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Ashby	  M.F.	  literature	  
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q  Advanced text q Software q  Industrial design text q  Elementary 
text 



If	  you	  think	  knowledge	  is	  expensive,	  	  
try	  ignorance.	  	  
	  
“The	  only	  thing	  more	  expensive	  
than	  educaEon	  is	  ignorance.”	  
Benjamin	  Franklin	  
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The	  economic	  importance	  and	  supply	  risk	  of	  	  
41	  materials	  (EU	  MEMO/10/263,	  17	  June	  2010)	  
,	  )	  
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shortage and their impacts on the economy are higher. 



Jonathan	  Ive	  (Apple),	  2010/06/30	  	  
On	  materials	  and	  manufacturing	  
	  

•  “A	  big	  part	  of	  the	  experience	  of	  a	  physical	  object	  has	  to	  do	  
with	  the	  materials,	  we	  experiment	  with	  and	  explore	  
materials,	  processing	  them,	  learning	  about	  the	  inherent	  
properEes	  of	  the	  material–and	  the	  process	  of	  transforming	  it	  
from	  raw	  material	  to	  finished	  product;	  for	  example,	  
understanding	  exactly	  how	  the	  processes	  of	  machining	  it	  or	  
grinding	  it	  affect	  it.	  That	  understanding,	  that	  preoccupaEon	  
with	  the	  materials	  and	  processes,	  is	  very	  essenEal	  to	  the	  
way	  we	  work.”	  
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First	  meeEng	  (today)	  

•  IntroducEon	  Mechanical	  Behavior	  of	  materials	  
•  ExplanaEon	  of	  the	  experiments	  to	  perform	  
•  Assignment	  literature:	  	  
1.   M.	  Ashby,	  H.	  Shercliff,	  D.	  Cebon,	  Materials.	  Engineering,	  

Science,	  Processing	  and	  Design,	  Elsevier,	  2007.	  (Pictures	  
available	  in	  PPT	  presentaEon)	  

2.   CES	  EduPack	  soaware	  (hbp://w3.id.tue.nl/nl/intranet/ict/
soaware/)	  

1.   Material	  and	  Process	  SelecEon	  Charts	  (PDF)	  
2.   Material	  cards	  (PDF)	  
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Second	  “meeEng”	  

•  No	  joint	  meeEng	  but	  
•  Performance	  of	  tensile	  experiments	  at	  Mechanical	  Engineering	  
(Mr.	  C.	  Meesters).	  

•  Perform	  bending	  test	  yourself	  at	  the	  ID	  Atelier.	  	  
•  Do	  not	  forget	  to	  inform	  the	  atelier	  personnel	  on	  beforehand.	  
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Third	  meeEng	  	  

•  Every	  group	  of	  students	  (2-‐3	  persons)	  presents:	  
1.   The	  topics	  studied	  from:	  	  
−  M.	  Ashby,	  H.	  Shercliff,	  D.	  Cebon,	  Materials.	  Engineering,	  

Science,	  Processing	  and	  Design,	  Elsevier,	  2007	  
2.   The	  experience	  gained	  from	  the	  experiments	  

−  Not	  your	  choice	  of	  material	  for	  the	  product!	  
•  Hand	  in	  the	  report	  with	  an	  individual	  material	  choice	  for	  the	  

product	  
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Fourth	  “meeEng”	  

•  No	  joint	  meeEng.	  
•  Individual	  interviews	  (+/-‐	  15	  minutes)	  
•  Material	  behaviour	  in	  general	  
− What	  did	  you	  learn?	  
−  Can	  you	  apply	  it?	  

•  Your	  choice	  of	  material	  for	  the	  product	  chosen	  
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Programme	  today	  

• Goal	  
•  IntroducEon.	  
• Examples	  of	  visible	  material	  behavior	  
• Material	  behavior	  and	  properEes	  in	  general	  
• Material	  tesEng	  
•  Tensile	  test	  	  
•  Bending	  test	  

• Desired	  material	  properEes	  
• Conclusion	  
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Goal:	  

•  Study	  the	  behavior	  and	  properEes	  of	  5	  different	  materials	  
•  Perform	  relevant	  measurements	  

•  Choose	  the	  most	  suitable	  material	  for	  a	  car	  body	  
•  Extensively	  jusEfy	  your	  choice	  of	  material	  
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Material	  behavior	  and	  properEes	  
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Material	  &	  processes	  &	  shapes	  
interacEons	  
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Material	  classes	  
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M.F. Ashby 

 
Composites 
Sandwiches 

Hybrids 
Lattices 

Segmented 

PE, PP, PC 
PS, PET, PVC 

PA (Nylon) 

Polymers 
Polyester 
Phenolic 

Epoxy 
 

Soda glass 
Borosilicate 
Glasses 
Silica glass 

Glass ceramic 

Isoprene 
Butyl rubber 

Elastomers 
Natural rubber 

Silicones 
EVA  

Alumina 
Si-carbide 

Ceramics 
Si-nitride 
Ziconia 

 

Steels 
Cast irons 
Al-alloys 

Metals, alloys 
Cu-alloys 
Ni-alloys 
Ti-alloys 

 



Material	  properEes	  and	  behavior	  

	  All	  materials	  react,	  
when	  loaded,	  	  
by	  deforming!	  
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ElasEc	  material	  behavior	  

• Material	  deformaEon	  under	  moderate	  loads	  is	  
reversible:	  
• When	  removing	  the	  load	  the	  deformaEon	  
disappears!	  

• This	  is	  called	  elasEc	  deformaEon	  

• Examples:	  	  
•  rubber	  but	  also	  steel	  or	  ceramics	  
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PlasEc	  material	  behavior	  

• Above	  a	  certain	  load	  an	  irreversible	  deformaEon	  
will	  be	  generated	  	  
• The	  so-‐called	  plas5c	  deformaEon	  
• Aaer	  the	  elasEc	  deformaEon!	  

• When	  removing	  the	  load	  aaer	  plasEc	  deformaEon	  	  
• The	  plasEc	  deformaEon	  stays!	  (manufacturing!!)	  
• The	  elasEc	  deformaEon	  disappears	  
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Material	  failure	  

•  Above	  a	  certain	  plasEc	  deformaEon	  the	  material	  
fails	  
•  Is	  material	  type	  dependend!	  
•  Metal,	  ceramic,	  polymer,	  elastomer,	  hybrid	  

•  Is	  load	  type	  dependend	  
•  Tension,	  compression,	  bending,	  torsion,	  

cyclic	  loading	  
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Material	  behavior	  recapitulaEon	  

Always	  the	  sequence:	  
1.  ElasEc	  deformaEon	  
2.  PlasEc	  deformaEon	  
3.  Failure	  
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Example	  of	  a	  desirable	  elasEc	  product	  
property:	  a	  car	  tyre	  

• A	  tyre	  deforms	  elasEcally	  
• No	  point	  contact	  
•  A	  larger	  contact	  surface	  
•  Point	  contact	  à	  infinite	  
stressà	  failure	  

• +FricEon	  
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Thus	  tracEon!	  
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Mechanical	  material	  behavior	  

Mechanical	  material	  behavior	  is:	  	  
the	  relaEon	  between	  
• The	  load	  on	  the	  material	  
• and	  the	  resulEng	  deformaEon	  or	  
failure	  
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Tensile	  properEes	  
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Tensile	  test	  
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RelaEon	  normal	  stress	  and	  strain	  (in	  
the	  elasEc	  region)	  

α

εσ

tan=

⋅=

E
E

• E	  (N/m2)	  
• Modulus	  of	  elasEcity	  
(Young’s	  modulus)	  

• Material	  property	  
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RelaEon	  shear	  stress	  and	  shear	  strain	  
(in	  the	  elasEc	  region)	  
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Bending,	  stress	  and	  strain	  
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In	  general	  only	  4	  very	  important	  
mechanical	  material	  properEes	  

1.   Strength	  
•  Specific	  resistance	  to	  deformaEon	  

2.   Toughness	  
•  PlasEc	  deformaEon	  unEl	  failure	  

3.   SEffness	  
•  RaEo	  between	  stress	  and	  strain	  (in	  the	  

elasEc	  region)	  
4.   Wear	  
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Mechanical	  quanEEes	  

• Are	  defined	  based	  on	  their	  test	  methods	  
•  Tensile	  tests	  
−  E	  modulus,	  tensile	  loading,	  plasEcity,	  failure	  

•  Bending	  tests	  
−  E-‐modulus,	  tensile/compression/shear	  loading,	  plasEcity,	  failure	  

•  Hardness	  tests	  
−  Resistance	  against	  wear	  

•  Bribleness	  tests	  
−  Failure	  

•  FaEgue	  tests	  
−  Failure	  under	  dynamic	  loading	  
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Very	  important	  mechanical	  
properEes	  
1.   Strength:	  	  

•  Strong	  versus	  weak	  
2.   Toughness:	  	  

•  Tough	  versus	  brible	  (<2%	  strain)	  
3.   SEffness:	  

•  SEff	  versus	  not	  sEff	  
4.   Wear	  
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Material properties charts 
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M.F. Ashby 

Be carefull logarithmic scales! 
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ECO	  properEes	  of	  materials,	  	  
producEon	  energy.	  
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Eco	  properEes	  of	  materials	  
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Approximate	  material	  prices	  (2008)	  
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Material	  behavior	  recapitulaEon	  

• Tough	  behavior:	  
• ElasEc	  deformaEon	  	  à	  	  plasEc	  
deformaEon	  	  à	  	  failure	  

• Very	  brible	  behavior:	  
• ElasEc	  deformaEon	  	  à	  	  failure	  
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Conclusions	  

•  Four	  general	  mechanical	  material	  properEes	  
•  Strength,	  toughness,	  sEffness,	  wear	  

•  Tough:	  large	  plasEc	  deformaEon	  
•  Describing	  mechanical	  behavior	  with	  
•  Stress	  and	  strain	  
−  Stress	  increases:	  
−  ElasEc	  deformaEon	  à	  plasEc	  deformaEon	  à	  failure	  	  

−  ElasEc:	  σ	  =	  E.	  ε	  ;	  	  	  	  	  
−  plasEc:	  σ	  =	  Rp0.2	  	  +	  something	  
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Materials	  and	  manufacturing	  relaEons	  
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CES	  EduPack	  materials	  database	  
available	  for	  free!	  
•  Install	  (sorry	  only	  for	  windows):	  

•  hbp://w3.id.tue.nl/nl/intranet/ict/soaware/	  

•  A	  Shortcut	  "CES	  EduPack	  2009"	  will	  appear	  on	  your	  desktop	  

•  Use	  Level	  2	  as	  starEng	  level.	  
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Experiments	  to	  perform	  

•  Tensile	  tests	  (together	  with	  mr.	  C.	  Meesters)	  
•  C.	  Meesters	  is	  an	  expert	  in	  materials	  

•  Bending	  tests	  (do	  yourself)	  
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Bending	  test	  

Material behavior 49 10/1/12 

Test rod 

F 

L, length 

de
fle

ct
io

n 
, f

 



In	  detail	  
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CalculaEng	  the	  E-‐Modulus	  
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CalculaEng	  the	  E-‐Modulus,	  	  
beber	  method	  
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Measuring	  equipment	  
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Bending tool 

 

scale 

 weights  Force measurer 

 

caliper 

clamp 

 

Setup equipment 



Topics	  to	  be	  studied:	  

• Everybody:	  	  study	  Chapters	  1,	  2	  and	  3	  

• Group	  1:	  Chapters	  4	  and	  9	  
• Group	  2:	  Chapters	  5	  and	  10	  
• Group	  3:	  Chapters	  6	  and	  11	  
• Group	  4:	  Chapters	  7	  and	  17	  
• Group	  5:	  Chapters	  8	  en	  20	  
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Deliverable:	  report	  per	  group	  

• Common	  part	  
• Measurement	  result	  of	  tensile	  and	  bending	  tests	  
• DescripEon	  of	  the	  studied	  part	  of	  M.F.	  Ashby	  et	  al.,	  
Materials.	  Engineering,	  science,	  processing	  and	  
design.	  

•  Individual	  part	  
• Material	  choice	  for	  a	  car	  body,	  based	  on	  the	  
experiments	  and	  the	  knowledge	  gained.	  Well	  
jusEfied!	  
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Topics	  to	  be	  studied	  

• Everybody:	  	  study	  chapters	  1,	  2	  and	  3	  
• Group	  1:	  Chapters	  4	  and	  9	  
• Group	  2:	  Chapters	  5	  and	  10	  
• Group	  3:	  Chapters	  6	  and	  11	  
• Group	  4:	  Chapters	  7	  and	  17	  
• Group	  5:	  Chapters	  8	  en	  20	  

• PresentaEon	  max.	  15	  minutes:	  	  
•  10	  minutes	  1th	  chapter,	  	  
•  5	  minutes	  2nd	  chapter	  of	  each	  group	  

•  Pictures	  available	  for	  use.	  
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