DE, applied both to model and process, can be considered
appropriate for the approach system, capturing in an efficient way the dynamic of the process.
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Abstract: The automotive future demands light and affordable designs and components. Stricter
regulations, worldwide competition and environmental aims push on this trend. To develop lighter
parts in a decreased time structural optimization is used in many R&D departments. To ensure an ideal
design of cast parts in the topology optimization a casting simulation is integrated in the optimization
procedure. With this additional simulation the castability can be optimized in parallel to the
mechanical properties and the weight. Several manufacturing restriction such as the draft angle,
minimum member, hole and pocket size, smooth parting line and the reduction of cold run, turbulence
as well as shrinkage porosity are implemented. The result is a manufacturable and light structure,
which can be transferred into a real part easily. To describe the geometry a regular voxel mesh in
combination with a binary design variable per element was used in the past. For the simulations it was
converted to an equilateral hexahedron mesh. While this modelling has advantages respective the
implementation of manufacturing restrictions and nonlinear load cases, its disadvantages is the rough
description of the surface in the FEM simulation or the CAD conversion after the optimization. Also
small changes in the geometry are not possible. In this paper an approach is shown to use the available
routines of the topology optimization to optimize the shape of the part on a small scale, too, and
provide a smooth optimization result. This is done by using a design variable per element, which can
be continuous between zero and one in the surface layer. In this way all implemented functions and
manufacturing restrictions can be used for both topology and shape optimization. To avoid numerical
difficulties the FEM simulations are done with a converted tetrahedron mesh. This increases the
quality of the simulation by guaranteeing a smooth surface and avoiding sharp edges. The CFD based
casting process simulation is done with the very fast, structured hexahedron elements. The results of
the simulations are mapped on the optimization model to change the part design again. Beside the
increased degrees of freedom for doing shape optimization and the higher simulation quality with
adapted meshes this optimization procedure allows the smoothing of the surface. In summary this
approach features better optimization results, which are light and castable with a smooth surface,
decreases the development time and enables the next step of an automatically development process,
the CAD conversion.
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Abstract: In order to reduce defects in injection molded parts, as well as to reduce costs and manual
work in the mold design process, we develop a numerical approach for the design of injection molding
cavities. The idea is to simulate the injection molding process as reliably as possible and to use the
predictions yielded by such simulations to automatically determine a suitable mold cavity shape. Our
primary goal in this respect is the reduction of geometric faults in the finished part. The quality of the
simulation-based design method clearly depends on the quality of the simulation itself. Therefore, the
development of an accurate simulation method that uses state-of-the-art as well as newly developed
material models is a key component of such a method. While keeping in mind that the simulation must
remain suitable for an optimization in terms of, e.g., computational efficiency, we work on models to
more accurately describe the material behavior of polymers during their solidification. A special focus
is placed on transitional states of amorphous polymers, when they can neither be described as
completely liquid nor completely solid. In specific terms, we combine viscoelastic fluid models and
nonlinear solid models to be able to simulate both fluid and solid aspects of material behavior
simultaneously. For the design of an optimized mold cavity, we follow multiple approaches. While we
aim for an efficient inverse design mechanism, we also utilize concepts of mathematical optimization.
This requires the formulation of the design process as a minimization problem. A challenge is
presented by the suitable representation of geometric deficiencies in a single scalar objective function.
Since any iterative procedures will require many runs of the computationally costly molding
simulation, we also look for more efficient methods that can aid the iterative process or even replace it
completely. We have already been successful in developing an inverse procedure that can be applied
to a part of the simulation and will show how this can be used to speed up the optimization process.
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Abstract: In this work, we present an efficient topology optimization method for structural-acoustic
problems. A mixed-formulation that interpolate the pressure and displacement field simultaneously is
the effective way for topology optimization of structural-acoustic problems. In this method, a linear
shape function is used for the pressure interpolation to represent continuous pressure field while
guadratic shape function is used for displacement interpolation to ensure numerical stability. This
leads to a heavy computational cost in high frequency range or large-scale problem which require a
fine discretization. In this regard, we present an efficient topology optimization using the hybrid finite
element-wave based method. The wave-based method which uses an exact solutions for field variable
approximation is an efficient and accurate numerical prediction method. In the non-design domain,
the wave-based method is applied to reduce computational cost. In the design domain, finite element
method with mixed-formulation is used to design parameterization. We use the gradient-based
optimizer and design sensitivities are computed by the adjoint variable method. Numerical examples
are presented to validate the propose method. Result of optimization confirms that the proposed
method is able to reduce computational cost compared to conventional method. Acknowledgement
This work was supported by a National Research Foundation of Korea (NRF) grant funded by the
Korean government (NRF-2017R1A2A1A05001326).
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Abstract: The Topological Derivative (TD) is the sensitivity of a functional for the introduction of an
infinitesimal hole into the mechanical body. For linear elasticity problems in structural mechanics the
TD is known in a closed analytical form for various functionals. In this contribution, the TD for crash
loaded structures is derived with the adjoint sensitivity analysis. Wherever the analytical derivation is
limited, a numerical, so-called microscale, investigation cf. [1] and [2] completes the TD. The goal is to
get a sensitivity for topology changes dealing with material and geometrical nonlinearities, inertial
effects and time dependency. The main idea of the adjoint sensitivity analysis is to circumvent the
direct calculation of the sensitivity of the displacement field. Instead, the adjoint equilibrium equation
has to be solved. In this approach, material derivation [3] and partial integration in the time domain cf.
[4] are applied to the TD. This ensures, that the inertial effects are kept, as they are important for a
reliable crash simulation. The result is a backward integration scheme for the adjoint state. For the
calculation of the TD, only the boundary integral on the introduced hole remains. This integral contains
terms of the functional and the weak equilibrium condition. Corresponding to [1], a microscale
investigation for each term replaces the analytical form with meta-models. The presented scheme to
derive the TD will be illustrated with an academic example. For a functional that copes with crash
relevant requirements, the TD is shown and compared with the sensitivities derived with numerical
differentiation. The numerical effort and the storage requirement will be outlined, as well as the
chances and limitations dealing with crash software for the calculation of the adjoint state.
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Abstract: Many variants of level-set topology optimization have been proposed in the scientific
literature. One key differentiating aspect is the physical interpretation of the implicitly defined solid-
void interface. One possibility among others is to rely on body-fitted spatial discretization of the
computational domain. This approach possesses many attractive features, in particular providing at all
time an unambiguously-defined solid-void interface, not requiring level-set-aware mechanical solver
and offering a seamless transition to fine-tuning, mesh-deformation-based shape optimization.
However, the relevance of this ambitious technology in an industrial context remains unproven.
Indeed, it has essentially been applied on academic problems characterized by a limited set of well-
behaved optimization criteria, elementary geometries, and coincident computational and design
domains. On the other hand, industrial problems typically feature a rich set of optimization criteria
including manufacturing constraints, involved design domain geometries due to integration constraints
arising from the part environment, and the presence of functional interfaces that must be preserved to
connect adjacent parts. This contribution aims at illustrating the associated challenges as well as
recent progress towards the treatment of industrial-grade test cases.
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Abstract: As the power usage of the home appliances gradually increases, research on a high-efficient
mechanical system has been focused. In order to develop a high-efficient system with high
performance, a gas engine was used as a power source. The engine-included system has much higher
energy efficiency than a conventional system powered by the electromagnetic motor. However, if the
gas engine was adopted as a power source, the energy efficiency and power of the system are
improved while the radiation noise is increased. To overcome this drawback, we design a shell
structure including optimal bead pattern that reduces the sound radiation using the topography
optimization to the cover panel of the system. In this study, the vibration behavior of the system was
measured with the engine speed sweep. Using this result, the target frequency band is determined. In
this research, the objective function is an equivalent radiated power (ERP), which is the radiation
power calculated from only the structural velocity. In addition, a shell structure with bead pattern is
designed to minimize the equivalent radiated power in a given target frequency band using
topography optimization. The shape change of the panel bring the change of stiffness. Finally,
equivalent radiated power is also changed. Using the topography optimization, the optimal bead
pattern on the panel to minimize the equivalent radiated power could found.
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Abstract: The minimum distance method for the synthesis of mechanism is a versatile method able to
help in the dimensional design of mechanisms with any kind of requirements. In previous work, this
method was designed with node to point and node to line requirements, which allows one to afford
function generation, path generation, solid guidance and any combination of them. It can also tackle
problems with prescribed and unprescribed timing. The method is based on the minimum distance
problem, which can be defined as obtaining the configuration of the mechanism (position of all the
elements) which delivers the lower distance to the requirements. This problem is solved for each of
the precision points defined for the synthesis and, the summation of all the minimized distances is
used as the error function for the mechanism synthesis. This is, thus, a two-scale minimization
problem, where the error function itself consists on several optimization problems. The aim of this
presentation is to show a method for the introduction of node to node requirements in the
dimensional synthesis of mechanisms when using the minimum distance approach. The presented
method allows one to introduce a requirement on the distance of two points belonging to different
elements of the linkage, which has multiple practical applications such as the design of grippers. In
order to do so, the minimum distance into both nodes is included in the error function for each
synthesis point including these kind of requirements. The minimization of the minimum distance
function is performed with a sequential quadratic programming algorithm. The required derivatives
are obtained analytically to reduce computational cost and improve on convergence. The minimization
of the synthesis problem is also solved here using an SQP method, but the error function has been
developed taking into account the possibility of applying other methods such as genetic algorithms.
The requirement is introduced as an additional term in the minimum distance function, thus allowing
one to combine it to other types of requirements, such as node to point or node to line. Although in an
initial stage of development, the method shows a good behavior in terms of convergence and
computational efficiency. In order to demonstrate this, several examples of both the minimum
distance problem resolution and also the synthesis resolution are presented.
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Abstract: The problems of designing devices that provide effective protection of complex structures,
instruments, equipment, and the man himself from the harmful effects of vibrations, and at the same
time possessing limited sizes, continue to attract attention of scientists and engineers. In engineering
practice, such devices are called vibration isolators. It is known that the vibration isolation problem is
conveniently considered as a control problem in which the regulator acts as a vibration isolator. The
main performance indices characterizing an efficiency of vibration isolators usually involve the value
determining the maximal course of this device and the maximal deformations or stresses that arise in
the elastic object to be protected. The reasonable choice of a suitable vibration isolating device is, as a
rule, a search for a some trade-off between these two important indices: the less the maximal course
of the vibration isolator, the more maximal deformations and vice versa. Taking into account this
circumstance, it may be expedient to set a two-objective problem of synthesizing the control or, in
other words, to choose an appropriate vibration isolator minimizing these performance objectives in
Pareto sense. If several vibration isolation devices are involved into the process of protection, there is
possibility to consider a multi-objective control problem instead of the two-objective one. In this
paper, a general approach to multi-objective vibration protection is proposed. By using a scalar multi-
objective cost function in the form of Germeyer convolution we derive necessary conditions for Pareto
optimality and characterize Pareto optimal controllers in terms of linear matrix inequalities (LMIs) as
optimal solutions for this function. As an example, the two-objective problem of seismic protection of
twenty-story building is discussed in detail. The performance objectives are the maximum of the
maximal intersectional deformations and the maximal displacement of the building relative to the
foundation. The problem under consideration is complicated by the fact that the external seismic
disturbances is unknown in advance, so the synthesis of vibration isolation device is carried out on the
"worst-case", i.e. for the most dangerous excitation from a some class of disturbances.
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Abstract: The shape optimization of 3D elastic body in contact with rigid obstacle with Coulomb
friction can be modelled as minimization of composite function generated by the objective and the
control-state mapping. It has been shown that for small coefficients of friction the discretized contact
problem with Coulomb friction has a unique solution and this solution is Lipschitzian as a function of a
control variable describing the shape of the elastic body. It means that the control-state mapping is
single-valued and the 3D contact shape optimization problem with Coulomb friction leads to a
minimization of nondifferentiable (nonsmooth) single-valued function. There are several possibilities
how to solve the problem. The easiest one is to neglect the friction and find the optimal shape of the
optimized body as the solution of the shape optimization problem of 3D elastic body in contact
without friction. The advantage is that we solve the optimization problem with differentiable function.
Unfortunately, we find the optimized shape which does not solve the original problem exactly.
Another possibility is to solve the whole problem with Coulomb friction. This leads to optimization of
nonsmooth function. For this case we have to use methods which are working with calculus of Clarke.
The most reliable of the nonsmooth methods for this kind of problem are bundle methods. We use
bundle trust method proposed by Schramm and Zowe and proximal bundle method proposed by
Makela and Neittaanmaki. In each step of the iteration process, we must be able to find the solution of
the state problem (contact problem with Coulomb friction) and to compute one arbitrary Clarke
subgradient. To get subgradient information needed in the used numerical method we use the
differential calculus of Mordukhovich. The aim of the contribution is to compute the optimized shape
of 3D elastic body in contact with rigid obstacle by all previous mentioned solution methods and their
comparison.
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Abstract: The optical rainbow is a well understood phenomenon which is easily reproducible on a
macroscopic scale by guiding sunlight through a prism. The underlying mechanism of the rainbow is
the dispersive nature of visible light as it is reflected and refracted through different media, such as
water and glass. Sound-waves in the audible spectrum are however not subject to significant
dispersion in most homogeneous media. Thus acoustic rainbows are not readily observable in nature.
This work, meanwhile, demonstrates that it is possible to design devices, yielding a spectral separation
of sound analogous to that of light seen in the optical rainbow. This work presents a passive, single
material device, tailored for controlling the free space emission pattern of an acoustic point source by
angularly separating its frequency content across a $\pm 25\%$ frequency band around a central
frequency, S$f _cS. In addition other devices tailored to exhibit different emission patterns are
presented demonstrating the versatility of the underlying design methodology. The characteristic
dimensions of the presented devices are on the order of the wavelength, a region which is problematic
when using traditional methods, such as ray tracing. Both numerical and experimental results are
presented, demonstrating the real world feasibility of the proposed devices. The device design has
been carried out using the topology optimization based approach detailed in [1]. Here a 2D model
problem is formulated in the frequency domain with the acoustics modelled using the Helmholtz
equation. The design goal is to identify a distribution of solid material in a bounded region of space
which creates a desired emission pattern into free space for a targeted frequency band. The design
problem is formulated as an optimization problem where the objective function depends on the
difference between a prescribed desired sound field and the solution to the model problem for a given
material distribution. The Globally Convergent Method of Moving Asymptotes is used to perform the
optimization [2].
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Abstract: Design optimization methods for rotor blades of an axial compressor have been developed
by using the Computational Fluid Dynamics (CFD). In order to improve the aerodynamic performances,
such as pressure ratio and adiabatic efficiency, three-dimensional Reynolds averaged Navier-Stokes
analysis was used for the single stage axial compressor. The optimum design process considering the
aerodynamic characteristics consists of designing the shape using the Non-Uniform Rational B-Spline
(NURBS) function and performing the optimum design with Gradient-Based Optimization Method
(GBOM). For the proceeding of automated optimization, the commercial code ANSYS CFX ver. 16.1 and
Design Exploration were applied. Results show that the newly designed model demonstrated better
performance than the reference model. In particular, the pressure ratio was found to be higher than
that of the reference model.
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Abstract: Batch annealing process is highly automated and commonly used heat treatment process
which is eligible for industrial applications. In this process, steel coils are vertically stacked one on top
of each other and heated up to 720°C between 13-25 hours. Temperature distribution and annealing
time of each coil depend on weight, thickness, outer diameter, height, vertical position, etc. Having an
optimal combination of coil batches increases the productivity of the process. and to create the
optimal batches, annealing times of each combination should be predicted. For this purpose, a
validated heat transfer model is used to simulate past 2 years’ processes. More than 29,000 data are
obtained which covers different coil parameters and annealing programs. A neural network model is
constructed to predict the annealing time. Error rates of annealing time prediction model are between
30 to 50 minutes which is quite successful. After the validation of the annealing time prediction model,
an Integer Programming formulation is developed for the optimal batch creation problem. An
alternative approach is proposed for selecting the best batch combinations in a dynamic production
environment. Increase in production efficiency is demonstrated in the computational study.
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Abstract: Aerodynamic shape optimization has established itself as a valuable tool in the engineering
design process to achieve highly efficient results. A central aspect for such approaches is the mapping
from the design parameters which encode the geometry of the shape to be improved to the quality
criteria which describe its performance. The choices made in the setup of the optimization process
strongly influence this mapping and thus are expected to have a profound influence on the achievable
result. In this work we explore the influence of such choices on the effects on the shape optimization
of a turbofan rotor blade as it can be realized within an aircraft engine design process. The blade
quality is assessed by realistic three dimensional computational fluid dynamics (CFD) simulations. We
compare the results from the covariance matrix adaptation evolutionary strategy (CMA-ES) with the
outcome of a particle swarm optimization (PSO). We also investigate the changes induced by a
different initialization of the CMA-ES and a variation of its population size. A particular focus is put on
the changes in the results by increasing the number of parameters for the blade geometry
representation. For all such variations, we generally find that the achievable improvement of the blade
quality is comparable for most settings and thus rather insensitive to the details of the setup. On the
other hand, even supposedly minor changes in the settings, such as using a different random seed for
the initialization of the optimizer algorithm, lead to very different shapes. Optimized shapes which
show comparable performance usually differ quite strongly in their geometries over the complete
blade shape. Our analysis indicates that the fitness landscape for such a realistic turbofan rotor blade
optimization is highly multi-modal with many local optima, where very different shapes show similar
performance.
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Abstract: In topology optimization, and structural optimization in general, a common methodology is
to perform the optimization on design variables only, treating the solution of the underlying PDE
constraints as a function call. With this approach, often referred to as the nested approach, the
process of repeatedly solving the state and adjoint equations will dominate the computational effort.
One attempt to reduce this effort, is to solve the state and adjoint systems less accurately. Previous
work on such approximate approaches is based on early termination of an iterative solver. It
demonstrates that seemingly rough approximate solutions obtained after few iterations of a Krylov
solver are often sufficient for solving the topology optimization problem. In this work we develop on
this idea by looking at the problem from a PDE-based angle. Namely we utilize a posteriori FEM error
estimates to give a quantitative measure of when to terminate the iterative solver. We illustrate the
proposed method with benchmark examples from linear elasticity. Our main observation is that the
discretization error dominates the residual after few iterations. Utilizing this observation for an
approximate approach, we find that the optimization algorithm behaves similarly to what one expects
from “exact" solves. But the number of iterations is significantly reduced, even compared to
previously suggested heuristics for approximate solves. The proposed method requires estimation of
the residual during the iterations. Hence for large problems the method is impractical to utilize as it is
presented in this work. Nevertheless we believe that it provides valuable insight into why approximate
approaches vyield accurate results. Additionally it provides quantitative guidelines for premature
termination of iterative solvers and our experiments suggest that when combined with an efficient
error estimate, a lot of computational effort can be saved, by solving the discrete problem just
accurately enough.
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Abstract: The article presents a method for improving the characteristics of fuel pump of rocket engine
by the joint usage of mathematical optimization software I0SO, meshing complex NUMECA and CFD
programm ANSYS CFX. The optimization software was used for automatic change of the geometry of
low-pressure impeller, transition duct and high-pressure impeller to find the optimal design. the
original variant of the remaining parts of the pump was keeped. For this reason, only geometrical
parameters of the blades were varied without changing the contours of the pump meridional flow
part. The investigated pump consists of five parts: inlet duct, low-pressure screw centrifugal stage,
transition duct, high-pressure screw centrifugal stage and volute outlet duct. The pump main
parameters with water as the working fluid (based on experiment data) were the following: high-
pressure stage rotor speed was 13300 rpm; low-pressure rotor speed was 3617 rpm by gearbox; inlet
total pressure was 0.4 MPa; outlet mass flow was 132.6 kg/s at the nominal mode. Creation of vane
unit mesh (rotors and stator transition duct) was performed using NUMECA AutoGrid5. Sector models
were used for the calculation simplification. The flow around only one blade or screw was considered.
Setting up and solution of the task were carried out in the ANSYS CFX solver. Comparison of calculated
characteristics of the basic pump with the experimental data was performed before the optimization.
The analysis of characteristics for the obtained optimized pump geometry was carried out. It was
found that pump with optimized geometry has greater efficiency in comparison with the original pump
variant. The obtained reserve can be used to boost the rocket engine, and/or to reduce the loading of
the main turbine, which operates in aggressive oxidizing environment.
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Abstract: Reversible cold milling is a widely used industrial process for metal forming. It consists of
backward and forward motion of the sheet metals between the rolling mills. As the process is highly
automated, optimization of the process parameters is essential for cost minimization. However, it is a
complex optimization problem because maximization of the rolling speed increases the motor mill
currents and rolling force, and physical constraints of the line may not allow to achieve that. For
optimization process, rolling speed, rolling force and motor mill currents of the line should be
predicted to check whether they are in physical limits or not. These parameters strongly depend on
sheet metal properties (width, thickness, reduction ratio), material properties (yield strength, tensile
strength), and other line parameters (oil types, mill radius, front and back tension). For the prediction
of the line parameters, neural networks and advanced statistical methods are used. Layer structure,
backpropagation functions, and regression methods are changed to increase the precision and the
speed of the models. Then, the prediction models are tested and compared with the measured data
for verification. After the prediction process, a genetic algorithm (GA) is developed to minimize the
total process time by determining the reduction ratio of the sheet metal in each pass process. In each
iteration of GA with the fitness function based on an advanced statistical model, reduction ratio of the
sheet metal in each pass process is changed while satisfying physical constraints. Thus, the processing
time of the reversible cold rolling process is minimized without violating the physical constraints of the
line. The results show that the combining of GA and statistical models is an effective tool for process

parameter optimization of reversible cold milling.
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Abstract: Developing novel methods, approaches and computational techniques is essential for solving
engineering problems efficiently. This is important issue especially nowadays when emerging problems
become more and more demanding. As the example of a fast and intensively developed optimization
tool may serve a topology optimization, which allows to develop new, innovative layouts of considered
designs. The idea is to find within a defined design domain the distribution of material that is optimal
according to the assumed criterion or criteria. The optimized structure gains new shape and material
layout, since some parts of material are relocated and others are selectively removed. The vast
majority of reported in literature solutions regard structures made of one material. On the other hand,
allowing for implementation of multi-material structures may open new possibilities for improving
existing solutions. The typical approach is a redistribution of materials within a whole design domain.
This conventional concept of topology optimization is extended in the present paper by introducing
the idea of ‘subdomain oriented multi-material topology optimization’. The design domain is divided
into regions for which different types of material are defined and through this procedure the multi-
material structure is created. The challenge of the present research is to find optimal topologies, under
restriction that redistribution of material can be performed only within subdomains selected for
employed materials. What is very important, in terms of practical applications, it is possible to impose
constraints on volume fraction of each defined material. Obtained results of preliminary numerical
studies show, that this approach produces different results as compared with classical single-material
problems. The effectiveness of topology optimization process is determined by proper choice of
numerical optimization algorithm. This paper utilises very efficient and versatile heuristic method
called Cellular Automata (CA). The main advantage of the CA algorithm is that, it is an easy to
implement, fast convergent technique and usually requires less iterations as compared to other
approaches to achieve the optimal solution. There are also not many parameters to adjust what is
important for practical applications. In addition, included self-weight loading makes considered design
problems more practical and realistic. The implementation of self-weight loading has a significant
influence on the final results of topology optimization process, what is very important especially when
dealing with the optimization of massive engineering structures.
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Abstract: This article addresses the compliance problem along with the piezoelectric actuator design
for active vibration control. The structure layout is obtained by solving a compliance minimization
problem while the actuators topology is found by the maximization of a controllability index written in
terms of the controllability Gramian, which is a measure that describes the ability of the actuators
input to move the system state from an initial condition to a desired final state, at rest for instance, in
a finite time interval. Also, the polarization direction of each actuator is defined according to the
distribution of an additional design variable. Therefore, it is possible to produce both tensile and
compressive fields in different points of the structure using the same applied control voltage. In order
to achieve this goal, a material interpolation scheme based on the Piezoelectric Material with
Penalization and Polarization (PEMAP-P) model is employed and both the optimum structure/actuator
layout and polarization profile are obtained simultaneously. The sensitivities with respect to the
polarization and design variables are calculated analytically. Numerical examples are presented
considering the control of bending vibration modes for a cantilever beam and a simply supported
beam in order to show the efficiency of the proposed formulation. The control performance of the
designed structures are analyzed by means of a Linear-Quadratic Regulator (LQR) simulation and these
results are compared to the ones obtained by a formulation that does not take into account the
actuator polarity in the optimization problem, i.e., the polarization profile is stated a priori.
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Abstract: Offshore wind turbines are subjected to harsh environmental and operational conditions
that affect their dynamic properties and cause damage. Visual checks are, for economic reasons, kept
as low as possible, thus making the ability to detect damage via transmitted measurements a vital
issue. ldentifying a structure is considered in essence an inverse problem in which the stiffness, mass
and damping properties are determined based on the measured outputs, i.e. vibration response.
Amongst other structural identification techniques, model-updating methods based on vibration data
have proven to fit well for the identification of such structures. Such model-updating schemes treat
the identification problem as an optimization problem, which can be well-solved using meta-heuristic
optimization schemes. The objective of this study is to investigate the performance of the harmony
search algorithm, both basic and modified, in identifying a scaled laboratory model of an offshore wind
turbine supporting structure and detect its damage. The laboratory model is tested in a wave basin
and is subjected to a variety of damage and marine growth levels. The harmony search algorithm
variants that are investigated include the basic harmony search algorithm, a modified adaptive
harmony search algorithm, and the later with a modified search space reduction scheme. The
investigation shows promising results, especially for the case of harmony search coupled with a search
space reduction scheme, and provides further suggestions on how to improve the performance even
further.
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Abstract: Over the past years, latent heat storages have gained increased interest due to their superior
storage capacity. High storage capacities are achieved as a result of the high latent heat of melting of
Phase Change Materials (PCMs) [1]. However, the low thermal conductivity of PCMs limits the charging
and discharging performance significantly, causing long charging and discharging times. Heat transfer
enhancement techniques for PCM storages are extensively studied both experimentally and
numerically [1]. Highly conductive fin structures are often employed as they extract the heat from the
heat transfer fluid and easily conduct it into the PCM domain. However, it has been observed that the
charging power steeply drops in time [2]. As the PCM melts gradually its ability of absorbing heat from
the heat transfer fluid decreases as a result of increased thermal diffusion lengths. Moreover, due to
the limited input power and limited convection of the heat transfer fluid, the PCM does not melt
uniformly. Therefore, uniform fin distributions can be outperformed by new designs with irregular fin
distributions, as some spots could benefit from a higher fin density. In this research, the performance
of PCM storages is optimized by optimally spacing the highly conductive metal fins in the PCM storage.
The fin shapes are rectangular and their size is kept constant, whereas the fin positions are altered. An
adjoint-based optimization strategy is used for efficient gradient calculations combined with
consecutive BFGS updates. The optimization procedure is performed for different fin widths, fin
amounts, and input powers. It is shown that the optimal fin distribution strongly depends on the fin
widths and higher performances are reached with smaller fin structures. The optimal fin positioning
shows a trend towards reduced fin spacing, i.e. higher fin density, towards the exit of the heat transfer
fluid channel. Decreasing the input heat generates optimal designs with more densely spaced fins.
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Abstract: In the last years robotic swarms have attracted high attention in the research community for
the intelligent designing and planning of specific missions or operations. In this context, the so-called
mission consists of the optimal design of task schedules and the intelligent allocation of resources
subjected to certain operational conditions or environmental constraints. Nevertheless, the study of
underwater robotic swarms has been very limited and therefore, the development of new strategies
for the cooperation between robots are necessary in this field. This manuscript focuses on this issue by
devising an evolutionary heuristic algorithm aimed at efficiently scheduling in robotic swarms, which
cooperate to accomplish the scanning of an area. Concretely, the final goal is focused on monitoring a
stain of salinity and pollution over a real-based scenario in the underwater environment. For that
purpose, the algorithm will use a simulated software which models in real-time the levels of salinity
and pollution in the specific location. Therefore, the proposed algorithm must be designed to 1) detect
the stain within the specified location, 2) accurately model the stain in the time-dependent
environment by means of a collaborative algorithm that minimizes price and cost (measured in terms
of battery cost and time) of the overall mission. Moreover, realistic conditions are imposed, i.e., the
robots have not the same capabilities to perform the tasks and the price, speed and the cost of
executing a certain task depends on each robot. It is important to note that the normal scanning task
for collaborative robotic swarms in the underwater field consists of dividing the global area into
subareas in which each robot works, yielding to a faster inspection of the whole area. This paper
focuses on the real collaboration between robotic swarmes, i.e. the real-time scheduling of tasks based
on the robots’ positions and the evolution of the stain. Therefore, the robotic swarm is constantly
reorganized depending on the above-mentioned conditions by means of calling other robots for
reinforcing the scanning, changing the robots’ positions or assigning new tasks to certain robots to
optimally accomplish the mission.
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Abstract: Since 1913, the Harris’ model is adopted within intermittent production sys-tems to size the
batches to produce and purchase. For each product, the model sets the so-called Economic Order
Quantity (EOQ) as the quantity op-timally trading-off the cost of orders and the average stock cost.
Traditional-ly, the EOQ from the Harris’ model is a milestone for make-to-stock (MTS) production
systems. In addition, existing extensions of the base model are in the direction of including multiple
actors of the supply chain, i.e. joint eco-nomic lot size, and tailored product management policies, i.e.
consignment stock. A basic hypothesis behind the lot size models is that the production line
productivity is higher than the average market demand so that a dynamic equilibrium becomes
feasible. Nevertheless, in the case of permanent or temporary high product request, the productivity
of a single production line can be insufficient. This case makes of interest the adoption of multi-line
production systems. Such systems are made of parallel production lines able to produce the same
product at the same final qualitative standards so that the output is a unique batch of identical
products. This paper investigates MTS multi-line systems presenting two formulations of the EOQ
model for the case of identical lines (1) and the case of lines with different productivity and setup
cost?. Finally, an application of the model is done with data taken from a leading company operating
in the bev-erage packaging sector.
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Abstract: The design of complex engineering systems relies more and more on Multi-Disciplinary
Optimization. Surrogate-Based Optimization methodologies have been considered for the past
decades as a potential solution to alleviate the computational burden of modern optimization
campaigns. Nevertheless, the usage of high-fidelity simulations within Surrogate-Based Optimization
loops can be unaffordable especially for high-dimensional problems. Multi-fidelity surrogate modeling
can be an excellent way to improve the quality of surrogates while maintaining the computational cost
of the training phase within acceptable limits. In this contribution, we propose an infill strategy
dedicated to optimizations accelerated by recent multi-fidelity non-intrusive proper orthogonal
decomposition based surrogate models. These surrogates allow for a fast prediction of the vectorial
information associated to the behavior of a given configuration. They take roots in the re-
interpretation of the concept of the constrained POD (CPOD) to enrich the reduced order model of the
high-dimensional output space, obtained from precise albeit costly high-fidelity simulations, with
abundant yet less accurate lower-fidelity data. Multi-fidelity surrogate models on the obtained POD
projection coefficients are then used to link, at virtually no extra cost, any parameter set in the design
space to its high-dimensional response. To integrate these surrogate models into efficient Surrogate-
Based Optimization loops, we propose an infill strategy targeting the selection of promising zones in
the design space while restraining the computation burden affordable. This strategy selects not only
the potentially efficient sets of parameters depending on their objectives and feasibility, but also tries
to identify the level of fidelity necessary to equilibrate the CPU cost ratio between the available
solvers. Both the POD bases and the surrogate models on the projection coefficients are improved
along the optimization process to reach a satisfactory compromise. The performances of the proposed
algorithm are discussed and compared with contributions using the aforementioned multi-fidelity POD
based surrogate models on both analytical and industrial optimization problems.
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Abstract: Multicriterion optimization methods are widely use in many types of design process. This is
because the using of optimization tools allows in an automated mode to find such a combination of
design parameters of the investigated unit, in the implementation of which all the requirements are
best met. One of the applications of such methods in turbomachinery is to optimize the 3D shape of
the compressor blades. The article presents developed optimization methods for improving the
working process of an axial compressor of gas turbine engine. Developed method allows performing
the search for the best 3D geometry of compressor blades automatically by using optimization
software 10SO and CFD software NUMECA Fine/Turbo. The algorithm of developed method is
described below. The optimization software 10SO generates vector of input parameters describing the
geometry of compressor blades in parametric form. Then “in-house” software Profiler generates files
containing information about the new geometry of blades. Generated files are loaded into a numerical
model of the compressor which is using to calculate the parameters of the working process in CFD
software NUMECA Fine/Turbo using 3D Navier-Stokes solver. A vector of output parameters and
restrictions is formed after the end of the calculation and is returned to 10SO to select the best variant
of blade geometry and to form a new set of input parameters. This cycle is repeated until the desired
result is achieved. Optimization was performed by changing the form of the camber line in three
sections of each blade and by shifting three sections of the guide vanes in the circumferential and axial
directions. The calculation of the compressor parameters was performed for work and stall points of
its performance map at each optimization step. The study was carried out for seven-stage high-
pressure compressor and two three-stage low-pressure compressors. Optimization problems was
solved in a two-criteria formulation. To ensure that the position of the operating point on the
characteristics of the compresses did not change, limitations were set on the amount of flow of the
working fluid and the ration of total pressure in the process of optimization. As the result of
optimization, improvement of efficiency was achieved for all investigated compressors. For HPC was
found variant of blades that provides an increase in the efficiency by 1.2% and for LPC was found
variant of blades that provides an increase in the efficiency by 1.3%.
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Abstract: In this talk we present novel concepts for the simulation-based design of single-screw
extruders. While single-screw extruders are widely used because of their low operating costs, the
produced melt often suffers from an inhomogeneous material distribution. This is enhanced by
inadequate process design. Therefore, extensive running-in trials are carried out to enhance the
extruder’s design until the produced melt is sufficiently conditioned for further processing. It is our aim
to develop techniques that support the currently experience-based design process by numerical
design. Based on a method already used in die design, we propose concepts for the method’s
extension towards the numerical design of mixing-elements in single-screw extruders. We assume that
we start the design process with a functional, but possibly inefficient initial design. The novelty in our
method is to determine a suitable geometry that provides sufficient mixing by reformulating the
mixing problem into a shape-optimization problem. Instead of solving the inverse problem, we try to
circumvent problems that this may involve by applying iterative black-box optimization based on an
efficient low-order parameterization of the geometry. Our setup consists of four fundamental steps:
(1) definition of a suitable objective function, ?flexible parameterization of the geometry,mflow
simulation, and (4) geometry modification based on an optimization algorithm. We conduct non-
isothermal flow simulations modeling the melt as an incompressible shear-thinning fluid. By utilizing
the shear-slip mesh update method we resolve the screw’s and barrel’s relative motion on boundary-
conforming grids. Since the success of this black-box optimization approach is largely reliant on a small
number of optimization parameters, our current work is focused on new ideas to parameterize
extruder screws in a flexible yet efficient way. We discuss techniques based on global NURBS
representation of the geometry — as previously used in die design — and contrast those with new ideas
developed for the extruder optimization. Limitations inherent in the new approach are outlined, as
well as its ability to exploit parallelization in an HPC environment. This work covers two aspects: (1) We
review the application of the developed optimization framework to the shape optimization of
extrusion dies, and”we detail the extension of the framework towards the optimization of mixing
elements in single-screw extruders. Special focus is put on suitable geometry parameterizations
reflecting the assumed limitation on the number of optimization parameters.
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Abstract: The present-day compressors development is a labor-intensive problem, because
compressor structure should meet different requirements to the design characteristics (aerodynamic,
strength, weight, design constraints, processing limits etc.). In order to make this task easier, it’s
reasonable to find optimal combination of compressor design parameters using the mathematical
optimization resources. The optimization problem formulation is very important in optimization. The
optimization problem formulation includes development of parameterized grid-model,
parameterization scheme and designers’ decision about which parameters and what number of
parameters they should vary. In this paper the multi-criteria and multidisciplinary optimization of the
rotor and stator blades of the experimental compressor stage NASA Rotor 37 is carried out. For the
optimization the unified parameterized multidisciplinary 3D model was used. This model includes the
air-gas channel of the compressor stage and the finite element model of the rotor blade. This
approach allows the consideration of different requirements for the aerodynamic, strength, and mass
characteristics within one coupled optimization problem in unified computational space. The goal of
this work is the analysis of different blade parameterization schemes and determination of optimum
number of variable parameters for compressor stage aerodynamic characteristics improvement with
respect to rotor blade static and dynamic strength. As an optimization criterions compressor stage
efficiency and the blade mass minimization were used. Aerodynamic limits are: flow rate and pressure
ratio values should not exceed base values more than +0.5%. A static and dynamic strength limits are:
maximum stress level should not exceed base level (the original design stress level) and the relative
distance between the four natural frequencies and the nearest harmonics should not be less than 20%.
In order to research an effect of the number of variables to the optimization results, the four
parameterized models were created. The optimization of the NASA Rotor 37 was carried out using all
created parametric models. The models are characterized by number of variables, which describe the
blade pressure and suction sides. As a result of optimization the NASA Rotor 37 version was found,
which provide the efficiency increasing by approximately 2% and the blade centrifugal load decreasing
by approximately 9%, while all aerodynamic and strength requirements are satisfied. It was also found,
that increasing of the blade profile number of variables more than 7 is not rational.
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Abstract: In this paper we consider a model for density-based topology optimization of stationary heat
transfer problems in 3D structures with periodic design, subjected to design-dependent internal
convection. The internal convection discussed in the paper takes place at the interface between a solid
material and a cooling fluid flowing in internal channels through the design domain. The periodic
design calls for use of periodic boundary conditions (BC). In addition to the periodic BC, there are given
BC of prescribed temperature and convection. The objective is to minimize the maximum temperature,
which is approximated by means of an SL_pS-norm. A continuous formulation of the state and
optimization problem is derived and discretized by the finite element method. The internal convection
is modelled to be proportional to the design variable gradient in the continuous problem. In discrete
form, it is approximated as proportional to the difference in design densities of two adjacent elements
in the finite element mesh. Additionally, the design is considered to be a 2D design, extruded in 3D.
This is achieved through a filtering process, which means that the number of design variables are
reduced to the number of elements in one plane of the structure. The resulting optimization problem
is solved using gradient-based methods. The problem is illustrated through some numerical examples
on geometries related to gas turbine applications, where we show the basic behaviour and
characteristics of the model. In addition, we investigate different parameter settings, such as the
exponent in the SL_pS-norm.
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Abstract: The goal of this work is to present a new set of computational procedures for stress-
constrained continuum topology optimization. The formulation exploits the link between strictly
enforced length scale and stress concentration in solid bodies. The connection allows for automatic
control of the maximum value of the von Mises stress by the length scale parameters. The
reformulated optimization process does not require more than a single constraint, and standard
optimality criteria algorithm can drive the actual solution. From a computational perspective, the
proposed procedures offer a significant simplification compared to common approaches to stress
constraints. Essentially, stress-constrained topology optimization is reduced to a minimum compliance
problem with the additional treatment of the length scale.
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Abstract: For components which are critical for safety, it is desirable that the structure is tolerant to
partial damage, i.e. that multiple, redundant load paths exist and the structure is fail-safe. A method to
embed a fail-safe requirement in topology optimization using the SIMP approach has first been
proposed by Jansen et al. [Struct Multidisc Optim, 2013]. Their approach consists of removing single
isolated patches from the design domain. However, the number of patches to consider is very high in
order to make sure that all possible damage scenarios are covered. Since for each patch the
equilibrium system is solved, the number of patches drives the computational cost and makes the
approach unfeasible for practical applications. Zhou and Fleury [Struct Multidisc Optim, 2016]
suggested to only consider a subset of all possible damage patches arranged such, that a minimal
hideout volume for the possible damage is achieved. Still, a regular grid of the damage patches is used
and only the denseness of the spatial distribution of the patches is reduced. In order to achieve a
further reduction of damage cases, two strategies can be pursued: Either an Active-Set strategy which
only considers the most critical patches out of the full set of patches according to a certain criterion, or
an adaptive placement of damage patches. In the current contribution, two approaches that follow
these strategies are implemented and compared to existing approaches. The first approach is referred
to as threshold method. It consists of reducing the number of patches simply by considering only
patches with densities above a certain threshold. The computational effort especially at the beginning
of the simulation can be significantly reduced. For the overall simulation the effort could be reduced
by about 50%, without sacrificing performance of the final design. The second approach makes use of
the fact, that following the approach of Jansen et al. the maximum compliance of all damage scenarios
is minimized. Therefore the optimization is driven by the worst-case scenarios and the influence of the
non-critical patches is close to zero, and hence, they need not to be considered. This motivates the
method of an adaptive placement of worst-case patches. The optimization task is modified to a nested
optimization, where the location and shape of the most critical patches is determined and the
compliance is only determined for these worst-case patches.
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Abstract: For many applications numerical simulations are available in a varying degree of fidelity and
computational expense. On the one hand, in an accurate and time-consuming high-fidelity (HiFi)
version, that is used as a reference for design and optimization, and on the other hand, in a low-fidelity
(LoFi) version that is faster but less accurate. In the field of computational fluid dynamics (CFD), for
example the flow simulation of turbine airfoils, an accurate 3D solver accounts for the HiFi model and
a faster 2D solver for the LoFi model, where the 2D simulations are performed on multiple radially
stacked airfoil sections (quasi 3D). Assuming the LoFi model captures the basic effects reasonably well,
a great quantity of inexpensive LoFi data may be coupled with a small amount of expensive HiFi data
to enhance the accuracy of a surrogate model in comparison to a surrogate model that relies solely on
the HiFi data. Used in a surrogate based optimization these multi-fidelity surrogate models can be
used to speed up the optimization. Conventional multi-fidelity surrogate models approximate the HiFi
objective function by aligning the low-fidelity predictions to the high-fidelity results. This is commonly
achieved by interpolating the error between both fidelity models, e.g. in form of a kriging based
interpolation. The design space variables are the independent variables of this interpolation. In this
paper a different approach is presented. Instead of using the design space variables directly, LoFi
coordinates in a low-dimensional subspace are used for the interpolation of the HiFi objective values.
The low-dimensional subspace representation is obtained by Proper Orthogonal Decomposition (POD)
of the LoFi computational domain to identify the most important modes of variation. In comparison to
a kriging surface based on design space variables, the advantages are a lower-dimensional kriging
model and a simpler, i.e. smoother, response surface. The multi-fidelity surrogate models are applied
to predicting aerodynamic performance of a second stage gas turbine vane. Comparing the surrogate
prediction to the actual objective value from the HiFi model, the multi-fidelity models are found to be
more accurate than a single-fidelity kriging model. Based on these surrogates multi-fidelity
optimizations are carried out utilizing a kriging based Expected Improvement strategy. Especially the
POD based method shows a fast convergence and outperforms a single-fidelity optimization.
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Abstract: Optical cavities have unique properties by confining light in a wavelength-size volume with
very small loss. They exhibit high quality factor (Q) and small mode volume (V). This makes them
promising building blocks for future integrated photonic circuits [1]. Previously, several studies were
presented to design optical cavities based on photonic crystal platform to increase the Q factor while
decreasing the modal volume (V), i.e. to enhance the Purcell factor, which is proportional to Q/V. Most
of the studies focused on shape optimization of photonic crystal cavities using geometrical
perturbations. The Purcell factor was enhanced by trial-and-error approaches through extensive
simulations by changing locations or radii of air holes in photonic crystals [2]. More recently, an
optimization formulation was presented to design optical cavities with enhanced Purcell factor using
topology optimization. However, the optimized cavities presented in [3] were hardly manufacturable
due to lack of length scale. In this study, we employ the optimization formulation presented in Ref [3]
to design optical cavities with enhanced Purcell factor. The optimization problem is formulated to
maximize a frequency-averaged local density of state (LDOS) [3]. To ensure manufacturability, length-
scale and design robustness, the robust formulation presented in [4] is employed by considering
different design realizations simulating manufacturing errors. The optimization problem for designing
manufacturable optical cavities is recast to maximize the minimum LDOS among the different design
realizations considered. Both 2D and 3D slab cavities with different sizes will be systematically
designed. Based on the optimized cavities, influence of cavity size on the cavity performance will be
further investigated.
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Abstract: Smart and distributed energy micro-production is the new pattern for the electric energy
supply, joining high service level and sustainability issues. Within such a context, the renewables, i.e.
solar photovoltaic (PV), micro-wind, etc., play an increasing role as part of the source mix because of
their capillary presence and the decrease of the required initial technology investments. On the
contrary, the renewable intermittence is the key weakness to overcome to make a turning point to
their final spread. To this purpose, hybrid energy systems join the plus of having renewable modules to
the plus of having backup traditional units activated in the case of lack of energy. This study presents
and applies to an Italian rural context a linear programming model to best design and manage a local
off-grid renewable smart energy system. The power system may include PV and micro-wind
technologies together with a battery bank and diesel generator as the backup system. Starting from
the expected average load profile, the environmental conditions and the technical features of the
energy modules, the model selects the most suitable energy sources, optimizes the power rates of
each unit and manages the energy flows within the system. The final goal to achieve is to minimize the
levelized cost of the produced electricity (LCOE) making such a system competitive respect to fully
fossil fuel based energy systems. The aforementioned case study exemplifies the model application
focusing on a remote scientific center requiring electric energy for its daily research activities. The area
where the center is located is badly connected to the national grid and, actually, a fossil fuel generator
is used, only, to provide electricity. An as-is vs. to-be differential analysis assesses the effect of
introducing a dedicated renewable smart energy system finding its economic feasibility over a 15 year
lifetime. Evidences show the convenience of exploiting the solar source, while little convenience is for
micro-wind installation because of low available wind power and the increasing system complexity.
Globally, the LCOE is close to 0.14 €/kWh making competitive the hybrid energy solution, close to the
evident environmental benefit.
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Abstract: For effective product disassembly and recovery in the stage of product retirement, the
problem of recycle disassembly design should be considered at the early stage of product
development. This paper proposes a bilevel joint optimization model for the leader-follower decision-
making of product family architecture and disassembly co-design by a Stackelberg game. The upper-
level architecture design aims to optimization the product family modular architecture for maximizing
the customer utility per cost, in which the total product cost includes design costs and disassembly
costs. The lower-level disassembly design seeks for the optimal selection of disassembly scheme with
the objective of maximizing the total cost utility, in which the disassembly cost includes the direct cost
and indirect cost derived by environment and risk factors. The nested genetic algorithm with coding
strategy is developed for this 0-1 nonlinear bilevel programming model with engineering background.
A case study of automatic dishwasher product family architecting is presented to demonstrate the
feasibility and potential of our proposed model and algorithm.
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Abstract: Traditional density-based and level set methods for topology optimization render very
efficient, organic designs. These designs, however, are often difficult to fabricate with available
manufacturing processes. The geometry projection method recently advanced by our group
accommodates a specific but common fabrication technique, namely assembly of stock material such
as bars and plates. This method maps parameterized geometric primitives onto a fixed finite element
mesh for the primal and sensitivity analyses, and renders optimal topologies that distinctly consist of
these primitives. Since the ensuing optimal designs more closely resemble the final fabricated
structure, this approach leads to significant savings in resources otherwise spent in translating an
organic topology into a manufacturable concept. Moreover, the resulting designs are more structurally
efficient than the translated organic designs. In addition to these advantages, the availability of a
parametric primitives provides a direct computer aided design (CAD) representation. Practical
structures made of stock material typically exhibit a low volume fraction with respect to the volume of
the design region they occupy. The geometry projection requires that the element size is such that
there is more than one element across the thinnest dimension of the primitive for accuracy and
robustness of the sensitivity analysis. If a uniform element size mesh is used, this requirement leads to
very high numbers of elements for practical applications (e.g., welded plate structures), making the
cost of the optimization impractical. A strategy to alleviate this computational cost is to use adaptive
mesh refinement. A fine mesh that satisfies the element size requirements of the geometry projection
is only needed within a vicinity of the boundaries of the geometric components. Elsewhere, we can
employ a much coarser mesh. In our method, for every design produced by the optimizer, we perform
adaptive refinement and coarsening of the mesh using the projected density as a refinement indicator.
We use quadrilateral and hexahedral elements in 2-D and 3-D respectively, and the refinement
strategy consists of iterative subdivision/combination of elements, which results in hanging nodes.
Through numerical examples, we demonstrate the effectiveness of the proposed method and show
that, when used in conjunction with efficient geometric multigrid preconditioners, the proposed
strategy drastically increases the efficiency of the optimization for industry-size problems.
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Abstract: The optimal control of pressure is critical for the management of water distribution networks
(WDNSs). In fact, significant leakage reductions can be realised by continuously operating pressure
control valves to maintain average zone pressure (AZP), under stochastic changes in demand, close to
a minimum level defined by regulations [1]. This work investigates the problem of optimal placement
of control valves in WDNs, where the objective is to minimise AZP. The problem formulation results in
a nonconvex mixed integer nonlinear program (MINLP). Due to its complex mathematical structure, in
previous literature, this nonconvex MINLP has been solved by heuristics [2] or local optimisation
methods [3]. However, such approaches do not provide theoretical guarantee on the global optimality
of the computed valve configurations. Here, we implement a branch and bound method to obtain
certified bounds on the optimality gap of the solutions. The algorithm generates a sequence of lower
and upper bounds to the optimal value. The lower bounds are computed solving mixed integer linear
programs whose formulations include linear relaxations of the nonconvex constraints. Such polyhedral
relaxations are defined by extending the derivation in [4] to the nonconvex terms considered here. In
addition, a tailored domain reduction procedure is implemented to tighten the relaxations. The
developed methods are numerically evaluated using case studies, including an operational WDN from
the UK. The branch and bound algorithm converged to good quality feasible solutions in all instances,
with bounds on the optimality gap comparable to the level of uncertainty usually experienced in water
network models. Future work should investigate the inclusion of valid linear inequalities within the
formulation of the relaxed MILPs, to further reduce the optimality bounds.
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Abstract: As one of the main renewable energy sources, wind energy has gained an important role in
the generation of sustainable energy. For this reason, the aim to achieve a high degree of utilization as
well as the aim to enhance the durability of wind turbines became vital research topics. Therefore, the
ability to identify structural damage and consequently prevent component failure is a signifi-cant tool
of interest in relation to flexible service intervals and condition-based maintenance of wind turbines.
As rotor blades are related to about twenty percent of the overall costs of a wind turbine, monitoring
their condition is of high interest for the reduction of operation and mainte-nance costs. Thus, the
focus of this contribution is on the detection, localization and quantification of structural damage of
wind turbine blades. There has been a development of many different non-destructive damage
localization techniques over the past decades, whereby vibration-based damage localization
techniques have successfully been used to monitor wind turbine blades. Vibration-based methods
assume that damage-induced variations in the structural properties, namely mass, stiffness and
damping, cause detectable changes in the structural behavior. In the presented work, a reference
model of a parameterized offshore rotor blade is created. In order to predict damages in this reference
model, the stiffness of certain cross sections is reduced. The simulation of the corresponding structural
behavior creates a data set, representing the measured response of a damaged state. To detect, locate
and quantify these changes, the structural properties of the reference model are adapted to the
‘measured’ response by comparing modal parameters. Then, cross sections with varied properties
indicate the area where damage has occurred. To analyze the considered model updating procedure,
different sets of sensor positions and different numbers of design variables are compared utilizing
various optimization algorithms.
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Abstract: Fatigue is responsible for almost 80% of the overall breakages in mechanical components.
Such a failure phenomenon must be prevented as soon as the early stage of design. Since the seminal
works by Augut Wohler, the literature counts various methods able to prevent fatigue failure. In the
automotive industry, the components undergo a high number of cycles leading to consider the
stresses as variables into the fatigue criteria. Topology optimization has become a valuable tool used
to propose preliminary designs as attested by several commercial software on the market. Combining
fatigue design with a stress-based topology optimization procedure is therefore natural. In this work,
the coupling of the Dang Van criterion within a topology optimization code is investigated to provide
fatigue resistant layouts. The choice of the Dang Van criterion is encouraged by its wide usage in the
automotive industry . The former is based on the concept of critical plane in the vicinity of which
plastic yielding occurs. With the hypothesis of reaching the elastic shakedown state, the criterion
establishes that crack initiation is prevented if the microscopic stress state remains below a prescribed
threshold. Following the framework proposed by Dang Van, the fatigue failure procedure is introduced
into a density-based topology optimization code embedding stress constraints. The first step of the
procedure is to construct the microscopic stress using a regular finite element analysis and evaluate a
damage value in the sense of Dang Van. A sub-optimization routine is necessary to solve a min-max
problem in order to find the residual stress tensor to construct the microscopic stresses. This sub-
optimization might be time consuming and must be dealt with care. In a second step, this work shows
how the fatigue resistance procedure is implemented into a density-based topology optimization using
stress constraints and in particular how the sensitivity analysis is performed using the adjoint
approach. The optimization process is carried out with the Method of Moving Assymptotes along the
gp-relaxation to overcome the singularity phenomenon of the stress constraints. The proposed
optimization framework is evaluated in terms of its numerical performances and is compared to
classical results obtained by a regular stress-based topology optimization on several benchmarks.
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Abstract: Topology optimization problems aims at the minimization of an objective function while
satisfying various constraints. This objective function has been based on “compliance formulation”
since Bendsge and Kikuchi (1988) as it provides solutions where the displacements are globally
controlled. However, this formulation doesn’t take into account special needs over local displacements
or even relative displacements such as the misalignment between two gears. This point is of
paramount importance to achieve the best efficiency. Although critical, this domain is especially
challenging as very few contributions exist on the subject. Coupling topology optimization with the
misalignment minimization can provide promising results once chosen the right formulation. The
misalighment can be expressed in various ways. In this work a small amount of formulations were
tested on a simple case study composed of two axes to be align. This allowed us to choose a promising
expression for the misalignment and furthermore to investigate its efficiency on a 2D problem. The
former consists of a box clamped on both sides where a load is applied in its center. The objective is to
minimize the misalighment between two horizontal bars located at the middle of each clamped edges.
This optimization problem was implemented in our in-house MATLAB code. Different issues were
already highlighted during this simple test. The first one was an unclear optimized material distribution
as well as a non-converged solution. This typical result of topology optimization has been investigated
throughout the years and interesting methods were developed to tackle this issue. For our case study
we have chosen to impose a constraint on the measure of discreteness in our optimization formulation
to impose a more black-and-white solution with actual engineering meaning. The second issue was a
disconnection of the structure coming from an ill-posed optimization formulation as only local
constraints are taken into account and no global performance of the problem is required. This issue is
furthermore emphasized by imposing a constraint on the measure of discreteness. Thusly a natural
way to deal with it is to introduce a constraint on the global compliance of the solution. According to
our tests we obtained interesting and engineering meaningful solutions on a 2D case. Our formulation
of misalignment and our side constraints were furthermore also tested on a 3D torsion problem.
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Abstract: Proton-Exchange Membrane Fuel Cells (PEMFC) are systems that directly convert chemicals
into electricity by means of an electro-chemical reaction between hydrogen and oxygen. Following the
concerns related to climate change and the search for cleaner, safer and more efficient power sources,
Hydrogen PEMFC looks like a promising option. Indeed, PEMFC have the silent operation, high
reliability, low working temperature and they only produce water as waste. Nevertheless, to rival the
Internal Combustion Engine (ICE), PEMFC shall decrease their manufacturing cost, increase their
lifetime and their efficiency as well as improve the thermal management. To achieve such revolution,
Topology Optimization techniques are used to propose innovative designs of the gas channel network
of bipolar plates made by steel forming. This work defines the channel network layout of a Fuel Cell
using Fluid Flow Topology Optimization (FFTO) subject to design constraints. To achieve this goal, a
simulation environment has been developed to couple OpenFOAM (to simulate the fluid flow) with
Optimization Algorithms. The mathematical framework considers the simulation of the flow using the
Stokes equations in steady-state condition. These equations combined with Darcy’s law by means of
the Brinkman penalization results in a density-based method which is used to perform the topology
optimization. The state equations are completed with the continuity equation and a constraint on the
volume. We present two different results: first, a minimization problem of the dissipated power
subject to a volume constraint is performed in order to validate the coupling between OpenFOAM and
the Optimization Algorithms in 2D applications. This part aims at comparing the results with the vastly
available literature, following the version of the objective function proposed in [1]. The second part
considers the implementation of manufacturing constraints into the previously solved optimization
problem such as minimum gap and maximum size, which will help us to better reflect the practical and
industrial applications that can be obtained with the proposed method [2].
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Abstract: A vast amount of the methods that address local design requirements introduce a wide set
of constraints within the optimization problem. This local formulation calls for the use of aggregation
functions in order to avoid the computational burden on the optimizer. This step of collecting the
constraints within a few representative ones seems as a simple implementation detail coming at the
final stage of the formulation. Therefore it is often neglected in the discussion. However if this
aggregation step is not well treated the success of the whole method may be compromised, and in
many cases the simplest part of the constraint becomes time-consuming or even, the hardest point of
the formulation. Aggregation functions are built to be smooth and differentiable approximations of the
max function. In addition their sensitivity information should be smooth in order to be used in efficient
continuous optimization algorithms. They have also to catch accurately the most critical constraints to
mimic the locally constrained problem. The classical application is in the field of stress constraints,
where a large amount of contributions have been made on the subject. Most of the research
contributes with new aggregation techniques, which are adapted to the context of topology
optimization with stress constraints. However, to tailor high quality global manufacturing constraints,
we need to make further progress in the understanding of the aggregation functions when used in the
topology optimization. To this end, we perform a deep theoretical investigation and a quantitative
numerical assessment of the behavior of these functions when being used in different formulations of
manufacturing and mechanical constraints. Specifically, we focus the study on p-mean and p—norm
functions within the framework of density methods. We include in the analysis methods to introduce:
i) maximum size control, ii) minimum gap between solid members, iii) minimum size, iii) overhang
control for additive manufacturing and iv) stress constraints. Some important observations obtained
from this study are: p-norm depends on the amount of data that is being aggregated, making it more
unstable under mesh refinement. On the other hand, p-mean is less dependent on mesh modifications
but it is likely to produce results that do not satisfy every local constraint. In addition, by looking at the
sensitivities it is possible to have an insight of the nonlinearity of a method, which could be used as a
criterion to know whether it is necessary or not to alter the aggregation function.
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Abstract: Transient topology optimization is known to be computationally expensive and thus less
attractive than its steady state counterparts. A large portion of the execution time is spent on the
transient analysis, including both the time integration of the governing finite element equations and
the additional terminal value problem, which is required by the sensitivity analysis using the adjoint
method. This work develops a methodology for reducing the computational effort through the usage
of dynamic substructuring methods. For achieving this, a component mode synthesis, namely the
Craig-Bampton method, is applied to reduce the degrees of freedom of the system. The reduced
system gained by the substructuring is utilized both for the computation of the state vectors and the
sensitivities. The main idea of the substructuring method is to decompose the design domain into a
number of substructures, or components, and hence avoiding a global assembly. The system matrices
of these substructures are reduced in size, by describing the dynamic behaviour of the internal degrees
of freedoms both by their static response subject to a unit displacement of each degree of freedom on
the boundary to the other substructures, and a number of vibrational modes with fixed boundary.
Then, the reduced system matrices are assembled from the reduced substructure matrices, whereby
the system can be reduced by orders of magnitude compared to the original and global system, and
the same is true for the computational expense of the transient analysis. But this comes with the cost
of computing a set of reduction bases in every iteration of the optimization. Furthermore, the reduced
system only represents an approximation of the full system, and hence there will be an error, when
the substructuring is applied. This deviation from the full system is well understood when it comes to
the state vectors. But this work will also perform a study on the consistency of the sensitivities by
taking the dependency of the reduction bases on the design variable into account when formulating
the expression for the sensitivities. This topic has not gotten any attention in the literature so far.
Results show that using dynamic substructuring methods, the computational effort can be reduced
significantly, while at the same time achieving similar results in terms of the optimized density
distribution to the ones from the optimization bases on the full system.
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Abstract: The use of aeroelastically scaled flying demonstrators is a means of experimentally testing
new aircraft concepts while reducing the risks (both economical and operational) of developing,
building and testing a full scale aircraft. Traditional aeroelastic scaling of flying models assumes either
that flow similarity exists between the two aircraft, or that the difference in the flow conditions has
negligible effects. By using this hypothesis, the similarity in the static deflection is achieved by
matching the stiffness of the wing while preserving the aerodynamic shape of the wing. However, if
this difference is not negligible, the similarity of the static deflection cannot be achieved, in general,
only by matching the stiffness, as the pressure distribution changes with the flow conditions. This can
be the case, for example, of an airliner flying around Mach 0.85 and its equivalent scaled model flying
at a clearly subsonic regime. In this paper, we will focus on the static aeroelastic scaling despite non-
negligible differences in the flow compressibility (i.e., Mach number). We will present an approach
based on aerostructural analysis and optimization to design both the structure of the wing and its
aerodynamic shape to match the static deflection between two aircraft flying at different Mach
numbers. The optimization problem consists in minimizing the static deflection of the wing with
respect to the structure thicknesses, the wing chord, and the wing twist at several sections along the
span. To test this methodology, we will use NASA’s CRM wing model flying at Mach 0.85 as the
reference aircraft. For that purpose, we use an aeroelastic coupling between a structural solver (an
open-source version of Nastran95) and a 3D panel method including compressibility corrections
(Panair). All the multidisciplinary analysis and optimizations are assembled using the OpenMDAO
framework.
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Abstract: Flow batteries are a promising technology for large scale energy storage and load balancing
from intermittent power sources, but their viability hinges on our ability to attain high-power outputs
while minimizing costs and meeting performance constraints. Effective engineering of these systems is
further complicated both by limitations on the control of the electrochemical cell component
morphologies across scales and accurate modeling of the multiple, simultaneous physical processes. At
Lawrence Livermore National Lab, we have pioneered a potential solution to this problem using
additive manufacturing techniques which enable hierarchical structures controlled from the sub-
micron through the centimeter length scales. Yet, even with this expanded design space, the
complexity and tight coupling of the underlying physical processes remains as an obstacle to effective
design: Apparently obvious choices can nevertheless lead to an unexpected adverse performance
impact. To address this challenge, we present an automatic design methodology to optimize the
electrode topology over precisely defined performance criteria. We combine forward physics solvers
for the full, multidisciplinary electrochemical problem, including fluid flow, electrochemistry and mass
transfer, with adjoint solvers to determine topological sensitivities. Our algorithms compute optimal
electrochemical cell geometries which are then physically created using additive manufacturing
techniques and post-processed to create carbon electrodes. Our work provides a systematic path
toward rational design of cost-effective, high-power flow batteries.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1175

ON THE POTENTIAL AND CHALLENGES OF NEURAL STYLE TRANSFER FOR THREE-DIMENSIONAL
SHAPE DATA

Timo Friedrich, Nikola Aulig, Stefan Menzel

Honda Research Institute Europe, Germany
timo.friedrich@honda-ri.de, nikola.aulig@honda-ri.de, stefan.menzel@honda-ri.de

Keywords: Style Transfer,Deep Learning,Shape Representations

Abstract: In the field of two-dimensional image and video processing, convolutional neural networks
have been successfully applied to generate novel images by composing content and style of two
different sources, a process called artistic or neural style transfer. However a usage of these methods
for three-dimensional objects is not straightforward due to the unstructured mesh representations of
typical shape data. Hence efficient geometry representations are required to use neural network
based style transfer concepts for three-dimensional shapes and to enable the fast creation of style
options for instance in a product ideation process. In this paper an overview of current state-of-the-art
shape representations is presented with respect to their applicability of neural style transfer on three-
dimensional shape data. Combinations of three-dimensional geometric representations with deep
neural network architectures are evaluated towards their capability to store and reproduce content
and style information based on previously proposed reconstruction tests.
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Abstract: The need for improved performance of small acoustic devices such as hearing aids and
smartphones is ever increasing. As the devices become smaller they are becoming subject to more
complex signals while experiencing strong transient coupling between acoustic pressure and structural
vibrations. Transient finite element simulations and topology optimization are the essential elements
to improve and meet future demands of coupled acoustic-mechanical systems. The aim of this work is
to demonstrate the possibilities of applying transient topology optimization to acoustic-mechanical
interaction problems. Topology optimization is an iterative procedure which optimizes material
distribution in a design domain while minimizing an objective function. Usually, frequency domain
analysis is considered the current state-of-the-art for the optimization of vibro-acoustic problems.
However, this approach causes issues especially when large-scale models are considered, due to the
indefiniteness of the resulting linear systems. Employing transient analysis for the modeling and
optimization is a promising alternative to overcome these issues. In this work, mixed Finite Element
Method is utilized for the modeling of the coupled acoustic-structural system which is particularly
suited for topology optimization since standard design parametrization can be utilized to interpolate
between acoustics and structural mediums. Transient optimization of acoustic-mechanical interaction
problems allows us the design efficient structures where acoustic pressure signals are tailored as a
result of the optimization. Several optimization cases are presented which demonstrates the
advantages of transient optimization including acoustic pulse envelope shaping using the Hilbert
transform.
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Abstract: In structural design, some issues relevant to a manufacturing process, a functional design, or
purely aesthetic conditions may require a proper control of the allowable member sizes of structures.
A maximum length scale may be introduced as manufacturing constraint to avoid overheating in the
bulk of a 3D printed part. Conversely, imposing minimum length scale limits impracticable small details
and prevents also numerical issues related to checkerboard patterns and mesh dependency. Suitable
formulations of these conditions must be provided in order to define a well posed topology
optimization problem. In the SIEMENS topology optimization tools (Samcef Topol, NX Nastran SOL
200), several manufacturing constraints have been implemented (symmetry, casting, extrusion, etc).
Among them, the enforcement of a minimum length scale is available, based on filtering techniques.
With the aim to provide additional control of the maximum allowed thickness of a structure, dedicated
formal constraints have been proposed in the literature [1]. This scheme limits dependency on
parameters with regard to other alternatives (e.g. using penalization). Imposing a maximum fraction of
material in the neighborhood of each point of the structure, this approach results in as much
additional constraints as local controls provided. In the context of FE density-based topology
optimization, each element may be subject to maximum length scale control, for which as many
sensitivities as design variables are involved. This leads to a computational burden for the optimizer
which becomes unbearable in industrial applications. Combining several strategies to improve
performance of the local approach (i.e. active set strategy, continuation method), this work achieved
the industrialization of the method. Thanks to agglomeration techniques classically used for stress
constraints, local constraints are condensed into a single one. Furthermore, in line with [2] modifying
the neighborhoods used for local constraint computation, a strategy is proposed to enforce the
maximum length scale with accuracy. Finally, dedicated treatments of the elements located near the
boundaries of the design domain and with non-optimizable elements are introduced, providing a
robust control of the maximum length scale everywhere in the design space. Performance, accuracy
and robustness of the resulting approach are validated on industrial applications.

References
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Abstract: Many acoustic devices such as hearing aids and loudspeakers exhibit strong interaction
between mechanical vibrations and acoustic pressure due to high internal pressure levels coupled with
lightweight flexible materials. Density-based topology optimization using the mixed formulation has
been proposed to design such coupled systems and has been successfully applied to 2D systems [1].
However, high computational costs make an extension of the approach to realistic complex 3D
geometries challenging. The level-set approach with body-fitted meshes and design updates based on
the Hamilton-Jacobi equation has also been employed to the coupled mechanical-acoustic
optimization problem [2], but suffers also from high computational costs due to re-meshing in each
design iteration. Recently, a BESO approach combined with heuristic sensitivity analysis has appeared
also [3] but the heuristics make the approach unsuitable for system exhibiting strong coupling. The
present work employs the level set design parametrization with the geometry of the interface
between the vibrating solid and the acoustic region described via the zero contour of an explicit level
set function. The immersed boundary method is used to capture the geometry on a fixed and un-fitted
mesh using the cutFEM method [4]. The level-set values are explicitly used as design variables allowing
the use of efficient math programming tools facilitating the development of a computationally
efficient framework for optimizing strongly-coupled mechanical acoustic interaction problems. The
developed framework is demonstrated with optimization examples where the minimization of acoustic
pressure in certain objective domain is considered.
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Abstract: Tube-fin heat exchangers (HXs) are widely used in air-conditioning and heat pump
applications. The performance of these heat exchangers is strongly influenced by the refrigerant
circuitry, i.e. the refrigerant flow path along the different tubes in the HX core. For a given number of
tubes, the number of possible circuitries is exponentially large, and the traditional optimization
algorithms cannot be used to optimize the circuitry for a given application. One of the challenges is
that the thermodynamically feasible design space is a very small fraction of the total design space.
Researchers have previously used Genetic Algorithms (GA) coupled with some variation of symbolic
learning to solve this problem, but there is no guarantee that the resulting circuitry can be
manufactured in a cost-effective manner. In this paper, we present an integer permutation based
Genetic Algorithm (IPGA) for solving the circuitry optimization problem. A finite volume heat
exchanger simulation tool is used to simulate the performance of different circuitries generated by the
optimizer. A novel approach is developed to represent heat exchanger circuitry as a chromosome in
the genetic algorithm. Six genetic operators are designed to operate on these chromosomes. A hybrid
population initialization scheme is developed to speed up the efficiency of optimization by increasing
feasibility of initial population. This population initialization scheme generates individuals from three
sources, which are predefined circuitry generator, Latin Hypercube sampling and optimization of sub-
problems with the goal of attaining short adjoining tubes (i.e. U-bends). Furthermore, the
manufacturability aspect is handled using a constraint-dominated sorting in the fitness assignment
stage of GA. An exhaustive search verification using a small heat exchanger indicates that IPGA is
capable of finding optimal or near-optimal refrigerant circuitry designs with relatively low
computational cost. The constraint handling technique can effectively improve the manufacturability
of the optimal circuitries. The analyses of several test heat exchanger designs show that IPGA can
obtain a 2.3-14.6% increase in heat exchange capacity compared with the manually designed counter-
flow circuitry. A comparison with other circuitry optimization methods from the literature is also
conducted and it is shown that the proposed IPGA approach can find designs which are better in terms
of performance and manufacturability than those from the literature.
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Abstract: The major issue of different modern machines are heat dissipation and the implementation
of pulsating heat pipes (PHP) are one of the great promising solutions. Besides that, fluid diodes, which
are devices that allow the fluid flow preferentially in one direction without moving parts, have been
recently applied in PHP in the literature as good solution on improving thermal resistance and internal
fluid flow. Therefore, this work explores how the PHP design can be improved using topology
optimization focusing on the fluid diodes, avoiding project time consumption and creating new non-
intuitive geometries properly to the PHP. The implementation of the optimization uses interior point
optimizer and it is based on python language with FEniCS-Framework helping calculate the objective
function and Dolfin-Adjoint Framework estimating the respective gradients. The objective function is
the maximization of the heat exchange based on the fluid flow. The fluid material model used is based
on the Borrvall and Petterson (2012) approach which makes possible the continuity between solid and
fluid. The optimization problem is solved by using an interior point optimization algorithm (IPOPT).
Helmholtz equations are used to filter some results in order to control the minimum dimensions of
topology. 2D geometries are presented as a result showing the improvements related to the
traditional devices.
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Abstract: Direct ink writing of silicone elastomers enables printing with precise control of porosity and
mechanical properties of ordered cellular solids, suitable for shock absorption and stress mitigation
applications. With the ability to manipulate structure and feedstock stiffness, the design space
becomes challenging to parse to obtain a solution for a desired non-linear mechanical response. Here
we derive an analytical design approach a subset of architectures. Results from finite element
simulations and quasi-static mechanical tests of two different parallel strand architectures were
analyzed to understand the structure-property relationships under uniaxial compression. Combining
effective stiffness-density scaling with least squares optimization of the stress responses yielded
general response curves parameterized by resin modulus and strand spacing. An analytical expression
of these curves serves as a reduced order model, which, when optimized, provides a rapid design
capability for filament-based 3D printed structures. To demonstrate the capability, we present
computed optimal architecture designs that satisfy prescribed loading conditions and porosity
constraints along with mechanical characterization data to provide validation.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344. LLNL-ABS-747998
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Abstract: In many applications it is of interested to perform static finite element (FE) analyses on
unconstrained bodies, including airplanes, helicopters and satellites in flight. This is particularly the
case if topology optimization (TO) is to be used, since TO with time-dependent equations can be very
computationally expensive. However, since the body is unconstrained it need not be in static
equilibrium under the given loading, and therefore it is not a priori clear that a meaningful static
analysis can be performed. But if one assumes that the loading is time-independent and the rotational
part of the induced rigid body accelerations is small, then the inertial forces associated with such
accelerations can be calculated exactly and subtracted from the given loading, making the net force
and torque acting on the body equal zero. Neglecting vibrations, the body is now in static equilibrium;
the method whereby this was achieved is sometimes called the inertia relief method. The body is still
unconstrained however, so the equilibrium equation lacks a unique solution, since an arbitrary
(linearized) rigid body motion can be added to one solution to get another. A common way to handle
this problem of non-uniqueness is to impose constraints on the displacement (typically by prescribing
displacement components at FE nodes) which prevent rigid motions while leaving the deformation
unaltered. This method is simple but may have a significant negative impact on the conditioning of the
stiffness matrix. Another, less frequently seen, way to avoid non-uniqueness is to add a penalty term
to the equilibrium equation that forces any rigid motion to zero. The main drawback of this method is
that the resulting system matrix is dense. Fortunately however, the structure of the matrix is such that
matrix-vector products used by iterative linear solvers can be computed efficiently. In this work we
formulate the inertia relief method for unconstrained, linearly elastic structures in an infinite-
dimensional setting and use the model in topology optimization with the goal of maximizing stiffness.
Discretization is carried out using the FE method, and convergence of the approximation scheme is
shown. The optimization problem is posed in nested form and the FE equilibrium equation is solved
using a multi-grid preconditioned conjugate gradient method. Numerical examples illustrate the idea
and include comparisons of the above-mentioned methods for handling the singular stiffness matrix
and the effect of different material interpolation schemes.
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Abstract: Evolutionary optimization approaches such as genetic algorithms (GAs) are being used
increasingly in the optimization of water distribution networks. However, the size of the search or
solution space is highly dependent on the size of the network and number of commercially available
pipe diameters adopted. Consequently, the number of function evaluations or hydraulic simulations
required to identify optimal and/or near-optimal solutions can be extremely large. For real-world
networks with hundreds of pipes or more, the process can be extremely time-consuming as the GA
might require millions of computationally expensive function evaluations or hydraulic simulations. It is,
therefore, highly desirable to reduce the search or solution space in order to speed up the
optimization process. Hitherto, not much work with valuable results has been done on this aspect and
few publications present methods for reducing the GA search space. The new approach developed and
assessed was based on the importance of every path through the network, which is included in the
entropy function. Unlike the previous approaches in the literature, the method proposed does not
involve pre-processing and initializing or setting the reduced solution space of the diameters
beforehand. Instead, based on reliability and resilience considerations, the reduced solution space is
determined using maximum entropy principles. The new methodology proposed comprises two main
phases. In the first phase, the entire solution or search space is explored without restriction until a
feasible solution is identified. In the second phase, exploitation is intensified by updating the active
solution space in every generation. This is achieved by means of a reference solution that is updated in
every generation in the second phase. The reduced set of candidate diameters considered in each
generation in the second phase is defined relative to the reference solution. The algorithm has been
applied to an established benchmark network previously used in search space reduction studies.
Detailed comparisons of the Pareto-optimal fronts from the full and reduced solution spaces (RSS)
were carried out. Solutions obtained using RSS dominated and clearly outperformed the solutions
based on the full solution space by being less expensive for similar entropy values. Another significant
advantage of the proposed maximum entropy based RSS approach is that it limits the search space to
the areas that are very close to the boundaries between the feasible and infeasible regions.
Consistently good results were achieved in terms of the computational efficiency and quality of
solutions as a result.
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Abstract: This work aims at investigating the applicability of the level-set based thickness optimization
method, earlier proposed by the authors, to a realistic structure. The design has to have sufficient
stiffness and strength while the structural mass is minimized. The concerned composite structure is
subjected to multiple load cases. The proposed method guarantees the fulfillment of the design
guidelines, namely symmetry, covering ply, disorientation, percentage rule, balance, and contiguity of
the layup. The stiffeners divide a composite structure into several smaller panels. The
manufacturability of a resulting design is guaranteed as plies are continuous among adjacent panels
(the design is blended). The proposed method is successfully applied to the mass minimization
problem of the stiffened top and bottom skin of a wing torsion box. The structure, subject to two load
cases, is optimized where local buckling and allowable strain are the constraints of the problem.
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Abstract: Recent advances in additive manufacturing make possible the manufacture of mechanical
components that achieve enhanced performance by means of complex lattice microstructures. In
addition to weight reduction and increased stiffness, the lattice can be tailored to satisfy multiple
performance specifications, including some that demand multiphysics and multiscale analyses. Spatial
variations are no longer limited to simple periodic tilings of a single characteristic cell. Instead, the
spatial variation of the lattice, and even its topology, can be controlled to achieve enhanced
performance while remaining manufacturable through advanced additive manufacturing technologies.

IM

One application of these complex lattice patterns is as “infill” in 3D printed parts. Optionally, the part
may have a solid outside shell and solid internal walls, but internal cavities are occupied by a carefully
designed lattice infill. The scale of the lattice may be small when compared to the scale of the part
itself, even approaching scales that are more typical of a porous material. With recent advances in
additive manufacturing, it is possible to design the infill in detail and optimize its (geometric)
properties, even at small scales. In this work we investigate the effect of using different micro
geometries in (3D) mechanical parts constructed by additive manufacturing. We allow spatial
variations of parametric properties, lattice positioning and scaling, and lattice topology. The work
includes an investigation of the effective mechanical properties of different lattice micro geometries.
We use as our principal examples weight constrained problems involving stiffness maximization,
although the methodology can be adapted to other performance criteria.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1192

ON THE TREATMENT OF MULTIROW INTERFACE IN AERODYNAMIC TURBOMACHINERY ADJOINT
SOLVERS

Sim3o Rodrigues™, Andre Marta®

WIDMEC - Institute of Mechanical Engineering, Portugal
simao.rodrigues@tecnico.ulisboa.pt

@IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
andre.marta@tecnico.ulisboa.pt

Keywords: automatic differentiation,derivatives,gradient-based optimization,shape
optimization,operating conditions

Abstract: The currently available computational power and improvements of high-fidelity numerical
simulations have lead to an increased use of computational fluid dynamics (CFD) in the analysis of
turbomachinery flows, particularly in design environments. The optimization cases often contain up to
thousands of design variables and gradient-based (GB) optimization algorithms are typically selected
due to their efficiency. The adjoint method is key to efficiently compute the derivatives required by the
GB algorithms, with a computational cost nearly independent of the number of design variables. In this
paper we present the details of the development of an adjoint multirow interface based on the mixing-
plane treatment to extend an already existing adjoint solver using the ADjoint approach. The mixing-
plane treatment allows the steady simulation of multiple rows, taking their interaction between one
another into account and thus providing more realistic results. A stator/rotor turbine stage of a
commercial jet engine is analyzed and some representative sensitivity results are presented and
discussed.
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Abstract: Classically, a grillage structure can be viewed as a finite, planar system of beams under
bending that meet at joints. An alternative, continuous description revolves around a fibrous plate
with the fibers representing infinitely thin beams. The topic of optimum grillages in the latter setting
gained interest in the early ‘70s; numerous analytical solutions have been derived ever since.
Meanwhile, a far more popular theory of optimum frameworks called Michell trusses has been
extensively studied since the very beginning of the 20th century. An efficient method for discretizing
the Michell problem was developed in the ‘60s and it employed the so-called ground structure - a
dense, yet finite network of truss bars that interconnects a fixed grid of nodes. Then the design
variables are chosen as the cross-section areas constant per each bar which renders the optimization
problem as discrete at its root. Later, this problem, set either as plastic or elastic design, received a
thorough mathematical treatment and was reduced to a pair of mutually dual linear programming
problems: kinematic and equilibrium forms with, respectively, nodal displacements and with member
forces as variables. Hence, due to linearity, the truss optimization problem naturally admits a neat
matrix-vector formulation. Since the continuous grillage optimization problem mathematically lies in
close proximity to Michell problem, possibility of adopting the ground structure approach for
numerical optimization of grillages follows. This was done first in the early ‘90s combined with FEM for
elastic design problem, recently also for large scale plastic design problems. Although the methods
developed proved to produce satisfactory numerical grillage layouts, the discrete problem being
solved was in fact an approximated version of the true grillage-ground-structure optimization problem.
As opposed to truss problem, the optimum width distribution in a grillage may vary along the beams
and so may the bending moment function. Hence, reducing the problem to an exact, discrete (finite
dimensional) setting is not straightforward and is set as a goal of the present work. In this paper the
point of departure is a pair of mutually dual variational problems written for the grillage ground
structure: kinematic and equilibrium forms with, respectively, displacement and bending moment
functions as variables. The two infinite dimensional problems are then analytically reduced to the two
mutually dual discrete forms; the matrix-vector fashion known from truss optimization is preserved.
One of the key results is an appearance of the two dual norms defined on the plane.
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Abstract: A reliable material behaviour modelling is a key to obtain accurate results when using
numerical simulation in automotive industry. To reproduce the material properties, complex
constitutive models are required and consequently more parameters have to be identified. Usually,
the identification of constitutive model parameters is based in several performed mechanical tests
under different loading conditions, however some of the experiments are difficult to carry out and
evaluate. This paper presents an alternative approach using an inverse numerical analysis to obtain
and determine the parameters of constitutive models and to characterize the material fracture
behaviour. The inverse analysis methodology was implemented by programming and connecting a
script for the optimization algorithm with a script for the finite element model and having an iterative
procedure to find the best fitting parameter values that minimize an objective function defined for this
problem. The applicability of implemented inverse approach is evaluated and validated by comparing
the results obtained from finite element analysis with the experimental data, from tests with different
loading conditions.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1195

ANALYSIS AND OPTIMIZATION OF FORMABILITY TESTS FOR COMPOSITE SANDWICH METAL-
POLYMER MATERIALS

Sara Miranda™, Abel Santos®, Rui Amaral”, Luis Malheiro®

WINEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, Portugal
smiranda@inegi.up.pt, ramaral@inegi.up.pt

@FEUP, Portugal
abel@fe.up.pt

G)INAPAL Metal, SA, Portugal
Imalheiro@inapalmetal.pt

Keywords: Composite sandwich materials,formability tests,hole expansion,optimization.

Abstract: Lightweight design is a main objective, not only to aeronautical industry, but also nowadays
to automotive industry, due to the awareness of environmental problems, current and near-future
restrictions. This is the context for extensive research to developing and using lightweight materials,
such as the combination of metals with polymers, the so-called composite sandwich materials.
However, the combination of steel with other materials poses new challenges, due to their new or
different behaviour and non-homogeneity of deformation, needing also different approaches to
material characterization and formability analysis. One of these challenges is related with traditional
and standard sheet metal formability tests, which did perform well for homogeneous materials but
show not being adequate for composite materials. This work defines the problems faced with
formability tests, such as hole expansion, KWI and Fukui tests, when using composite sandwich
metal/polymer materials and identifies the fundamental geometrical and processing variables for each
test. A sensitivity analysis is performed for these variables by developing virtual tests and
corresponding finite element models, in order to optimize and find the adequate testing procedures
for this new kind of non-homogenous materials.
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Abstract: Recent work by Keshavarzzadeh, Meidani, and Tortorelli, and by Keshavarzzadeh, Fernandez,
and Tortorelli, illustrates the computational efficiency of polynomial chaos expansions in representing
uncertainty in stochastic topology optimization as compared to Monte Carlo approaches. In this
polynomial chaos approach, sparse quadrature methods are used to compute coefficients of a series
expansion in uncertainty space. However, in many cases, these same quadrature methods could be
used to compute objective functions and constraints directly, without passing through a polynomial
chaos expansion. We contrast the relative efficiency of these two approaches, tradeoffs, and
algorithmic specializations necessary to expose parallelism and improve performance while
maintaining numerical stability.
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Abstract: Panel methods have been the de facto tool for aerodynamic analysis in the conceptual and
preliminary design phases of aircraft for decades. The aerospace industry has relied on them, initially,
when computing resources were poor, as the only practical way of obtaining aerodynamic solutions of
arbitrary configurations, and lately, as a fast alternative to higher order CFD methods. Since panel
methods allow a 3-dimensional fluid flow to be solved on a 2-dimensional surface mesh, the
computation complexity of a problem is considerably reduced. Panel methods date back to the 1960s,
therefore, most currently available codebases carry a legacy with them in the form of old procedural
code that cannot be easily extended with extra functionality, strict use of structured meshes, user-
prescribed wakes for lifting surfaces, inflexible and outdated input file support and, in addition, they
tend to not make use of modern hardware technologies such as CPU vectorization and parallelism. In
this work, a 3-dimensional panel method using a free-wake model and unstructured meshes is
presented. The method utilizes constant source and doublet panels to define the geometry and vortex
sheets for wake representation. A half-edge data structure is implemented to efficiently represent
unstructured polygonal meshes. Support for several known mesh file formats is included and a flexible
input file format is used to allow the user to easily configure the solution process. This work
incorporates modern software development practices, such as unit testing and version control, with a
generic and object-oriented approach in a modern portable C 17 header-only template library, laying a
solid foundation for future applications.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1204

IMPROVING COORDINATION IN SUPPLY CHAIN USING ARTIFICIAL NEURAL NETWORKS AND MULTI-
AGENT APPROACH

Halima Bousqgaoui, Ilham SLIMANI), Said ACHCHAB

Mohammed V University, Morocco
halima.bousqaoui@gmail.com, slimani.ilham@gmail.com, s.achchab@umb5s.net.ma

Keywords: Supply chain management,Multi-agent system,Information sharing,Artificial neutral
networks,Coordination in supply chain
Abstract: Supply chain is a group of distributed entities interacting with each other and aiming to

improve their business strategies. However, due to globalization, supply chain’s companies are more
and more connected as they are facing challenges related to complexity. Consequently, in order to
reach the optimization goal, companies must cooperate and act as a centralized system; this
cooperation is mostly accomplished through information sharing. Indeed, information sharing is
pivotal in achieving coordination and visibility along the supply chain. Furthermore, effective planning
activities in a supply chain depends highly on the sales forecasts, which is a very complex task due to
the uncertain character of the costumer’s demand and various other internal and external parameters.
This paper tackles the issue of information sharing by studying its effect on demand’s prediction in the
context of a multi-echelon supply chain. Therefore, this paper presents an agent-based approach to
model coordination by sharing demand forecasts in a supply chain. Multi-agent system is used to
model cooperation among multi-echelon supply chain’s members. Moreover, neural network’s
forecasting ability is applied to train agents in order to predict the costumer’s demand of a certain
product by demonstrating the importance of information sharing in the case where information is
shared or not. The proposed agent-based system models demand forecasts sharing as a coordination
tool in a multi-echelon supply chain with a concrete numerical experimentation using real supermarket
data. Besides, sales forecasting is presented in details based on different architectures of neural
networks including recurrent and feed-forward structures.
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Abstract: This paper presents an efficient optimization framework to design composite laminates of a
wind turbine blade with loading uncertainties. The 10 MW DTU blade is selected as the reference
blade design. A decoupled reliability-based design optimization is developed based on the sequence of
a decoupled discrete material optimization and the inverse reliability analysis. This reliability-based
design optimization approach is named the sequential optimization and reliability assessment method.
The inverse reliability analysis is evaluated using a stochastic response surface method and a first order
reliability approach. The design variables are the piecewise patch orientations and material properties
of the fiber reinforced composites. The candidate materials of the design space are glass fiber and
carbon fiber reinforced polymers. In the design process, the composite laminates of the blade’s load-
carrying component are designed to minimize the material cost by satisfying the constraints. The
compliance and eigenfrequency constraints are analyzed for the optimization framework. The
deterministic optimal designs are obtained using the decoupled discrete material optimization
approach for baseline comparison. The reliability-based designs are dependent to the uncertainties in
loads and the target failure probability. This leads to different optimal layouts compared to the
deterministic solutions.
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Abstract: This article proposes a methodology to design composite materials, considering two distinct
materials phases and one void phase simultaneously, in order to minimize the thermal expansion
coefficients. The design of composite material is treated as a topology optimization problem with a
multi-material and multi-scale approach. The Bi-directional Evolutionary Structural Optimization
method (BESO) is used to solve the optimization problem and the homogenization method is applied
to obtain the equivalent properties for the designed material. In order to show the suitability of the
implemented methodology, it is presented some examples for the minimization of the homogenized
thermal expansion coefficients considering two-dimensional state of stress. A setting using two
material phases, and void was performed resulting in a set of orthotropic materials with thermal
expansion less than 10% of the case composing the domain with any of the material phases used.
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Abstract: Pointwise source identification presents a great variety of applications in engineering, like
location of pollution sources for a given environment, identification of dipoles and monopoles in both
electroencephalography and magnetoencephalography and so on. This problem consists of
reconstruct sources (quantity, location and intensity), distributed in a domain based on boundary
measurements. In particular, in this work we study problems associated with the modified Helmholtz
equation, which are of interest in implicit marching schemes for the heat equation and in the
linearization of the Poisson—Boltzmann equation, for instance. The strategy adopted for the
reconstruction of the point sources is, as usually found in the literature, to rewrite the inverse problem
as an optimization one, where the minimization of an appropriated shape functional is associated to
the solution of the inverse problem. More specifically, we minimize the L2-distance between the
boundary measurements and the correspondent numerical solution of direct problem taking into
account some pointwise source distribution. Then, we derive the sensitivity of the shape functional
with respect to the set of admissible pointwise sources. From the numerical point of view, we adopt
the Method of Fundamental Solutions (MFS) in order to approximate the numerical solutions of the
direct problems. In addition to all the known advantages of this meshless method over domain
discretization techniques - such as the Finite Element Method (MEF) and Finite Difference Method
(MDF) - the MFS allows us to properly represent a pointwise source by a point (a MFS source point),
reducing the noise that is inherent when using MEF or MDF in the reconstruction algorithm. The
numerical results obtained, for the identification of multiple pointwise sources, even for partial noisy
data, indicate that the proposed algorithm is accurate, convergent, stable and efficient.
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Abstract: In the simulation of crashworthiness structures different kinds of nonlinearities like large
deformations, contact and material nonlinearities appear. In order to optimize the topology of such
structures, Olschinka, Ortmann and Schumacher [1,2] introduced the Graph and Heuristic Based
Topology Optimization (GHT), which deals with the optimization of crashworthiness profile structures.
For changing the topology, heuristics derived from expert knowledge are used. The basic approach of
the GHT is limited to profile structures, as the graph syntax, which describes the profile cross-section
and the heuristics, that modify the topology, were developed only for the extrusion manufacturing
process. Due to the demand for using different manufacturing processes, the approach is extended to
sheet metal compound structures. In the extension described in this contribution, the structure is split
into multiple less complex parts, which can be independently manufactured and later bonded to the
complete structure. Because flanges and bonding have a huge influence on the mechanical behavior,
the flanges and the bonding have to be included in the analysis model of the optimization. Therefore,
new modeling schemes are used to define the number and positions of the flanges. In general all kind
of bonding techniques can be used. In the first extension, the approach is limited to adhesive bonding.
Depending on the bonding technique, it is necessary to create flange connections to increase the
joining surface area and thus the strength of the bonding. The new optimization procedure is
illustrated with the help of an example. The optimization results for different manufacturing processes
of the component are compared. The example consists of an automotive rocker (material: steel) and a
cross member in a side impact crash load case and different static load cases.
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Abstract: The knee prosthesis development has tried many approaches including passive, dynamically
damped and powered designs. Nevertheless, the passive approach still has some very important
aspects to contribute to this complex design process and must be restudied before applying any
powered approach. The synergistic combination of this two perspectives is necessary to conceive the
knee prosthesis implementation as biomechatronic design and to take advantage of the best from
each approach. The purpose of this study is the dimensional synthesis of a polycentric six-bar
mechanism to be implemented as a knee prosthesis. For this reason, a constrained numerical
optimization is proposed where the main objective is the minimization of the error when following the
desired trajectory, previously obtained as a result of the Mexican anthropometry studies. Additionally,
this study adds, as a requirement, the avoidance of the knee hyperextension with the mechanism itself
instead of using mechanical stops added them in other stages of the knee design. This work handles
this new requirement by applying a set of new constraints in the optimization problem to imposed the
desired behavior as well as forcing the synthetized mechanism to be a Non-Grashof mechanism. The
optimization problem is solved by using an evolutionary technique, because of its simplicity in the
implementation and the good results reported in literature when solving real-world engineering
problems. The Differential Evolution algorithm is applied in combination with some simple but efficient
rules to handle the constraints. By following this route the obtained mechanism follows the desired
trajectory, avoids the hyperextension and its configuration is more compact due to the folding
characteristics of a Non-Grashof configuration. Finally, the obtained mechanism simulation is
presented and it is modeled using CAD tools.
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Abstract: Predicting bankruptcy is one of the most challenging subjects and research topics in
economic and financial areas especially in these last decades. Making a financial early warning systems
to evaluate firms failure risk depending on their financial behavior can be a crusial key indicator for
making decision . One of the most popular and performer tools to predict financial distress is Artificial
Neural Network (ANN) . In this paper, a financial warning system is presented based on a hybrid ANN
model to predict bancruptcy and risk scoring, This hybrid model considers the firms’ behavior during
three years to predict risk failure. Taking into consideration in one hand that ANN is a powerful tool to
aproximate non linear function if it is designed with aprpopriate parameters, and in the second hand,
the problem of local minima, we propose a topology design algorithm based on an improved Particle
swarm optimization and Simulated annealing to define an optimized ANN architecture. Taking in
consideration feature selection , a synsitivity analysis in made to catch the relevance of the
discriminant variables used in the proposed financial warning system. A comparative performance
study is reported. The results showed that the proposed model represents a valid alternative to give
an early risk failure warning .
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Abstract: We present a shape optimization framework via an ersatz material approach to design the
layout of multiple engineering components within a hold-all domain. We use a level set function and
Booleans operations to define the geometry. We approximate these Boolean operations with
differentiable functions for our optimization. We then take the sign of this level set function, again
using a differentiable function, to define an approximate indicator field which acts as a volume fraction
variable in the finite element discretization of the elasticity equation. The gradient of the approximate
indicator field is used to define the integrals for the boundary conditions at the material boundary
including design dependent loading. We use adaptive mesh refinement to obtain a more efficient and
accurate geometry description. Numerical examples with immersed boundary conditions are shown.
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Abstract: We develop a design framework for structures comprised of octet-truss lattices subject to
impact loads. We design our lattice by changing the struts cross section area and compute the
homogenized properties using an analytical model based on slender struts and a periodic
microstructure. A constraint in the variation of design variables is imposed to preserve the
homogenization assumption. The lattice design goal is the maximization of the mechanical energy at
defined regions. We use an adaptive time stepping scheme to avoid having a fixed time step
throughout the optimization, as the CFL condition changes due to the changes in design and adaptive
time stepping yields a more accurate and efficient simulation. Classic adaptive time stepping schemes
are highly discontinuous. They involve conditional statements and often require several attempts for
each time step, making them inadequate for optimization. We use instead algorithms based on well-
established techniques from linear feedback control theory which behave more smoothly. We use the
fifth-order Runge Kutta scheme Dormand-Prince which contains an embedded error estimate. The
optimized results are compared in computational time with a fixed time step approach.
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Abstract: This paper discusses the influence of different Radial Basis Function (RBF) that use a shape
parameter C in metamodel construction to be applied to 3D aerodynamic wing optimization problems
using the Constrains Optimization with Response Surface (CORS) methodology in conjunction with a
stochastic Controlled Random Search Algorithm (CRSA). The CORS methodology is based on the
iterative construction and optimization of response surfaces with a robust search pattern application.
In the CORS methodology the response surface may be generate by at least three types of methods: (i)
Classical (polynomials and parametric surfaces), (ii) Statistical (K-Nearest, Kriging and Gaussian
Processes) and (iii) Advanced (RBF and Neural Network). The response surfaces used in this paper are
constructed using three different type of RBF: Gaussian, Hardy’s Multiquadric and Inverse
Multiquadric, whose shape parameters are automatically, optimized using Leave One Out Cross
Validation (LOOCV). The RBF’s are directly applied on the response surface construction inside the
CORS structure, such that the influence of their shape parameters may be significant for the efficiency
of the methodology. The methodology is applied for accelerating the optimization process of wing
aerodynamic designs with a solver based on a first order 3D panel method and a 2D boundary layer
model. Since the main objective of this paper is of prospective nature, the choice of a relatively low-
fidelity flow computation solver is justified. One considers problems of minimizing the aerodynamic
coefficient relation (CD/CL) and the inverse of lift coefficient (1/CL). The comparative influence of the
RBF choice on the acceleration induced by the CORS methodology is investigated taking into account
the number of calls of the objective function to find the minimum value in each problem.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1232

SENSITIVITY OF SHAPE PARAMETERS OF BRAKE SYSTEMS UNDER SQUEAL NOISE CRITERIA

(1) (2) (1)

Mohanasundaram Pradeep'”, Gillot Frederic*”’, Besset Sebastien'™, Shimoyama Kojim

WECL / LTDS UMR CNRS 5513, France
pradeep.mohanasundaram@ec-lyon.fr, sebastien.besset@ec-lyon.fr

@Ecole Centrale de Lyon / LTDS / INRIA Rennes, France
frederic.gillot@inria.fr

GTohoku University, Japan
shimoyama@tohoku.ac.jp

Keywords: sensitivity analysis,shape optimization,brake systems,squeal noise

Abstract: We propose in this paper to deal with squeal noise reduction of brake systems through their
shape optimization during the design step. We first expose the FEM model used to generate the
stability diagram representing the squeal noise behavior of a given brake system shape. We then
propose an objective function able to be included in a minimization problem and based on the stability
diagram. We use then a parallel code to browse the objective function response surface through a
Latin Hypercube Sampling design of experiment. A Self Organizing Map is then generated to expose
the sensibility of our objective function to seven shape parameters of the FEM brake system. We
present and analysis the SOM results for further optimization steps.
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Abstract: Nowadays, the environmental consequences of global warming are of major concern.
Worldwide, efforts are being made to reduce the CO2 (carbon dioxide) emissions in order to mitigate
the greenhouse effect. Since the environmental impact of construction industry is significant,
construction sustainability is gaining increasing relevance in the last years. In this way it is important, in
the design of civil engineering structures, to consider besides the construction costs also the
environmental costs. The environmental costs are related to the CO2 emissions generated during the
production of the construction materials and during building of the structure. Structural design is an
iterative process which, through changes in some parameters of the structural system, seeks a solution
that satisfies a set of criteria related to safety, serviceability and economy. Nowadays, sustainability
criteria should also be included. Although structural optimization is not commonly used in civil
engineering practice, the use of optimization tools in the design of reinforced concrete framed
structures naturally arises as an efficient way to compute the cross-sectional dimensions of the beams
and columns, the amount of reinforcing steel and the concrete grade, aiming at reducing the material
and environmental costs and therefore obtaining economical, structurally efficient and
“environmentally-friendly” solutions. In this work a numerical model for the design of reinforced
concrete frames was developed. The structural analysis includes all the actions and relevant effects,
namely, dead and live loads, the time-dependent effects and the geometrical nonlinearities. The
structural response to changes in the design variables is done by a discrete direct sensitivity analysis
procedure. The design of reinforced concrete frames is formulated as a multi-objective optimization
problem with objectives of minimum construction cost, minimum CO2 emissions, minimum deflections
and stresses and a Pareto solution is sought. The minimax solution is found by the minimization of a
convex scalar function obtained through an entropy-based approach. The displacements and stresses
design objectives are established according to the Eurocode 2 recommendations for the design of
framed structures. The design variables considered are the beams and columns cross-sectional
dimensions, the steel reinforcement area and the concrete grade. The gradient-based optimization
algorithm used proved to be efficient to find the continuous optimum solution. Practical solutions
from the engineering point of view are achieved by rounding the continuous solution. The features and
applicability of the developed numerical model are demonstrated by numerical examples concerning
the optimization of real sized reinforced concrete frames.
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Abstract: Trajectory planning is considered a fundamental concern in robotics. In this paper we discuss
the use of optimization techniques to obtain optimum trajectories of industrial robots. We use the
flexibility of optimization techniques to address different formulations and solve them using the
Feasible Direction Interior Point Algorithm (FDIPA). This method essentially solves two linear systems
in each iteration to compute a descent and feasible direction of the problem, then performs a line
search procedure that assures global convergence and feasibility of all iterates. Initially, it will be
discussed point-to-point collision-free paths, that is, given an initial pose of the robot and a final target
point, find an optimum trajectory that minimizes time, total displacement, energy or other
performance index while avoiding collision with any obstacle. Then we discuss the path-following
cases, where, given the desired trajectory of the robot’s end-effector, optimum joint trajectories are
calculated, concerning objective functions such as minimum velocity or acceleration peaks. In both
cases we also deal with joint mechanical limits (maximum displacements, velocities and accelerations)
as constraints to the optimization problem. Finally, we use a 4 degrees-of-freedom (DOF) planar
manipulator to present numerical examples. Our results prove the effectiveness of the proposed
approach and ensure robustness and applicability of the method.
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Abstract: In oil reservoir management, one of the major challenges is the search for the best solution
for oil production. In this scenario, the geological characteristics of fields contain uncertainties. One
way to conduct optimal management of reservoirs under uncertainty is through robust optimization,
which uses a set of realizations to honor the statistics of geological properties. The statistics
considered are the mean and the expected value. In this work, such statistics are considered in three
different formulations for the optimal robust management in the reservoirs. The first one is a classical
uniobjetive problem in which the mean of the NPV (Net Present Liquid) is the objective function and its
standard deviation is included in the set of constraints. The second employs also a uniobjective
problem formulation, combining in a unique function the expected function and standard deviation of
the NPV using a risk factor that considers the trade-off between the expected value and the standard
deviation. Finally a classical Multiobjective formulation based on Pareto front technique is employed.
Here, the mean and the standard deviation are coupled together to obtain Pareto solutions from
which any design can be chosen. The required statistics of the formulations will be computed Monte
Carlo (MC) simulations and In order to reduce the procedure processing time, the simulations will be
performed into a subset of existing field realizations as the consideration of all reservoir realizations is
cost prohibitive. A small subset of realizations is select aiming time processing reduction for the
statistics calculations. Two approaches of selecting a representative subset of realizations are done,
one ranks the realizations according to the performance of each realization in terms of NPV (Net
Present Value), the other is based on clustering the uncertain field, e.g. in terms of permeability field,
using a K-means procedure. In order to reduce simulation costs due to several function calls required
in the optimization process, data fitting based surrogate models are applied in the Sequential
Approximated Optimization strategy. The optimization results based on the realizations subset is then
applied to all existing realizations. Finally, the technical applicability of the investigated formulations
will be checked against a benchmark example reported in literature.
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Abstract: This paper summarize my work so far on reliability based design optimization (RBDO) by
using metamodels and present some new ideas on RBDO using support vector machines. Design
optimization of complex models, such as non-linear finite element models, are treated by fitting
metamodels to computer experiments. A new approach for radial basis function networks (RBFN)
using a priori bias is suggested and compared to established RBFN, Kriging, polynomial chaos
expansion, support vector machines (SVM), support vector regression (SVR), and least square SVM and
SVR. Different types of computer experiments are also investigated such as e.g. S-optimal design of
experiments, Halton- and Hammersley sampling, and different adaptive sampling approaches. For
instance, SVM-supported sampling is suggested in order to improve the limit surface by putting extra
sampling points at the margin of the SVM. Uncertainties in design variables and parameters are
included in the design optimization by FORM- and SORM-based RBDO. By establishing the most
probable point (MPP) at the limit surface using a Newton method with an inexact Jacobian, Taylor
expansions of the metamodels are done at the MPP using intermediate variables defined by the iso-
probabilistic transformation for several density distributions such as lognormal, gamma, Gumbel and
Weibull. In such manner, LP- and QP-problems are derived which are solved in sequence until
convergence. The implementation of the approaches in an in-house toolbox are very robust and
efficient. This is demonstrated by solving several examples for a large number of variables and
reliability constraints.
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Abstract: The greater part of the European standards, which regulates the structural design of civil and
industrial constructions, prescribes the evaluation of different load conditions and different limit
behaviors to be imposed to the structure. So, it is usually defined a serviceability condition,
characterized by the presence of quasi static loads and moderate intensity seismic actions, and a limit
condition, characterized by the presence of suitably reduced gravity loads and full seismic actions.
Correspondingly, it is prescribed that the structure exhibits an elastic or a shakedown behavior in
serviceability conditions and that the structure does not collapse under limit load conditions, even
suffering a limited amount of damage. Consequently, optimal structures must possess adequate
stiffness properties in order to ensure the complete usability in serviceability conditions and good
resistance and ductility features in order to respect the imposed limit conditions. In this context, steel
structures find their ideal application and, actually, they are more and more utilized in new
constructions as well as within restoration interventions. The behavior of the structure depends on the
utilized steel profiles and on the way they are joined each other. Usually, the connections are designed
so as to ensure very high stiffness and resistance to the nodes, so that the elastic and post elastic
response of the structure is governed just by the steel elements features. In other words, the elastic
and the limit behaviour of the structure are depending on each other being related to the stiffness of
the utilized profiles and to their own limit resistance. On the other side, in many cases of practical
interest it can be required that structures exhibit an elastic and a limit behaviour independent of each
other. With this aim a special connection, called Limited Resistance Rigid Perfectly Plastic Hinge
(LRPH), can be utilized, constituted by two parallel bounding plates, connecting the relevant structure
elements, with inside a suitably designed sandwich section. In the present paper, an optimization
procedure based on a genetic algorithm approach is utilized in order to design LRPH connections
according with appropriate prescribed mechanical, kinematical and technological constraints. The
obtained results, even if obtained in the limited field of pure bending, are very encouraging and they
represent a fundamental starting point for practical applications related to full stress behavior and
more complex structures.
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Abstract: The problem is related to control of same point displacements of a loaded structure by
applying the interacting punch loading. As at the controlled points the displacement and the force are
prescribed, a new type optimization problem is formulated. The solution method of this problem can
be used for the design of robot elements, such as clippers and gardening or plantation tools for
mechanical processing. It is assumed that strains are small and the materials of the contacting bodies
are linearly elastic. This problem in the lecture will be demonstrated by considering several cases,
namely 1. a cantilever beam clamped at its end and loaded at point Q by the force F, 2. the beam and
its support are allowed to execute the rigid body vertical displacement, 3. the beam is allowed to
execute the rigid body vertical displacement and rotation. In this case, the displacements are
prescribed at two points. In all cases, the control of the deflections at given points is made by the
lateral stamp action inducing the resultant load. The stamp contact form is specified for a given
distribution of contact tractions between the stamp and beam subject to constraints of fixed values of
displacements ui and forces Fi at the points Qi of the beam. In the solution of the optimization
problem, first, the value of rigid body displacement of the beam is calculated and from contact
conditions between the punch and beam the rigid body punch displacement is specified, which may be
used in the mechanical technological process. Using the Green function for the beam, the
displacements can easily be expressed for different forces and contact stresses. In these contact
optimization problems, the initial gap (shape form of the contact surface) is the unknown function. The
problem is discretized and the calculation of the contact shape can be performed by applying the
iterative procedure described in [1,2].
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Abstract: Nature has proven to be a successful designer of materials and structures. As consequence,
humans have tried to replicate this type of structures through the bioinspired design. This led to the
development of the functionally graded materials (FGM), a new type of composites in which the
microstructure, composition, porosity or other characteristic is changed continuously through one or
more directions, allowing a smooth variation of properties over the volume. In this research, the
concept of FGM is explored for low-velocity impact applications, in which the objective is to reduce the
weight of a plate and enhance (or at least keep) it effective stiffness. Although there are different
strategies to design FGMs, in this study the volume density of the structure is changed from surface to
core by controlling the porosity through inserting holes. This is a common method used by nature in
structures subjected to impact such as bones, teeth, horns and wood, and also by man-made products
such as metal foams due to their potential for lightweight and energy absorption. Two approaches are
proposed herein to reach the objective. The first one consists in generating several patterns of holes
intuitively, and the second one generates these holes’ pattern through topology optimization. An
explicit finite element analysis is used to simulate the low-velocity impact and the comparison is done
with plates without holes. Different load cases are evaluated, studying the effect of subjecting the
plate to localized or distributed loads. The results show that it is possible to design the patterns of
holes reducing the weight of the plate without having a substantial detriment on their structural
response. These results can be used to design components in applications where weight reduction is a
priority and it must be balanced with the impact energy absorption capability. Finally, further research
should be developed so that this design technique can be applied to components subjected to
medium- and high-velocity impacts, including contact, plasticity and failure criteria.
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Abstract: In this work the authors extend their previous work on 2D topology optimization including
finite-life high-cycle fatigue constraints to 3D cases where multiple load cases and stress constraints
are also considered. The method takes offset in the standard density approach to the topology
problem and gp-approach for stress interpolation and relaxation. The objective is to minimize mass,
and the load cases are either static load cases or proportional variable amplitude loading conditions.
Linear elastic material behavior is assumed and the fatigue response is computed using quasi-static
structural analysis. Fatigue constraints are computed using Palmgren-Miner’s linear damage
hypothesis, S-N curves, and the Sines fatigue criterion. The large number of local constraints is reduced
by use of aggregate functions, and a very efficient adjoint formulation is applied for sensitivity analysis
of fatigue constraints where the amount of adjoint problems to be solved is independent of the
amount of cycles in the load spectrum. It is demonstrated how the computational cost of sensitivity
analysis of fatigue constraints is comparable to the cost of having stress constraints. The 3D problems
are solved using the Portable and Extendable Toolkit for Scientific Computing (PETSc) as demonstrated
by the topology optimization code made publicly available by the TopOpt group at DTU,
www.topopt.dtu.dk/PETSc. A number of examples demonstrate the efficiency of the approach and the
necessity of including fatigue constraints for structures subjected to variable amplitude loading
conditions, compared to using simplified stress constraints.
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Abstract: Structural optimization for crashworthiness is today an important topic for the automotive
industry. Different optimization types (layout, topology, material, shape, size, robustness, reliability,
etc.) and algorithms (gradient-based / gradient-free, physical / mathematical surrogates, evolutionary
/ genetic algorithms, etc.) have been introduced. Methods should be adapted to distinguish between
optimization for high energy absorption or for low intrusions (safety cage), and between early and late
development phases including the transition between both phases. For late phases, high-fidelity FEM
models are normally used while for the concept phase low-fidelity models are more appropriate due
to the lack of knowledge of detailed design aspects. For both, a high number of different vehicles, load
cases, and disciplines have to be considered simultaneously. This means that the complexity of the
optimization problem can only be handled by hybrid and hierarchical approaches establishing a multi-
fidelity and partially decoupled methodology. Instead of using a numerical model with the best
compromise between accuracy and efficiency, a high-fidelity model (FEM) with high accuracy is
combined with often several low-fidelity models (mathematical and physical) with high efficiency.
Here, recent results from the author’s research groups are presented focusing on a new methodology,
called Solution Space approach, for concept development using a sequential multi-fidelity approach.
This is based on (i) decoupling a multi-vehicle and multi-disciplinary problem via low-fidelity physical
models (e.g. lumped masses) including optimization of the component requirements and (ii) single
discipline/vehicle/component optimizations with, as the first step, high-fidelity models. It is then
proposed to realize the component optimization with a second multi-fidelity approach where a
mathematical surrogate (Kriging, efficient global optimization, EGO) using high-fidelity FE models is
enriched by gradients from a second low-fidelity physical surrogate (e.g. equivalent static load
method, ESL). Examples for front and side impact cases will be shown. As outlook, these approaches
will be embedded into a general overview on possible multi-fidelity optimization schemes for vehicular
crashworthiness to motivate future developments and academic and industrial applications. Additional
options for low-fidelity crash models will be given.
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Abstract: The Small Amplitude Homogenization idea is used to solve minimization optimal design
problems in the worst possible case, when there is uncertainty in some of the information needed to
formulate the state equation of the problem. To select the worst possible case, a first order
approximation of the objective function in terms of the quantity known with uncertainty is maximized
over the set of admissible perturbations. Considering perturbations of bounded norm, the worst
posible case becomes explicit and the aforementioned first order approximation is minimized by a
gradient method. Numerical examples are provided, first for heat diffusion when the internal heat
source is known with uncertainty, and secondly, for shear walls in linear elasticity when the boundary
force is perturbed.
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Abstract: The Generalized Nash Equilibrium Problem (GNEP) is an extension of the Nash Equilibrium
Problem (NEP). This one involves two or more players; each player is associated with a feasible
strategy set and a payoff function. It is assumed that there is not collaboration among the players. The
difference between GNEP and NEP is that the feasible set of the GNEP depends on the strategies set of
the others players. We develop a feasible point Newton-like algorithm for the Generalized Nash
Equilibrium problem (GNEP) with shared constraints. For a given interior initial point, we propose an
algorithm that generates a feasible sequence converging to the solution of the normalized equilibrium
problem. At each iteration, for each player, a feasible descent direction is computed by solving two
linear systems with the same matrix. Considering the sum of the Lagrangians corresponding to each
player we can generate a pseudo gradient used to perform an Armijo-like line search along each
feasible descent direction. The present approach was already employed for several test problems,
showing to be very strong and efficient. A set of numerical results is presented to confirm this

conclusion.
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Abstract: Integrated in the LEEUAV project, a Long Endurance Electric UAV developed by LAETA, the
objective of this work was to optimize the propeller-driven propulsion system designed previously.
Following a careful selection of the propulsion systems analysis model, a propeller parametrization
was made, including the planform and airfoil shape. relevant functions of interest were used to
evaluate the performance of the propeller, such as thrust, power and thrust coefficients, and propeller
efficiency. Experimental tests were performed to validate the software, which included three different
propellers chosen to study how the performance varies for different propeller diameters and pitches,
and electric motors. Since it was not known accurately which airfoil was used in each propeller, two
different airfoils were assumed. Following the experimental tests and the validation of the software, a
planform shape optimization was performed for cruise and climb. At the end of this optimization, a
system motor propeller with an higher efficiency for both flight stages was obtained.
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Abstract: One of the most important keys to the successful design of complex systems is disciplinary
inte- gration. Multidisciplinary Design and Optimization is now a promising methodology for the
efficient design of such systems, since it combines multidisciplinary analysis with gradient-based
optimization techniques. Therefore, this methodology requires the derivatives evaluation of the
functions of interest with respect to the design variables, which is the most demanding computational
task in the optimization process. Traditionally, those derivatives are calculated inefficiently and
inaccurately using approximate methods. Therefore, the objective of this work is to develop an
efficient optimization framework to solve aerodynamic design problems using exact gradient
information. Firstly, a survey on sensitivity analysis methods is conducted to identify which tools are
available and understand their respective merits. Secondly, an aerodynamic model based on the panel
method is reformulated into five smaller modules, in which the respective sensitivity analysis blocks
are constructed using exact gradient estimation methods: automatic differentiation, symbolic
differentiation and the adjoint method. Both the aerodynamic tool and respective sensitivity analysis
are validated using a wing design tool and the finite-differences method, respectively. Finally,
aerodynamic optimization problems are solved using the new tool with remarkable success since,
when compared to the finite-differences method, the optimization time can be reduced by 90%.
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Abstract: This paper presents how the major aircraft design disciplines "flight control systems" and
"aerostructural design" are coupled through the application of multidisciplinary design optimisation
for time domain problems at Airbus Defence and Space. It shows that respecting flight control system
demands in a multidisciplinary way is a must for the success of industrial aircraft projects. Today's
major customer requirements target extended flight ranges and loitering times on the one side, and
higher manoeuvrability of the product on the other side. Both demands increase the importance of
aeroelasticity and flight control system during design. To tackle the novel customer requirements, the
Airbus in-house optimisation tool Lagrange was enhanced by the possibility of coupling flight control
laws with aeroelastic analyses. The governing equations of the aeroservoelastic system are developed.
The control laws are given in terms of a discrete controller, as common in industrial development. The
monolithic, aeroelastic model, providing external loads, incorporates inertia relief using a mean axes
formulation. Structural dynamics are encountered in the time domain and solved with the generalized
alpha method. Basic damping models are considered in order to properly face the servostructural
dynamics of the system. Based on the governing equations of the analysis model, the optimisation
problem is formulated. Structural mass is considered as the primary objective function. Additionally,
the dynamic of the controller is encountered as an objective. Constraints are formulated by means of
both structural integrity and flight mechanical aspects. Design variables are structural thickness values,
ply angles of laminated materials, as well as control variables like gain factors in the control law. In the
early stage of aircraft sizing, industrial aircraft models usually consist of hundreds of thousands of
structural, and tens of thousands of aerodynamic degrees of freedom. As an application, a flexible,
unmanned aerial vehicle with a high aspect ratio is optimised. Results obtained by following the
conventional aircraft optimisation approach are compared to results from the enhanced process for
this industrial example. A validation of the approach against different aeroelastic solutions is
presented. Calculations from higher fidelity aerodynamic solvers are consulted for this purpose. As an
engineering outcome, it is shown how the consideration of controlled loads in the optimisation step
significantly changes the range of allowable designs. The paper thus presents the methodical shift at
Airbus Defence and Space from designing with conservative, passive reserve factors to designing with
active ones.
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Abstract: The Modified Cuckoo Search was used to customise the design of a pre-mixer for use in a
pressure let-down station heater. This is a true industrial test application for this novel optimisation
algorithm. A commercial-off-the-shelf (COTS) mixer was used as a bench mark to assess the impact of
Modified Cuckoo Search. In addition to customisation of the pre-mixer's design using Modified Cuckoo
Search, the commercial Ansys Design Exploration v16.0 software was applied to the problem. This
package utilises the Non-Dominated Sorted Genetic Algorithm-Il (NSGA-II). The results of our study
showed that by using these optimisation algorithms at least a 30% improvement in the performance as
compared to the COTS design could be achieved. Further to this, it was found that the free and open
source Modified Cuckoo Search performed comparatively to the commercial package Ansys. This will
be significant for small to medium sized enterprises that are often limited by budget constraints to
using off the shelf devices.
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Abstract: To reduce fuel consumption of automobiles, one can reduce the vehicle mass and increase
the transmission efficiency of drivetrain components. To this end, topology optimization is a potential
great design tool to help engineers in finding new designs exhibiting higher performance for a smaller
weight. This research explores the ability of topology optimization to propose new designs of high
efficient transmission components. The redesign of a Ravigneaux gear train has been selected to serve
as a benchmark to investigate the possible weight savings in a typical transmission component while
preserving or improving the energy efficiency. In gear trains, the transmission efficiency is related to
the misalignment of gears because it is a source of mechanical losses during operations. While most of
topology optimization studies consider compliance minimization, it is interesting to investigate if
considering specific performance objective functions can bring an added value compared to the
general statement of topology optimization based on compliance design. In addition, to save some
further weight, there is also a great interest in considering multimaterial solutions to see if these
solutions could bring sufficient improvement compared to the increase of cost and manufacturing
complexity that results from these designs. It was observed that design can be blurred so that the
convergence procedure can greatly benefit from the introduction non-discreteness indicator as design
constraints. The multimaterial optimization is formulated using the Shape Function with Penalization
by Bruyneel (2011), a similar approach to the Discrete Material Approach proposed by Stegman and
Lund (2005). Non discreteness measure, initially proposed by Sigmund (2007), is introduced here as a
design constraint. This constraints is very useful to ensure a stabilization of the convergence process as
shown in our numerical experiments. Following the work by Bauduin (2018, this conference), gear
misalignement is estimated using the modulus of the cross product of the gear unit vectors. The new
formulations and developments have been implemented in the OOFELIE by Open Engineering, which
has been used to conduct the numerical experiments. The work is organized as follows: 1/
Presentation of different formulations of the design problem. 2/ Formulation of multimaterial
topology optimization using Design Material Optimization and Generalized Shape Function. 3/
Formulation of misalignment constraint and non-discreteness measures. Sensitivity analysis. 4/
Solution scheme. Numerical applications and discussion of the results. 5/ Conclusions and future
developments.
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Abstract: Composite materials have met increasingly interest in industry specially in lightweight
construction due to their special properties compared to the conventional structural materials.
However, they are characterized by having a brittle failure, i.e. typically they have no ductility, which
may limit their widespread usage. To overcome this shortcoming, the fibre hybridization method is
used to introduce a designated pseudo-ductile behaviour in the fibre reinforced composite material.
The present work analyzes and optimizes this hybrid composite material under tensile load based on a
Spring Element Model (SEM) proposed in Tavares et al. (2017). In a previous study (Conde et al., 2018),
an optimization problem was already formulated in order to find an optimal fibre hybridization using
two different analytical models. Despite the employed methodology proved to be effective back then,
a new optimization problem formulation is also proposed in this work. This new optimization problem
formulation uses the plastic deformation energy per unit of volume as objective function and a new
constraint that relates the elastic modulus and the failure strength of a fibre in the frame of
continuous optimization. In Conde et al. (2018) analytical models were used and therefore important
mechanisms involved in the longitudinal failure of unidirectional composites were not taken into
account leading to unrealistic results. The main relevance of the present work has to do with the use of
a numerical model of the microstructure which takes into account more failure mechanisms. These
new model features enrich the optimization problem such that optimal and more realistic fibre
hybridizations are sought. The SEM works here with the definition of a Representative Volume
Element (RVE) where a package of two types of fibres embedded in a polymer matrix can be found
randomly or periodically distributed. Besides the spatial locations of the scattered fibres regardless
their type, it also merits our attention here the possible formation of clusters of fibres of one type or
another. In fact, the fibre-type distribution or lay-out impacts the overall composite response and
motivates here pursuing a lay-out (topology) optimization problem. A measure of the degree of fibre
dispersion in space is proposed here and one uses it to study the sensitivity of the pseudo-ductility
behaviour to fibre dispersion or clustering. Ultimately one discovers an optimal mix of fibre materials,
as well as, an optimal fibre spatial arrangement for such hybridization which produces a relevant
pseudo-ductile behaviour in the composite under uniaxial traction.
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Abstract: Thermal cracking is one of the most energy-consuming process in the chemical industry and
its optimization has become a real challenge for the research community. In this context, this paper
proposes two meta-heuristic approaches based on the Genetic Algorithm (GA) and the Harmony
Search (HS) algorithms for minimizing the sum of the Energy Consumption and the Water Use in the
overall thermal cracking process. Simulation results show that HS achieves best average minimum and
mean values than its counterpart GA.
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Abstract: Rank structures with closed walls can attain maximum stiffness in theory. This study focuses
on finding stiffest rank structures with any number of rank planes for any prescribed multi-loading. The
performance of the rank structures are quantified by their limiting stiffness at low densities, and
therefore they can include rank features at a single scale level. Moreover, regarding the negligible
bending stiffness of the thin-sized planes, a so-called add-up model is used to calculate the effective
properties of the rank structures by directly adding up the properties of each individual feature. The
optimization can then be established to optimize the plane orientations and thicknesses for minimizing
the complementary energies by the given stresses. When applying random stresses, the optimized
rank structures would exhibit anisotropic behavior, but by giving the right loading conditions, they can
be isotropic. Effectiveness and accuracy of the add-up model will be tested by comparing to the
analytic results from rank structure, as well as the finite element analysis, and the optimizations are
solved for various numbers of rank planes and for both anisotropic and isotropic rank structures.
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Abstract: Nowadays, simulation of pantograph-catenary dynamic interaction [1] have become an
essential tool for the design of the overhead contact line. This problem entails some challenges from
the computational point of view, mainly related to the strong nonlinearities associated to both
dropper slackening and pantograph contact loss. With the aid of numerical simulations, it is possible to
obtain optimal catenary geometry configurations to reduce, for example, wear on the cabling and
therefore, to decrease maintenance costs. Up to date, these kind of optimisations [2] have been
performed by means of Genetic Algorithms for very specific operating conditions, such as, for a single
train speed or for an ideal initial configuration of the catenary. Nevertheless, in a more realistic
scenario, these conditions are much more variable since the locomotive travels at a certain speed
range and, due to installation errors, there is uncertainty in determining the geometric configuration
of a catenary. Thus, this work is aimed to find optimal catenary configurations, in terms of
maintenance, for wider and more realistic operating conditions. To this end, the uncertainty
associated with the catenary installation errors is taken into account in the catenary finite element
model. This stochastic approach makes more expensive the objective function evaluation in terms of
computational cost. For that reason, the use of Bayesian Optimisation techniques seems very suitable
for the problem at hand and their application is explored in this work.
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Abstract: The production of hybrid metal-composite structures is often bound to multi-step-processes.
In contrast, it is possible to produce hybrid components in a single-step Resin Transfer Moulding (RTM)
process [1], which avoids additional steps to join the metal and the CFRP component. This results in
the need for developing special resin systems capable of joining metal to CFRP while being a good
binding agent for the dry carbon fibres. Nevertheless, new problems arise, as the different material
properties result in residual strains, stresses and final component distortion while cooling the
component from the warm RTM process down to room temperature. Finite element simulations help
to gain insight and understanding of those problems as well as to reduce their impact. In previous
research work [2] it was shown, that it is possible to predict the resulting distortions of a hybrid metal-
composite plate, manufactured in a single-step RTM technology,by simulating the cooling phase of the
process. In the present study, a parameter optimisation was set up based on previously developed
simulation model [2] in order to find an optimised CFRP layup capable of reducing final residual
distortions. For the optimisation, plates with dimensions of 500x500 mm? were chosen as geometry,
with a 2 mm thick steel and a 2 mm CFRP component. Besides reducing the distortions, the
optimisation aimed at a homogenized distortion distribution compared to the saddle shaped distortion
geometry of the original plates [2]. For validation and comparison purpose, the resulting, optimized
CFRP layup will be manufactured and compared with the original, symmetrical 0°/90° layup. The
produced plates will be optically scanned and measured so to evaluate the optimisation results. This
paper presents and discusses the optimisation model as well as the analysis and validation with
experimental results. For the validation the plates were produced in three different layup
configurations to ensure a good comparability of the experiments to one another. The validation
through experiments show a good agreement with numerical results and produce promising results.
Nevertheless, the simplified modelling technique in the FE model leaves room for improvement which
will also be discussed. Future prospects and fields of applications will be discussed and conclude the
underlying research. [
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Abstract: The efficient and flexible design of renewable power plants is key to increase
competitiveness of clean technologies and accomplish climate strategies. Hybrid renewable power
plants, considering different renewable energy technologies, integrated with energy storage have the
potential to provide sustainable, cost competitive and dispatchable energy. However, current
renewable power plants are not dispatchable and deliver energy only when the renewable source is
available. This results in large fluctuations and increasing cost of integration in the wider electricity
system. Flexible design of renewable power plants with energy storage increase reliability and
decrease integration cost of sustainable technologies. Nevertheless, the design of flexible, affordable
and dispatchable power plants involves a thoughtful balance between technical and financial
performance. Moreover, the design of renewable power plants has to handle a larger number of
parameters compared with conventional power plants, and the integration of energy storage requires
an operational strategy optimisation for every design. The model presented is developed as a two-
stage multi-objective optimisation framework for a hybrid power plant. In order to exploit the
synergies of hybrid power plants and to promote the best technologies to be chosen in the design,
both design and operational optimisation objectives have to be linked. The first stage, i.e. the design
optimisation, is performed by genetic algorithms and is focuses on the best definition of the capacities
of every subsystem for a cost-competitive supply, handling the trade off between technical and
financial performance. Then, as a nested second stage, a linear automated scalarisation method for
multi-objective optimisation is performed in order to find the annual optimal hourly operation
strategy. In this case, the objectives of the design optimisation include the levelised cost of electricity,
investment and system flexibility. These are very closely related with the objectives of the operational
optimisation, which include maximisation of the energy, minimisation of the mismatch between supply
and demand, and minimisation of greenhouse gases emissions (in the case that a fossil fuelled unit is
considered to give more flexibility to the system). Finally, by a post-optimisation sensitivity analysis, a
set of optimal designs can be slightly modified to estimate benefits by increasing flexibility. Through
the optimisation framework described it is possible to handle different energy generation and storage
technologies to design a sustainable, cost competitive, flexible and dispatchable power plant. Besides,
the post-optimisation analysis can handle other key performance indicators and provides more
detailed information, improving the decision making.
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Abstract: The stability analysis and optimization of elastic web travelling between two rollers with a
constant velocity are presented. The mathematical model for a layered travelling web (continuous
isotropic composite plate) is developed restricting the consideration to one open draw. The layered
plate with various mechanical properties of layers is considered and analytical expressions for the
effective characteristics are derived. As a result the composed structure can be considered as an
isotropic homogeneous plate and the obtained formulas for computation of critical velocity can be
applied. Then the isoperimetric optimization problem is formulated and studied. The total mass of the
layered plate is considered as an isoperimetric condition. The critical divergence velocity is taken as an
optimized quality criterion. To this end consisted in maximization of the web stability and for
maximization of the divergence velocity with respect to material distribution, the evolutionary
optimization method (genetic algorithm) is applied. The number of materials is supposed to be given.
Applying the genetic algorithm we distribute these materials on the plate thickness (provide the
optimal plate consisted of some layers of different thickness) and maximize the critical velocity under
the constraint on the total mass of the structure. Numerical results are presented for different sets of
problem parameters. It is noted that the considered problem and applied approach can be generalized
and also used for the cases with incomplete data concerning the properties of materials.
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Abstract: In a process of designing an ultra efficient objects, one of the most important issues is to
minimize an overall resistance in each of its components. However, the process is complex and time
consuming, as every element should be treated separately and a whole object must be also considered
as a unity. With a usage of different optimization tools, a designer is able to obtain the best possible
solution with given constraints and conditions. In this paper, an optimization approach for an ultra
efficient electric vehicle is presented. The analyzed object is a supporting system for an electric vehicle
powered by a hydrogen fuel cell designed by Smart Power Team from the Silesian University of
Technology, which is dedicated to participating in Shell Eco-marathon competition, in a UrbanConcept
class. During the race, not a total time is taken into consideration, but a total amount of used fuel, with
the least, the higher position of a competitor. Therefore each subassembly of a vehicle must be
optimized with a consideration of energy efficiency. In case of the supporting system based on shell
elements, three main areas of optimization can be distinguished: body's shape, other subassemblies'
placements and their connections to the system and an inner and outer structure of shell elements. As
the supporting system is not a part of a drivetrain, its impact on the vehicle's total efficiency is not
direct and can be analyzed mostly in consideration of its mass but also stiffness, which impacts on
other subassemblies performance. Due to the fact that body panels are integrated parts of the
supporting system, the shape optimization, mostly due to aerodynamic properties, was already
conducted and is not a part of this paper. Moreover, the optimization process, based on topology
optimization of the shell structure and laminates' thickness and plies' thickness and sequence was
already conducted for the previous iteration of the outer shape of the vehicle, therefore most crucial
areas of the structure have been already identified and basic methodology has been already
developed. As the vehicle is driven with considerably low velocities and on a proper racetrack, loads
introduced to the supporting system are relatively small and a loads structure is simpler than in case of
a typical commercial vehicle.
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Abstract: Continuous development of technologies and state of the environment, as well as emerging
from these sources combined market demands, requires creating energy efficient vehicles for the daily
commute purposes. The goal of this paper is to present optimisation process of the load bearing
structure, which is a part of hydrogen fuel cell powered vehicle, that can be described as a small urban
car. Due to its purpose, it is not capable of travelling with high velocities and does not have to cope
with major road irregularities. The structure had to obey rules and regulations of Shell Eco-Marathon
competition, in which it is going to take part in the custody of Smart Power Team from the Silesian
University of Technology in Gliwice. Impact on efficiency, from the structure point of view, comes from
aerodynamics, weight and stiffness, which may influence different subassemblies efficiency. The
analysed vehicle already possessed shape of the fuselage, which was previously optimised to improve
aerodynamics. Therefore, the subject of skin shape optimisation was not taken into consideration in
this paper. Nevertheless, deep understanding and familiarity of the outer shape were required, to
create efficient supports that transfer loads- for example, aerodynamic loads and ensure fuselage
stiffness and mounting to the chassis. As the main goal of the structure was to obtain low weight,
materials used in the load bearing system were mainly composite materials like carbon fibre tubes and
sandwich structures, but also 3D printed elements. The secondary objective of the conducted work
was to develop a structure, which as many parts as possible may be created and assembled by
students. As a result of such an approach, costs were reduced significantly and educational value to
the project was added. To obtain this goal, without sacrificing the safety of the vehicle and its driver, a
special type of joints between carbon fibre tubes was developed in previous work and applied in this
design. The methodology used during the optimisation process was based on experiences gathered
during simliar structure design by the authors and its main principle is topology optimisation. In order
to obtain further improvements, deeper analysis of the structure was required, and as a result number
of steps followed during optimization process increased.
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Abstract: An innovative research front for composites is their production by additive manufacturing
(AM), also referred to as 3D printing. AM, which was previously mainly used for prototyping, is now
evolving towards functional components. Part of the motivation in the search for AM developments to
fibre composites is to explore the inherent flexibility of the related processes, for example the
possibility of laying curved fibre-paths within a component. This work aims to present a variable
stiffness curve-based design parametrization to the optimisation of a 3D printed aeronautical lug,
made of thermoplastic polymer reinforced by continuous fibres. Results on structural modelling for
stiffness and strength show that these quantities behave in different manners for the assumed
parametrization. An optimisation problem is proposed, and it is expected that optimised designs for
stresses may further enhance the applicability of 3D printed composites in load bearing situations.
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Abstract: In manufacturing companies, every time a new product is developed, designers tend to
recreate components instead of using the existing designs causing design divergence. This causes
manufacturing cost increases as well as increases in time to market for new products. Through
Standardization, it is possible to take advantage of the benefits of mass production such as increased
reliability, lower lifecycle costs and lower time to market in product development. In firms, during
standardization processes, candidates are searched in databases through Shape Similarity Assessment
Algorithms (SSAA). While current SSAA provide a means of reducing part proliferation during the
development of new products, they are unsuccessful when it comes to assess if any pair of
components is standardisable mainly due to their insensitivity to component details such as
component interfaces. In this work, a set of standardization compatibility metrics for the selection of
standardization candidates is proposed. This is achieved through the development and application of a
voxelization algorithm which assesses volumetric commonalities between the assessed geometries.
The metrics are dependent on the relative alignment between components, and maximum
standardization compatibility is only achieved if the alignment is such that there is a match between
interfaces of different components. In this work a local search Genetic Algorithm is applied so as to
find the optimal alignment between components for the development of standard designs. Preliminary
results indicate that while there are several local optimal results for the proposed metrics, the global
solution is attainable using a local search approach as opposed to conventional genetic algorithms,
which tend to converge to local optima.
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Abstract: Fixed-bed reactors are important workhorses in biochemical industry because of their
efficiency, low cost, and type of construction, operation, and maintenance. These (bio)reactors are
widely em-ployed since use of immobilized enzymes offers an easy product separation, less enzyme
loss, in-crease in thermal and operational enzyme stability, enzyme protection against harmful
environmental stress, and a better control of process. Design and optimization of fixed-bed reactors
are not an easy task and often involve an inherent trade-off between different and conflicting
objectives. Particular-ly, in case of bioprocesses, optimal conditions assurance can be a very
challenging task (even if the process model is available) because of enzyme deactivation which is not
always taken into account to predict proper bioreactor. The factors responsible for enzyme
deactivation characteristics in rela-tionship to the main enzyme catalysed reaction can be decisive in
choosing the reactor operating mode and optimal operating conditions for biotransformations course.
Biocatalyst deactivation dependent on substrate concentration (parallel deactivation) is the specific
one and makes enzyme activity both function of time and position. Such deactivation mechanism is
related to catalase which has intensively been applied for elimination of residual hydrogen peroxide in
various domains such as textile, food, and semiconductors industries, as well as the waste waters
treatment and cosmetics and pharmaceutical formulations in biosensor system. One can notice that
the optimal operating conditions in a continuous packed-bed reactor for hydrogen peroxide decom-
position are not easy to implement in industrial practice, because of the dependences of state varia-
bles being a functions of time and reactor length. Additionally, when working with immobilized
enzymes (especially catalase), internal and/or external diffusional resistances are likely to occur re-
gardless method of immobilization used. Practically, in the most simple way, an optimal operating
strategy can be accomplished by searching for a suitable feed temperature yielding the maximum
bioreactor productivity. Hence, the objective of the present study was to search for — under constant
feed flow rate — the optimal feed temperature of the fixed-bed reactor performing hydrogen peroxide
decomposition by immobilized onto the non-porous glass beads Terminox Ultra catalase. The optimal
feed temperature was obtained by maximizing time-averaged hydrogen peroxide conversion
accounting for the lower and upper temperature constraints as well as diffusional resistances
expressed by global effective-ness factor. The obtained results can improve the knowledge of the
hydrogen peroxide decomposed by catalases from various sources and the selection of operating
conditions.
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Abstract: Appropriate modeling of the boundary conditions is crucial to the design of structural
components. Poor modeling results in poor designs. Of these conditions, contact is the one that
dominates countless physical situations, e.g., crashworthiness, wear, and lubrication, etc. Indeed,
contact is present in every structure because loads are transferred from one body to another via
contact. However, contact modeling is challenging so it is often replaced by simple traction and/or
displacement boundary conditions which compromises the accuracy of the simulation. Works in the
Topology Optimization (TO) of structures in contact are primarily restricted to rigid obstacle problems.
Contact of bodies with nonconforming mating meshes requires more advance segment-to-segment
modeling techniques, which are rarely used. Indeed, most of the numerical examples are two-
dimensional. Our research is devoted to the TO of structures in contact using more advanced modeling
techniques to address design problems with multiple deformable components in contact. Since the
contact problem is computationally expensive, we use efficient optimization algorithms which require
sensitivity analysis. Novel features of our proposed work include the use of a general continuum
formulation of the contact model, making it suitable for large deformation problems and arbitrary
discretizations. Also, we use a mortar segment-to-segment approach to solve the contact problem of
two deformable bodies with dissimilar meshes. Moreover, we use a B-spline design parameterization
to 1) reduce the number of design variables in comparison to element-wise parameterizations and 2)
regularize the TO problem. Additionally, we propose to use the following well-known techniques:
penalty and augmented Lagrangian methods to enforce contact constraints, analytical adjoint
sensitivity analysis to compute the gradients of general functionals, efficient gradient-based
optimization algorithms to effectively transverse the design space, e.g., the Interior Point Optimizer
(IPOPT), and the SIMP density method of TO. Finally, we will provide numerical examples to validate
our study.
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Abstract: The multiscale modelling of materials plays important role in engineering design and
biomechanical analysis of tissues. The multiscale methods allow to take into account influence of
microstructure of the macro model behaviour. The paper deals with multiscale modelling of
hyperelastic biomechanical tissue. The tissue is modelled with use of numerical homogenization
technique. The direct problems are solved with use of the Finite Element Method. The mechanical
macro parameters of tissue can be obtained on the experimental way, but the properties of microscale
sometimes must be determined using inverse problems. The author propose the formulation of the
inverse problem as a optimization problem with objective function depended on macro level
properties. The design variables describe material properties in micro level. The minimization of
objective function leads to design variables values which should correspond with micro level material
properties. The nonuniqueness of solutions of the inverse problems are well known problem. The
optimization with use of global optimization evolutionary based algorithm is considered, the algorithm
is used many times to empirically check the problems with nonuniqueness. The optimization algorithm
is implemented in commercial FEM software. The full paper contain information about evolutionary
algorithm, implementation of algorithm in FEM software, description of multiscale algorithm, the
inverse problem formulation and tests. The material properties in microscale for models of brain tissue
are considered as a numerical examples.

Acknowledgement. The research is partially financed from statutory subsidy of the Faculty of Mechanical
Engineering of the Silesian University of Technology in 2018 and BK226/RMT4/2018



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1283

OPTIMUM DESIGN OF PARKING-LOTS WITH MULTIPLE VEHICLE TYPES, PARKING FEES AND SERVICE
CLASSES

Partha Chakroborty, Parikshit Sharma

Indian Institute of Technology, Kanpur, India
partha@iitk.ac.in; parikshi@iitk.ac.in

Keywords: Parking-lot design,Non-linear mixed-integer problem,Genetic Algorithm

Abstract: Many facilities like airports, train stations, etc. provide parking-lots for vehicles. Vehicles that
arrive are of multiple types (with different parking space requirements) and often demand different
kinds of parking services — some want long-term parking while others short-term. Parking fees also
impact demand for parking. Hence, in addition to the question (i) how big (in terms of capacity) should
a parking-lot be, the following questions are also relevant: (ii) how should the total capacity be
distributed among the different vehicle types and service classes and (iii) how much should the parking
fees be? In this work the authors attempt to answer these questions. The answers depend on what the
transport planner wishes to achieve. For example, one planner may want to minimize the probability
of not finding space in the parking-lot while another may want to minimize the operator’s revenue
loss. Here, mathematical programming (MP) formulations for various types of objectives are
developed and solved. The constraints to the problems arise out of service quality and space
restrictions, and parking fee requirements. A parking-lot behaves as a capacity-constrained, multiple-
server queuing system where the capacity and the number of servers are equal to the number of
parking-stalls in the parking-lot. In this problem, the state of the system is represented as n=[n_1,1
,onn_ () ,0on_(1,)) ] where n_(i,j) is the number of spaces occupied by vehicles of type i and service
class, j. P(n), the probability that the system is in state n, turns out to be a non-linear expression
(involving finite series sums) of variables like, parking capacity C_(i,j), mean arrival-rate A_(i,j), mean
parking duration &_(i,j), parking fee, etc. Thus the MP formulations involve constraints and objectives
that are non-linear functions of the decision variables of which C_(i,j) are integers. This makes the
problem a non-linear, mixed integer-programming problem — a problem class that is notoriously
difficult to solve using traditional techniques. Consequently, Genetic Algorithms (GA) is used to
determine the optimal solutions. In order to establish the quality of these solutions, for some special
cases, piece-wise approximations for P(n) are developed and used to obtain optimum solutions using
analytical methods. These when compared with GA-based solutions indicate that GA provides good
solutions. Finally, based on the optimum solutions obtained here, an attempt is made to develop rules-
of-thumb that can be easily employed to arrive at good design solutions for parking-lots with multiple
vehicles types, parking fees and service classes.
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Abstract: An approach for decreasing costs in lightweight structures using FRP composite materials is
proposed based on a hybrid construction where expensive and high-stiffness materials performs
together with inexpensive and low-stiffness material. The optimal design of hybrid composite stiffened
structures is addressed as sizing, topology and sustainable material selection in a multi-objective
optimization framework. Minimum weight (cost), minimum strain energy (stiffness) and maximum
sensitivity to sustainable factors are the objectives of the proposed structural robust design approach.
The model performs the trade-off between the performance targets against sustainability, depending
on given stress, displacement and buckling constraints imposed on composite structures. The design
variables are ply angles and ply thicknesses of shell laminates, the cross section dimensions of
stiffeners and the variables related to material selections’ and structural distribution. A Multi-objective
Memetic Algorithm (MOMA) searching Pareto-optimal front is proposed. MOMA applies multiple
learning procedures exploring the synergy of different cultural transmission rules. These rules are
associated with some kind of problem knowledge and learning classified as Lamarckian or Baldwinian.
The memetic learning procedures aim to improve the exploitation and exploration capacities of
MOMA. It is implemented the selfish gene theory using a fusion of concepts. The age structure
performs together with feature-based allele’s statistics analysis used in the learning procedure
implemented inside a virtual population (VP) using the rules: (i) storage of the ranked solutions aiming
to obtain the Pareto front and (ii) evolution as a virtual population of alleles. A self-adaptive genetic
search incorporating Pareto dominance and elitism performs together in the proposed MOMA. Two
concepts of dominance are used: the first one denoted by local non-dominance performs at the
isolation stage of populations and the second one called global non-dominance performs on the age
structured VP. The age control emulates the human life cycle and enables to apply the species
conservation paradigm. The crossover operator applied to age-structured VP results from the
development of new mating and offspring selection mechanisms considering age control and
dominance. The concept of species associated with material choice and distribution on composite
structures is used. A detailed analysis of solutions/individuals at the Pareto-optimal front reveals that
they belong to different species. From this, it concludes that MOMA is successful in preserving the
population diversity. Furthermore, MOMA is able to indicate alternative optimal designs based on
different species what might be very important for the designers in multi-objective design sustainable
optimization of stiffened composite structures.
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Abstract: “FlexDraper” is being developed as an automated solution for the draping of woven carbon
fiber prepregs. The “FlexDraper” system is comprised of an array of actuated grippers mounted on an
industrial robot. This robotic system cando a one-by-one ply placement (draping) of a set of fabrics
onto a mold surface to provide a repeatable and automated composite manufacturing process. A
major challenge for this automated draping is to determine the respective movements for each of the
grippers such that the draped configuration matches a prescribed boundary and does not induce any
out-of-plane wrinkles. In a previous research effort, an advanced nonlinear, rate-dependent Finite
Element (FE) model was created and used to study the problem with simple gripper movements. It was
found in that study that the placement of the ply is highly dependent on the path taken by the grippers
and that wrinkles can easily form during draping. Thus, it was concluded that a concerted effort should
be put into determining the optimal gripper trajectories. While the FE model agrees well with
experimental results, it is also computationally expensive. Thus, it is not suitable for completing
optimization analyses and a faster, approximate model must be developed. In the present study, the
fiber ply is modelled by a series of catenaries, i.e. curves that represent the behavior of cables
supported at the end points. To match the experimentally measured behavior of the fiber ply, a
catenary model with added bending stiffness is employed. An optimization framework is set up such
that the respective movements of the grippers from the initial configuration with the ply suspended
above the mold, to the final draped configuration, can be determined. The movement of the grippers
is divided into steps, where in each step, an optimization problem is solved with move limits imposed
on the grippers. In this way, the trajectories of the grippers can be mapped. Before mold contact, the
objective is — in addition to minimizing the mold-ply distance — to position the ply such that it will
match the prescribed boundary at the end of the placement process. After mold contact, the objective
is to minimize the difference between the slopes of the ply and the mold at the contact point. In this
manner, the ply will be rolled onto the mold and wrinkling will be mitigated. Ultimately, the generated
gripper movements are used in the FE model and compared to experimental results.
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Abstract: In this work, we consider the identification of one or more obstacles immersed in a viscous
and incompressible fluid flow governed by the Stokes equations, from incomplete over-specified
measurements at the boundary of the flow. Our purpose is to extend the method introduced in [1],
based on a game theory approach, to develop a new algorithm for simultaneous identification of the
objects and missing boundary data, of Dirichlet and Neumann type conditions. Consider a bounded
open domain, which is filled with a fluid. Its boundary is sufficiently smooth and composed of two
connected components. We consider an unknown obstacle immersed in this domain. The inverse
problem considered here consists, then, from the given velocity and stress forces on an accessible part
of the outer boundary, to determine the unknown obstacle such that the fluid velocity u and the
pressure p verified the Stokes system with homogeneous Neumann boundary conditions on the
obstacle using the Neumann and Dirichlet data on an accessible part of the outer boundary. This
problem is formulated as a Three-player Nash game. The first player takes the known Dirichlet data
and uses the Neumann condition on the inaccessible part of the outer boundary as a strategic variable.
The second player is given the known Neumann data, and plays with the Dirichlet condition prescribed
over the inaccessible boundary. Both of the two players consider a response fixed by the third player,
which controls the obstacle shape. We have adopted the level-set method for an implicit
representation of the contour of this object. Then, we introduce three objective functions, where each
player tries to optimize his own cost by seeking to converge towards an equilibrium that represents a
compromise between them. This equilibrium is defined as a solution of the multi-objective
optimization problem (Nash equilibrium) and which is expected to approximate the coupled problem
solution. In order to test the efficiency and robustness of the proposed approach and to compare with
the existing methods, a numerical study is carried out for different forms of the obstacle.
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Abstract: Lookup tables are used to substitute time-consuming online calculations in many
computational dynamics methods, as for instance for the railway wheel-rail interaction. In a wide
number of engineering applications, the use of lookup tables can drastically reduce simulation times
without greatly compromising accuracy, due to interpolation errors. The generation of a lookup table
consists of pre-calculating the set of quantities that are required for the dynamic analysis, which
covers the study domain. Thus, the computational cost of calculating these quantities is shifted from
the numerical simulation to the generation of the lookup table, which is only performed once. During
the dynamic analyses, the tables are interpolated to get all required parameters. The selection of the
points that describe the lookup tables domain is of importance to ensure not only that the
interpolated values are sufficiently accurate, but also that the number of points used is minimized.
Currently, lookup tables are generated without involving measures to make them simpler or without
error minimization in mind. To overcome this shortcoming, an optimization approach to automatically
generate lookup tables with a prescribed accuracy is presented here. The points of a lookup table
domain are grouped in a set of layers. The thicknesses of these layers represent distances between the
points. To reach faster interpolations, the minimum size of the lookup table is identified, that is, the
minimum number of points that define the lookup table domain. This objective consists of maximizing
the layers thicknesses. In turn, to ensure specified accurate interpolations of the lookup table, the
thicknesses of the layers are defined such that the deviation between interpolated and exact values at
selected control points are kept under specified tolerances. Thus, the automatic lookup table
generator tool developed in this work uses a sequential optimization strategy to design the layers of
the lookup tables domain. To design the thicknesses of each layer, a dedicated optimization algorithm
has been implemented. This algorithm uses a unidirectional search strategy that only considers the
growth of the design variables. The optimization procedure reaches the optimal result when a layer
cannot be thickened anymore without exceeding the specified tolerances for the interpolation errors.
To demonstrate the performance of the proposed approach, lookup tables have been generated for
known analytical functions, being adjusted the optimization options to reduce the time consumption.
It is demonstrated that this work provides a reliable lookup tables generator to be applied in
engineering applications.
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Abstract: Discontinuous Petrov-Galerkin (DPG) methods constitute a modern class of finite element
methods, which present several advantages when compared with traditional Bubnov-Galerkin
methods, especially when the latter is applied to indefinite or non-symmetric problems. For example,
under minimal assumptions about the solvability of a given boundary value problem (BVP) the method
results in stable, symmetric and positive definite discrete problems for a very wide range of possible
finite element approximations of the fields, involved in the problem's formulation. Additionally, as a
by-product of the solution procedure, the method produces element-wise residual estimates, which
can be utilized for adaptive mesh refinement or simply as a qualitative measure of infeasibility of a
current solution approximation with respect to a given BVP. Our goal is to utilize these advantages of
DPG methods in the context of topology optimization. Unfortunately, the direct application of DPG
discretizations to the BVPs arising in topology optimization is hindered by the very unusual scaling of
the residual, caused by the gigantic jumps in the coefficients of the governing differential equations.
For example, in the canonical case of linearized elasticity with SIMP model the coefficient ratio
between the "stiff" and "soft" phases is held at a billion, which is then further squared by Petrov-
Galerkin methods based on minimizing the squared residual. We introduce a DPG method with
appropriately scaled residual norm, which allows us to deal with big contrast ratios in the coefficients.
We then apply this method to benchmark topology optimization problems appearing in linearized
elasticity.
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Abstract: We propose an algorithm for minimization of a functional under constraints. First, an
algorithm for minimization under equality constraints is devised. It uses first-order derivatives of both
the objective function and the constraints. The step is computed as a sum between a steepest-descent
step (which minimizes the objective functional) and a correction step related to the Newton method
(which aims to solve the equality constraints). The linear combination between these two steps
involves coefficients similar to Lagrange multipliers which are computed in a natural way based on the
Newton condition. The algorithm uses no projection and thus the iterates are not feasible; the
constraints are satisfied only in the limit (after convergence). A local convergence result is proven for a
general non-linear setting, where both the objective functional and the constraints are not necessarily
convex functions. In a second stage, this algorithm is extended, by means of an active set strategy, to
the case of inequality constraints. Active constraints are treated as equality constraints. Inequality
constraints are activated as soon as they are violated. However, they are not deactivated as soon as
they become fullfilled. Instead, a deactivation criterion is used, based on the sign of the associated
Lagrange multiplier. As a (trivial) third step, the algorithm is generalized in order to deal with minimax
problems, which are relevant for structural optimization. An example of worst case design is discussed
in the framework of optimization of mechanical structures with multiple load cases. Numerical results
are presented.
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Abstract: The paper deals with a specific ground structure method for topology optimization of large-
scale trusses approximating Michell structures. The ground structure methods are expensive but
robust. The optimization process consists in finding the optimal subset of active bars from a prescribed
set of possible bars connecting nodes. The bars that do not transmit any forces disappear and are
eliminated in the final solution. The nodes have fixed positions (coordinates). Therefore, they must be
arranged quite densely to obtain good approximations of exact solutions. This leads to huge
optimization problems that are expensive and hard to solve in a direct way. This obstacle can be
overcome by the adaptive ground structure method proposed by Gilbert and Tyas [1] and later
developed by the author [2]. On the other hand, due to fixed positions of nodes the topology
optimization problem can be formulated and solved in the framework of linear programming (which is
convex and free of local minima). This enables finding a globally optimal solution. In the present paper
we discuss different strategies of reducing the size of the optimization problem by applying selective
subsets of active bars and nodes. An important improvement to adaptive ground structure methods is
proposed. This improvement allows better reduction of the problem size by eliminating greater
number of unnecessary bars. This reduction is possible thanks to adjusting adjoint displacement field
in empty regions where no material is needed. This adjusting phase requires solving an auxiliary linear
programming problem of relatively small size. This improvement is particularly important for multi-
load 3D problems because the optimal spatial trusses tend to assume forms of lattice surfaces while
most of design space becomes empty. It is worth noting that despite the iterative character, the
method guaranties the convergence to the optimal solution because at the end the strains in all
potential bars have to satisfy Michell optimality criteria. The newest version of the implemented
method allows solving tasks with billions of potential bars and enabled to obtain new important
solutions which extend the class of known Michell trusses to 3D space and multiple load conditions.
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Abstract: This paper is concerned with the analysis of framed structures with inextensible and rigid
members, i.e. members without axial and bending strains. Rigid and inextensible members may be
useful in educational software because they capture the essence of the structural behavior with a
reduced the number of variables. In addition, they allow a comparison with results obtained by hand
calculation using classical structural analysis methods. There are three main approaches to constraint
handling: transformation, penalty function and Lagrange multiplier methods (Zienkiewicz et al., 2013;
Cook et al.,, 2002; Felippa, 2017). The transformation methods, also known as master-slave
elimination, use each constraint to eliminate one equilibrium equation, reducing the number of
degrees of freedom. However, this approach does not allow the determination of axial forces in
inextensible member or bending moments in rigid members. The implementation of the penalty
function method is trivial, since physically it corresponds to assign a very large number to the axial
stiffness (EA) of inextensible members and a very large number to the bending stiffness (El) of rigid
members. However, as the penalty factor increases, the stiffness matrix becomes increasingly ill-
conditioned, leading to large solutions errors. This paper presents a methodology for considering
structural member deformation constraints using Lagrange multipliers. It consists of adding strain
constraints into the total potential energy minimization, leading to a quadratic programming problem.
In addition, this approach is very suitable for computational implementation because it does not affect
the generic characteristic of a matrix structural analysis. The solution gives rise to one Lagrange
multiplier per constraint, which is essential for computing member internal forces. However, there are
situations in which inextensible and rigid member constrains may be redundant, which prevents the
determination of dependent Lagrange multipliers. In these cases, it is not possible to determine
internal forces in the members with redundant constraints. Although not implemented, a special
treatment is indicated for determining member internal forces in these situations.
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Abstract: As recent power modules and semiconductor devices demand the utmost performance in
small and light-weight structures, the design and the manufacturing of heat sinks that offer maximal
cooling performance has become a challenge due to continuously evolving miniaturization and smaller
cooling areas. In line of the above, and for practical realizations, heat sinks having the ability to
operate in limited volume, as well as having simple geometry are highly desirable due to existing
limitations in cooling area and machining processes. In this paper, we propose a methodology to
design heat sinks that aim at minimizing temperature and pressure loss based on curvature
considerations, as well as design of experiments and response surfaces. Exhaustive simulations and
sensitivity analyses based on Finite Element Method have shown the improved cooling performance in
terms of thermal resistance when compared to the conventional heat sinks with straight fins. Also, our
proposed approach maximizes the contact area between the refrigerant and the heat sink, and
increases the refrigerant flow velocity when compared to the conventional heat sink. Furthermore, the
unique point of our proposed approach lies not only in the simplicity of the geometry of the heat sink,
but also in the higher cooling performance, which is key to realize enhanced cooling mechanisms by
existing metal-based 3D printers. We believe our approach offers the building blocks to enable the
design and realization of heat sinks with manufacturable geometry and utmost cooling performance.
As such, our proposed approach has the potential to capitalize on the benefits of metal-based 3D
printing technologies, enabling the possibility to realize challenging geometries.
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Abstract: Many infrastructures were built in 1950's and 60's intensively in Japan, which was the
highest economic growth period. They got older in half a century, and now it is an urgent task to
inspect and maintain such aging infrastructures. In this research, we focus on the inspection and
monitoring schedule of tunnels. In Japan, 130-meter-section of ceiling panels fell at Sasago tunnel
(Yamanashi prefecture, Japan) in 2012. Three vehicles were crushed and nine people were killed in the
incident. After that, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) renewed the
manual of tunnel inspection. The renewed manual instructs that all tunnels must be inspected within
every five years and its status of deterioration is graded. Moreover, if the grade of a tunnel falls below
the predetermined threshold, the tunnel must be monitored within two years from the last inspection
or monitoring. On the other hand, such inspections and monitoring activities need money. Generally,
for tunnels which are the property of a local government, inspection and monitoring fee would be paid
by that government. Therefore, the government must prepare a budget for such activities. However, if
the number or total lengths of inspected and monitored tunnels are biased from year to year, then it is
difficult to get enough budget for the year in which there are many inspected and monitored tunnels.
In this research, we proposed an optimization model to level the yearly budget for tunnel inspections
and monitoring activities. To tell the truth, the manual allows to accelerate the inspection schedule:
for example, we can inspect a tunnel within four years. By using this allowance, we can resolve the bias
and level the yearly budget gradually. On the other hand, this leveling procedure would increase the
aggregate budget of a target period because the total number of inspections and monitoring activities
may increase. So, in this research, we proposed an optimization model for making the optimal
schedule of tunnel inspection and monitoring for leveling yearly budget within the predetermined
aggregate budget in the period. Numerical experiments were conducted in this research: we use the
practical data which include 270 tunnels in Hokkaido prefecture. The result shows that our proposed
model works well and can find the optimal and practical schedule for Hokkaido area.
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Abstract: Natural gas and sulfuric acid are two of the most widely consumed products around the
world. The increased demand for energy leads to fast growth of natural gas. The natural gas processing
goes through many stages. Many of these stages have been considered for multi-objective
optimization (like liquefaction), while the area of dehydration stage still needs more study. Regarding
sulfuric acid importance, in addition to its various uses, it is a part of the production process of many
industrial goods such as fertilizers. The production process of sulfuric acid and natural gas generate
several gas emissions that are released to atmosphere and are negatively affecting the environment. In
addition, during the production, the plant units are losing huge amount of energy. In order to solve
these environmental and thermodynamic problems, both processes need to be multi-objectively
optimized with respect to the specified objectives. For natural gas production, the considered bi-
objective case is the simultaneous minimization of total process physical exergy (EXRGT) and
photochemical ozone creation potential (POCP). ProMax® 4.0 was used to simulate the process
coupled with excel-based NSGA-II algorithm to carry out optimization. Many decision variables were
considered like solvent and gas flow rates, pressure and temperature of inlet streams. Limitations for
the final product water content, solvent flow rate were taken into account. It was found that there
exists a potential for improving the process and that the pressure of the inlet wet gas stream has the
strongest impact on the multi-optimization results. For the sulfuric acid production plant, Aspen Plus
was used for simulation and excel-based NSGA-II algorithm was used for optimization. Minimization of
acidification potential (AP) and the physical exergy of the process units (EXRGP). Decision variables like
columns and reactors operating pressure and raw materials flow rates (air and sulfur) were considered
in addition to several constrains regarding the purity of the acid, gas lines water content, etc. Results
showed that there is a multi-optimization potential for this process with respect to the thermodynamic
and environmental point of view and that process is mainly influenced by the steam flow rate that is
used for gas cooling purposes. Both studies provide a better understanding for dehydration and
sulfuric acid processes, so that it will help in improving all the related plants all around the world.
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Abstract: The suppression of vibrations in structures is an area that has importance not only for
structural integrity but also for human comfort. In the last decades several types of materials have
been developed to be applied in soft core structures, the main objective is that the core provides a
significant amount of damping. In this work we consider an approach that allows for the adjustment of
a numerical experimental frequency response function (FRF), obtained with a finite element method of
the soft core plate element, to the FRF obtained in the laboratory or in the real service of a structure.
The main objective is to estimate the engineering properties considering the real behavior of the high
damping materials. The optimization process consists in minimizing the error between resonance
peaks, due to the deviation of the theoretical FRF and the experimental FRF, the process variables are
the engineering properties of the core material. The properties of the material can be frequency
dependent and in that follow-up, the adjustment is done at each resonance peak. In an early stage an
evolutionary algorithm is used to approximate a global solution and thereafter that solution is refined
by a gradient-based method. This research work has been developed considered a hysteretic damping
model for highly damped materials. Hence, the FRF curves do not have defined peaks and so the work
focuses on the precision study of the applied optimization algorithm. Some studies will be presented
using numerically simulated data but also experimental data.
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Abstract: In this work, topology optimization is used to design compliant fluidic control structures
(CFCSs). A compliant mechanism which transmits force, motion and/or energy into different output
responses at associated different locations within the design space while experiencing large
deformation with the purpose of regulating fluid flow, can be termed as a CFCS. Such output
responses, herein, are characterized via opening and/or closing of predefined holes having different
positions, shapes and sizes. In a CFCS, a hole can be closed if its boundaries move towards each-other
in response to the external input actuation. Conversely, in case of opening, they should move apart. A
least square error objective with respect to a target boundary shape and/or position is proposed to
achieve CFCSs with desired opening and/or closing functions, under selected resource constraints.
Such mechanisms can be used as tunable fluidic control devices which can vary their shapes and
functions in specific, predetermined ways in response to external loadings while undergoing large
deformation. It has been noticed that topology optimization techniques based on gradient search
involving large deformation experience numerical instabilities when extreme deformation occurs in
lower stiffness finite elements/regions. To avoid such anomalies, we use the approach presented in [1]
for the topology optimization. Material and geometrical nonlinearities are considered to cater to large
deformation, which proves essential to obtain effective CFCSs. The Newton-Raphson method in
association with updated Lagrangian formulation based finite element method is used to solve the
mechanical equilibrium equations. The structures are actuated via uniformly displacement (stretching)
loads. Various single/multi-functional compliant devices are presented, and their performances are
compared with their respective prototypes to show the efficacy of the approach.
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Abstract: Analysis of man-made and natural slopes has been a challenge for engineers, requiring
development of complex computational models to assess the stability hazards and risk levels. These
computational models involve combination of analysis tools and integrated optimization solutions,
which generally induce intense engineering calculations with upscale time complexity. In order to
create reliable engineering solutions within a reasonable amount of time, a robust optimization
algorithm is necessary, leading to an efficient stability analysis framework. Within this context, various
optimization techniques involving deterministic and metaheuristic approaches were proposed in the
past decades. The proposed methods for this purpose often suffer from convergence issues when they
involve deterministic paradigms or may be time deficient when stochastic concepts appear. Therefore,
development and integration of an effective optimization algorithm is vital. In this study, a modified
version of Differential Evolution (DE) algorithm named Elitist Differential Evolution (EDE) is introduced
and proposed to solve slope stability analysis problems more effectively. To develop the complete
analysis framework, the algorithm is integrated with a non-circular slip surface generation method and
limit equilibrium based stability analysis techniques. Then, the performance of EDE is compared with
the other optimization algorithms such as conventional Differential Evolution, Particle Swarm
Optimization and Grey Wolf Optimization using the benchmark problems reported in the literature.
The outcomes indicate that the statistical performance of EDE surpasses other methods, validating the
applicability of the algorithm to slope stability analysis problems. Furthermore, convergence rate of
EDE has become prominent in the numerical experiments, which further emphasizes the capability of
the algorithm.
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Abstract: This paper presents an application of multiobjective optimization for the damage
guantification in beams. The simulation of damage relies on the finite element analysis of Euler-
Bernoulli beams and is carried out by considering a reduction in the Young’s modulus of specific
elements. The damage is quantified by minimizing two objective functions. These two functions are
based on the difference in the Frobenius norm of matrices containing the modal displacements and
the modal rotations of a beam in the undamaged and damaged states. The solution of the
optimization problem thus defined is solved by a direct multisearch algorithm, which is an extension of
the direct search algorithm to multiobjective optimization. This algorithm does not need any
derivatives information about the objective functions. The validity, robustness and efficiency of the
present application is tested for different boundary conditions of the damaged beam and high levels of
noise in the simulated measured data.
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Abstract: The paper is devoted to identification of a microstructure distribution of materials using
artificial immune system (AIS). The identification is performed on the basis of homogenized material
properties. The coefficients of homogenized elastic matrix are used in the objective function. The goal
of the identification is to obtain the material distribution in the microstructure which gives the same
homogenized elastic material coefficients as the reference material. The objective function value in the
identification process is evaluated with use of the FEM. Due to symmetry of the stiffness and
compliance matrices, the 9 variables are independent in the fully orthotropic elastic material. The
material coefficients in the case of linear problems can be obtained once for each microstructure. The
six analyses should be performed for each microstructure to obtain the 9 independent orthotropic
material coefficients. The distribution of the materials depends on the function depending on vector of
design variables playing role of control points and coordinates. The level set of the function
determines the topology of the structure. The material properties for each element of the RVE mesh
depend on belonging to the sub or superlevel set of function. The artificial immune system is a
computational adaptive system inspired by the principles, processes and mechanisms of biological
immune systems. The algorithms typically use the characteristics of the immune systems like learning
and memory to simulate and solve a problem in a computational manner. In this algorithm clonal
selection mechanism was used. In the first stage of artificial immune algorithm the memory cells are
created randomly. Next cells are proliferated and mutated creating new cells. The number of clones
created by each memory cell is determined by the memory cells objective function value. The
objective functions for each cell is evaluated. The selection process exchanges some memory cells for
better cells. The selection is performed on the basis of the geometrical distance between each
memory cell and its mutated cells (measured by using design variables). The crowding mechanism
removes similar memory cells. The similarity is also determined as the geometrical distance between
memory cells. The process is iteratively repeated until the stop condition is fulfilled. The stop condition
can be expressed as the maximum number of iterations. Acknowledgment. The scientific research was
partially funded by National Science Centre, Poland, grant no.2015/19/B/ST8/02629 and from the
statute subvention of Silesian University of Technology, Faculty of Mechanical Engineering.
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Abstract: This paper presents a new development in the Multipoint Approximation Method that
makes it capable of handling large (1000 design variables) optimization problems with uncertainty in
design variables as well as in additional ‘environmental’ variables. The approach relies on
approximations built in the combined space of design variables and environmental variables, and
subsequent application of a risk measure and optimization with respect to the deterministic design
variables, all within the iterative trust-region-based framework of MAM implemented in a high
performance computing (HPC) environment. Several risk measures are considered and compared
including mean plus N*sigma and superquantile. The performance of the proposed techniques is
demonstrated by examples of large-scale problems.
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Abstract: A methodology was developed to prepare a dynamically scaled model of a lifting surface
based on 3D printing potentialities. The dynamic scaling approach is a process to achieve a scaled
model (scaled down, e.g., 1/10) able to reproduce the same equivalent dynamic behavior of the full
scale model. The objective function was to find the same scaled eigenvalues and eigenvectors as the
full scale. The design variables are the material density in the design domain. The matching of the
modal parameters between the full scale model and the scaled model was achieved through topology
optimization based on a gradient-based optimization. The optimization process is written in Matlab®
and the finite element model was solved in Abaqus®. The developed optimization framework was
tested with some case studies. The approach can be used to design a scaled model with different
material compared to the full scale model.
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Abstract: Various forms of geometric imperfections of compressed rods which are subjected to loss of
stability have been considered in the normative literature. Similar investigations are also intensively
carried out for the shells with imperfections, taking into account sub- and post-critical behavior of the
systems, as well as an inelastic deformation of materials. However, there are no recommendations
regarding the choice of the worst forms of such imperfections. The existing intuitive hypothesis
regarding the choice of a shape with which the rods lose their stability can only be considered as a
prerequisite for a proof or disproof of this hypothesis. Besides, references to extensive engineering
experience are not sufficient; furthermore, already known various counterexamples contradict this
hypothesis. In this paper, we formulate a general optimization mathematical model for selecting worst
geometric imperfections for rods and shells as a problem of optimum control. Analytical solution of
this model has been obtained for subcritical behavior of elastic rods with different boundary
conditions. It is shown that the optimal solutions for worst geometric imperfections do not belong to
smooth functions, but to the discontinuous piecewise smooth functions. Differences between behavior
of simply supported rods with the obtained anti-optimal (worst) geometric outlines and that of those
with the currently used imperfect functions reach 19.2%. The presented formulation makes it also
possible to evaluate and obtain more precise recommendations for the shells with imperfections.
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Abstract: We present a new platform dedicated to preliminary design. This platform allows to size
manufacturing products. This environment is based on a separation of concern between the physical
model development, the industrial and manufacturing constraints and objectives choices and the
algorithmic resolution methods. These three concerns reveal three type of users. The first user, the
research engineer, is in charge of developing, testing and validating physico-economical models in
form of set of mathematical equations. In our platform, this does not require any programming skills.
The transformation of the mathematical model into a code usable by the platform is done using
grammars and code compilation concepts. Nonetheless advanced mathematical concepts such as
complex numbers, integration, derivation, differential system resolution, implicit systems and even
regression are supported by the environment. The role of the second user, the designer, is to define
the constraints on the model. This role is the one that requires the less expertise as it usually consists
in adapting external specifications. The software presents the designer with a view of the model’s
parameters (without the underlying equations) for him to choose optimization variables, constants
and constraints in addition to the objective function. The platform provides information on the
optimization process that can be helpful in case it fails, to adjust specifications accordingly. The third
user, the numerician, defines if needed optimization methods. The platform allows, through the use of
a public API, the integration of implementations of (possibly new) optimization methods that will then
be available transparently in the platform. The optimisation problem created by the environment
provides an exact gradient that is analytically computed, allowing the efficient use of derivation based
algorithms. The software provides additional functionalities commonly required in the industry:
interoperability with already existing environments such as Matlab/SciLab, Excel. We also provide the
access to models through black-boxes as well as the use of black-boxes inside a model. An actual
electrical engineering product’s design with our software will be developed extensively in the full

paper.
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Abstract: In this article, numerical methods for solving engineering problems defined as multicriteria
optimization and inverse problem are presented. It deals with the optimization of the design of
thermoacoustic engine in the frame of which both types of tasks are solved. The first heuristic serves
to find many p-optimal solutions simultaneously, which represents a compromise between usually
mutually contradictory goals at work. Based on them, the full Pareto front is approximated. The
inverse problem solution reproduces parameters for solutions located on a designated front but those
that are not found in multicriteria optimization. In this article, it is proposed to use the RACO heuristics
for determining p-optimal solutions and the Bayesian approach as a method for solving ill-conditioned
inverse problems. Optimization of the construction of the thermoacoustic engine is aimed at verifying
proposed methodology and present the possibility of using both methods in engineering problems.
The problem discussed in this article has been formulated and the numerical methods used in the
solution have been presented in details.
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Abstract: In this paper, the range of applicability of the discrete supports model (DSM) of ballasted
railway tracks is delimited and general formulas for identifying its properties are proposed and
validated. To calibrate the DSM, a 3D finite element model (FEM) is implemented and validated by
comparison with published experimental measurements. The equivalence between the DSM and 3D
FEM is measured using the vertical displacement of the rail, which is a common element to both
models and the interface between the load and the track. Following a review of the existing literature,
formulas for identifying the properties of the DSM are proposed. These formulas are validated by
fitting the results of the DSM to the 3D FEM using optimization techniques, covering a large range of
typical properties of the track. As a result, the range of applicability of the DSM and the proposed
formulas is also established. A good approximation to the 3D FEM is achieved, particularly when the
load moves slower than the velocity of propagation of elastic waves in the soil. For high velocities
and/or soft soils, the wave propagation becomes more relevant to the dynamics of the track, and the
DSM is less reliable.
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Abstract: Topology optimization involving eigenvalues is addressed and an efficient method for the
solution of large scale problems is proposed. Eigenvalue problems are classically encountered in
structural optimization, either as objectives or behavioral constraints, as vibration or stability
requirements have to be introduced in the design. Despite the impressive development of topology
optimization, both in methods and applications, the repeated solution of eigenvalue problems in a
large scale optimization setting still presents severe challenges. We propose an alternative
optimization problem, based on the minimization of a measure of the structural compliance and which
can be effectively adopted as a surrogate method for optimizing the eigenvalue-related structural
responses [P1]. Associated with such objective function is a linear state problem, essentially a
frequency response problem, which can be solved extremely efficiently by using preconditioned
iterative methods. For this we use a multilevel strategy both for computing the parameters defining
the linear frequency response problem and for actually solving it [P2]. A full eigenvalue analysis is
performed only on a coarse scale, and the modes are projected on the fine scale, where the
optimization problem is set up and the frequency response is solved. The overall procedure leads to an
optimal (linear) scaling of the computational cost, conceptually making eigenvalue topology
optimization as cheap as a simple compliance-based one. The procedure also allows the computation
of useful upper and lower bounds to the fine scale eigenvalues. Applications concerning topology
optimization for free vibrations and buckling loads, for both 2D and 3D structures are presented.
Besides discussing computational savings, the performance of the multilevel frequency response is
examined for situations where eigenvalues coalescing occurs, evidently mesh dependent problems are
studied, or spurious localized modes are prone to appear.
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Abstract: The use of unmanned aerial vehicles, also known as UAV’s, are extremely useful on
environmental operations such as on the measure of the gases emitted by a boat. By being controlled
from a distant point, having a reasonable autonomy and an amazing agility, this kind of vehicles came
to add an efficiency on the results of those operations. It is also a safer procedure where there are no
human lives in danger. In this context, it is always needed better characteristics concerning the
structure of the vehicles, namely the wings, which have a key role during the flight. The present study
was developed with “UAVision” company, doing the structural analysis and topological optimization of
the wing of one of theirs UAV’s. With this work, the main goals were the minimization of the mass, as
also as the minimization of the maximum bending of the wing, to improve the autonomy of the vehicle
and its flight stability. For this purpose, a program was built from scratch, using the commercial
software ANSYS Mechanical APDL 18.1. A “bottom-up” strategy was chosen, creating small subsystems
to reach a complex and final system, resulting in the 3D modulation of the wing. The topological
optimization process was solved by Direct MultiSearch (DMS). DMS is a solver for multiobjective
optimization problems, derivative-free and does not aggregate any components of the objective
function. DMS maintains a list of feasible non-dominated points. At each iteration, the new feasible
evaluated points are added to this list and the dominated ones are removed. Successful iterations
correspond then to an iterate list changes, meaning that a new feasible non-dominated point was
found. Otherwise, the iteration is declared as unsuccessful. The optimized wing was then
manufactured for validation by experimental tests. The optimization process contributed to improve
the performance of the wing in more than 25% when compared to the non-optimized wing.
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Abstract: The muscle dynamics, i.e., activation dynamics and muscle-tendon contraction dynamics, are
rarely considered in inverse dynamic simulations due to the limitations of the optimization methods
commonly applied. The static optimization cannot handle time-dependent objective functions or
constraints because it solves each instant of time independently, whereas the global optimization and
extended inverse dynamics methods are limited by the number of muscles and instants of time that
can be considered as the size of the optimization problem rapidly becomes too large to be solved. A
novel method, named window moving inverse dynamics optimization (WMIDO), was recently
proposed to overcome these limitations and allow the analysis of time-dependent objective functions
and constraints. Considering that the influence of the muscle dynamics on inverse dynamic simulations
is still an open issue, the aim of this study was to compare, using WMIDO, the biological performance
of four musculotendon models differing in the simulation of the muscle activation and contraction
dynamics. The muscle force sharing problem was solved for abduction and flexion motions of the
shoulder using a musculoskeletal model of the upper limb. The musculoskeletal model applied is
composed of 7 rigid bodies, constrained by 6 anatomical joints, and acted upon by 22 muscles,
represented by 74 muscle bundles. A three-element Hill-type muscle model is used to describe the
muscle behavior. Four musculotendon models were considered: (1) rigid tendon model without
activation dynamics,(z)rigid tendon model with activation dynamics,B)eIastic tendon model without
activation dynamics, and (4) elastic tendon model with activation dynamics. Considering the Lagrange
multipliers associated with the kinematic constraints and the muscle forces as design variables, the
muscle force sharing problem was formulated as the minimization of the muscle energy consumption
subjected to the fulfillment of the equations of motion, the boundary constraints of the muscle
activations, and the stability constraints of the shoulder and scapulothoracic joints. The simulations
including activation dynamics had also to ensure the boundary constraints of the muscle excitations.
The inverse dynamics optimization was solved in Matlab using WMIDO with a window size of 10
instants of time and a marching step of 4 instants of time. The muscle and joint reaction forces were
similar for all musculotendon models considered, which suggests that for slow-speed, standard
movements of the upper limb, the activation and muscle-tendon contraction dynamics can be
neglected without compromising the solution of the muscle force sharing problem.
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Abstract: Earthquakes are sources of seismic loading on structures with probabilistic nature of their
records. As a result, no single earthquake is reliable for decision making in consequent structural
design. A common solution to reduce such probabilistic effects is spectral matching of earthquake
records with a target design spectrum within a prescribed period interval. Selection of the
corresponding scale factors in such a process is formulated here as an optimization problem while the
objective is to achieve the best compatibility of the mean spectrum with the target. A new algorithm is
proposed here in after to solve this problem. It utilizes switching between movement of a candidate
design vector and its bound-based opposite toward the current best solution. The algorithm is design
for simplicity and efficiency for such a practical engineering task. Numerical tests exhibit considerable
reduction of spectral matching error with respect to common practice in application of uniform scale
factors.
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Abstract: This contribution focuses on a recently developed modular building system for temporary
space frames [1]. The building system is based on standard scaffolding bars, which are connected to a
custom-designed steel joint by means of a pin-lock system. The system has already been used to build
various types of pavilions for festivals and other temporary events. While the boltless connection
system allows for fast erection and dismantling, the custom-designed joint is relatively heavy and, as a
consequence, difficult to handle. In order to reduce the weight of the joint, a new design is proposed
based on topology optimization, which is presented in this contribution. The joint consists of 3
intersecting square plates that are mutually perpendicular. A maximum of 12 bars can be connected to
the joint — one bar at each corner of each plate. The design load of the joint is equal to the axial load
resistance of the bars, which is 30 kN. The weight of the joint is reduced by removing obsolete material
from the plates by means of water jet cutting. The perforation pattern is determined by topology
optimization. The optimization problem is formulated for a single plate as a 2D minimum compliance
problem with a volume constraint and with multiple load cases. The load cases reflect all possible
combinations of maximum tension ( 30 kN), zero force, and maximum compression (-30 kN) at each of
the 4 corners of the plate. After the optimization, a 3D joint is assembled as the intersection of three
identical perforated plates, and the Von Mises stresses for all possible load combinations are
computed. Next, the volume constraint is adjusted to ensure that the Von Mises stress does not
exceed the yield stress, and the 2D optimization problem is solved again. This procedure is repeated
until convergence is reached in terms of the volume constraint. The geometry of the optimized joint is
significanlty different from the original geometry, and the weight is about 50 % of the original weight.
In the coming weeks, a prototype of the optimized joint will be produced by means of water jet
cutting. The strength and stiffness of the prototype will be determined by means of tension and
compression tests, and compared with the values predicted by the numerical model used for the
optimization. [1] M. Van de Winkel. VakWerk. www.vakwerk.net, April 2018.
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Abstract: Topology optimization is a widely used technique for deriving efficient shapes for
components in many engineering fields. In this work, a novel topology optimization problem
formulation is proposed. The case of the concurrent topological optimization of two different
components sharing a portion of the design space is considered. The design problem represents the
relevant design situation in which more than one component has to be fitted in an enclosed space and
each component has its own load carrying function. The proposed algorithm assigns the shared space
to one or the other body depending on the relative sensitivity to each element to the total compliance
of the system. After each element has been assigned to one of the two design domains, the
connectedness of the two domains is checked. In case some unconnected regions are present, the
assignment of these regions is reversed and the connectedness of the two design domains is enforced.
The volume fraction is enforced at system level, i.e. the volume fractions of the two domains can be
different, but the total volume fraction complies with the set value. In this way, the available mass can
be allocated in the most convenient way among the two bodies. Some examples are presented to
show the performance of the proposed algorithm. In one example, two structures for which the
optimal solutions are known from the literature have been considered. The two design domains are
overlapped as to allow the two optimal solutions to be found. The two optimal solutions are obtained
by the concurrent topological optimization algorithm. Moreover, by imposing some reasonable, but
not optimal, divisions of the design domain, structures with higher compliances have been obtained.



EngOpt2018 - 6th International Conference on Engineering Optimization
Instituto Superior Técnico, Lisbon Portugal e 17-19 September, 2018
Editors: H.C. Rodrigues, J. Herskovits, C.M. Mota Soares, et al.

Abstract ID 1337

DESIGN OF CELLULAR COMPOSITES WITH METAMATERIAL MICROSTRUCTURES BY TOPOLOGY
OPTIMIZATION OF LEVEL SETS

Zhen Luo'”, Tao wu®?

Wuniversity of Technology, Sydney, Australia
zhen.luo@uts.edu.au

(Z)Huazhong Univesity of Science and Technology, China
wutaol1972@hust.edu.cn

Keywords: Topology Optimization,Level Sets,Multiscale Design,Cellular Composites,Metamaterials
Microstructures.

Abstract: This paper is about topology optimization for an integrated multiscale design of cellular
composites that consists of multiple regions of elastic metamaterial microstructures. The multiscale
design mainly involves two optimization stages: the free material distribution optimization and the
concurrent topological shape optimization. The macro structure is overall configured with multi-
regional patches of different types of microstructures, while each patch is featured with identical
material microstructures. At macro scale, a free material distribution method with a regularization
mechanism is used to find a reference layout for global material distribution of different element
densities. At micro scale, each macro element is treated as an individual microstructure corresponding
to a discrete density. Hence, all the macro elements located within the same region can be
represented only by one representative microstructure, due to the same discrete densities or volume
fractions. Any of the representative microstructures can then be topologically optimized by a powerful
level set method associated with the numerical homogenization method. The multiscale design is
concurrently positioned into a unified process of design optimization, so both topology of the
macrostructure, and the topologies and locations of the representative microstructures in the design
space are optimized. Numerical examples show that the proposed method is able to improve the
concerned structural performance under an affordable computation and manufacturing cost.
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Abstract: Optimization of fatigue endurance is a common practice in vibratory system design, but it is
always hard to meet the expected requirements due to the difficulty in damping estimation. Damping
is essentially an external representation of energy dissipation, which takes mainly two forms: material
damping and friction damping. In industrial assembled structures, where the majority of components
are connected by rivet or bolt, the friction damping is normally 10-100 times higher than material
damping. Therefore a reliable estimation of friction damping in the first place, as well as its
optimization in the second place, is the basis for a correct fatigue endurance design. The current study
can be divided into two parts: the first part presents an analytical model based on a clamped sandwich
plate. The evolution of damping coefficient versus modal amplitude is chosen as the analyzed
parameter. The frictional damping, in this case, is shown to be a function of modal amplitude and it
can be influenced by contact properties like the clamping pressure, the coefficient of friction and the
contact quality. The influence of geometric characteristics is then evaluated by finite element method
in Abaqus. The numerical results point out that damping capacity is sensitive to macroscopic geometry
such as curvature of the contact surface and the thickness ratio between the two plates. The boundary
condition is also proven to be an influential factor for damping formation. The above studies provide
the possibility for damping optimization in industrial application. The second part deals with the
experimental verification of the analytical damping model. An experimental set-up was designed and
the damping can be evaluated by a differential system with the help of an equivalent dynamic
hysteresis model. The damping evolution is traced in terms of clamping pressure and vibration
amplitude. The experiment results show the same damping evolution as the analytical model.
Damping induced by the frictional interface is thus proven to be nonlinear and its optimization is
verified to be feasible.
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Abstract: This paper presents a study on some of the issues with the conventional SIMP (Solid Isotropic
Material with Penalization) model in topology optimization of continuum structures. The approach
based on continuous material distributions and mixed finite elements is presented and investigated. By
introducing design variables at chosen locations in the design domain, a continuous material pseudo-
density can be defined and a smooth boundary can be achieved for the optimized topology. Mixed
finite elements are used for the analysis of structures with variable material constants over individual
elements. The 2D continuum and plate bending problems are considered and solution algorithms are
presented. It is shown that, without the use of any special techniques, the new approach does not
suffer from any of the numerical problems with the conventional element design variable and the
nodal design variables, such as the checkerboard patterns or islanding phenomenon. Numerical
examples are presented to illustrate the advantages of the presented approach and effectiveness of
the algorithms.
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Abstract: Noise reduction is a fundamental issue for the competitiveness in the transportation
industry. Structures should be optimized for cost, weight, vibration and noise attenuation, subject to
technological, failure and stress constraints. The generalized introduction of lightweight composites in
the automotive and aerospace industries, while leading to significant weight reductions and associated
fuel savings, pose a serious problem of low acoustic performance of these lightweight composites
when subjected to mechanical or acoustic excitations. Passive damping technologies are nowadays
frequently used to control sound and vibration levels through the use of viscoelastic materials, while
active devices such as surface bonded piezoelectric patches can also be effectively used to control
these undesired sound and vibration levels in lightweight composite structures. Sandwich composite
panels may represent an optimized solution for both sound radiation and structural vibration for most
frequency ranges. Viscoelastic materials are an efficient way of reducing structural vibrations and
providing noise attenuation, which allied to active elements may lead to broader control capabilities
regarding acoustic emissions. This paper addresses the issue of noise reduction in laminated sandwich
plates using both passive and active elements. A finite element implementation of a laminated
sandwich plate element with viscoelastic core and surface bonded piezoelectric patches is used to
obtain the frequency response of the panels. The sound transmission characteristics of the panels are
evaluated by computing their radiated sound power and radiation efficiency, using the Rayleigh
integral method. The optimal location of the surface co-located pairs of piezoelectric patches is then
obtained to minimize both weight and noise radiation. A recent methodology of optimization, based
on direct search techniques, was used: Direct MultiSearch (DMS) optimization. This methodology does
not use derivatives and does not aggregate any of the problem objective functions. Trade-off Pareto
optimal fronts and the respective optimal active patch configurations are obtained and the results will
presented, analyzed and discussed.
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Abstract: Sandwich structures with lattice cores are lightweight yet exhibit high specific stiffness,
strength and energy absorption abilities. Traditional design of lattice cores are composed of straight
and uniform truss members. However, the advances of additive manufacture free the design space
and allow to design lattice cores with complex truss profiles for improved mechanical performance. In
this paper, a shape design method is proposed for lattice truss members to improve their buckling
loads, which dominate the compressive strength for low density lattice structures. Five types of lattice
cores are studied, including three simple lattices (Kagome, bcc and fcc) and two hybrid lattices (bccz
and fbcc). For the simple lattices whose trusses are considered identical, the proposed method is able
to optimize the cross-sectional variations, while the truss diameters as well as cross-sectional
variations of each type of truss are optimized for hybrid lattice cores. The sandwich plates with
optimized lattice cores are fabricated via additive manufacturing and tested under compression loads.
Experimental results show that the buckling strength of the optimized bccz and fcc lattice cores are
improved by 91% and 22% compared to their original uniform counterparts of the same weight;
meanwhile their stiffness is improved as well. Kagome and bccz lattice cores perform the superior
specific stiffness and compressive strength among the five lattice configurations studied, showing their
potentials for aerospace and automotive applications.
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Abstract: The solution of the flow and heat transfer problem in a porous medium using traditional
finite element methods requires considerable computational resources to both define the intricate
fine scale geometry and to solve the large system of equations. In this work, we analyzed the heat
transfer problem and argue that its physical and geometric nature makes it suitable for analysis
through homogenization theory. We applied this mathematical method to the convection-conduction
energy equation in a domain constituted by a periodic base cell. It provides an assessment that in a
periodic medium, the solution of the convection-conduction energy equation is approximated by the
solution of a heat equation. In this equation, a new term appears: a homogenized conductivity tensor
that includes terms that account for convection. This equation can be used for the first time to: (i)
study in great detail one single periodic cell of the microstructure and use its results to characterize
the performance of the macroscale domain (ii) serve as a model for material engineering in heat
transfer applications (iii) model problems in other fields that possess the same physical and geometric
nature. Analytical examples are used to show that the homogenized conductivity tensor corresponds
to a highly orthotropic material, with a great increase of homogenized thermal conductivity in the
direction of the flow. A bidimensional inverse homogenization is used to determine the optimal
topology of the periodic cell that maximizes the homogenized conductivity tensor. The numerical
optimization was implemented using the method of moving asymptotes, and design sensitivities were
obtained by means of the discrete adjoint method. Results converge to a waved walled structure, with
a small obstacle in the center that separates and rejoins the flow.



