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Technical	
  drawings	
  



Technical	
  drawings	
  

•  Orthographic	
  projec1on	
  
•  Isometric	
  layout	
  	
  

•  Dimensioning	
  

•  Tolerancing	
  



Orthographic	
  vs.	
  isometric	
  drawings	
  

hIp://webtools.delmarlearning.com/sample_chapters/1418055735_ch07.pdf	
  



Orthographic	
  projec1ons	
  

•  A	
  method	
  of	
  projec1on	
  in	
  which	
  an	
  object	
  is	
  
depicted	
  (or	
  a	
  surface	
  is	
  mapped)	
  using	
  
parallel	
  lines	
  to	
  project	
  its	
  shape	
  onto	
  a	
  plane.	
  



Isometric	
  drawings	
  
•  All	
  isometric	
  sketches	
  start	
  by	
  construc1ng	
  the	
  
isometric	
  axes,	
  which	
  includes	
  a	
  ver1cal	
  line	
  for	
  height	
  
and	
  isometric	
  lines	
  to	
  the	
  leY	
  and	
  right,	
  at	
  angle	
  angle	
  
of	
  30°	
  from	
  the	
  horizon,	
  for	
  width	
  and	
  depth.	
  	
  

•  The	
  three	
  faces	
  seen	
  in	
  the	
  isometric	
  view	
  are	
  the	
  
same	
  faces	
  that	
  would	
  be	
  seen	
  in	
  the	
  normal	
  
orthographic	
  views:	
  top,	
  front,	
  and	
  side	
  



Inclined	
  surfaces	
  in	
  isometric	
  drawings	
  	
  
•  Many	
  objects	
  have	
  
inclined	
  surfaces	
  that	
  are	
  
represented	
  by	
  sloping	
  
lines	
  in	
  orthographic	
  
views.	
  	
  

•  In	
  isometric	
  drawings,	
  
sloping	
  surfaces	
  appear	
  as	
  
non-­‐isometric	
  lines.	
  	
  

•  To	
  create	
  them,	
  their	
  
endpoints,	
  which	
  are	
  
found	
  on	
  the	
  ends	
  of	
  
isometric	
  lines,	
  are	
  joined	
  
with	
  a	
  straight	
  line.	
  	
  



Basic	
  steps	
  for	
  isometric	
  drawing	
  	
  

Isometric	
  grid	
  



Cylinders	
  in	
  isometric	
  drawings	
  



Bird’s	
  eye	
  vie	
  vs.	
  worm’s	
  eye	
  view	
  



Crea1ng	
  an	
  orthographic	
  drawing	
  from	
  
isometric	
  view	
  





Inclined	
  planes	
  



Missing	
  lines	
  



Holes	
  and	
  cylinders	
  



Concentric	
  cylinders	
  



Auxiliary	
  views	
  



Auxiliary	
  views	
  



Full	
  sec1on	
  view	
  vs.	
  standard	
  
orthographic	
  view	
  	
  



Half	
  sec1on	
  view	
  



Types	
  of	
  projec1on	
  systems	
  for	
  3D	
  
pictorial	
  drawings	
  

•  Axonometric	
  pictorials	
  formed	
  by	
  parallel	
  
projectors	
  that	
  are	
  perpendicular	
  to	
  the	
  
picture	
  plane	
  

•  Obliques	
  are	
  formed	
  by	
  parallel	
  projectors	
  
that	
  are	
  oblique	
  to	
  the	
  picture	
  plane	
  

•  Perspec1ves	
  are	
  formed	
  by	
  converging	
  
projectors	
  that	
  make	
  varying	
  angles	
  with	
  the	
  
picture	
  plane	
  



Pictorial	
  3D	
  drawings	
  



Geometric	
  dimensioning	
  and	
  
tolerancing	
  (GD&T)	
  	
  

•  is	
  a	
  system	
  for	
  defining	
  and	
  communica1ng	
  
engineering	
  tolerances.	
  	
  

•  It	
  uses	
  a	
  symbolic	
  language	
  on	
  engineering	
  
drawings	
  and	
  computer-­‐generated	
  three-­‐
dimensional	
  solid	
  models	
  for	
  explicitly	
  describing	
  
nominal	
  geometry	
  and	
  its	
  allowable	
  varia1on.	
  	
  

•  It	
  tells	
  the	
  manufacturing	
  staff	
  and	
  machines	
  
what	
  degree	
  of	
  accuracy	
  and	
  precision	
  is	
  needed	
  
on	
  each	
  facet	
  of	
  the	
  part	
  ?	
  



Linear	
  dimensions	
  



Angular	
  dimensions	
  



Grouping	
  of	
  dimensions	
  



Applica1on	
  and	
  spacing	
  of	
  dimensions	
  



Staggered	
  dimensions	
  



Leaders	
  

•  Leaders	
  used	
  to	
  indicate	
  where	
  dimensions	
  or	
  
notes	
  are	
  intended	
  to	
  apply.	
  

•  Leaders	
  should	
  be	
  thin	
  full	
  lines,	
  termina1ng	
  
in	
  arrowheads	
  or	
  dots.	
  

•  Arrowheads	
  always	
  should	
  terminate	
  on	
  a	
  line	
  

•  Dots	
  should	
  be	
  within	
  the	
  outline	
  of	
  the	
  
object.	
  	
  

•  The	
  use	
  of	
  long	
  leaders	
  should	
  be	
  avoided.	
  	
  



Leaders	
  and	
  minimizing	
  them	
  



Diameters,	
  radii	
  



Tabular	
  dimensions	
  	
  



Tabular	
  dimensions	
  



Tolerances	
  



Default	
  tolerance	
  (men1oned	
  on	
  1tle	
  box)	
  	
  



Datum	
  
•  In	
  engineering	
  and	
  draYing,	
  a	
  datum	
  is	
  a	
  
reference	
  point,	
  surface,	
  or	
  axis	
  on	
  an	
  object	
  
against	
  which	
  measurements	
  are	
  made.	
  



Datum	
  symbols	
  



Datum	
  reference	
  frame	
  



Reference	
  to	
  Datum	
  



Modifying	
  symbol	
  



Maximum	
  Material	
  CondiAon	
  (MMC)	
  
&	
  Least	
  Material	
  CondiAon	
  (LMC)	
  

•  When	
  a	
  part	
  feature	
  contains	
  the	
  maximum	
  
amount	
  of	
  material	
  allowed	
  within	
  the	
  
specified	
  size	
  limits,	
  it's	
  said	
  to	
  be	
  in	
  its	
  
maximum	
  material	
  condi1on.	
  

•  When	
  a	
  part	
  feature	
  contains	
  the	
  least	
  
amount	
  of	
  material	
  allowed	
  within	
  the	
  
specified	
  size	
  limits,	
  it's	
  said	
  to	
  be	
  in	
  its	
  least	
  
material	
  condi6on.	
  

•  The	
  material	
  condi6on	
  of	
  the	
  part	
  is	
  significant	
  
in	
  geometric	
  dimensioning	
  and	
  tolerancing.	
  



Example	
  for	
  MMC	
  &	
  LMC	
  
•  An	
  external	
  feature,	
  such	
  as	
  a	
  

fastener,	
  is	
  in	
  its	
  maximum	
  material	
  
condi1on	
  when	
  it's	
  at	
  its	
  upper	
  size	
  
limit.	
  

•  EXAMPLE:	
  The	
  MMC	
  of	
  this	
  fastener	
  
is.747.	
  

•  An	
  internal	
  feature,	
  such	
  as	
  a	
  hole,	
  is	
  
in	
  its	
  maximum	
  material	
  condi6on	
  
when	
  it's	
  at	
  its	
  lower	
  size	
  limit.	
  

•  EXAMPLE:	
  The	
  MMC	
  of	
  this	
  hole	
  is	
  .
750.	
  

•  EXAMPLE:	
  The	
  fastener	
  is	
  in	
  its	
  least	
  
material	
  condi6on	
  when	
  it's	
  at	
  its	
  
lower	
  size	
  limit	
  of	
  .744.	
  	
  

•  The	
  hole	
  is	
  in	
  its	
  least	
  material	
  
condi6on	
  when	
  it's	
  at	
  its	
  upper	
  size	
  
limit	
  of	
  .753.	
  



Types	
  of	
  fit:	
  Clearance	
  fit	
  
•  When	
  the	
  specified	
  size	
  limits	
  of	
  ma1ng	
  part	
  features	
  always	
  result	
  in	
  

clearance	
  at	
  assembly,	
  the	
  parts	
  are	
  said	
  to	
  have	
  a	
  clearance	
  fit.	
  

•  EXAMPLE:	
  In	
  this	
  drawing,	
  even	
  when	
  the	
  fastener	
  is	
  at	
  its	
  MMC	
  size	
  of	
  .
747	
  and	
  the	
  hole	
  is	
  at	
  its	
  MMC	
  size	
  of	
  .750,	
  there	
  is	
  clearance	
  



Types	
  of	
  fit:	
  Interference	
  fit	
  
•  When	
  the	
  specified	
  size	
  limits	
  always	
  produce	
  interference	
  at	
  

assembly,	
  ma6ng	
  part	
  features	
  are	
  said	
  to	
  have	
  an	
  interference	
  	
  fit.	
  

•  EXAMPLE:	
  In	
  the	
  center	
  drawing,	
  even	
  when	
  the	
  fastener	
  is	
  at	
  its	
  LMC	
  
size	
  of	
  .5012	
  and	
  the	
  hole	
  is	
  at	
  its	
  LMC	
  size	
  of	
  .5007,	
  there	
  is	
  
interference.	
  	
  



Types	
  of	
  fit:	
  Transi1on	
  fit	
  
•  When	
  ma6ng	
  part	
  features	
  do	
  not	
  fit	
  together	
  in	
  their	
  maximum	
  

material	
  condi:on,	
  but	
  do	
  fit	
  at	
  some	
  point	
  as	
  they	
  approach	
  their	
  
least	
  material	
  condi:on,	
  they	
  are	
  said	
  to	
  have	
  a	
  transi6on	
  fit.	
  	
  

•  EXAMPLE:	
  In	
  the	
  drawing	
  on	
  the	
  right,	
  when	
  the	
  fastener	
  is	
  at	
  its	
  
maximum	
  material	
  condi6on	
  size	
  of	
  .5003,	
  it	
  will	
  not	
  fit	
  the	
  hole	
  at	
  its	
  
MMC	
  size	
  of	
  .5000.	
  However,	
  when	
  both	
  features	
  are	
  manufactured	
  at	
  
their	
  least	
  material	
  condi6on	
  size,	
  they	
  will	
  fit	
  together.	
  



Geometric	
  characteris1c	
  symbol	
  



Defini1on	
  of	
  cylindrical	
  OD	
  (outside	
  diameter)	
  	
  Datum	
  



Defini1on	
  of	
  cylindrical	
  ID	
  (inside	
  	
  diameter)	
  datum	
  



Concentricity	
  



Circularity	
  	
  



Cylindricity	
  	
  



Surface	
  
flatness	
  



Surface	
  parallelism	
  



Surface	
  
parallelism	
  



Perpendicularity	
  



Perpendicularity	
  



Parallelism	
  for	
  axis	
  



Runout	
  



Surface	
  
orienta1on	
  



Profile	
  tolerance	
  



Use	
  of	
  feature	
  control	
  frames	
  



Basic	
  dimensions	
  



Geometric	
  dimensioning	
  &	
  tolerancing	
  
Meaning	
  of	
  basic	
  tolerances	
  	
  



Tolerancing	
  using	
  basic	
  dimensions	
  



Example	
  of	
  mul1ple	
  features	
  



Tolerance	
  
Zones	
  


