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“Not marble, nor the guilded monument,  

Of Princes ſhall out-liue this powrefull rime, …” 

William Shakespeare 
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Resumo 

O processo de selecção de materiais para um produto é uma temática complexa e 

importante para as empresas de manufactura. Os métodos de selecção de materiais 

apresentam-se como um auxiliar de apoio à decisão para a escolha do melhor material 

para a aplicação certa. Uma tendência de todos os métodos de selecção é o ajudar na 

escolha de um material para uma peça. Outro aspecto é a de seleccionarem materiais não 

tendo em consideração as ilities das empresas de manufactura. Estas simplificações, 

embora correctas em alguns casos, noutras podem influenciar a decisão em que 

materiais utilizar para cada peça de um produto se este tiver múltiplas peças diferentes. 

Esta dissertação investiga os efeitos dessas ilities e interacções entre diferentes peças no 

processo de selecção de materiais, procurando uma forma de ajudar na selecção de 

materiais ao nível do produto, em vez da forma tradicional de análise peça a peça.  

Para esse efeito, modelos de custo de processo foram desenvolvidos para conseguir de 

forma automática lidar com diferentes materiais e descrições de produto e processo. Para 

facilitar o processo de selecção, uma rotina de optimização foi criada para gerar e 

validar diferentes alternativas para múltiplas peças. Os resultados podem ajudar o 

processo de decisão relativamente a um conjunto de peças e ajudar o posicionamento 

desse conjunto relativamente aos objectivos do produto.  

A abordagem, na industrial automóvel, é igualmente interessante para as OEMs que 

desenvolvem novos produtos e para as empresas que procuram responder a processos de 

cotação, embora possa ser aplicada em outros contextos. 
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Abstract 

The selection of materials for a product is a complex and important issue for the 

manufacturing firms. Materials selection methods are an attempt to help designers and 

engineers with the choice of the right material for the right application. One tendency of 

most selection methods is to select from different materials the right one for a specific 

part; another is to select materials disregarding the ilities of the manufacturing firm. 

Whilst true in some cases, in others (the majority) these aspects can influence the 

decision on what materials to use for each part, if in the presence of a multi-part product. 

This dissertation investigates the effects of considering ilities and interactions among 

different parts on materials selection decisions, providing a way to evaluate selection of 

materials at the product level, instead of doing this part-by-part as is usually the case.  

For that purpose, traditional process based cost models where developed to deal 

automatically with different materials and different product descriptions; and to 

facilitate the process of selection, an optimization routine was created to generate and 

validate alternatives for multiple parts. The process can also help the decision of the 

material for the set of parts and position that set regarding product objectives. 

The approach, in the automotive industry, is equally interesting for OEM’s designing 

new products as well as for tier 1 companies bidding on requests for quotation or 

information, and can potentially be applied to other contexts. 

  



viii 

 

 

 

 

 

 

 

 

 

"This page is intentionally left blank." 

 









xii 

 

 

 

 

 

 

 

 

 

"This page is intentionally left blank." 

  











 

xvii 

List of Acronyms and Definitions 

General Acronyms 

PDD: Product Design and Development 

MOO: Multi Objective Optimization 

OEM: Original Equipment Manufacture 

DMS: Direct Multi-Search 

CAD: Computer Aided Design 

CAE: Computer Aided Engineering 

CAM: Computer Aided Manufacturing 

GPS: Global Positioning System 

TWB: Tailored Welded Blanks 

FEM: Finite Element Method 

CCB: Cross Car Beam 

IP: Instrument Panel 

MADM: Multi-Attribute Decision Making 

MAUA: Multi Attribute Utility Analysis 

MODM: Multi-objective decision making methods 

Materials acronyms 

PA: Polyamide  

PPO: Thermoplastic PolyOlefin 

PC: Policarbonate  

PBT: Polybutylene terephthalate 

PP: Polypropylene 

GF: Glass Fiber 

Definitions 

Tier: A tier 1 is a company that supplies components, or services directly to the assembly plant. For 
example, Ford has some plants that are tier 1. Tier 2 supplies Tier 1 and down the line. 

Ilities: desired properties of systems, such as flexibility or maintainability, often ending in ‘ility.’ These 
properties of systems are not necessarily part of the fundamental set of  requirements on the system’s 
functions or performance. In computer science, ilities are discussed as non-functional requirements. 

NECD and HYZEM driving cycle: A series of data points representing the speed of a vehicle versus time. 

  



xviii 

 

 

 

 

 

 

 

 

 

"This page is intentionally left blank." 

 

  



 

Chapter 1  

Introduction  

Materials selection is a decision making process where, given a component or product, a 

matching of material properties and product desired performance is accomplished [1]. 

Since the number of available materials is large, to say the least, the designer has a hard 

work selecting the material that best suits his task. Due to the difficulty of choice, 

material selection strategies were created. These strategies are systematic procedures for 

materials and process selection that reduce the high number of materials available to a 

more manageable number of options for the designer to choose. Materials selection 

current strategies can be simplified to a linear chain of events: for a product need, first 

identify product specifications and translate them into material required specifications. 

These specifications must be solution neutral. When encountered, these material 

specifications can be compared to the properties of all the materials available to discard 

those who do not serve the objective. This screening allows the reduction of alternatives, 

creating an easier set of material alternatives to work with. A ranking procedure can then 

establish an order among alternatives.  





























 

 
 

 

 

Chapter 2  

Background 

 

This chapter presents a brief description of the background and motivation for this 

thesis. The first section reviews current discussion in the automotive industry regarding 

materials selection decisions, whilst the second section looks at the current material 

selection methods observed in the literature. The third section reviews some ilities 

relevant to the material decision process and literature gaps encountered in that field. 

2.1 The auto industry trends regarding materials decisions 

Vehicles in the future will necessarily need to be in harmony with people and nature and 

the environmental and safety issues today call for rapid technological improvements in 

the near future. The most important issues identified are the reduction of 2CO  emissions 

with improvement of fuel economy, together with crashworthiness improvements, which 

can only be solved with strong enhancements in materials and technologies [11]. 

The automotive industry is committed to lower current carbon emissions and to increase 

fuel efficiency. Global reduction in 2CO  emissions is possible by the reduction the total 

































































































 

 
 

 

 

Chapter 3  

Materials properties impact on production 

cost: point based solutions 

 

This chapter investigates if the influence of specific material properties on the 

production cost of a given part can or cannot be neglected on a materials substitution 

framework using a traditional cost versus weight objective evaluation. Given a part with 

different alternatives regarding materials selection, say, for example, sheet metal 

stamping with two alternatives: mild steel and high strength steel, are their production 

costs similar or not. Since the production site is the same, and the equipment is the same, 

with the same hourly costs of labor and energy, can one assume that the only thing that 

changes is the cost of acquisition of raw material, or can the different materials change 

the economic cost on production and in what manner? 

For that purpose, four case studies are described and analyzed for four high production 

volume technological processes: progressive die sheet metal stamping, injection 

molding, forging and squeeze casting. The methodology used to estimate the economic 

































































 

 
 

 

 

Chapter 4  

Materials properties impact on production 

cost: reference set based solutions 

 

This chapter establishes the need for a systems point of view on materials selection in 

contrast with the current view in which cost is only an emergent result of part design. 

One of the conclusions of the previous chapter is that technical cost models can be 

developed to allow the assessment of the manufacturing costs of a part and that these 

models can be sensitive enough to accommodate the effect of material changes in the 

final cost. One can argue that these models can materialize in valuable tools to support  

informed design decisions integrating techno-economic criteria. However, can designers 

disregard the systems point of view? Or in other words, is the economic cost of a 

system, composed of multiple parts, only an arithmetic sum of the cost of all the parts? 

Evidence from other areas suggests this is not true. For example, the structural 

performance of a body-in-white is measured by its overall performance and not by 

maximizing the performance of each individual part. 









































































































 

 
 

 

 

Chapter 6  

Conclusions and future work 

6.1 Conclusions 

Material selection is a decision making process in which, for a particular component or 

part, a match between the material and the product is performed. This task is important 

to the product development cycle and is difficult due to the large amount of materials 

available for the selection. 

One of the important attributes is the cost effectiveness of the selection. Techno-

economic evaluation is fundamental to current business models in the manufacturing 

firms, the automotive industry in particular. 

The vendor/client relations among OEM and tiers in the automotive industry is being 

replaced by greater collaboration between them. One of the tendencies is for the OEM to 

allow more and more engineering services to be developed by tiers. Instead of a product 

detail quotation, OEM requires tiers to deliver a product subject to specifications set by 

the OEM. It allows them to free some design work and take in the tiers capacity to 

develop products. Each tier designs each product taking in consideration their ilities, 

enabling them to produce products aligned with their strengths. 
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Appendix A  

Cost model inputs of Chapter 3 

In this section, the inputs and process parameters used in process based cost models are 

represented. 

Progressive stamping cost model inputs and parameters 

Table A 1 – Exogenous variables. 

Exogenous Variables  
Days per Year 240 
Wage [€/hour]    20.00 €  
Unit Energy Cost [€/kWhr]      0.08 €  
MAAR [%] 15% 
Equipment Life [yr] 10 
Indirect workers/Direct Worker 1.43 
Indirect workers/Line 1.00 
Building Unit Cost [$/sqm] $1,500  
Building Life [year] 30 
Production Life [year] 5 
Extra Space [%] 50% 

 

Table A 2 – Stamping process inputs 

Stamping Inputs  
Press Line Average Lot Size [parts/lot] 2000 

Press Line Average Die Change Time [min] 23 
Number of tools sets in press 5 

Press Line Maintenance Percent 10% 
Press Tonnage Additional Margin 25% 

 

 




