
1

Introduction, page 1

Introduction

Prof. dr. Barend Thijsse

Virtual Materials and Mechanics
Department of Materials Science and Engineering (MSE)

Delft University of Technology

WB6101-11 Materiaalkunde I 7 September 2011
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Book

NASA tests of helicopter
rotor blades made with
piezo-electric materials 
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Contents

• Book:
Materials engineering, science, processing and design
Michael Ashby, Hugh Shercliff, David Sherbon
Elsevier Butterworth-Heinemann (Oxford 2010)
– Chapters 1-11

• Supporting lecture notes:
Based on PowerPoint notes by Prof. John Barnard,
University of Pittsburgh (Blackboard)

• Supporting software:
CES EduPack Eco Edition 2011 (Blackboard)

Tentamenstof
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Schedule 2011-2012

• Wednesdays + Fridays, 10:45 am - 12:30 pm
• First class on Friday 9 September
• Last class on Wednesday 26 October
• 14 classes
• Perhaps extra class on Friday 28 October

• Office hours: Fridays 4pm-5pm, appointment
by e-mail only (B.J.Thijsse@tudelft.nl), max 15
minutes

• I handle course content and personal requests,
not organizational matters
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Schedule 2011-2012
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Homework, Testing, Exam

• Homework
– Yet to be decided

• Testing
– In class exercises for self-assessment
– Peer Instruction (Harvard, USA)
– Laptops, iPads, smart phones for internet connection

• Exam
– Open Book, no communication devices allowed

(iPads, smartphones)
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Lab class

• Lab class Materiaalkunde I (WB6101-11 D2)
– Self-contained and independent part of the course
– Final grade for WB6101-11:

• 80% Exam grade + 20% Lab grade
• Only if both are 5 or higher

– Lab class organized by Dr Ton Riemslag and team
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Rules

• Use of laptops, iPads, e-readers in class:
allowed – but no sound

• Use of phones in class: allowed only for
connection to the Internet – but no sound
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What’s so important about materials?

• Materials are relevant to your life
– Think about it

• From baby carriage to rollator
• From condom to coffin
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Why should engineers bother?

• Engineers make things
• They make them out of materials

– What are important materials properties in mechanical
engineering?

– Why are different materials different?
– How will materials behave under extreme conditions?
– How can engineers change or create materials?
– How can the best materials for a given device be

selected?
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Materials Properties and Choices

glass          PE           PET          Al            steel
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Materials Properties and Choices
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CES Edupack

Introduction, page 14

Materials in the news

MRS Bulletin August 2011

http://www.mrs.org
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Materials in a global perspective

• Communication
• Transportation
• Information
• Energy
• Art and design
• Consumer products
• Sports
• Medicine
• Security
• Infrastructure
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Man depends on materials
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Mankind depends on materials

Age of
semiconductors

Napoleontic wars →
Inorganic Chemistry and
Electrochemistry →
New metals

Second World War →
Organic Chemistry and
Solid State Physics →
Polymers and Semiconductors
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Critical elements

Dependence is dangerous

Materials

Energy

Fresh water

De Volkskrant, 4 september 2009 China

Rest
USA

1960                    1970              1980                   1990                    2000              2010
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Non-renewable materials

Materials consumption in US:

104 kg/person/y

Dependence is dangerous

Materials

Energy

Fresh water
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Class testing

• Example of Peer Instruction

• Suppose that I have
just presented this
power consumption
table

20Medium CV
heater

20Full car per seat

350Full plane per
seat

10Hot shower

8Full train per seat

3Vacuum cleaner

2Kitchen gas
burner

0.4Bicycle (extra
food)

0.3Laptop

0.1Candle

0.1Person

0.03Electric razor

kW

Primary power
consumption

TP Anywhere: Window→Showbar

TP Anywhere: Window→Responseware
(B.J.Thijsse@tudelft.nl, Gavia incident)
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Answering via the internet

http://www.rwpoll.com
User: B.J.Thijsse@tudelft.nl
Password: Gavia incident

Teacher login

Student login

467452
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What is the power consumption in Holland,
expressed as a 24/7 continuous rate?

1.  60 W per person
2.  600 W per person
3.  6 kW per person
4.  60 kW per person

Question List --> Open Question List
Window --> Showbar



12

Introduction, page 23

Materials in a high-level road bike

Wilier Cento (2006)
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Which material is not present in the bike?

1. Metal
2. Semiconductor
3. Gas
4. Composite
5. Liquid
6. Ceramic
7. Liquid crystal
8. Polymer
9. They’re all there
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Useful background information

• Periodic system
• Units and conversion
• Energy data

– From: Jo Hermans, Energie survival gids (2009)
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Periodic system
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Units and conversion

13.83 x 10–231.60 x 10–254.45 x 10–26eV

2.61 x 102214.18 x 10–31.16 x 10–3kcal

6.24 x 10242.39 x 10210.278MJ

2.25 x 10258.60 x 1023.61kWh

eVkcalMJkWh

Energy units conversion

Power

Stress, pressure

Other units conversion tables in book
Ashby (inside back cover)

13.65 x 1028.77 x 1033.16 x 107y

2.74 x 10–31248.64 x 104d

1.14 x 10–44.17 x 10–213.60 x 103h

3.16 x 10–81.16 x 10–52.78 x 10–41s

ydhs

Time units conversion millioen

miljard

biljoen

biljard

triljoen

triljard

million

billion

trillion

quadrillion

106megaM

109gigaG

1012teraT

1015petaP

1018exaE

1021zettaZ

Prefixes
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Energy usage and population

55 xIn terms of food

1 %7 %7 %14 %Renewable

4 %14 %8 %5 %Nuclear

79 %

4.9 kW

11 l/d

156 GJ/y
428 MJ/d

0.80

EU
2005

95 %

6.2 kW

14 l/d

196 GJ/y
538 MJ/d

1

Netherlands
2006

86 %

11.1 kW

25 l/d

350 GJ/y
961 MJ/d

1.79

USA
2005

81 %Fossil

2.3 kWContinuous kW

5 l/dLiters oil

74 GJ/y
203 MJ/d

Joules

0.38Ratio

World
2005

Energy usage per person

9.62 x 104Delft

1.67 x 107Netherlands

3.07 x 108USA

5.00 x 108EU

1.34 x 109China

6.79 x 109World

Population (2009)
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Energy production and conversion

20-25Food → Mechanical (muscle power)

15-20Electrical → Visible light (inc. lamp)

85-90Electrical → Chemical (adv. battery)

80-98Electrical → Mechanical

0.2-5Solar radiation → Biomass

12-17Solar radiation → Electrical

50Heat → Heat (kitchen gas burner)

35Heat → Electrical (from wall outlet)

40Heat → Electrical (in power plant)

20-25Heat → Mechanical (gasoline eng.)

35Heat → Mechanical (diesel engine)

40-55Heat → Mechanical (steam engine)

80-98Mechanical → Electrical

Conversion efficiency (%)

0.45

0.74

0.78

0.86

Spec.
mass
(kg/l)

3.0 kg/l

2.8 kg/l

2.9 kg/l

3.1 kg/l

2.9 kg/kg

1.6 kg/kg

CO2

25 MJ/l

23 MJ/l

35 MJ/l

38 MJ/l

32 MJ/kg

20 MJ/kg

Energy

1.2Liquid nat. gas

0.71Ethanol

1.05Gasoline

1Crude oil,
diesel

0.72Coal,
anthracite

0.45Coal, lignite

kg
OE

Fuel

Energy and CO2 production of fossil fuels

Data 2009

Introduction, page 30

Everyday energy costs

220Medium CV heater

220Full car per seat

35350Full plane per seat

110Hot shower

0.8

0.3

0.2

0.04

0.03

0.01

0.01

0.003

l oil/h
m3 gas/h

8Full train per seat

3Vacuum cleaner

2Kitchen gas burner

0.4Bicycle (extra food)

0.3Laptop

0.1Candle

0.1Person

0.03Electric razor

kW

Primary power consumption

500

7

0.4

1.2

0.6

0.5

0.4

0.4

0.2

l oil

2 x 104Passenger car

3001 kg coffee

1401 kg Al (from ore)

501 kg cheese

251 kg paper

181 kg glass

161 l milk

151 kg steel (from ore)

71 kg Al (recycled)

MJ

Energy cost of production

Data 2009
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How to produce 1000 MW electricity

30 million peoplePeople on home trainers (8 hours/day)

3000 km2Plants and trees

60 km2Solar cells (15 % efficiency)

1300 turbines = 600 km2Wind turbines 90 m diameter, offshore

100 kg deuterium/y +
150 kg tritium/y

Power plant, nuclear fusion

1 x 108 kg U ore/y
= 700 kg 235U/y

Power plant, nuclear fission

3 x 109 m3 gas/yPower plant, natural gas

2 x 109 l oil/yPower plant, oil

3 x 109 kg coal/yPower plant, coal

Resources needed to produce 1000 MW electrical energy (= 10% of
NL electricity usage)

Data 2009
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50 l gasoline and alternatives

3000

1000

500

150

400

60

Mass (kg)
(tank included)

1500Lead batteries

400Flywheel

200H2, in LaNi5H6

100H2, liquid

300H2, high pressure

52Gasoline

Volume (l)
(tank included)

Passenger car alternatives for 50 l gasoline

Data 2009


