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1. Motivation 

Cost Optimization has been a driving force in all fields of industry, providing competition through 
manufacturers to the ongoing race of getting a cost effective solution to the end customer  

1.1 Background & Purpose  

Designers and developers are in a hard competition against each other with making the products 
lighter for both economical and environmental reasons. Unfortunately, a weight-reduction of the 
product will most often lead to a reduction in stiffness, thus giving a negative effect to the product's 
handling. A car seat’s structure must be stiff enough so it does not wiggle when the driver drives the 
car in a tough course and provide safety and protection to the driver in case of accident. The 
challenge is to remain, or even improve, stiffness, while reducing the body weight and cost. Many car 
seat developers have chosen to stiffen the body by using composite materials such as carbon fibers 
thus keeping the weight of the seat at minimum levels. How to positioning and dimensioning these 
materials optimally is individual for each car's seat structure and the way of doing it has until today 
been done by comparison between competing with results taken from real life experiments and tests 
such as drive's behavior, various drop test and data taken through structural analysis tests and 
experienced designers intuition.  

New tools, like topology optimization and cost optimization, are rarely introduced in the design 
process of new products. The designers are constantly under a tough time schedule and to perform 
optimization on every part often seems to be too time consuming. Another contributing reason is the 
widespread lack of knowledge and experience in the area.  

This thesis will try to address how to perform an early stage design of components with emphasis on 
cost optimization and without consuming too much of a construction designer's precious time. Cost 
optimization could be very useful for a designer and also for CAE engineer in order to help keeping 
design and production requirements inside budget limitations.  

This thesis work will focus on the early design phase, where the level of details is low and the design 
freedom is big. By introducing a tool to support the early car seat  design, the potential of finding 
more efficient structures increases. The results provided by this tool could have the possibility to 
validate present design, reveal cost weaknesses or even come up with a totally new solution.  
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1.2 Objectives  

The main objective of this thesis is to generate a proposal for a car seat design, based on free size 
and cost optimization using the software OptiStruct by Altair Engineering. How to use this tool as a 
natural part of the design process will also be analyzed.  

2. Theory 

2.1 Introduction 

Optimization is the act of obtaining the best result under given circumstances. In design, 
construction, and maintenance of any engineering system, engineers have to take many 
technological and managerial decisions at several stages. The ultimate goal of all such decisions is 
either to minimize the effort required or to maximize the desired benefit. Since the effort required or 
the benefit desired in any practical situation can be expressed as a function of certain decision 
variables, optimization can be defined as the process of finding the conditions that give the 
maximum or minimum value of a function. It can be seen from Fig. 1.1 that if a point x corresponds 
to the minimum value of function f (X), the same point also corresponds to the maximum value of 
the negative of the function, −f (X). Thus without loss of generality, optimization can be taken to 
mean minimization since the maximum of a function can be found by seeking the minimum of the 
negative of the same function. 

In addition, the following operations on the objective function will not change the optimum solution 
x. 

1. Multiplication (or division) of f (X) by a positive constant c. 

2. Addition (or subtraction) of a positive constant c to (or from) f (X). 

There is no single method available for solving all optimization problems efficiently. 

Hence a number of optimization methods have been developed for solving different types of 
optimization problems. The optimum seeking methods are also known as mathematical 
programming techniques and are generally studied as a part of operations research. Operations 
research is a branch of mathematics concerned with the application of scientific methods and 
techniques to decision making problems and with establishing the best or optimal solutions. The 
beginnings of the subject of operations research can be traced to the early period of World War II. 
During the war, the British military faced the problem of allocating very scarce and limited resources 
(such as fighter airplanes, radars, and submarines) to several activities (deployment to numerous 
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targets and destinations). Because there were no systematic methods available to solve resource 
allocation problems, the military called upon a team of mathematicians to develop methods for 
solving the problem in a scientific manner. The methods developed by the team were instrumental in 
the winning of the Air Battle by Britain. These methods, such as linear programming, which were 
developed as a result of research on (military) operations, subsequently became known as the 
methods of operations research. 
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2.2 Historical development 

The existence of optimization methods can be traced to the days of Newton, Lagrange, and Cauchy. 
The development of differential calculus methods of optimization was possible because of the 
contributions of Newton and Leibnitz to calculus. The foundations of calculus of variations, which 
deals with the minimization of functionals, were laid by Bernoulli, Euler, Lagrange, and Weirstrass. 
The method of optimization for constrained problems, which involves the addition of unknown 
multipliers, became known by the name of its inventor, Lagrange. Cauchy made the first application 
of the steepest descent method to solve unconstrained minimization problems. Despite these early 
contributions, very little progress was made until the middle of the twentieth century, when high-
speed digital computers made implementation of the optimization procedures possible and 
stimulated further research on new methods. Spectacular advances followed, producing a massive 
literature on optimization techniques. This advancement also resulted in the emergence of several 
well-defined new areas in optimization theory.  

It is interesting to note that the major developments in the area of numerical methods of 
unconstrained optimization have been made in the United Kingdom only in the 1960s. The 
development of the simplex method by Dantzig in 1947 for linear programming problems and the 
annunciation of the principle of optimality in 1957 by Bellman for dynamic programming problems 
paved the way for development of the methods of constrained optimization. Work by Kuhn and 
Tucker in 1951 on the necessary and  sufficiency conditions for the optimal solution of programming 
problems laid the foundations for a great deal of later research in nonlinear programming. The 
contributions of Zoutendijk and Rosen to nonlinear programming during the early 1960s have been 
significant. Although no single technique has been found to be universally applicable for nonlinear 
programming problems, work of Carroll and Fiacco and McCormick allowed many difficult problems 
to be solved by using the well-known techniques of unconstrained optimization. Geometric 
programming was developed in the 1960s by Duffin, Zener, and Peterson. Gomory did pioneering 
work in integer programming, one of the most exciting and rapidly developing areas of optimization. 
The reason for this is that most real-world applications fall under this category of problems. Dantzig 
and Charnes and Cooper developed stochastic programming techniques and solved problems by 
assuming design parameters to be independent and normally distributed.  

The desire to optimize more than one objective or goal while satisfying the physical limitations led to 
the development of multi objective programming methods. Goal programming is a well-known 
technique for solving specific types of multi objective optimization problems. The goal programming 
was originally proposed for linear problems by Charnes and Cooper in 1961. The foundations of game 
theory were laid by von Neumann in 1928 and since then the technique has been applied to solve 
several mathematical economics and military problems. Only during the last few years has game 
theory been applied to solve engineering design problems. 
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2.3 Engineering Applications and Optimization 

Optimization, in its broadest sense, can be applied to solve any engineering problem. 

Some typical applications from different engineering disciplines indicate the wide scope of the 
subject: 

1. Design of aircraft and aerospace structures for minimum weight 

2. Finding the optimal trajectories of space vehicles 

3. Design of civil engineering structures such as frames, foundations, bridges, towers, chimneys, and 
dams for minimum cost 

4. Minimum-weight design of structures for earthquake, wind, and other types of random loading 

5. Design of water resources systems for maximum benefit 

6. Optimal plastic design of structures 

7. Optimum design of linkages, cams, gears, machine tools, and other mechanical components 

8. Selection of machining conditions in metal-cutting processes for minimum production cost 

9. Design of material handling equipment, such as conveyors, trucks, and cranes, for minimum cost 

10. Design of pumps, turbines, and heat transfer equipment for maximum efficiency 

11. Optimum design of electrical machinery such as motors, generators, and transformers 

12. Optimum design of electrical networks 

13. Shortest route taken by a salesperson visiting various cities during one tour  

14. Optimal production planning, controlling, and scheduling 

15. Analysis of statistical data and building empirical models from experimental results to obtain the 
most accurate representation of the physical phenomenon  

16. Optimum design of chemical processing equipment and plants 
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17. Design of optimum pipeline networks for process industries 

18. Selection of a site for an industry 

19. Planning of maintenance and replacement of equipment to reduce operating costs 

20. Inventory control 

21. Allocation of resources or services among several activities to maximize the benefit 

22. Controlling the waiting and idle times and queuing in production lines to reduce the costs 

23. Planning the best strategy to obtain maximum profit in the presence of a competitor 

24. Optimum design of control systems 
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2.4 Statement of an optimization problem 

 

An optimization or a mathematical programming problem can be stated as follows. 

Find X =

{
 
 

 
 
x1
x2
.
.
.
xn}
 
 

 
 

 which minimizes f(X) 

subject to the constraints 

 

gj(X) ≤ 0, j = 1,2, … ,m 

lj(X) ≤ 0, j = 1,2, … , p 

where X is an n-dimensional vector called the design vector, f (X) is termed the objective function, 
and gj (X) and  lj (X) are known as inequality and equality constraints, respectively. The number of 

variables n and the number of constraints m and/or p need not be related in any way. The problem 
stated in Eq. (1.1) is called a constrained optimization problem. Some optimization problems do not 
involve any constraints and can be stated as 

Find X =

{
 
 

 
 
x1
x2
.
.
.
xn}
 
 

 
 

 which minimizes f(X) 

Such problems are called unconstrained optimization problems. In our case the problem we are 
facing is a multi objective constrained optimization problem.  
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2.5 Structural Optimization and Cost Optimization 

 

Structural optimization  where as cost optimization is used to retrieve an optimum solution to a 
design problem that meets both structural and cost standards. Before solving an optimization 
problem in general, an optimization formulation has to be made and a model for calculation created.  

There are three main types of structural optimization: topology, shape and size. All three may have 
their purpose in a design phase and how to combine or chose between them depends on what is 
desirable to achieve. For the structural optimization of the composite structure of the car seat, a 
new, clever algorithm by Altair is being used called free size optimization that consists of three 
stages: 

 

 

 

 

 

 

 

The free size optimization is applied in order to analyze the model  and provide a feasible design that 
implements various design constraints such as displacement and allowable stress where as to 
provide with a comparison to the following cost optimization procedure that is going to be 
implemented. 

For the cost optimization a combination of two software applications is going to be used, Optistruct 
and Microsoft Excell. 

 

  

Stage 1 Concept design synthesis  
Free-size optimization identifies the optimal ply shapes and 
locations of patches per ply orientation. 

 

Stage 2 Design fine tuning  
Size optimization identifies the optimal thicknesses of each ply 
bundle. 

 

Stage 3 Ply stacking sequence optimization  
Shuffling optimization obtains an optimal stacking sequence. 

file:///C:/Program%20Files/Altair/13.0/help/hwsolvers/os_3200.htm%23p1
file:///C:/Program%20Files/Altair/13.0/help/hwsolvers/os_3200.htm%23p2
file:///C:/Program%20Files/Altair/13.0/help/hwsolvers/os_3200.htm%23p3
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2.6 Optimization formulation  

 

A structural optimization  where as a cost optimization requires an optimization formulation. This 
should include: design variables, response, constraints and an objective function.  

2.6.1 Design variables 

The design variables might be anything that influences the performance of the investigated structure. 
The number of design variables may vary from the minimum of one to several millions and the 
structural properties will be dependent on the design variables.  

2.6.2 Responses 

For any given values of the design variables a response from the structure might be retrieved. 
Common types of responses are displacement, stress, mass and compliance. Responses are used to 
evaluate the performance and properties of the structure.  For the cost optimization a second 
external software is going to be used for calculating the cost results and provide data as input to the 
Optistruct solver. This software is the Microsoft Excel software, a spreadsheet software that is used 
by the majority of companies for calculations. The connection with this software is also going to be 
demonstrated in the Thesis. 

2.6.3 Objective function 

The objective function is a response used to decide how good a design is. In an optimization 
formulation, the objective function is usually to be minimized (minimization problem). For the 
structural optimization formulation an objective  function in order to minimize the total mass of the 
car seat is going to be used. For the cost optimization formulation a multi-objective function is going 
to be stated that evaluates the cost of the design trying to minimize it. In this case the help of the 
Excel software is going to be used. 

2.6.4 Constrains  

Each design variable and response (except the objective function response) might be constrained 
with an allowed minimum and maximum value. Constraints are used on the response and design 
variables to make sure that the properties of the structure are in an allowed interval. Typical 
constraints are maximum allowed mass, stress, displacement or minimum allowed stiffness or 
dimensions. In our case a new approach taking into consideration also the cost of the structure is 
going to be addressed in order for the final design to be also inside budget specifications.   
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3. Prerequisites 

3.1 FE-model 

The model that has been used in this study is a bucket racing seat. The initial model is the internal 
frame body of the seat that in this case contributes to the durability and stiffness of the seat. The 
model can be seen in Figure 1 

 

 

Figure 1 

Mitsubishi Lancer EVO bucket driver's racing seat 

The initial model was provided in an *.iges file. These files are general geometry containing files that 
are used by a majority of CAD softwares. A picture of the model can be seen in CAD program Solid 
Works in the Figure 1. Clearly we can see the general shape of the seat where as the openings for the 
five point safety belt.  

The seat needs to be stiff in order to provide a firm grasp for the body enabling the driver to have a 
good control over the steering of the car and be able to resist an accident by providing safety in a 
crash situation. 
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3.2 HyperMesh/OptiStruct  

This thesis work is supported by Altair Greece in Thessaloniki. Altair has developed one of the 
markets leading optimization solver named OptiStruct. OptiStruct has the advantage of being capable 
to solve the major kinds of optimization problems. 

It is able to solve problems with a major number of design variables, which this thesis will be dealing 
with.  

The finite element pre-processor used in this work is HyperMesh, also a product by Altair. 
HyperMesh is easy to learn and has an interface environment integrated with OptiStruct.  

3.2.1 OptiStruct  

Solving an optimization problem using computer is most often an iterative process. OptiStruct is no 
exception and its iterative procedure will be briefly explained with the OptiStruct manual as a 
reference. The iterative workflow can be seen in Figure 2. 

 

Figure 2 

The iterative process used in OptiStruct 

1. First step is an analysis of the FE-model to retain the design’s properties and behavior.  

2. Second step is to check the results for convergence. If satisfied, the iteration will terminate and the 
current design is considered as a solution. Convergence is attained when two subsequent iterations 
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satisfies the convergence criteria e.g. the object function change is less than the object tolerance and 
the constraints are not violated more than 0.005%.  

3. The optimization problem will then go thru a sensitivity analysis where information how the design 
variables should be altered to minimize the objective function are retrieved.  

4. The design variables will then be given new values and the process will then go back to step 1 and 
a new iteration begins.  

 

4. Setting up the model for analysis 

4.1 Geometry clean up 

 

When designers create CAD geometry, their priorities are different from those of analysts trying to 
use the data. A single smooth surface is typically split into smaller patches, each a separate 
mathematical face.  

The juncture between two surfaces often contains gaps, overlaps, or other misalignments. To make 
the geometry more appropriate for meshing, analysts need to combine a number of faces into a 
single smooth surface. This allows the elements to be created on the entire region at once, and 
prevents unnecessary artificial or accidental edges from being present in the final mesh. 

The original design was provided in a *.iges file form which is a general geometry file form that can 
be opened by any CAD program including Hypermesh. The initial geometry evaluation and Finite 
Element Meshing is going to be performed in Hypermesh.  

The software identifies the design components that are included. Clearly one can see the seat and 
the points for the safety belt passing through it in Figure 3. 
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Figure 3 

Model with components identification in Hypermesh 

The component that is under consideration is only the body of the seat and the rest of the 
components need to be ignored for the optimization process. Meshing is going to be applied only on 
the body component. In order for the model to have a good mesh quality, some clean up in the 
geometry needs to be done in order for the elements to have a coherent distribution over the faces 
of the component and not to interact with design details that can lead to mis-formation of the 
pattern. 

After evaluating the model by a closer look to its geometry, attending the Geometry section of 
Hypermesh and suppress the lines that are not going to be used by the meshing process. The lines 
selected are in the region of the two side openings where there are numerous lines which if left 
unsuppressed can lead to element miss - formation. Other lines in the back and the bottom of the 
seat are suppressed also, leaving a clear design to start the meshing process. After suppressing the 
unnecessary lines, correct attachment of the faces in the specified component needs to be assured. 
For doing this, equivalence of the surfaces is going to be applied. A tolerance of 0.3 in the 
equivalence settings, is going to provide the necessary  settings for eliminating any gaps left from the 
original design process. After closely evaluating the geometry, some edge fillet needs to be 
undertaken in order to prevent the meshing  procedure to create elements out of normal dimension 
and shape ( Figure 4) Hypermesh has the ability to locate the points addressed to the constraints 
given for filleting.. Geometry clean up is very important for the initial stage of the analysis. The more 
consistent pattern of element formation is going to lead to better solution and results that can be 
more accurately interpreted. 
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Figure 4 

Edge fillet identification and modification 

 

In order to proceed with meshing the components needs to be isolated and make sure that it is the 
current selection. 

 

4.2 Meshing 

 

The Automesh method is being use by Hypermesh to create the elementson the surface. Criteria for 
element formations are applied in order for Hypermesh to create elements inside specific 
parameters. One can check the current criteria in Figure 5 by entering the  edit criteria tab. 
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Figure 5 

QI optimize meshing criteria 

The 2D mesh is being created and can be seen in Figure 6 . 

 

Figure 6 

2D Mesh 

 

With an integrated process, Hypermesh is able to check the element quality and verify if any 
elements have been formed outside of the specified criteria. From the quality index in Figure 7 one  
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can see that all elements fulfill the required parameters. In the case described element formation has 
been automatically created according to specific criteria. The process during formation is keeping 
minimum size and maximum size of the elements between specific parameters where as other 
criteria such as aspect ratio, warpage, skew and jacobian are being considered. However Hypermesh 
can also create mesh based on user preferences following an interactive process where element 
distribution is being handled by the user. The above mentioned process can create elements that do 
not comply with specific criteria and due to free formation their quality index exceeds  normal  limit. 
In this case Hypermesh provides the ability to clean up those failed elements though various 
procedures.  

 

Figure 7 

Elements violating thresholds 

4.3 Property assignment 

In order to create the composite material properties for the model, a  PCOMP property needs to be 
assigned in the component. The PCOMP property is used in Hypermesh for composite modeling . It is 
important for the user to be able to keep a clear overview on the model by naming each step with a 
characteristic label to be able to retrieve it in future. For the property name, a label such as 
"composite property" can be used. 
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4.4 Element normals and Element orientation 

Every time a model consists of composite material and has to be simulated as such, one very 
important procedure has to be taken into consideration and that is the element normals orientation, 
which will lead to correct ply -  laminate formation. Also the orientation of the elements need to be 
consistent. Each ply of material will have a specific orientation and when applied to the model will 
define the orientation of the model's elements. A correct initial orientation has therefore to be 
defined to act as a reference point. In Figure 8 the orientation of the element normals can be seen. 

 

Figure 8 

Element normals 

For the material orientation a reference system has to be assigned. Reference systems can be 
created individually for each ply or an existing one such as in this case is selected. All element have a 
uniform orientation when the procedure is finished as can be seen in Figure 9. 

  

Figure 9 

Element orientation 

Element normals 
by color 

Element normals 
by vector 



Cost Optimization in Composite structures 25 

 

 

Technological Education Institute of Central Macedonia, Faculty of Engineering, M.Sc. in Design , Development and 
Optimization of Renewable Energy Systems | Eleftheriadis Yannis 

 

4.5 Material creation  

 

For the specific model a composite sandwich laminate is to be the manufacturing material consisting 
from plies of Carbon fiber, Paper Honeycomb and Glass fiber with the following orientation, 
thickness and stacking sequence. First each material and material properties need to be created 
before assigned to specific plies. 

A material is created in the model browser. The process is repeated in order to create a total of three 
materials. Each of the different materials is labeled according as "Glass Fiber", "Honeycomb", 
"Carbon Fiber". A  material property card image MAT8 which defines the material properties for 
linear temperature-independent orthotropic material for two-dimensional elements is applied to 
each material.  

The properties that need to be assigned under each material field can be seen in Table 1 

Material Properties 

Glass Fiber Nomex Aramid Honeycomb Carbon Fiber Tenax J HTA 40 Aramid Fiber Twaron 

E1 38800 Mpa E1 75.84 Mpa E1 238000 Mpa E1 105000 Mpa 

E2 38800 Mpa E2 75.84 Mpa E2 238000 Mpa E2 105000 Mpa 

NU12 0,2   NU12 0,1   NU12 0.1   NU12 0,11   

G12 3458  Mpa G12 25  Mpa G12 4127  Mpa G12 2750  Mpa 

G1z     G1z     G1z     G1z     

G2z     G2z     G2z     G2z     

Rho 2,66*10^(-10) tn/mm^3 Rho 3.2*10^(-11) tn/mm^3 Rho 1,76*10^*(-9) tn/mm^3 Rho 1,44*10^*(-9) tn/mm^3 

Xt 440   Xt 1,034   Xt 600   Xt 600   

Xc 425   Xc 1,034   Xc 570   Xc 570   

Yt 440   Yt 1,034   Yt 600   Yt 600   

Yc 425   Yc 1,034   Yc 570   Yc 570   

S 40   S 1   S  90   S  90   

STRN 0   STRN 0   STRN  0   STRN  0   

Table 1 

Material Properties 

A visualization model is being created only to display the different material composition of the 
laminate. This model is created using a different approach where the plies and laminate are created 
separately  in the model browser.  
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The model in our case consists of three materials divided over nine plies composing a sandwich 
composite laminate with a structural layout that can be seen in Figure 12 and Figure 13. 

 

 

Figure 10 

Material Properties Tenax Carbon Fiber 
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Figure 11 

Material Properties Twaron Aramid Fiber 
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Figure 12 

Model with material composition 

 

A zoomed detail can be seen in Figure 13: 

 

 

Figure 13 

Composition of the laminate according to material 

  

Carbon Fiber 

Glass Fiber 

Honeycomb Aramid Fiber 
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The assembly of the laminate according to material composition can be seen in the following Table 2 

Material 
Material 

Id 
Color Definition 

Thickness 
T (mm) 

Angle 

Glass Fiber 1   GF 0,2 0,45,-45,90 

Honeycomb 2   HC 5 0 

Carbon Fiber 3   CF 0,2 0,45,-45,90 

Aramid Fiber 4   AR 0,2 0,45,-45,90 

Table 2 

Composition of the laminate according to material 

 

 

 

Figure 14 

Model with ply composition 
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A zoomed detail can be seen in Figure 15: 

 

 

 

Figure 15 

Composition of the laminate according to plies 

 

The assembly of the laminate according to ply composition can be seen in the following Table 3 

  

Ply of 
Honeycomb 

Plies of Carbon Fiber 

 

Plies of Glass Fiber 

 

Plies of Aramid fiber 



Cost Optimization in Composite structures 31 

 

 

Technological Education Institute of Central Macedonia, Faculty of Engineering, M.Sc. in Design , Development and 
Optimization of Renewable Energy Systems | Eleftheriadis Yannis 

 

Material 
Ply 
Id 

Color Definition 
Thickness 

T (mm) 
Angle 

Glass Fiber 1   GF 1 0,2 0 

Glass Fiber 2   GF 2 0,2 45 

Glass Fiber 3   GF 3 0,2 -45 

Glass Fiber 4   GF 4 0,2 90 

Aramid Fiber 5   AR 1 0,2 0 

Aramid Fiber 6   AR 2 0,2 45 

Aramid Fiber 7   AR 3 0,2 -45 

Aramid Fiber 8   AR 4 0,2 90 

Paper Honeycomb 9   HC 5 0 

Aramid Fiber 10   AR 5 0,2 90 

Aramid Fiber 11   AR 6 0,2 -45 

Aramid Fiber 12   AR 7 0,2 45 

Aramid Fiber 13   AR 8 0,2 0 

Carbon Fiber 14   CF 1 0,2 90 

Carbon Fiber 15   CF 2 0,2 -45 

Carbon Fiber 16   CF 3 0,2 45 

Carbon Fiber 17   CF 4 0,2 0 

Table 3 

Composition of the laminate according to plies 

 

The previous  model can also be used for the optimization process but is displayed here only to show 
a clear picture of how the model is being setup according to material and plies. HyperMesh allows a 
variety of approaches according to the user's competence, creativity and skill. 
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4.6 Defining the plies, ply properties and total laminate stack 

For the above mention procedure, an integrated part of Hypermesh, Hyperlaminate is going to be 
used. All steps described are done in HyperLaminate environment.  While in HyperLaminate 
environment, select from the Laminate Browser by expanding the tree under PCOMP, "Composite 
Property". Under Add/Update plies, select the material, thickness and orientation and select "Add 
New Ply". The ply is added in the Ply lay-up order. Repeat the process until all plies are included in 
the Laminate. 

A total of 17 plies are to be created with their properties shown in  Table 4 

Material 
Ply 
Id 

Color Definition 
Thickness 

T (mm) 
Angle 

Glass Fiber 1   GF 1 0,2 0 

Glass Fiber 2   GF 2 0,2 45 

Glass Fiber 3   GF 3 0,2 -45 

Glass Fiber 4   GF 4 0,2 90 

Aramid Fiber 5   AR 1 0,2 0 

Aramid Fiber 6   AR 2 0,2 45 

Aramid Fiber 7   AR 3 0,2 -45 

Aramid Fiber 8   AR 4 0,2 90 

Paper Honeycomb 9   HC 5 0 

Aramid Fiber 10   AR 5 0,2 90 

Aramid Fiber 11   AR 6 0,2 -45 

Aramid Fiber 12   AR 7 0,2 45 

Aramid Fiber 13   AR 8 0,2 0 

Carbon Fiber 14   CF 1 0,2 90 

Carbon Fiber 15   CF 2 0,2 -45 

Carbon Fiber 16   CF 3 0,2 45 

Carbon Fiber 17   CF 4 0,2 0 

Table 4 

Composition of the laminate according to plies 
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Figure 16 

Composition of the laminate according to plies in HyperLaminate 
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4.7 Apply Loads and boundary conditions - SPC's (Single Point 
Constraints) 

In order to apply the loading conditions and support of the model, pressure loads are going to be set  
in positions simulating the driver's weight. The seat will be also constraint from the bottom part as if 
it were positioned inside the car. Three loading conditions are going to be set for the back of the seat 
where as the bottom part and the side of the seat. Four load collectors are going to be created, one 
hosting the SPC's and the other three the pressure forces applied on each position on the seat.  

The pressure loads are a combination of mass of the driver, gravitational force applied to that mass 
and surface where the load is applied to. Three sets of elements are being created to act as a 
reference point for the application of the pressure loads. The area is being calculated by Hypermesh 
to provide data for engineering calculations done by the user. The following Table 5 gives a summary 
of the pressures applied.  

 

Element Set 
Applied 
on set 

Acceleration ( x 
g) 

Mass of 
Driver in 

kg 

Area 
(mm^2) 

Pressure 
(N/mm^2) or 

Mpa 

Pressure Seat Seat 2 85 134737,966 0,012377358 

Pressure Back  Back 1,5 85 157571,447 0,007937828 

Pressure Side Side 1 85 100290,216 0,00831437 

Table 5 

Pressure Loads 

 

The side load is applied on one side only due to the fact that the model is going to be optimized 
keeping a plane of symmetry that will lead to symmetric pattern of the ply formation. In order to 
constrain the seat to the body of the car, four single point constraints are going to be stated.  The 
above settings can be seen in Figure 17 
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Figure 17 

Pressure Loads and SPC's 

4.8 Defining control cards 

Various results can be obtained automatically by Optistruct with the use of control cards. In order for 
the analysis to display Stress, Strain ad Displacement results, a global output request is being defined 
by a Control Card. 

In the  "GLOBAL OUPUT REQUEST" card select "DISPLACEMENT", "STRESS" and "STRAIN". 

4.9 Analysis of the model  

At this stage an initial analysis of the model can be done using OptiStruct as a solver to define the 
displacement and Stresses in the composite structure. Also an analysis at this stage will give a 
comparison perspective for optimization process.  

4.10 Analysis results 

From the Analysis tab select Optistruct and select "save as". Select the folder to save the file and save 
the file with extension *.fem which corresponds to solver deck file, set export options to custom, run 
options to analysis and memory options to default. After doing so, select Optistruct from the right 
side of the panel to start the analysis. 
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After the analysis is complete the following message is displayed on the solver screen: 

*  

Figure 18 

Analysis complete message  

To view the results one can select "Results" from the solver window or "HyperView" from 
Hypermesh. Both end to the same display. One can also check the *.out file where there can be 
found information for the model where as the total mass as can be seen in Figure 19. 

 

Figure 19 

Information from *.out file 

In our case the total mass of the seat is being calculated to 4.88700*10^(-3) and since the units used 
define the mass in tons, the weight corresponds to 4.887 kg. The displacement results can be seen in 
Figure 20. Three separate cases are being examined according to the load cases defines in the model. 
It is always better to analyze each different load case for its own in order to find a separate solution 

Total Mass and Volume can be 
retrieved from *.out file 
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for it. The designer or engineer can consider on how to improve the structure for the different load 
cases.  

 

Figure 20 

Displacement analysis of the load steps 

The final results can be summed up to Table 6 

Analysis of the component 

Results Subcase  Value Units 

Max Displacement  1 0.08389 mm 

Max Displacement  2 0.03208 mm 

Max Displacement 3 0.8104 mm 

Table 6 

Results from Analysis 

  

Maximum 
displacement can be 
seen for all subcases 
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In addition, composite Stress results can also be obtained as can be seen in Figure 21: 

 

Figure 21 

Element Stress analysis of the load steps 

 

The  composite Stress results can be summed up to Table 7 

Analysis of the component 

Results Subcase  Value Units 

Max element Stress  1 7.332 N/mm^2 

Max element Stress 2 3.640 N/mm^2 

Max element Stress 3 11.86 N/mm^2 

Table 7 

Results from Analysis 

From this point forward the model is modified to start the Optimization process. Responses are set 
and constrain values for the responses. An objective function is defined. 

Maximum Element Stress 
can be seen for all three 
subcases using Simple 
averaging method 
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5. Optimization process 
5.1 Stage 1 - Concept Design Synthesis - Free size optimization 

The 1st phase of this 3 phase design process is applying Free Sizing Optimization techniques to 
establish the optimal ply shapes for each angle orientation to be included. The user can define the 
ply angles to be used up front. Free Size Optimization applied to shells works on the concept that the 
thickness of each designable element is defined as a design variable. Applying this concept to the 
design of composites implies that the design variables are now the thickness per fiber orientation, 
per element. Therefore, the thickness of a ‘Super-ply’ (total designable thickness of a ply orientation) 
of allowable orientations is defined as the design variable in a free sizing optimization. This allows for 
a truly concept level design synthesis of composite laminates, generating ply shapes and optimizing 
ply drop-off zones per fiber orientation. Free size optimization is also recommended to be used when 
trying to optimize material fiber orientation. While generating the starting/baseline laminate stack, 
all manufacturable orientations can be specified and the regions or zones of those orientations that 
aren’t structurally required will be removed. 

While running an optimization study, it is important to define certain manufacturing constraints in 
order to produce results that conform to manufacturing requirements. OptiStruct includes several 
different manufacturing constraints such as ply percentage, ply thickness balancing, ply thickness, 
and laminate thickness, that can be defined at the concept level free sizing stage. For the car seat 
optimization discussed in this thesis. A balance constraint that ensures an equal thickness 
distribution for the +45s and -45s is used. An important point to note here is that the manufacturing 
constraints are carried through all phases of the design process, with additional constraints that can 
be defined at the ply shuffling phase. 

5.1.2 Modification of the laminate thickness 

Optistruct will proceed with the optimization by subtracting material from an over dimensioned  
laminate that the user has to create before starting the process, enabling a "fresh" approach directly 
to optimization criteria.  

For the initial optimization run, modified thicknesses of the plies from 0.2 mm  to 5 mm for all plies 
and from 5 mm to 15 mm for the Honeycomb ply only are applied.  
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The changes can be seen in Figure 22 

 

Figure 22 

Modified ply thicknesses in HperLaminate 

 

5.1.3 Design variables 

In order to define the problem a free size design variable ("FREE SIZE") is created which will be used 
for the free size optimization procedure. Also at this stage, limitations such as minimum and 
maximum laminate thickness can be applied but in this study are left completely free. A balance 
constraint for +45s and -45s is being defined though under the composite panel in free size 
optimization to ensure equal ply thickness formation for opposite angles .  

5.1.4 Responses 

For the optimization of the problem responses are going to be created in order to obtain data from 
the floating analysis of the model. 

  



Cost Optimization in Composite structures 41 

 

 

Technological Education Institute of Central Macedonia, Faculty of Engineering, M.Sc. in Design , Development and 
Optimization of Renewable Energy Systems | Eleftheriadis Yannis 

 

In total  9 optimization responses are going to be created: 

1 Response for total mass 

  

 

1 Response for displacement 

  

And: 

1 response for each material mass in order for the solver to calculate separately ( 3 in total), 

1 response for total cost of the structure  

1 response for total volume and  

1 response for Honeycomb volume 

These responses are going to be used to calculate the material distribution and partial cost of the 
component. Their set up does not interfere with the optimization procedure.  

For the displacement response select all nodes to be included in the calculation where as for mass 
response select Total Mass 

Each iteration in the optimization process will calculate the total displacement and total mass of the 
object's material in the laminate composition and use these values to reach the objective target. The 
partial mass of the materials is going to be used in the cost optimization to be conducted after the 
free size optimization. 

Set response Mass to 
Total 

Set nodes -> all to select 
all the nodes of the object 
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5.1.5 Constrains  

At the initial stage of the free size optimization, a constraint in the total displacement is set in order 
to keep the displacement of the seat under 6 mm. Upper and lower bounds are limited to 6 and -6 
accordingly in order to prevent deformation to either side of coordinate axis. 

 

Additional constraints such as Stress or Strain will be created in the next step of the optimization 
procedure which is the size to shuffle optimization procedure.  

Constrains for the partial mass of each material are also created, defining the upper bound limit to 
100 tn for each material. The upper bound limit for the volume responses is set to 10^20 mm^3 and 
limit for cost is set to 10000 euro. 

 

 

 

  

Set lower bound to -2 
and upper bound to 2 

Upper bound limit for each 
material is set to 100 tn 

Upper bound limit for Cost is 
set to 10000 euro 

 

Upper bound limit for each 
volume is set to 10^20 mm^3 
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5.1.6 Objective function  

In order to complete the optimization setup an objective functions is to be created which will at this 
stage set the target to minimize the total mass of the seat.  

 

For an automated ply stacking formation file select from control cards the OUTPUT Card and set to 
FSTOSZ 

 

5.1.7 Checking the Data and run the optimization 

Optimization processes are time consuming and hardware demanding. In order not to run on 
unexpected problem during the optimization run it is recommended to run a check procedure before 
in order to verify that all data has been set correctly. Also it is recommended for each procedure to 
save the files in deferent directory for better access on the progress.  

After the optimization is complete you should get the following message: 

 

 

Figure 23 

Modified ply thicknesses in HperLaminate 

For objective function select Min 
for minimization and Total Mass 
as Response 
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5.1.8. Free size Optimization Results  

5.1.8.1 Optimized Thickness and Ply Distribution for Laminate 

 

Figure 24 shows the result of the thickness distribution achieved from the free size optimization, post 
processed in HyperView using simple averaging method: 

 

 

Figure 24 

Element Thicknesses 

The regions indicated in red or in colors tending towards red (from the legend) can be interpreted as 
thicker regions, while those in blue or tending towards blue are thinner regions. The contour plot 
above shows the total thickness distribution that includes contributions from each defined super ply 
orientation, i.e. a thickness contribution from the 0s, +/-45s and the 90s. The overall thickness 
distribution can be post-processed into individual super ply thicknesses as shown in the following 
figures. 

  

Minimum laminate thickness is 0.95 mm, 
Maximum laminate thickness is 16.15 mm . 
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Figure 25:  Optimized thickness distribution of Ply No 1 ( Carbon Fiber, 
0 degrees) 

 

 

 

Figure 26:  Optimized thickness distribution of Ply No 2,3 due to the 
balance manufacturing constraint, the thickness distribution of the +45 
degree super ply and the -45 degree super ply are the same ( Carbon 
Fiber, -45 degrees and 45 degrees) 

 

 

 

Figure 27:  Optimized thickness distribution of Ply No 4( Carbon Fiber, 
90 degrees) 

 

 

 

 

Figure 28:  Optimized thickness distribution of Ply No 5( Aramid Fiber, 0 
degrees)  
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Figure 29:  Optimized thickness distribution of Ply No 6,7 due to the 
balance manufacturing constraint, the thickness distribution of the +45 
degree super ply and the -45 degree super ply are the same ( Aramid 
Fiber, -45 degrees and 45 degrees)  

 

 

 

 

Figure 30:  Optimized thickness distribution of Ply No 8 ( Aramid Fiber, 
90 degrees)  

 

 

 

 

Figure 31: Optimized thickness distribution of Ply No 9 (Honeycomb, 0 
degrees)   

 

 

 

 

Figure 32:  Optimized thickness distribution of Ply No 10 ( Aramid 
Fiber, 90 degrees) 
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Figure 33:  Optimized thickness distribution of Ply No 11,12 due to the 
balance manufacturing constraint, the thickness distribution of the +45 
degree super ply and the -45 degree super ply are the same ( Aramid 
Fiber, -45 degrees and 45 degrees)  

 

 

 

 

Figure 34:  Optimized thickness distribution of Ply No 13 ( Aramid Fiber, 
0 degrees) 

 

 

 

 

Figure 35:  Optimized thickness distribution of Ply No 14 ( Glass Fiber, 90 
degrees)  

 

 

 

 

Figure 36:  Optimized thickness distribution of Ply No 15,16 due to the 
balance manufacturing constraint, the thickness distribution of the +45 
degree super ply and the -45 degree super ply are the same ( Glass 
Fiber, -45 degrees and 45 degrees)   
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Figure 37:  Optimized thickness distribution of Ply No 17 ( Glass Fiber, 0 
degrees)  
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5.1.8.2 Ply bundles 

From a free size optimization, the thickness of a superply is optimized and subsequently subdivided 
into a user-defined set of ‘Ply Bundles’. Each ply bundle would have a specific pattern and the ply 
bundles for a given orientation would be built up to approximate the thickness distribution of the 
superply. More ply bundles will result in a final thickness profile of the superply that more closely 
matches the free size optimization results. On the other hand, more ply bundles increases the 
number of ply cutout patterns which can increase manufacturing costs. An illustration of the concept 
of going from a superply to ply bundles to individual plies is shown in Figure 38. For this study, 4 ply 
bundles per fiber orientation (superply) are defined. 

 

Figure 38 

Illustration of "super ply", ply bundles and individual plies 

 

These ply bundles represent the shape and location of the plies per fiber orientation. With 4 ply 
bundles per fiber orientation, this study produced a total of  48 ply bundles ( not all 4 bundles for 
each of the 17 plies of different material and orientation are being formed by the solver). Ply bundles 
can be seen through element sets. 
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The plies created in the free size optimization can be seen in Figure 39:  

 

 

Figure 39 

Initial Free Size creation of plies 

Figure 40-43 represents the results for one ply bundle ( Ply No 1, Carbon Fiber Tenax, orientation 0 
degrees The goal is to match the results as closely as possible in the context of the manufacturing 
operation. In this case, small patches of plies are not practical so the interpretation generates larger 
ply patches that resemble the raw optimization results. 
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Figure  40:  Ply No 1, Material: Carbon Fiber Tenax, 

 Orientation: 0 degrees, bundle No 1 

 

 

 

 

Figure  41:  Ply No 1, Material: Carbon Fiber Tenax, 

 Orientation: 0 degrees, bundle No 2 

 

 

 

 

Figure  42:  Ply No 1, Material: Carbon Fiber Tenax, 

 Orientation: 0 degrees, bundle No 3 

 

 

 

 

Figure 43:  Ply No 1, Material: Carbon Fiber Tenax, 

 Orientation: 0 degrees, bundle No  
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This process is repeated for each ply bundle to come up with all 48 ply shapes required for the full 
laminate. This process is currently done manually by the user but this could be automated based on 
rules established by the manufacturer. 
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5.2 Stage 2 - Design Fine Tuning - Ply bundle Sizing 

Phase 2 of this process involves a sizing optimization of the ply bundles generated from phase 1 of 
the design process. Having established the optimal ply shapes and patch locations, the next step is to 
fine tune this design for thickness. Phase 2 involves identifying the optimal thickness of each ply 
bundle. A choice of running the optimization with the thickness as discrete variables or continuous 
variables is available. A minimum manufacturable ply thickness for Carbon Fiber, Nomex Aramid 
and Glass Fiber of 0.2 mm and for Honeycomb 5 mm is going to be specified ( any values can be 
considered according to manufacturing allowances), thereby running a discrete optimization and 
allowing for the calculated optimal ply bundle thickness to be a multiple of the minimum ply 
thickness value. This helps in calculating the total number of plies required per fiber orientation. 
Additional performance criteria are going to be incorporated into the problem formulation to ensure 
that the optimized design meets the necessary design requirements. The optimization setup is also 
modified to factor in an additional performance target, among others: 

• Composite Stress 

Constrain was defined on Stress: 

• Stress < 25 Mpa 

The objective function of the problem is going to be kept the same while trying to keep the 
composite Stress in each ply of the laminate in the structure below the constraint limit. 
Manufacturing constraints previously defined in the free sizing phase are automatically carried over 
into phase 2, preserving manufacturability across the process. These include: 

1. A balance constraint that ensures an equal thickness distribution for the +45s and -45s. 

The new file to be loaded in the Hypermesh, is created automaticaly from the free size optimization 
procedure and is located in the folder of the 1st step run, called: "seat_sizing.18.fem", which is the 
last iteration from the optimization run. 

By taking a closer look at the plies created in the free size optimization, one can clearly see that the 
thickness dimensions are exactly the ones required to meet the constrain criteria specified by the 
case but are not manufacturable according to the constrains that we want to apply. At this stage and 
in order to have a feasible design, the discrete design variables need to be altered keeping the upper 
bound in specific levels. A minimum manufacturing constraint is going to be applied in all plies and in 
combination with the upper bound of the design variables stated by the user is going to lead to a 
discrete size optimization for the thickness of each ply, leading to a final thickness of plies that are a 
multiple size of the manufacturable. 
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As for manufacturable thickness, for Glass fiber, Aramid and Carbon fiber, a thickness of 0.2 mm is 
set where as for Honeycomb the thickness is 5 mm.  

  

For each ply created, the upper bound limit 
is set accordingly. Proposed values are 
multiples of manufacturable thickness. 

By selecting each ply, select Card Edit and change the 
TMANUF value according to material  
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The following values for the upper bound limit, shown in Table 8 are used: 

 

Modification of upper bound limit 

Ply Value in mm Ply Value in mm Ply Value in mm 

Autoply 0 0,8 Autoply 17 0,8 Autoply 34 0,8 

Autoply 1 0,8 Autoply 18 0,8 Autoply 35 0,8 

Autoply 2 0,8 Autoply 19 0,8 Autoply 36 0,8 

Autoply 3 0,8 Autoply 20 0,8 Autoply 37 0,8 

Autoply 4 0,8 Autoply 21 0,8 Autoply 38 0,8 

Autoply 5 0,8 Autoply 22 0,8 Autoply 39 0,8 

Autoply 6 0,8 Autoply 23 0,8 Autoply 40 0,8 

Autoply 7 0,8 Autoply 24 0,8 Autoply 41 0,8 

Autoply 8 0,8 Autoply 25 0,8 Autoply 42 0,8 

Autoply 9 0,8 Autoply 26 0,8 Autoply 43 0,8 

Autoply 10 0,8 Autoply 27 0,8 Autoply 44 0,8 

Autoply 11 0,8 Autoply 28 15 Autoply 45 0,8 

Autoply 12 0,8 Autoply 29 15 Autoply 46 0,8 

Autoply 13 0,8 Autoply 30 15 Autoply 47 0,8 

Autoply 14 0,8 Autoply 31 15 Autoply 48 0,8 

Autoply 15 0,8 Autoply 32 0,8     

Autoply 16 0,8 Autoply 33 0,8     

Table 8 

Modification of upper bound limit 
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Create a response for composite Stress 

 

 

 

 

Create a Constrain for composite Stress to be less than 25 N/mm^2. 

 

 

 

For an automated stacking sequence output file select from control cards the OUTPUT Card and set 
to SZTOSH 

  

A Response for composite Stress  
is created by selecting all the 
plies created by the 1st step 

Check only upper 
bound and set to 25 

For loadsteps select all 
three loadsteps 



Cost Optimization in Composite structures 57 

 

 

Technological Education Institute of Central Macedonia, Faculty of Engineering, M.Sc. in Design , Development and 
Optimization of Renewable Energy Systems | Eleftheriadis Yannis 

 

The results are presented in Figure 44 that shows the overall thickness distribution map of all 48 ply 
bundles before the ply bundle sizing optimization stage.  

 

Figure 44 

Element thicknesses before Ply bundle optimization   

Figure 45 shows the final ply bundle sizing results where each ply pattern is sized to achieve the 
overall performance specifications.  

 

Figure 45 

Element thicknesses after Ply bundle optimization (discrete sizing optimization)   
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After the discrete size optimization is complete one can clearly refer to ply thickness results and 
conclude that: 

1. Some of the plies have been calculated to zero thickness and are going to be removed in the next 
step  and  

2. The remaining plies are multiples of the manufacturing thickness of each ply. 

3. Additional numeration of plies has been created according to manufacturing thickness of plies. 

 

 

Figure 46 

Ply with manufacturing thickness and ply with zero thickness 

 

The total mass of the model can be seen in the following Table 10. After the 2nd step of discrete size 
optimization, an increase of the total mass can be noticed due to manufacturing constrains and 
addition of material to reduce composite stress.  

The ply number 
and thickness can 
be retrieved for 
each ply after the 
discrete size 
optimization 
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Chart 1 

Weight change after 2nd stage in comparison to original model 

 

5.3 Stage 3 – Detailed Design – Ply Stacking Sequence 
Optimization 

 

While shuffling the stacking sequence it is important that behavioral and design constraints are 
preserved. Additionally, one could apply rules to guide the stacking of plies based on specific 
requirements. In this example no ply book rules that control the stacking sequence are being 
implemented except: 

· Core constrain of laminate to be of 0 degrees which will lead to a center positioning of the 
Honeycomb material through the laminate 

At this stage, another ply book rule, that of the maximum number of plies in a row could be 
implemented  but is this case is being left out ,thus the result following in Figure 47  shows the 
history of the shuffling optimization. 0 degree plies are represented in blue, 90 degree in red, +45 
degree plies in green, and -45 degree plies in yellow. The final result produces a design with the 
following performance: 
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Figure 47 

Stacking sequence Optimization 
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The total mass of the model can be seen in the following Chart 2. After the 3rd step of stack 
sequence optimization, the total mass has not been changed. 

 

 

Chart 2 

Total mass of car seat after 3 rd step ( stack sequence optimization) 

 

The design meets its performance requirements, is feasible and manufacturable. 
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6 Summary and Conclusions 

The composite optimization process detailed in this thesis expands upon advanced optimization 
techniques including 

· Phase 1 - free size optimization to determine ply thickness per angle orientation 

· Phase 2 - size optimization to determine ply bundle patterns and required number of plies per bundle 

· Phase 3 – shuffling optimization to determine ply stacking sequence 

By stringing these 3 techniques together, OptiStruct offers a unique and comprehensive process for 
the design and optimization of composite laminates. Free size optimization for composites allows a 
true concept level design synthesis of plies. A new PLY and STACK based modeling technique that 
simplifies laminate representation and facilitates the ply bundle sizing optimization followed by the 
ply shuffling optimization make the process unique. The process is automated and integrated in 
HyperWorks by generating the input data for a subsequent phase automatically from the previous 
design phase. The process also allows flexibility in case any modifications are required. Throughout 
the design process, manufacturability constraints and behavioral constraints are preserved to arrive 
at a feasible design and ensure a meaningful process. Applying this process to the design and 
optimization of a car seat in a light weight design that met all prescribed design and manufacturing 
constraints. Incorporating an optimization driven design process  can be a major enabler to a more 
efficient and less costly design process of composite structures. 

The final design of the car seat can be viewed on the following Figure 48: 

 

Figure 48 

Final design according to property 
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In Figure clearly the requested result, keeping the Honeycomb inside the structure has been achieved 
as can be seen by the material distribution: 

 

Figure 49 

Final design according to material distribution 

 

 

 

Figure 50 

Position of Honeycomb in the structure 

  

Honeycomb distribution 
enclosed by carbon fiber 
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7. Cost Optimization in Optistruct 

Using the before mentioned Free Size Optimization procedure and by alternating the optimization 
objective function, an alternative approach, that of a cost optimization, can be achieved. There can 
be two different methods used for such calculations. One is the internal procedure integrated in 
Opistruct with the use of mathematical equations programmed by the user and the second with the 
help of a common application of a spreadsheet software used by many companies for financial and 
numerical calculations. In our case the integrated process is used. Also the procedure using a spread 
sheet software is going to be demonstrated. 

 

7.1 Modification of the model for Cost Optimization. 

According to the materials used, three mass responses are created in the model, one for each material ( 
Carbon Fiber, Honeycomb and Glass Fiber). Before moving forward with the procedure, a table of Costs for the 
materials used with the help of a Table entry is going to be created. All responses created are constrained to a 
very high value to obtain results from the solver for further usage in Excell. 

7.1.1 Table Entries 

From the Optimization menu select create -> Table Entries  and in the first column place the name of the price 
e.g. Price CF for Carbon Fiber and in the second column the price per unit mass. Since we are using a 
consistent set of units and the mass is calculated in tons, the price should be euro/ton. 

 

Price labels and values for 
different material costs 

Click create when 
finished 
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A table entry is created with all different material costs to be used in the next step. 

7.1.2 Programming a mathematical equation with the use of DRESP2 response. 

From the optimization panel select dequations.  A name is set to retrieve the mathematical equation and 
proceed with editing. The equation to be minimized should have the following statement: 

f(x)=m1*p1+m2*p2+m3*p3+m4*p4 

Where m1,m2,m3,m4 the variables for the different material masses and p1,p2,p3,p4 the variables for the 
different costs. 

 

 

 

 

 

 

7.1.3 Create the response for Cost Optimization. 

A response for cost  to be the objective for cost optimization is created. In the optimization panel select 
response. Set a name for the response "COST" and select for response type "function". For dequation select 
the previously created mathematical equation ( in our case "Calculus"). Select create and the solver will ask 
you to edit the response. 

Select edit and set the parameters for the response for the solver to recognize the design variable. 

For TABLE RESPONSES select ntableentries = 4  and for RESPONSES select nresponses = 4.  

 

The sequence of placing the 
variables is to be retrieved 
automatically by the solver. 
Caution is to be taken into 
consideration while placing the 
parameters in specific place. 

Set the mathematical equation 
in a form of f(x1,x2)=x1+x2 

Select a name for the equation 
and click create 
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Figure 51 

Editing "COST" Response DRESP2   

The sequence of the set up of the 
different variables and responses from 
the TABLE ENTRIES and RESPONSES is 
the same as the variable sequence 
stated in the mathematical equation.  

Select for TABLE 
ENTRIES each one 
of the cost 
variables created in 
the TABLE ENTRY 

Select for DRESP1 
responses, the 
responses for material 
mass in the same 
sequence that they are 
stated in the 
mathematical equation 
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Figure 52 

Code in *.fem file 

The code created from this procedure can be retrieve in the *.fem file shown in Figure .The sequence of the 
parameters defined in the DRESP2 response COST is as following:  

p1 Cost HC 

p2 Cost AR 

p3 Cost CF 

p4 Cost GF 

m1 Mass HF 

m2 Mass AR 

m3 Mass CF 

m4 Mass GF 

Table 9 

Equation parameters 

10.1.4 Create/Update the optimization objective. 

The new optimization objective should be created in order for the solver to calculate with the same constrains 
the most costly effective structure.  
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8. Results of  Cost Optimization Trials 

After the Cost optimization formulation has been clearly stated, a free size model is being analyzed. 

The model is run first for total Mass optimization to have a comparison and guide line and further on several 
algorithms are used in combination. 

The algorithms used can be retrieved in the following table where each of the three different stages in Free 
Size Optimization is modified accordingly. 

 

  Free Size Size Stack Otimization 

Case 1 Original Model 

Case 2 Mass Mass Mass 

Case 3 Mass Cost Cost 

Case 4 Cost Mass Mass 

Case 5 Cost Cost Cost 

Case 6 Cost Mass  Mass 

Table 10 

Free Size Optimization Algorithms used 

Case No 6 is similar to Case No 4 except that in Case No 6 in the second step of the free size Optimization 
process, where Mass is set as an Optimization Objective, total cost is constrained below the value obtained by 
case No 4. This was done to show further directions of the optimization procedure. 

The results after each step can be followed in charts and tables. 
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8.1 1st Step ( Free Size) 

Free size Optimization ( 1st step) 
  1 2 3 4 5 6 

Mass (tn) 0,0048873 0,0012194 0,0012194 0,0012514 0,0012514 0,0012194 

Mass (kg) 4,8873 1,21942 1,21942 1,25143 1,25143 1,21942 

Total Volume 6679000 1513000 1513000 1201000 1201000 1513000 

HC Volume 4073000 859900 859900 529100 529100 859900 

Cost 414,50 € 102,16 € 102,16 € 100,36 € 100,36 € 102,16 € 

Table 11 

Data after 1st step 

 

 

Chart 3 

Mass distribution after 1st Step 
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Chart 4 

Volume distribution after 1st Step 

 

Chart 5 

Honeycomp volume distribution after 1st Step 
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Chart 6 

Cost after 1st Step 
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Material distribution in all cases can be seen in the following table and chart. The distribution followed 
each time changes according to the algorithm used 

 

Material distribution FZ to SZ (1st step) 
  1 2 3 4 5 6 
Mass CF (tn) 0,0011470 0,0002894 0,0002894 0,0002946 0,0002946 0,0002894 
Mass HC (tn) 0,0001303 0,0000275 0,0000275 0,00001693 0,00001693 0,0000275 
Mass GF (tn) 0,0017330 0,0004333 0,0004333 0,0004647 0,0004647 0,0004333 
Mass AR (tn) 0,0018770 0,0004692 0,0004692 0,0004752 0,0004752 0,0004692 

Table 12 

Material distribution after 1st Step 

 

 

 

Chart 7 

Material distribution after 1st Step 
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8.2 2nd Step (Size Optimization) 

Discrete Size Optimization ( 2nd step) 

 1 2 3 4 5 6 
Mass (tn) 0,0048873 0,0039475 0,0069580 0,0028566 0,0056560 0,0072121 

Mass (kg) 4,8873 3,9475 6,958 2,85659 5,65597 7,21205 
Total Volume 6679000 13820000 8399000 6615000 3895000 4801930 

HC Volume 4073000 11670000 4626000 5028000 811600 813900 

Cost 414,50 € 568,00 € 690,65 € 389,07 € 473,19 € 696,19 € 

Table 13 

Data after 2nd step 

 

 

 

Chart 8 

Mass distribution after 2nd Step 
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Chart 9 

Volume distribution after 2nd Step 

 

Chart 10 

Honeycomp volume distribution after 2nd Step 
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Chart 11 

Cost after 2nd Step 
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Material distribution in all cases can be seen in the following table and chart. The distribution followed 
each time changes according to the algorithm used 

 

Material distribution SZ to SH (2nd step) 
  1 2 3 4 5 6 
Mass CF (tn) 0,0011470 0,0026330 0,003196 0,00216 0,0018 0,003567 

Mass HC (tn) 0,0001303 0,0003736 0,000148 0,0001609 0,00002597 0,00002605 
Mass GF (tn) 0,0017330 0,0000000 0,001733 0,00003829 0,001882 0,001733 

Mass AR (tn) 0,0018770 0,0009409 0,001881 0,0004974 0,001948 0,001886 

Table 14 

Material distribution after 2nd Step 

 

 

Chart 12 

Material distribution after 2nd Step 
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8.3 3rd Step (Stack Optimization) 

Stack Optimization ( 3rd step) 

  1 2 3 4 5 6 
Mass (tn) 0,0048873 0,0039475 0,0069580 0,0028566 0,0056560 0,0072121 
Mass (kg) 4,8873 3,9475 6,958 2,85659 5,65597 7,21205 

Total Volume 6679000 13820000 8399000 6615000 3895000 4801930 
HC Volume 4073000 11670000 4626000 5028000 811600 813900 

Cost 414,50 € 568,00 € 690,65 € 389,07 € 473,19 € 696,19 € 

Table 15 

Data after 3rd step 

 

 

Chart 13 

Mass distribution after 3rd Step 
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Chart 14 

Volume distribution after 3rd Step 

 

Chart 15 

Honeycomp volume distribution after 3rd Step 
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Chart 16 

Cost after 3rd Step 
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Material distribution in all cases can be seen in the following table and chart. The distribution followed 
each time changes according to the algorithm used 

Material distributionStack Optimization (3rd step) 
  1 2 3 4 5 6 
Mass CF (tn) 0,0011470 0,0026330 0,003196 0,00216 0,0018 0,003567 
Mass HC (tn) 0,0001303 0,0003736 0,000148 0,0001609 0,00002597 0,00002605 
Mass GF (tn) 0,0017330 0,0000000 0,001733 0,00003829 0,001882 0,001733 
Mass AR (tn) 0,0018770 0,0009409 0,001881 0,0004974 0,001948 0,001886 

Table 16 

Material distribution after 3rd Step 

 

 

Chart 17 

Material distribution after 3rd Step 
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8.4 Approach 

The cases to be taken under consideration are : case No 2, case No 4 and No 5. All results are compared to the 

original model and conclusions are derived.  

The Optimization case No 2 where minimizing the total mass is set as an objective, results to a new model that 

is improved from the original by: 

 

4.8873 − 3.9475

4.8873
=
0.9398

4.8873
= 0.19229 = 19.23% 

 

 

 

 

In comparison to case No 4, which is the combination Optimization case where at the first step a Free Size 

Optimization with an objective to minimize Cost is applied and at the second Stage, a mass objective is 

selected to act as the minimization objective one can see that a further reduction in total mass in achieved, 

leading to a total reduction from the original model of : 

4.8873 − 2.8565

4.8873
=
2.0308

4.8873
= 0.5038 = 50.38% 

 

  

1 2 3 4 5 6

Mass (kg) 4.8873 3.9475 6.958 2.8566 5.656 2.4188

0
1
2
3
4
5
6
7
8

W
e

ig
h

t 
in

 k
g

Mass (kg)

Original 
model Minimize 

Mass Minimize 
Cost Combination 

Cost 
Constrained 
Optimization 



Cost Optimization in Composite structures 82 

 

 

Technological Education Institute of Central Macedonia, Faculty of Engineering, M.Sc. in Design , Development and 
Optimization of Renewable Energy Systems | Eleftheriadis Yannis 

 

Taking into consideration the total cost of the structure also similar conclusions can be derived: 

 

 

 

 

The Optimization case No 2 where minimizing the total mass is set as an objective, results to a new model 
that has an increased cost from the original by: 

 

568 − 414.5

414.5
=
153.5

414.5
= 0.37032 = 37.032% 

 

By examining Case No 5, which is the Cost Optimization Case, we can see that no Cost effective solution has 
been achieved in this case compared to the original model where also an increase in total cost can be seen. 

Case No 4 ( combination case) has result to a new model that has a lower price than that of the original by: 

414.5 − 389.07

414.5
=
25.43

414.5
= 0.06136 = 6.136% 
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By analyzing the total volume of the structure and the volume of Honeycomp material, we can see how 
different the approach in the above cases is. 
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In Case No 2, ( Total Mass minimization), an increase in the volume of the structure can be seen which is a 
result of the increase of the Honeycomp material in the structure. This approach results to a more thick 
structure keeping the plies of carbon fiber apart in the front and back of the seat, resulting to a bigger 
moment of inertia through increasing distance between the plies. Also at this case, heavy materials such as 
Glass Fiber, are being excluded from the process.  

In Case No 5 ( Minimizing Cost) We can see that the total volume and Honeycomp volume of the structure is 
less than the original model, a thinner model is created. 

In Case No 4 ( Combination Case), a decrease in total volume can be seen by: 

 

667900 − 661500

667900
=

6400

667900
= 0.009582 = 0.958% 

 

with an increase in the volume of Honeycomb by: 

 

407300 − 502800

407300
=
−95500

407300
= −0.23447 = −23.447% 

( negative refers to decrease) 

The above result add up to the previous results for Case No 4, leading to a more optimized structure in total.  
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8.5 Cost constrained Optimization procedure ( Case No 6) 

An other approach is shown, where final target of total cost is set as a constrained in the Optimization 
procedure. In this case ( case No 6) the algorithm used is similar to case No 4 except that in the second step, 
where total mass of the structure is set as an Optimization Objective, the total cost of the structure is 
constrained below the value obtained from case No 4 which until know was the most costly effective 
solution. This is done to show further directions in Cost Optimization which can lead to further research of 
an optimal solution.  

In this case a further decrease of the total cost is obtained leading to a total improvement by: 

 

414.5 − 334.06

414.5
=
80.44

414.5
= 0.19406 = 19.4606% 

This is the best solution achieved with given data. This solution is a combination of several parameters 
included in the model. Other optimal solutions can be achieved also if applied different parameters in the 
model.  

8.6 Summary and Conclusions 

As we can see from the above results, a variety of solutions can be achieved through different approaches. 
Every solution given is an Optimum solution according the data input used each time by the solver. All 
solutions depend from the experience of the user in order to moderate the data and constrains of the 
structure in order to obtain the desired result. Altair Hyper Works is a certified solver which assures that 
results obtained by the solver will be as accurate as the data inserted by the user.  

It has to be taken into consideration that the solver uses different approaches according the manufacturing 
constrains placed by the user. During Mass optimization the solver creates a limited amount of plies ( not all 
4 plies for each super ply are created) which by itself is acting as a constrain for the solution. In the Cost 
Optimization approach and during the first step, all 4 plies for each super ply are formed, creating more 
design space for the solver to reach the optimum solution. More flexible constrains will result to a better 
solution, keeping the required spaces for the solver to operate without limitations. All the above where as all 
other direction of optimization which can be thought of by an Engineer to be used, leave a vast field of 
research to be explored for future work.   
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9. Cost Optimization using external third party software with 

the use of DRESP3 responses. 

In order to combine Excell with Optistruct, some integrated code programming needs to be done to 
act as mediator for the transportation of data vice versa. For this an Excell spread sheet "Cost 
Optimization.xlsx" is created and the interface is modified accordingly. A list of various materials with 
their custom prices is created and some Excell programming calculates the desired results of partial 
cost of materials where as total cost of the structure. The total cost of the structure is used as a 
feedback for Optistruct be the use of an external response. 

Setting the objective function to minimize the external response which in our case represents the 
total cost of the structure, will lead to a free size optimization taking into consideration a more cost 
effective solution or a prescribed budget if the external response is constraint.   

9.1 Modification of the model for Cost Optimization 

According to the materials used, three mass responses are created in the model, one for each 
material ( Carbon Fiber, Honeycomb and Glass Fibe). An external Response is created with Optistruct 
e.g. "Cost" The excell spreadsheet is created in such way that the calculation sheet that has the 
desired fields has a discrete name which can be easily referred e.g. "COST". 

The Excell spread sheet created can be seen in the following Figure 53: 

 

 

Figure 53 

Excell spreadsheet "cost_optimization.xlsx" 

Three responses, one 
for each material 

Labeling of spreadsheet 
worksheet with an easy 
retrievable label 
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9.1.1 Setting up the control cards for Optistruct - Excell interface. 

In order for Optistruct to be able to exchange data with the third party software, a bridge has to be 
formed defining the external library to be loaded in our case the Excell calculation sheet. The 
LOADLIB control card is used for this occasion and the path of the calculation sheet is programmed in 
the card as an external library. This control card creates a code in the *.fem file to load the external 
library file which can be seen in Figure 54: 

 

 

 

 

 

Figure 54 

LOADLIB control card  and code formation 

Additionally the external response is edited in Optistruct to retrieve data from Optistruct into Excell 
and after the process is finished in Excell, import data back into Optistruct for solving. 

For the above mentioned procedure a code has to be placed in the solver deck's data file. The code is 
son below in Figure 55: 

 

 

Figure 55 

Code addition in *.fem file for Excell connection 

Set external library 

Set path of the Excell spreadsheet 
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In the above figure the responses for the partial mass of each material can be recognized in the code. 
The external response can also be seen as DRESP3. Excell imports the values of the responses ID 4, 5 
and 6 and returns the value of total cost which is being calculated in cell E8 back into Optistruct to 
act as an objective function goal for the cost optimization process. 

 

  

Modify the external response by 
selecting card edit on the 
response. Select the number of 
responses to be exported and 
set the external library and 
function. 

Each requested response for Mass of 
Carbon fiber, Honeycomb and Glass fiber, 
exports a value to the calculation 
spreadsheet to act as an input for external 
response Cost 
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The results from the Cost Optimization process can be seen in left comparison to the Free Size 
Optimization procedure on the right, where the objective function to minimize was the mass. 

 

 

 

 Figure 56 

Ply No 1 Cost optimization VS Mass Optimization 
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Figure 57 

Ply No 2 Cost optimization VS Mass Optimization 

 

Figure 58 

Ply No 3 and 4 Cost optimization VS Mass Optimization 
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Figure 59 

Ply No 5 Cost optimization VS Mass Optimization 

  

Clearly it can be seen 
the difference in the 
material distribution 
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Figure 60 

Ply No 6 Cost optimization VS Mass Optimization 

 

Figure 61 

Ply No 7 and 8 Cost optimization VS Mass Optimization 
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Figure 62 

Ply No 9 Cost optimization VS Mass Optimization 

 

The optimization run with the objective to minimize cost has been completed in Altair offices due to excess 
demand of hardware and computational speed. To show the results of the different approach of the solver,  a 
more "lighter" model is going to be used that does not have high demand on computational speed. The 
materials and the concept are the same used in the car seat model setup to be easy to follow for the average 
user. 

9.1.2 Model of plate for cost optimization simulation 

The model is optimized two times, one having as the objective to minimize mass and the second to minimize 
cost. As can be seen from the following Figure 55 the approach in both cases is the same. In the cost 
optimization run, the cheaper material is used more in order to increase the distance between carbon fiber 
and Glass fiber, leading to an increase of the stiffness. In the mass optimization process, another approach is 
used that of creating stiffening regions throughout the structure. The results after the two optimization 
procedures can be seen in the following Charts 1 to 6. At the initial free size optimization procedure, only the 
displacement is being constrained as done in the car seat model. Composite Stress, although displayed is 
informative only.  
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Figure 63 

Cost optimization on the left Vs Mass optimization on the right 

 

The Values of Total Mass and Total Cost addressed by the optimization procedure, can be listed in comparison 
with the use of charts.   



Cost Optimization in Composite structures 95 

 

 

Technological Education Institute of Central Macedonia, Faculty of Engineering, M.Sc. in Design , Development and 
Optimization of Renewable Energy Systems | Eleftheriadis Yannis 

 

 

Chart 18 

Mass comparison after Analysis and after  Free Size run 

 

 

 

Chart 19 

Cost comparison after Analysis and after  Free Size run  
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Chart 20 

Volume comparison after Analysis and after  Free Size run 

There is a slight decrease in cost of the structure obtained through the cost optimization procedure from 
9.199400 euro to 9.19800 euro which is of a percentage of 0.02%. The total mass of the structure has 
increased of 21.2 gram or 1.35% at the same time the volume of the structure has been increased from 3.78 lt 
to 4.252, a total increase of 12.487%. The above results can be summarized in the following Chart 21: 

 

Chart 21 

Summary conclusions  
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10. Approach 

As one can see from the results, the solver does follow a pattern in order to reduce the cost of the 
structure and at the same time keep the rest of the constraints such as displacement and Stress  
inside allowable values. On optimization with objective function to be the total mass of the structure, 
the solver tries to create a solution by selecting materials that can keep the total mass of the 
structure low but at the same time form stiffening regions on the structure to keep the constrains in 
place. On the other hand having an objective to minimize the cost of the structure, the solver selects 
more of the material having the lower price trying to form a thicker composite structure with 
increased mass but low cost.  

11. Final conclusions 

The concept of cost optimization has a different approach to the free size optimization process 
targeting mass minimization. By enabling the cost variable to be a response for optimization, the 
solver decides based on financial criteria in order to retrieve a feasible solution but at all times 
keeping the original constrains such as displacement and stress inside specific boundaries.  The result 
is a cost effective solution that from one side has all the structural benefits of an optimization 
process and from the other a cost effective proposal that can provide a design perspective that was 
not considered an approach before. However, if the cost response is being constraint, a predefined 
budget solution can be achieved also! Due to enormous data volume escalating in an exponential 
form caused by the cost variables being added to the simulation, hardware requirements tend to be 
tested at limit, leading to a large processing time. 

 Optimization tools have been a great design help for Engineers and Designers. Cost Optimization has 
come to add value to that process providing with a budget analysis tool for the initial design stage.  

12 Future work 

Computational engineering tends to create enormous directions for further research. A further 
sensitivity analysis  of the boundary limits of the design variables used in the modeling should be 
conducted in order to realize how they interact with the solution. More materials could be integrated 
into the process leading to an infinite number of design proposals. Further constrains can be 
implemented and more manufacturing constrains applied in order for the model to converge to a 
more real solution, applicable to daily usage. 
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