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Mechanical Properties Case Studies

• Mistakes
• Case Study 21: Composite Materials for flexible conductors

and percolation
• Case Study 22: Composite Materials for connectors that don’t 

relax their grip
• Commercials
• Case Study 23: Eco-Audit selection on a Glass Bottle
• Case Study 23’: Eco-Audit selection on a PET Bottle
• Case Study 24: Combined Eco-Audit selection (CES 2009)
• Case Study 25: Eco-Audit selection on an Iron
• Case Study 26: Eco-Audit selection on a Family Car
• Case Study 27: Eco-Audit selection on an Portable space 

heater
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Mistakes
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Mistakes

• Instructions:

Call the pdf file like that:

Group X _ 1 key word_Responsible name

Mail Object :

SELECTION1819

PLEASE
Remember: the bibliography research is not a 
list of materials used, but a presentation of 
the topic, characteristics, environment and 
problems!!!!
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Mistakes
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Mistakes
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Mistakes
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Mistakes
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Mistakes
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Mistakes
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Mistakes
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Composite Materials
Objective • Moldable

Constraints • Low Young’s modulus to allow 
conformation

• Low resistivity to permit 
conduction (ρe < 1000 μΩ.cm)

Free 
Variables

• Choice of matrix, 
reinforcement, configuration, 
and volume fraction

Case Study 21:
Composite Materials for 
Flexible conductors and percolation

For bulk conduction we need connectivity:
The array first becomes a conductor when a
single trail of contacts links one surface to
the other, that is, when the volume fraction f
of the conducting spheres reaches the
percolation threshold fc. Percolation
problems are easy to describe but difficult to
solve.
You can try at home to insert spheres!
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and percolation
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Composite Materials
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and 
percolation
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and percolation

Materials that are good electrical
conductors are always good thermal
conductors too. Copper, for example,
excels at both. Most polymers, by
contrast, are electrical insulators
(meaning that their conductivity is so
low that for practical purposes they do
not conduct at all), and as solids go they
are also poor thermal conductors—
polyethylene is an example.
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and percolation
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and percolation
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and percolation
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Composite Materials
Case Study 21:
Composite Materials for 
Flexible conductors and percolation
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Composite Materials
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Composite Materials
Objective • Minimize distortion problems

Constraints • Provide good electrical
connection

• Maintain clamping force at 
200°C for life of vehicle

Free 
Variables

• Material 1 and 2; their relative 
thicknesses

Case Study 22:
Composite Materials for 
Connectors that don’t relax their grip

There are kilometers of wiring in a car. The transition to drive-by-wire control systems will
increase this further. Wires have ends; they don’t do much unless the ends are connected to
something. The connectors are the problem: They loosen with time until, eventually, the
connection is lost. Car makers, responding to market forces, now design cars to run for at least
300,000 kilometers and last, on average, 10 years. The electrical system is expected to operate
without servicing for the lifetime of the car. Its integrity is vital: You would not be happy in a
drive-by-wire car with loose connectors. With increasing instrumentation on engine and
exhaust systems, many of the connectors get hot; some have to maintain good electrical
contact at temperatures up to 200°C.
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Composite Materials
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Composite Materials
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Composite Materials
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Composite Materials
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Composite Materials
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Composite Materials
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Composite Materials
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Composite Materials
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Composite Materials
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Possible Master Thesis Topics 
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Possible Master Thesis Topics 

Metallic Materials 
in Additive Manufacturing

New 
alloys

Post-
processing

Functional and 
composite 
materials

Modeling

Tribology

Thermophysical 
properties

Research and 
Expertise

Collaborations 
with "numerical" 
teams

• Materials selection
• Additive manufacturing and 3D printing
• Physics of Materials
• (Engineering of metallic materials)
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Possible Master Thesis Topics 

Study on High Speed Steels in
collaboration with a company
from Liège
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Possible Master Thesis Topics 
Wear behavior of laser clad 316L+WC 

composite coating 

Microstructural characterization of the laser 

clad 316L+SiC composite coating 
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Possible Master Thesis Topics 

Microstructure changes 
during process in Ti6Al4V 

(EBM-Additive Manufacturing) 
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Possible Master Thesis Topics 

Post-processing procedures
on AlSi10Mg produced by SLM 
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Theoretical parenthesis : Cement (Portland)
• Clay

• Limestone

H2O+Fe2O3+Al3O3+SiO2

CaO + CO2
900°C

500°C

• Celite

• Brownmillerite

• Belite

• Alite

3CaO ∙ Al2O3

4CaO ∙ Al2O3 ∙ Fe2O3

2CaO ∙ SiO2

3CaO ∙ SiO2

Aluminate –
20% by weight

Silicate -

80% by weight

• Components

C3A

C4AF

C2S

C3S

Setting

Hardening

Setting – fast exothermic hydration

C3A + 3CaSO4 ∙ 2H2O (from Gypsum addition) + 32H2O
Aluminate reaction is immediate and gypsum is added to slow it down

C3A ∙ 3CaSO4 ∙ 32H2O
Ettringite
15-20% of final 
volume
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Hardening – slow hydration

2C3S + 7H2O

2C2S + 5H2O
CSH ∙ 3Ca(OH)2 

CSH ∙ Ca(OH)2 

Theoretical parenthesis : Cement (Portland)

Rigid calcium-silicate hydrate gel, C–S–H

50-60% 

Portlandite or Calcium hydroxide

20-25%

Anhydrous

cement

10 min 10 h

18 h 1-3 days 2 w
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Theoretical parenthesis : Titanium
• Discovered in the 1790 

• Nowadays the main Ti ores are rutile 
(TiO2) and ilmenite (FeTiO3)

• Main rutile mines are Brazil, 
meanwhile ilmenite mines are in South 
Africa, India, USA, Norway e Australia 

• Titanium extraction – Kroll process

1. The ore rutile (impure titanium(IV) oxide) is heated 
with chlorine and coke at a temperature of about 
1000°C.

2. TiCl4 can be reduced using either magnesium or 
sodium. 

3. Titanium(IV) chloride vapor is passed into a reaction 
vessel containing molten magnesium in an argon 
atmosphere, and the temperature is increased to 
about 1000°C. The reduction process is very slow, 
taking about 2 days, followed by several more days of 
cooling.
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Theoretical parenthesis : Titanium
• When it is cool, the reaction mixture is crushed, and dilute 

hydrochloric acid is added to react with any excess magnesium 
to form more magnesium chloride. All the magnesium chloride 
dissolves in the water, and the remaining titanium is processed 
further to purify it.

1000°C

1000°C

Warning for all engineers
• Traces of oxygen or nitrogen in the titanium tend to make the metal brittle. The reduction has to be carried out 

in an inert argon atmosphere rather than in air.

• Titanium is made by a batch process. In the production of iron, for example, there is a continuous flow through 
the Blast Furnace. Iron ore and coke and limestone are added to the top, and iron and slag removed from the 
bottom. This is a very efficient process.

• With titanium, however, you make it one batch at a time. Titanium(IV) chloride is heated with sodium or 
magnesium to produce titanium. The titanium is then separated from the waste products, and an entirely new 
reaction is set up in the same reactor. This is a slow and inefficient way of doing things
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Eco-Audit
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Eco-Audit

Case Study 23:
Eco-Audit selection 
on a Glass Bottle

Evaluate the 
eco-impact of a 
product

Evaluate:
Transport
Static use
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Eco-Audit

Case Study 23:
Eco-Audit selection 
on a Glass Bottle
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Eco-Audit

Evaluate the 
eco-impact of a 
product

Evaluate:
Transport
Static use

Case Study 23’:
Eco-Audit selection 
on a PET Bottle
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Case Study 24:
Combined Eco-Audit selection (CES 2009)
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Data=
100 Bottles in 3 recycling life cycles 
(considered 1 kg of water)
Considered Transport and Use (*the use 
depending to the object change his impact*)
Country: Belgium

Case Study 24:
Combined Eco-Audit selection (CES 2009)
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GLASS PET GLASS in BELGIUM

Phase Energy (MJ) Energy (MJ) Energy (MJ)

Material 1354,08323 1475,55609 1354,083228

Manufacture 1162,35162 262,163425 388,4996677

Transport 203,643 155,72425 203,643

Use 177,737143 177,737143 177,7371429

End of life (collection & sorting) 94,92 21,89 94,92

Total 2992,735 2093,07091 2218,883039

End of life (collection & sorting) -1279,52098 -598,953162 -1279,520976

Final Total 1713,21402 1494,11775 939,3620632
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Case Study 24:
Combined Eco-Audit selection 
(CES 2009)
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GLASS PET GLASS in BELGIUM

Phase CO2 (kg) CO2 (kg) CO2 (kg)

Material 73,6071374 41,0329314 73,60713742

Manufacture 92,988132 20,9730744 31,07997411

Transport 14,458653 11,0564218 14,458653

Use 12,6193371 12,6193371 12,61933714

End of life (collection & sorting) 5,6952 1,3134 5,6952

Total 199,36846 86,9951647 137,4603017

End of life (collection & sorting) -69,7889211 -16,6647563 -69,78892107

Final Total 129,579539 70,3304084 67,6713806

-100

-50

0

50

100

150

200

250

1 2 3 4 5 6 7 8

CO2 (kg)

GLASS CO2 (kg) PET CO2 (kg) GLASS in BELGIUM CO2 (kg)

1
2
3
4
5
6
7
8

Results: Every recycling generation the 
difference betw. Glass and PET is lower.
If we consider production in large scale and 
the recycling of entire bottles the response is
evident. 

Case Study 24:
Combined Eco-Audit selection 
(CES 2009)
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Case Study 24:
Combined Eco-Audit selection (CES 2009)
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Eco-Audit

Case Study 25:
Eco-Audit selection 
on an Iron

Evaluate the 
eco-impact of a 
product

Evaluate:
Transport
Static use
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Eco-Audit

Case Study 26:
Eco-Audit selection 
on a Family Car

Evaluate the 
eco-impact of a 
product

Evaluate:
Mobile use
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Eco-Audit

Case Study 27:
Eco-Audit selection 
on an Portable space
heater

Evaluate the 
eco-impact of a 
product

Evaluate:
Transport
Static use
Mobile use


