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If	  you	  think	  knowledge	  is	  expensive	  	  
try	  ignorance.	  
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Jonathan	  Ive	  (Apple),	  2010/06/30	  	  
On	  materials	  and	  manufacturing	  
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•  “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	  
properOes	  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	  preoccupaOon	  
with	  the	  materials	  and	  processes,	  is	  very	  essenOal	  to	  the	  
way	  we	  work.”	  



Goals	  of	  this	  assignment:	  

•  Get	  to	  know	  mulOple	  manufacturing	  techniques	  
•  Know	  what	  can	  and	  cannot	  be	  manufactured.	  
•  Being	  able	  to	  analyse	  a	  mechanical	  product	  for	  

manufacturing	  
•  Knowing	  when	  to	  consult	  an	  expert	  
•  WriOng	  a	  report	  about	  

•  A	  manufacturing	  topic	  to	  be	  studied	  
•  An	  analysed	  mechanical	  product	  
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Assignment	  literature:	  

1.   M.P.	  Groover,	  Fundamentals	  of	  Modern	  Manufacturing,	  
Materials,	  Processes	  and	  Systems,	  PrenOce	  Hall,	  New	  
Jersey.	  

2.   M.F.	  Ashby,	  Materials	  SelecOon	  in	  Mechanical	  Design,	  
Pergamon	  Press.	  

3.   CES	  Edupack	  2010,	  materials	  database	  
h_p://w3.id.tue.nl/nl/intranet/ict/so`ware/	  

4.   R.	  Thompson,	  Manufacturing	  Processes	  for	  Design	  
Professionals,	  Thames&Hudson,	  2007.	  	  
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Everything	  has	  been	  manufactured	  
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Valley of the Kings, 
Luxor, Egypt 



Allessi	  	  
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Magis	  
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Apple	  
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Luceplan	  
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Titania 



Assignment	  structure	  

•  First	  meeOng:	  today	  
•  IntroducOon	  into	  manufacturing	  

•  Second	  meeOng:	  
•  PresentaOon	  per	  group	  (2-‐3	  persons)	  of	  a	  studied	  topic	  from	  
M.P.	  Groover,	  Fundamentals	  of	  Modern	  Manufacturing	  
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Assignment	  structure	  

•  Third	  &	  fourth	  meeOng	  
•  GTD	  excursion,	  mulOple	  manufacturing	  techniques	  will	  be	  
demonstrated	  

•  Fi`h	  meeOng:	  
•  PresentaOon	  of	  the	  analysis	  of	  the	  manufacturing	  of	  a	  chosen	  
product	  	  
−  For	  single	  piece	  and	  small	  lot	  size	  manufacturing	  
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IntroducOon	  

• What	  is	  manufacturing?	  
• Types	  of	  manufactured	  products	  
• ProducOon	  quanOty	  versus	  product	  variety	  
• Manufacturing	  processes:	  
•  Feasible	  process	  /	  materials	  combinaOons	  
•  Achievable	  	  tolerances	  /	  roughnesses	  /	  secOon	  thicknesses	  
•  Feasible	  process	  /	  shape	  combinaOons	  
•  Economical	  batch	  sizes	  

• Some	  manufactured	  mechanical	  products	  
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Manufacturing	  defined	  historically:	  

• Derived	  from	  manus	  (hand)	  and	  factus	  (make).	  

• The	  combinaOon	  meant:	  “made	  by	  hand”	  
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Manufacturing	  defined	  
technologically:	  
• The	  applicaOon	  of	  	  
•  physical	  and	  /	  or	  chemical	  processes	  to	  	  
− alter	  the	  geometry,	  properOes,	  and/or	  appearance	  
of	  a	  given	  starOng	  material	  to	  make	  parts	  or	  
products.	  Includes	  assembly!	  

• Manufacturing	  is	  almost	  always	  carried	  out	  as	  a	  
sequence	  of	  operaOons	  to	  reach	  the	  desired	  final	  
state	  of	  the	  product.	  
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Manufacturing	  defined	  economically:	  

• Manufacturing	  is	  the	  transformaOon	  of	  materials	  into	  items	  
of	  greater	  value	  by	  means	  of	  one	  or	  more	  processing	  and/or	  
assembly	  operaOons.	  
•  Keypoint:	  “Adds	  value”	  
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Strong	  interacOons	  between:	  
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M.F. Ashby 

Metals,  
ceramics, glasses 
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polymers 
composites... 

Flat and dished 
sheet 

SHAPES 
prismatic,  

3-D 

Casting ,  
moulding 
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powder methods, 

machining... 



Manufactured	  products	  classes	  

•  Consumer	  goods	  
•  Products	  purchased	  directly	  by	  consumers	  
−  Cars,	  personal	  computers,	  TV’s,	  …	  

•  Capital	  goods	  
•  Products	  purchased	  by	  other	  companies	  to	  produce	  goods	  and	  
supply	  services	  
−  Aircra`s,	  railroad	  equipment,	  machine	  tools,	  …	  

•  Mostly	  complex	  and	  thus	  expensive	  
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ProducOon	  quanOty	  and	  	  
product	  variety	  
•  ProducOon	  quanOty	  ranges:	  
•  Low	  producOon:	  1-‐100	  units/year	  
•  Medium	  producOon:	  100-‐10.000	  units/year	  
•  High	  producOon:	  10.000-‐	  millions	  units/year	  

•  Product	  variety	  
•  Different	  products	  have	  different	  shapes	  and	  sizes,	  funcOons,	  
different	  markets,	  …	  
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ProducOon	  quanOty	  and	  product	  variety	  
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Engineering	  materials	  in	  
manufacturing	  
• Different	  chemical	  composiOon	  of	  materials,	  	  
• Different	  mechanical	  and	  physical	  properOes	  
• Thus	  consequences	  for	  manufacturing	  
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Shaping	  processes	  

• CasOng,	  molding	  and	  …:	  
• StarOng	  material	  is	  a	  heated	  liquid	  or	  semifluid	  

• ParOculate	  processing:	  
• StarOng	  material	  is	  a	  powder	  which	  is	  formed	  and	  
heated	  into	  the	  desired	  shape	  
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Photo’s: www.wikipedia.org 



InjecOon	  molding	  
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Shaping	  processes	  

• DeformaOon	  processes	  
• StarOng	  material	  is	  a	  ducOle	  solid	  which	  is	  
deformed	  to	  shape	  the	  part	  

• Material	  removal	  processes:	  	  
• The	  starOng	  material	  is	  a	  (bri_le	  or	  ducOle)	  solid	  
from	  which	  material	  is	  removed.	  
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Shaping	  processes:	  forging	  
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Photo’s:	  www.wikipedia.org	  

Metal stamping  
& deformation 



Shaping:	  material	  removal	  
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Wire	  Electro	  Discharge	  Machining	  
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Photo’s:	  www.wikipedia.org	  
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Surface	  processing	  
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Aluminum	  dyed	  	  
using	  anodisa<on	  	  

Enamel	  paint	  

Photo’s:	  www.wikipedia.org	  

Surface	  induc<on	  hardening	  
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Tungsten	  inert-‐gas	  (TIG)	  welding	  
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Tungsten	  inert-‐gas	  (TIG)	  welding,	  the	  third	  of	  the	  Big	  Three	  	  
(the	  others	  are	  MMA	  and	  MIG)	  is	  the	  cleanest	  and	  most	  precise,	  	  
but	  also	  the	  most	  expensive.	  
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Mechanical	  fastening	  
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Photo’s:	  www.wikipedia.org	  

Coulee	  dam	  generator	  
nut	  and	  screw	  

Computer	  housing	  screw	  
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Ashby M.F. 

Manufacturing	  	  
processes	  
&	  material	  	  
combina<ons	  
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Ashby M.F. 
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M.F. Ashby 



Levels	  of	  finish	  &	  applicaOons	  

Finish (µm) Process Typical application 

Ra=0.01 Lapping Mirrors 

Ra=0.1 Precision grinding or lap High quality bearings 

Ra=0.2-0.5 Precision grinding Cylinders, piston, 
cams, bearings 

Ra=0.5-2 Precision machining Gears, ordinary 
machine parts 

Ra=2-10 Machining Light-loaded bearings 

Ra=3-100 Unfinished castings Non-bearing surfaces 
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M.F. Ashby 



Shape	  categories:	  
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All shapes 

Prismatic Sheet 3D 

Circular Non-circular Flat Dished Solid Hollow 



Feasible	  process	  /	  shape	  combinaOons	  
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M.F. Ashby 



Cost	  of	  product	  manufacturing	  
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Technical 
performance 

Estimates for 
cost, C 

Potential 
viability 

Is there profit 
in it? 

Market 
assessment 

Value V, 
adoption time ta 

Value 
capture 

Who will get 
the profit? 

Successful 
implementation 

l   But remember the real requirement is  

       Cost < Price < Value 
         C    <     P     <    V 

Cost C = what it actually costs to make the part or product 

Price P =  the sum you sell it for 
Value V = the worth the consumer puts on the product 

“Not worth the price”   = P > V 

“Good value for money”   = P < V M.F. Ashby 



Inputs	  to	  a	  generic	  cost	  esOmator	  

Manufacturing Technology 46 10/4/12 

                Resource  Symbol  Unit 

Materials including consumables   Cm  €/kg 

Capital  cost of equipment   Cc  € 
 cost of tooling   Ct  € 

Time (including labor) overhead rate    €/hr 

Energy cost of energy   Ce  €/hr 

Space, admin. a cost/hr    €/hr 

Information  R & D    €/hr 
 royalties, licenses     

ohC

a,sC

iC Lump into 
overhead 
rate ohC

Generic = can be applied to any process 

M.F. Ashby 
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The cost per unit of output 
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Rate of production 

Capital,  Labor,  Information,  Energy...  

Material costs Cm per kg, and a mass m is used per unit;   
f is the scrap fraction (the fraction thrown away) f1

Cm m
−

Tooling Ct  is “dedicated” -- it is written off against the number 
of parts to be made, n  n

Ct

Capital cost Cc  of equipment is “non-dedicated” 
It is written off against time, giving an hourly rate. 
The write-off time is two .   The rate of production is      units/hour. 
The load factor (fraction of time the equipment is used) is L. 

n ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

wo

c
t.L
C

n
1


The gross overhead rate            contributes a cost per unit of  time 
that, like capital, depends on production rate  
 

ohC
n n

Coh
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Features of the cost model 
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Cost	  esOmaOon	  examples	  (from	  CES	  EduPack	  )	  

• Machining	  product	  	  (10	  parts)	  
•  RelaOve	  Tooling	  cost:	  low	  :	  <	  1.000	  €	  
•  RelaOve	  Equipment	  cost:	  medium:	  10.000-‐100.000	  €	  
•  Labor	  intensity:	  low	  :	  30-‐300	  hours/unit	  
	  

•  InjecOon	  molding	  product	  (50.000	  parts)	  
•  RelaOve	  Tooling	  cost:	  very	  high	  100.000	  €	  
•  RelaOve	  Equipment	  cost:	  high:	  100.000-‐1.000.000	  €	  
•  Labor	  intensity:	  low	  :	  <	  0.1	  hours/unit	  
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Example	  machining	  product	  

• Material	  cost	  per	  unit	  product:	  	  
•  Aluminum	  part:	  1Kg,	  1.2€/Kg	  
•  Scrap	  factor	  f	  =	  0.6	  

•  Tooling	  cost	  per	  unit	  product:	  
•  Ct	  	  =	  tooling	  cost	  =	  500	  €	  
•  N=	  1000	  product	  per	  run	  
•  Nt	  =	  10.000	  products	  tool	  life	  
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Example	  machining	  product	  

•  Capital	  cost	  per	  unit	  product:	  
•  t_wo	  capital	  write	  off	  Ome:	  	  5	  years	  =	  5*1600h	  
•  L	  =	  load	  factor	  =	  0.5	  
•  	  	  	  	  	  producOon	  rate/hour	  =	  10	  
•  Cc=	  50.000	  €	  

•  Hourly	  overhead	  cost	  per	  unit	  product:	  
•  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  :	  80	  €/hour	  
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Product	  cost	  model	  revisited	  
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Economic	  batch	  size	  
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M.F. Ashby 



All	  products	  are	  combinaOons	  of:	  
materials	  &	  processes	  &	  shapes	  

Manufacturing Technology 54 10/4/12 

Metals,  
ceramics, glasses 
MATERIALS 

polymers 
composites... 

Flat and dished 
sheet 

SHAPES 
prismatic,  

3-D 

Casting ,  
moulding 

PROCESSES 
powder methods, 

machining... 



Product:	  Shaver	  
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Apple	  iPad	  cost	  breakdown	  
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Apple	  iPhone	  4	  16Gb	  carries	  a	  BOM	  of	  $188	  
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Source: 
http://www.isuppli.com/ 



Topics	  to	  be	  studied:	  	  
per	  group	  1	  topic.	  

1.   CasOng,	  Molding	  and	  related	  processes	  
2.   ParOculate	  processing	  for	  Metals	  and	  Ceramics	  +	  Surface	  

Processing	  OperaOons	  +	  Electronics	  Manufacturing	  
Technologies	  (Only:	  Processing	  of	  IC’s)	  

3.   Metal	  Forming	  and	  Sheet	  Metalworking	  
4.   Material	  Removal	  Processes	  
5.   Joining	  and	  Assembly	  Processes	  
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Apple	  iPhone	  3G	  S,	  	  
Major	  components	  and	  cost	  drivers:	  $	  178.56	  
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http://www.isuppli.com/NewsDetail.aspx?ID=20398 


